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Organic waste and other residual materials from bio-based industries and 
households are of increasing value in today’s economy. Substances that have 
long represented a cost to the economy are now becoming a valuable 
resource. Exploiting the full potential of these resources requires increased 
innovation and systemic change as well as better regulation and governance – 
or, in other words, a transition to a sustainable bioeconomy. 

The transition to a sustainable bioeconomy has been on the agenda in 
policy, academia and business circles worldwide. Developing this sustainable 
bioeconomy is considered to be critical for several reasons: the need for the 
sustainable use of resources, the growing demand for food, materials and 
energy, and the need to decouple economic growth from environmental 
degradation. However, a sustainable bioeconomy will only emerge when 
certain challenges are addressed. 

First, the entire economy must be involved in the transition process. The 
sustainable and circular bioeconomy will not only transform traditional bio-
industries such as food production and forestry, it will also transform all sectors 
of the economy. Fossil resources must be replaced by renewable bio-resources 
in many industries and organic residuals and side-streams must be exploited for 
sustainable value creation. The transition requires a focus on the circularity of 
value creation: side-streams and former waste streams can become new input 
factors for new value circles. The valorisation of waste streams necessitates a 
higher degree of coordination along and across industries. 

Second, a wide range of policy instruments must be employed. Traditional 
policy instruments, such as generic tax exemptions and R&D funding, are 
insuffcient to foster such a comprehensive transition process and need to be 
complemented by other types of instruments, such as public procurement, 
new standards, regional specialisation strategies and entrepreneurship initi-
atives. In addition, policymakers must take into account the geographic 
embeddedness of the waste streams and the need for changes in the estab-
lished rules of the game. 

Third, researchers from diverse felds of study must be involved. The 
transition to a bioeconomy is a complex process and therefore interdisci-
plinary and transdisciplinary approaches need to be developed in order to 



  

  

 

 

 
 

 
         

          
 

 
           

 
           

         

 

 

  

 
 

 

2 A. Klitkou et al. 

facilitate the exchange of knowledge and experience across the established 
groups of actors and sectors. However, interdisciplinary and transdisciplinary 
collaborations are challenging, since partners work under different incentive 
structures and draw on different knowledge bases. 

This book addresses these challenges through a holistic approach: (1) analyses 
of value chains crossing the established sector boundaries, (2) analyses of 
policy and governance perspective on the transition process and (3) interdisci-
plinary studies of the bioeconomy. 

1.1 Framework 

1.1.1 Background 

Over the last decade, the notion of grand challenges has emerged as a central 
issue in policymaking and in academic discourse. The Lund Declaration (2009) 
stressed the urgency of pursuing solutions to the so-called grand societal chal-
lenges, such as climate change, food security, health, industrial restructuring 
and energy security. All these challenges are persistent problems which require 
long-term approaches and are highly complex, diffcult to manage and charac-
terised by uncertainties (Coenen, Hansen & Rekers, 2015; Schuitmaker, 
2012). The concept of a bioeconomy has been introduced as an important 
pathway for addressing several of these challenges. Replacing fossil-based prod-
ucts with products based on organic waste resources is an important strategy 
not only for mitigating climate change, but also for fostering industrial restruc-
turing, improving public health and ensuring food and energy security 
(Ollikainen, 2014; Pülzl, Kleinschmit & Arts, 2014; Richardson, 2012). 

However, as Bugge et al. (2016) have pointed out, there seems to be little 
consensus about what a bioeconomy actually implies. Visions of the bioecon-
omy range from one that is very closely connected to the increasing use of 
biotechnology across sectors (e.g. Wield, 2013), to one where the focus is on 
the use of biological material (e.g. McCormick & Kautto, 2013). Others call 
for a shift towards locally embedded eco-economies, which use local good 
practice as the starting point (Marsden, 2012). Thus, describing the bioecon-
omy, it has been argued that “its meaning still seems in a fux” (Pfau, Hagens, 
Dankbaar & Smits, 2014; Pülzl et al., 2014, p. 386) and that the knowledge-
based bioeconomy can be characterised as a “master narrative” (Levidow, 
Birch & Papaioannou, 2013, p. 95), which is open to very different interpre-
tations (Bugge et al., 2016, p. 1f.). The different perspectives on the bioecon-
omy can roughly be aligned into three points of view: (1) the OECD’s and 
the United States’ focus on processes that convert raw material into value-
added products using biotechnology and life sciences; (2) the European 
Union’s emphasis on the use of biomass resources, such as biological resources 
and waste, as inputs for food, feed, energy and industrial products; and 
(3) environmental scientists’ and NGOs’ concentration on sustainability and 
planetary boundaries (Kleinschmit et al., 2014). 



  

 

 

 
 

 

 
 

 

 

 

 

 

 

Introduction 3 

While the frst European bioeconomy strategy had a focus on bioeconomy 
research and innovation to tackle the grand societal challenges (European 
Commission, 2012), the updated European bioeconomy strategy (European 
Commission, 2018) stresses the need for sustainability and circularity of the 
bioeconomy. A sustainable bioeconomy “can turn bio-waste, residues and 
discards into valuable resources and can create the innovations and incentives 
to help retailers and consumers cut food waste by 50% by 2030” (European 
Commission, 2018, p. 6). 

The world’s population is expected to increase from seven billion in 2012 
to more than nine billion by 2050 (European Commission, 2012). This 
means that there will be an increased need for food, feed and many other 
bio-based materials. Reducing and preventing food waste is one important 
avenue to take. However, not all food waste can be avoided; therefore, we 
need to exploit this resource for other means of value creation. 

Many authors emphasise the need to use new types of resource for pro-
ducing food, feed and other bio-based materials. These resources require 
different technological pathways to the traditional bio-processing industry. 
Such pathways are provided, among others, by biological treatment (biogas 
production) and biorefning. 

Biological treatment with anaerobic digestion is based on different types of 
feedstock, such as urban organic waste, food waste from the food processing 
industry and manure. One output is biogas, which can be used in transport as 
a replacement for fossil fuels. The other output is bio-digest, which can be 
used as a replacement for artifcial fertiliser. This returns nutrients back into 
the soil. Lantz et al. have discussed the potential incentives and barriers for an 
expansion of biogas technology in the Swedish context, including the com-
plete biogas chain from feedstock production to the fnal utilisation of biogas 
and the digested residues (Lantz, Svensson, Bjornsson & Borjesson, 2007). 
They distinguish between barriers to the production of biogas and barriers to 
the utilisation of biogas and digestate, and use a life cycle assessment (LCA) in 
order to estimate the potential for biogas production from waste resources 
found in different sectors and sources. Their scientifc contribution resulted in 
a lively debate in Sweden about the agricultural use of sewage sludge from 
wastewater treatment plants; the debate in turn originated from frequent 
alarming reports of the possible presence of undesirable substances in the 
sludge. To ensure the quality of the digestate, a set of rules and voluntary 
agreements are used. Manure, being a by-product which does not require any 
additional handling by the farmer, is often considerably more easily available 
to the biogas producer, and its use is especially proftable if transportation 
costs are covered. 

Another pathway is provided by biorefneries. Biorefneries can be classi-
fed in different ways (Parajuli et al., 2015) based on the types of raw material 
input used for the process, such as straw and stover from plant production, 
residues from food processing, sludge from wastewater treatment, residues 
from fsh processing, aquaculture and residues from forestry and forest-based 



  

 

 
 

 

 

 
 

 

  

 

 

 

  

4 A. Klitkou et al. 

industries. A further classifcation is based on the applied technology: bio-
chemical or thermochemical (based on gasifcation and/or pyrolysis). A third 
classifcation distinguishes between the main intermediate products produced 
in the biorefnery, such as syngas, sugar and lignin. Biorefneries must be 
optimised for the effcient use of bio-resources, energy use and recovery of 
valuable compounds, such as proteins and phosphorus. In the Scandinavian 
context, all these resource streams are valuable, but straw and stover might, 
due to the structure of the Danish agricultural sector, be more important for 
Denmark than for Norway and Sweden. Forestry residues have been 
exploited by biorefnery companies, such as Borregaard in Norway and 
Domsjö in Sweden. Biorefneries not only enable the replacement of fossil 
resources with renewable, organic resources in the production of materials 
and chemicals, but also allow for the production of new types of materials 
with different qualities to those of fossil-based materials. 

When assessing the sustainability of biological treatment and biorefning 
processes, there are several elements to consider: (1) the mobilisation of 
waste and residue streams from the agricultural, forestry and food sectors; 
(2) technological options for converting biomass into biomaterials and bio-
energy; and (3) the sustainability of bio-based products compared to 
traditional products (Kretschmer, Buckwell, Smith, Watkins & Allen, 2013). 
Food waste, crop and forest residues have signifcant potential as bio-resources 
since they offer a range of potential energy outputs from 1.55 to 5.56Ej per 
year. The majority (over 90%) of this potential energy output is offered by 
crop and forest residues. The extent of biomass-based products on the market 
is infuenced by three factors: feedstock availability and its price, market 
demand and investment decisions, which again are infuenced by the maturity 
of the chosen technology and its economic viability. 

When assessing the sustainability of bio-based products, Kretschmer et al. 
(2013) stress two issues for analysis: effcient use of biomass resources, incl. 
residues and waste, and greenhouse gas emission effects. LCAs can provide an 
evaluation of the sustainability of bio-based products. When analysing the 
effects of greenhouse gas emission, the consequences of diverting residues 
from previous uses (straw and forest residues) must be considered. While the 
replacement of fossil fuels by frst-generation biofuels can be assessed as unsus-
tainable, the massive deployment of advanced biofuels from forestry and agri-
cultural residues can also have unintended environmental consequences and 
lead to new path dependencies. A resource-effcient use of biomass is not 
only related to replacing energy crops by using agricultural and forestry resi-
dues, but also to the cascading use of these bio-resources, which implies a shift 
from high volumes towards lower volumes, and from low added value to 
high added value. 



  

 

 

 

 
  

   
 

 

 
 

 
 

 

  

 

Introduction 5 

1.1.2 Defning the concepts – waste valorisation, circularity, 
sustainable business models and the bioeconomy 

This book explores how streams of organic waste and residues can be trans-
formed into valuable products and thus foster a transition towards a sustain-
able and circular bioeconomy. When investigating this subject, some 
questions immediately arise: what is the bioeconomy, what is the circular 
bioeconomy and why is it sustainable? And, last but not least, what is organic 
waste and what are valorisation pathways? 

A number of different defnitions of “bioeconomy” exist (Bugge et al., 
2016; Schmid, Padel & Levidov, 2012). In this book, we defne bioeconomy 
as the set of economic activities related to the sustainable production and use 
of renewable biological feedstock and processes to generate economic outputs 
in the form of bio-based food, feed, energy, materials or chemicals. A bio-
economy is “sustainable” as far as it is maintaining our environment and pro-
tecting food quality and biodiversity. A “circular” bioeconomy means that 
the existing renewable bio-resources are used in an effcient way, which 
means that organic waste, co-products and by-products are treated as 
resources for the bioeconomy. Strategies to achieve this circularity include 
the following processes: prevention and reduction of organic waste streams, 
fnding new highly valued bio-products based on the re-use of organic by-
products, co-products, residues and waste streams, recycling of organic waste 
and residues, and recovering of the energy content of organic waste streams. 

The cascading use of biomass and waste resources has become an important 
way in which to improve resource effciency. This principle implies that 
burning such resources should be the last option, to be adopted only when 
no other use can be envisioned (de Besi & McCormick, 2015). Biomass 
resources have been extensively used for energy production, both for heat 
and power, as well as in relation to waste-to-energy processes. However, fol-
lowing the principles of cascading use of bio-resources, other renewable 
energy resources should instead be used for energy production (Knauf, 2015; 
Suominen, Kunttu, jasinevicius, Tuomasjukka & Lindner, 2017). 

These processes often cross existing sectoral borders in the bioeconomy: 
waste streams and by-products from agriculture or forestry might become a 
resource for aquaculture or biochemical industry, or vice versa. Urban 
organic waste can be transformed into biogas for transport and into fertiliser, 
replacing artifcial fertiliser or peat-based compost. Different waste streams 
can be combined to produce new types of products, not just biogas and ferti-
liser, but also new feed sources. However, the expression “circular bioecon-
omy” can be seen as something of an idealised concept, since some materials 
will always be lost or degraded as they move along supply chains. 

What is organic waste? There have been several attempts to defne organic 
waste streams by providing important inclusion and exclusion criteria. The 
United Nations Statistics Division distinguishes waste from other residues in 
the following way: waste includes materials which are not prime products and 
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the generator has no further use for these resources and discards them, or 
intends or is required to discard them. This means that the defnition of waste 
is dynamic: (1) since the generator can change the production process and can 
introduce new processes which exploit the former waste streams, (2) the 
regulator might change the requirements for what should be discarded and 
(3) the generator might identify a demand for the resource from other frms 
and start trading the materials as a good. On the other hand, waste streams, 
by defnition, exclude residuals which are directly recycled or reused at the 
place of generation, as well as waste materials which are directly discharged 
into ambient water or air. The latter means that resource streams which are 
discharged from fsheries and offshore aquaculture into the oceans are under-
reported, which might contribute to the increased pollution of the oceans. In 
this book, we address the valorisation of both organic waste streams and side-
streams. We distinguish between residues which have no economic value and 
side-streams which already have a value. 

Waste valorisation means adding value to residues and side-streams through 
changes in markets and/or in the physical properties of these materials. Valor-
isation requires both technological and institutional innovation. When ana-
lysing valorisation pathways for organic waste and side-streams we can 
distinguish between different groups of technologies which are applied for 
organic waste valorisation: (1) more conventional technologies that have been 
used in the management and treatment of those streams of resources, such as 
animal feeding, composting, anaerobic digestion, incineration and landfll dis-
posal, and (2) alternative, biorefnery technologies aiming at the extraction 
and recovery of high-value compounds and the production of chemicals, 
materials and fuels (Maina, Kachrimanidou & Koutinas, 2017). However, the 
choice of technology is not the only and most important dimension of valori-
sation. Valorisation pathways are the trajectories through which such values 
are created and distributed by and among actors from the private sector, 
policy, research, civil society and households. Valorisation pathways may even 
constitute so-called transitions pathways which involve changed technologies, 
institutions and regulations, infrastructures, production systems, business 
models and consumption patterns (Turnheim et al., 2015). 

Sustainable business models address different ways in which frms can 
combine an improved customer value with societal, environmental and eco-
nomic benefts (Boons, Montalvo, Quist & Wagner, 2013). They can target 
innovative value propositions, value creation and delivery, and mechanisms 
to capture value (Bocken, Short, Rana, & Evans, 2014, p. 43f.). As Lozano 
has pointed out, value includes fows of material resources and energy as 
inputs and products and services as outputs, but also economic value, human 
resources and, last but not least, environmental value (Lozano, 2018, p. 6). 
The concept of sustainable business models can be linked to the discourse 
about the sustainable transition of socio-technical systems (Boons et al., 2013; 
Geels, 2002; Schot & Steinmueller, 2018). 



  

 

 

  

 

 

 

 

  

 

 

           

           
          

          
            

Introduction 7 

1.1.3 Methodological approaches 

Different methodologies are applied throughout the book to analyse the 
emerging circular bioeconomy and the valorisation of waste streams. Given 
the breadth and diversity of the subject, the research goals have been pursued 
using a variety of research tools belonging to both the qualitative and quant-
itative spheres. 

The studies of the sectors of origin of the residuals combine transition 
theory, innovation theory and global value chain analysis. Data sources are 
here principally represented by interviews, workshops, event history analyses 
and document analyses, all related to case studies of ongoing and emerging 
valorisation processes. Additional quantitative data, such as national and 
regional accounts of waste streams, complement the technical foundation of 
the study. 

Cross-sectoral perspectives are centred on quantitative methods. An 
analysis of the curricula vitae of experts involved in Norwegian research and 
development projects, funded by the Research Council of Norway and expli-
citly addressing the bioeconomy, will shed light on the knowledge base of the 
Norwegian bioeconomy. In addition, an analysis of research and development 
(R&D) statistics, frm-level data and surveys will provide an insight into the 
actors and their roles in the bioeconomy. 

The book’s chapters, pertaining to scientifc reviews and scoping refec-
tions, are based on theoretical reasoning on the previous academic literature, 
supported by bibliometric inferences. When making policy suggestions, semi-
structured interviews and expert workshops have been accompanied by docu-
ment analyses of the regulatory framework for valorisation processes. LCA 
methods have also been explored, to allow for a more direct response to 
governance-related questions. 

1.2 Important themes addressed in the book 

In the following we explain some of the main thematic issues addressed in the 
book, such as circularity, regional embedding and geographical context of 
waste valorisation, resource ownership and inter-frm governance, and policy 
and regulations of waste valorisation. 

1.2.1 Circularity across established sectors 

When analysing processes in the bioeconomy, the literature has often applied a 
sectoral approach, i.e. analysing developments in forestry, agriculture, aqua-
culture, etc., and has largely focused on the primary production of organic prod-
ucts. Instead, when analysing the circular bioeconomy, we have decided to also 
consider value creation, which crosses the traditionally defned sectors. Cross-
sectoral connections are diffcult to establish, since the economic actors would 
need to understand the properties of waste streams in unfamiliar sectors, and to 
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relate them to new processes or new products. Sometimes a bioeconomic 
improvement may even need the combination of several different waste streams. 

Such cross-cutting relations across the sectors can emerge at several stages 
of the “value circle”. We prefer to adopt the expression “value circle”, rather 
than the more common “value chain”, which is connected to a more tradi-
tional linear model of value creation: production of primary goods – process-
ing – distribution – consumption – disposal. Instead, our focus here is on a 
more circular approach, where value creation can occur at any stage, and dis-
carded products can still potentially be used for value creation. 

Figure 1.1 attempts to visualise such an approach. This fgure is generic 
and can be applied to many nature-based value creation processes. 

A next step in the development is from individual value circles to a 
network of circles and sharing resources in cascades from high to lower 
resource qualities, culminating in industrial symbiosis. Industrial symbiosis 
requires coordination and co-location in a regional setting and aims at turning 
waste outputs from one production process into a feedstock for another pro-
duction process. The circularity of the bioeconomy is strongly related to the 
sustainable valorisation of biological resources. However, the valorisation of 
residues is not automatically sustainable. Assessing the sustainability of such 
valorisation is one of the tasks of LCAs. Crossing sectoral boundaries for 
valorising biological resources can be challenging for performing LCAs, 
especially because the boundaries of the systems change if one compares a 
valorisation path inside one sector, such as wooden residues exploited for 
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Figure 1.1 Value circles and valorisation of waste and residues. 



  

 

 

 

 

  
 
 

          
          

             
 
 
 

 
 

Introduction 9 

wooden construction elements, with a path including different sectors, such 
as wooden residues used as feedstock for animals. However, LCAs focus on 
tracing the sustainability of new products across sectoral boundaries. 

In this book we will study examples of value creation crossing sectoral 
boundaries. We will also discuss to what extent these are really more sustain-
able than established alternatives. Another important issue is how circularity 
across sector boundaries is dependent on cooperation with and knowledge of 
actors in other sectors. In particular, we target the need for addressing the 
specifc geographic context to achieve such circularity across sector bound-
aries, as the next subsection, in particular, thematises. 

1.2.2 Regional embedding and geographies of innovation 

Making the economy “more circular”, and adding value to resources that are 
currently unexploited, requires some form of innovation. The most direct 
and visible form of innovation would touch the existing value circles, and 
would prominently involve bridging across existing value circles: if some 
form of waste is generated at some level of one existing value circle, innova-
tion may allow such waste to become an input within a different value circle. 

In some cases, what is currently being wasted in a value circle could be 
technically ready to be an input in a different circle, but the bridge between 
the two circles cannot be easily crossed when the circles are not situated in 
the same geographic area. Innovation might then be required to allow easier 
transportation of waste: for instance, wood chips can be treated to not absorb 
humidity during transportation, and thus be introduced into geographically 
distant value circles. 

In other cases, what is currently being wasted can become an input only 
after a chemical or mechanical transformation: for instance, food waste can be 
transformed into biofuel. If the type of waste cannot be transported easily or 
cheaply, the chemical/mechanical transformation (and the innovation con-
nected to it) must occur in the same location where the waste is produced. 

However, innovation may also occur on the consumption side. The creation 
of car models which employ biofuel is an example of the coordination of 
different value circles which intersect only at the consumption side. Innovations 
that are more consumption-based, and less technological, may involve the 
development of new business models. In these cases, the geographic dimension 
is also relevant. For instance, when local gardening is used to promote bio-
foods, trust may be required by the consumer to buy a product which looks or 
tastes differently than usual, and such trust needs to be created at a local level. 
Even more evident is the case of public procurement, where the consumption 
stimulated by the public sector, for instance in the case of a municipality acquir-
ing buses fuelled by bio-methane, may have a politically clear local origin. 

It should also be kept in mind that the innovation process itself can depend 
on locational attributes, and not only because of value circle considerations 
and institutional setting. Every location provides a particular knowledge set 
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associated with the frms already present in the location. A progressive valori-
sation of waste is more likely when the current capabilities of a location allow 
it, and such capabilities, or “competency mix”, are associated not only with 
the frm producing waste, but also with the other frms present in the same 
location. Knowledge from different economic sectors, all present in a loca-
tion, could be recombined to generate the desired innovation. However, in 
order to assess whether a location can provide the right “embedding” for 
waste valorisation, it is important to understand at which geographical range 
the location should be considered. A new technology may relate to some 
competences built at country level, to some competences built at regional 
level, and to some competences built at frm level. For instance, exploiting 
knowledge from a technologically contiguous production process, currently 
present in the country but not in the region, may not be possible when the 
knowledge transmission requires a frequent interaction: in this case, a 
country-level analysis of the competence mix would fail in identifying the 
possibilities of a region. On the other hand, knowledge transmission requiring 
a less frequent interaction would be neglected by a region-level analysis of the 
competency mix which excludes knowledge spillovers from region to region. 
The competency mix which waste valorisation can draw upon can thus be 
assessed only by considering the recent economic history of the frm, of the 
region and of the country where waste valorisation is expected to occur. 

To sum up, innovation can alter the ways in which value circles operate 
and intersect. The geographic scale on which the intersection takes place 
always plays an essential role in the innovation process. As a consequence, the 
geographic dimension constitutes an essential element to consider when plan-
ning new circular economies which valorise waste streams. 

1.2.3 Resource ownership and interfrm governance structures 

Innovative paths to the bioeconomy are dominated by uncertainty, stemming 
not only from the unpredictability of scientifc and technological evolution, 
but also from the diffculty of value circles to maintain stability in the face of 
fuctuations in natural resource availability on the market. An innovative bio-
economic sector may struggle to grow and survive, especially when it needs a 
constant volume and quality of intermediate goods fowing from upstream 
producers, to justify a long-term investment. At the same time, ensuring that 
downstream buyers can guarantee a constant demand can be diffcult when 
the reaction of fnal consumers to the new bioeconomic products is not 
predictable, or when the barrier to the entry of other frms into the innov-
ative sector is low. A better coordination along the value circle can be 
achieved, for instance, by extending the frm boundaries through vertical 
integration, or by maintaining the existing frm boundaries while securing 
stability through long-term contracts. An alternative solution to value circle 
miscoordination may lie in sharing decisional power between frms that are 
directly connected within the value circle. Formally, an individual could have 
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a seat on both the board of directors of the innovative bioeconomic frm and 
on the board of directors of an upstream or downstream frm. Such 
directorate interlocking could guarantee, also in the eyes of potential inves-
tors, that the fow of goods along the value circle is suffciently stable. 

Within the bioeconomy, the valorisation of waste streams necessitates an 
even higher degree of coordination along and across value circles. This is due 
to the intrinsic properties of waste: both its amount and its production timing 
are not functional to its future use, but instead depend on the needs of the 
value circle from which it originates. As a consequence, its availability does 
not obey the market forces which usually modulate, at least partially, the 
supply of products in relation to their demand. There are three possible solu-
tions to this “waste puzzle”. The frst one is technical: altering waste in order 
not only to make it useful for an economic purpose, but also to improve its 
properties for storage and transportation so that production amount and 
timing become less important. The second solution is still technical but goes 
one step further: processing waste in order to increase its value, up to a point 
where the demand for it has a similar importance for the frm as the demand 
for the main product associated with it; at this point, the frm will have an 
incentive to coordinate the production of the main product and of the 
“former” waste. The third solution is organisational: if the frm from which 
the waste originates has a connection, in terms of ownership or of manage-
ment, to a potential downstream sector for the waste, then the actors in the 
potential downstream sector can be reassured that the fow of waste will be 
suffciently constant, and therefore the incentives for long-term investments 
will be suffcient to allow waste valorisation in the downstream sector. 

1.2.4 Policy and regulation of waste valorisation 

Policymakers want to infuence the bioeconomy for a wide range of reasons. 
Among others, they want to ensure that the food we eat is safe and that the 
methods used to produce it do not harm the environment; they want to make 
sure that biological resources are used in a way that generates new jobs and 
economic growth, especially in economically disadvantaged areas; and they 
want to make sure that biological residual resources (such as organic house-
hold waste, wooden residues, brewers’ spent grain, animal by-products) are 
used in a sustainable manner to produce new products and new sources of 
energy. To accomplish these ambitions, policymakers have a large arsenal of 
different mechanisms at their disposal, ranging from bans and prohibitions to 
subsidies, tariffs and quotas and from innovative public procurement to gov-
ernment strategies. The combination of multiple goals and multiple mecha-
nisms makes regulation of the bioeconomy challenging. However, there are 
also other factors that complicate policymaking. 

Policymaking and the regulation of waste streams take place at different 
levels. Some policies and regulations are developed and implemented at the 
local level by counties and municipalities. At the local level, policies and 
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regulations are often strongly connected to services that the counties and 
municipalities are responsible for providing the citizens and might involve such 
things as encouraging the citizens to sort their waste to facilitate biological 
treatment and demanding that bus companies which provide public transporta-
tion services use biofuels. At a national level, the policies are more broad-based 
and can affect entire sectors of the bioeconomy. Ministries are sometimes ded-
icated to the regulation of specifc sectors, such as the Ministry of Trade, 
Industry and Fisheries and the Ministry of Agriculture and Food in Norway. 
At the supranational level, there are policies that apply for multiple countries 
and that each country has agreed to adhere to by signing a specifc agreement 
(e.g. the Paris Agreement) or joining a supranational organisation (e.g. the EU 
or WTO). There might be different levels of compliance with supranational 
regulations, since these regulations do not necessarily enjoy the same level of 
popular support as national policies and the supranational organisation might 
be unable to effectively enforce the regulations. In practice, many sectors of 
the bioeconomy are at the same time subject to regulation at several levels. 

The bioeconomy consists of actors with varying and often conficting 
agendas. Some actors own bio-resources and want to exploit these resources 
commercially. Other actors possess strong technological capabilities and want 
to introduce new bio-based products or processes. In addition, yet other 
actors want to protect the environment and mitigate climate change. All these 
actors want to infuence policymaking to further their own agenda. Some-
times, it is possible for policymakers to fnd solutions that accommodate the 
wishes of all these actors. Other times, it is impossible for policymakers to 
fnd solutions that ft everyone, and they must choose which agenda they 
want to support. In these cases, they often have to balance between sustain-
ability and economic growth as central principles of the bioeconomy. 

In this book, we will try to answer several important questions related to 
policy and regulation. We want to look at what are the most important pol-
icies for improving the sustainability and economic viability of the bioecon-
omy, what are the main pitfalls that policymakers should be aware of when 
they regulate the bioeconomy and what kinds of conficting agendas policy-
makers face when they want to introduce new regulation. 

1.3 An overview of the book 

This book is organised into four parts, each exploring different aspects related 
to the valorisation of organic waste, circularity and the bioeconomy. 

Part I discusses the main concepts and approaches applied in the book. 
Chapter 2 improves our understanding of the bioeconomy by exploring the 
origins, uptake and use of the term “bioeconomy” in academic literature. It 
reviews the literature and identifes three kinds of vision for the bioeconomy: 
the bio-technology vision, the bio-resource vision and the bio-ecology 
vision. Each of these visions has different origins, represents different sectors 
and emphasises different underlying values, directions and drivers in the 
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bioeconomy. Together they illustrate the multifaceted nature of this sector of 
the economy. Chapter 3 develops a theoretical framework for understanding 
the patterns, drivers and contexts of organic waste valorisation within and 
across bio-based sectors. The chapter discusses and connects four central con-
cepts into a coherent framework – governance, value creation and capture, 
technological change, and spatial relatedness and dynamics. These concepts and 
the related theory serve as the basis for the analysis carried out in the next part. 

Part II presents empirical case studies of organic waste valorisation in six 
bio-based sectors – forestry (Chapter 4), urban waste management (Chapter 
5), brewing (Chapter 6), meat processing (Chapter 7), aquaculture (Chapter 
8) and dairy (Chapter 9). These sectors are not only important from an 
environmental and climate perspective, but also in terms of food security, 
rural employment and economic growth. Although Part II presents six sector 
studies, all the case studies are cross-sectoral. The sector under consideration 
is only the starting point of a longer valorisation pathway that spans several 
sectors. For instance, the case study on urban waste management begins with 
an analysis of organic household waste, but then focuses on how the waste is 
valorised into biomethane fuel for buses and fertilisers for farmers. All the case 
studies draw on the theoretical framework developed in Chapter 3, but 
emphasise different aspects of this framework. 

Part III investigates aspects of the bioeconomy that span across several 
sectors such as knowledge fow and innovation activity. Chapter 10 investi-
gates what kind of knowledge is required in the bioeconomy. The chapter 
analyses the CVs of scientifc personnel who have received public funding 
through bioeconomy-focused research programmes in Norway in order to 
explore which disciplines and institutions are most relevant to the bioecon-
omy. Chapter 11 investigates activity in the Norwegian bioeconomy by com-
bining and analysing a range of data sources, including patent data and project 
data, as well as the results from two recent surveys. The chapter aims to 
provide an overview of the population and actions of actors in the Norwe-
gian bioeconomy. 

Part IV investigates valorisation pathways and the bioeconomy from a 
policy perspective. Chapter 12 explores whether there are conficting interests 
and policy rationales shaping the bioeconomy. The chapter analyses submis-
sions to a public hearing on the development of a bioeconomy strategy in 
Norway to map the actors involved in shaping the new bioeconomy and to 
analyse their positions within this emerging feld. Chapter 13 explores how 
policies on food waste are developed and implemented. It investigates this 
topic by analysing the introduction of voluntary targets for food waste reduc-
tion in Norway. Chapter 14 presents the LCA method and its use as a policy 
tool in relation to waste management. The chapter discusses how policymak-
ing can be enriched by LCA, but also raises the potential pitfalls of blindly 
relying on LCA results. Finally, Chapter 15 concludes the part and the book 
by articulating suggestions and recommendations for policymakers and com-
panies concerned about the valorisation of various waste streams. 
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2.1 Introduction1 

The notion of grand challenges has over the last decade emerged as a central 
issue in policymaking and – increasingly – academia. In a European context, 
the Lund Declaration [1] stressed the urgency of pursuing solutions to prob-
lems in diverse felds such as climate change, food security, health, industrial 
restructuring and energy security. A key common denominator for these 
grand challenges is that they can be characterised as persistent problems, 
which are highly complex, open-ended and characterised by uncertainty in 
terms of how they can be addressed and solved – a partial solution may result 
in further problems at a later point in time due to feedback effects (Coenen, 
Hansen & Rekers, 2015; Schuitmaker, 2012; Upham, Klitkou & Olsen, 
2016). 

Still, despite these uncertainties, the concept of a bioeconomy has been 
introduced as an important part of the solution to several of these challenges. 
Moving from fossil-based to bio-based products and energy is important from 
a climate change perspective, but it is also suggested that a transition to a bio-
economy will address issues related to food security, health, industrial restruc-
turing and energy security (Ollikainen, 2014; Pülzl, Kleinschmit & Arts, 
2014; Richardson, 2012). 

However, despite the key role attributed to the bioeconomy in addressing 
these grand challenges, there seems to be little consensus concerning what a 
bioeconomy actually implies. For instance, the conceptualisations of the bio-
economy range from one that is closely connected to the increasing use of 
bio- technology across sectors, e.g. Wield (2013), to one where the focus is 
on the use of biological material, e.g. McCormick and Kautto (2013). Thus, 
describing the bioeconomy, it has been argued that “its meaning still seems in 
a fux” (Pülzl et al., 2014, p. 386) and that the bioeconomy can be character-
ised as a “master narrative” (Levidow, Birch & Papaioannou, 2013, p. 95), 
which is open to very different interpretations. 

With this in mind, the aim of this chapter is to provide an enhanced 
understanding of the notion of the bioeconomy. Arguably, this is important if 
the transition to the bioeconomy is indeed a key element in targeting a 
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number of central grand challenges. Specifcally, the chapter seeks to explore 
the origins, uptake and contents of the term “bioeconomy” in the academic 
literature. First, this includes a bibliometric analysis of peer-reviewed articles 
on the topic (Section 2.3), which identifes central organisations, countries 
and scientifc felds. A main result is that the bioeconomy concept has been 
taken up in multiple scientifc felds. Consequently, in Section 2.4 we review 
literature on the bioeconomy in order to examine the differences in the 
understanding of the bioeconomy concept that are put forward in the aca-
demic literature. Specifcally, we focus on the implications regarding overall 
aims and objectives, value creation, drivers and mediators of innovation, and 
spatial focus. Before proceeding to the analysis, the following section presents 
the methodology. 

2.2 Methodology 

2.2.1 Bibliometric analysis 

The bibliometric analysis is based on a literature retrieval of relevant scientifc 
articles indexed in a recognised scientifc article database, the Core Collection 
of Web of Science. The delimitation of a sample can be defned by the chosen 
publishing period, the geographical location of the authors, the selection of 
research areas, the selection of a journal sample or the selection of keywords. 
For the purpose of this study, we analysed the literature indexed during the last 
decade, from 2005 to 2014. We did not include 2015 to allow the papers pub-
lished in the last year to gather citations in 2015. Since we decided to analyse 
the existing scientifc literature about the bioeconomy, we chose to take a 
global approach and to include all research domains. (Furthermore, there is 
signifcant overlap in the research carried out on the bioeconomy between the 
human, social, natural and technical research domains. For example, ethical 
aspects of the development of the bioeconomy are often covered by journals 
categorised as humanities, so this research domain is included as well.) 

The following keywords and their variants were selected: bioeconomy, bio-
based economy, bio-based industry, circular economy and bio*, bio-based 
society, bio-based products, and bio-based knowledge economy (variations are 
created by hyphens and truncation). A list of calculated indicators is provided in 
Appendix A. In the analysis of most active organisations and their collaboration 
in terms of co-publishing we used fraction counts and not absolute counts to 
achieve a more accurate picture of the position of the different organisations. 

Social network analysis (SNA) techniques were applied to measure 
different types of centrality in the networks, such as degree centrality and 
betweenness centrality. While degree centrality is defned as the number of 
links that a node has (Borgatti, 2005), betweenness centrality is defned as the 
number of times a node acts as a bridge along the shortest path between two 
other nodes (Freeman, 1977). Both indicators are calculated with the help of 
UCINET 6 developed by Borgatti, Everett and Freeman (2002) and network 
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graphs were created with NetDraw developed by Borgatti (2002). The 
network graphs were based on degree centrality measures. The structure of 
the identifed network was analysed by identifying cliques. A clique is a sub-
set of the network in which the nodes are more closely and intensely tied to 
each other than they are tied to other members of the network. 

2.2.2 Literature review 

The literature review aims to examine differences in the understanding of the 
bioeconomy concept. It is based on a subset of the papers included in the 
bibliometric analysis. The main inclusion criterion was that papers had to 
include a discussion of the bioeconomy. Importantly, the resulting bioecon-
omy visions described in Section 2.4 should not be understood as visions pro-
moted by the academic writers, but as bioeconomy visions that result from 
academic analysis of the actions of policymakers, industry actors, etc. 

In order to improve our understanding of the underpinnings and con-
ditions for the emergence of the bioeconomy, we included papers that con-
centrated on conceptual aspects such as innovation and value creation, driving 
forces, governance and the spatial focus of the bioeconomy. We thus 
excluded papers that primarily discussed technical issues. The review consisted 
of a screening of the abstracts of 110 papers. From these we made a dis-
cretionary selection of 65 papers that were considered relevant to the analysis. 

These papers were then read by between two and four persons in order to 
enhance reliability. The content of the papers was summarised in a database, 
considering aspects such as research objectives, methods, scope regarding geo-
graphy and industry sector, and main conclusions. Differing opinions con-
cerning individual articles were resolved in discussions. The database provided 
the point of departure for identifying papers containing relevant content on 
bioeconomy aims and objectives, value creation processes, drivers and medi-
ators of innovation, or spatial focus. These papers were then re-read and syn-
thesised into the analysis presented in Section 2.4. 

2.3 Bibliometric analysis of scientifc literature on the 
bioeconomy 

We identifed 453 papers for the period 2005 to 2014. Figure 2.1 shows that 
the topic has gained increasing attention in the scientifc discourse. 

The total number of citations achieved by the whole sample was 9207, but 
the distribution of citations is skewed (see Table 2.1). The three most-cited 
papers received 18% of all citations. The 15 most-cited papers received 41% 
of the citations. Forty-one papers received one citation, and 55 papers 
received no citations. 

It is more interesting to look at the average number of citations per year 
than the total number of citations because older papers will by default tend to 
achieve more citations than the most recent papers. Still, the results do not 
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Figure 2.1 Number of papers per year (n =453 papers). 

Table 2.1 The 10 most-cited papers (491 citations) and the 10 papers with the most 
citations per year 

Most-cited papers Papers with most citations per year 

Reference Number of Reference Average number of 
citations citations per year 

(Bozell & Petersen, 2010) 760 

(zhang, Himmel & 509 
Mielenz, 2006) 

(Lee, Doherty, Linhardt 351 
& Dordick, 2009) 

(Bordes, Pollet & 344 
Averous, 2009) 

(Graham, Nelson, 234 
Sheehan, Perlack & 
Wright, 2007) 

(Li, Wang & zhao, 2008) 230 

(FitzPatrick, Champagne, 211 
Cunningham & Whitney, 
2010) 

(Carvalheiro, Duarte & 209 
Girio, 2008) 

(Bozell & Petersen, 2010) 127 

(zhang et al., 2006) 51 

(Lee et al., 2009) 50 

(Bordes et al., 2009) 49 

(Dusselier, Van Wouwe, 37 
Dewaele, Makshina & 
Sels, 2013) 

(Horn, Vaaje-Kolstad, 36 
Westereng & Eijsink, 2012) 

(FitzPatrick et al., 2010) 35 

(Burrell, 1991) 35 

Note 
Citation data retrieved 23 February 2016. There can be some delay in the indexing process. There-
fore, the number of citations for papers published towards the end of 2014 may be underestimated. 
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differ much across the two different ways of calculating citations. The data ft 
with Bradford’s law of scattering, which means that the most signifcant 
articles in a given feld of investigation are found within a relatively small 
core cluster of journal publications and a large group of articles does not get 
any citations (Vaaje-Kolstad et al., 2010). 

The analysis of the journals revealed that this topic has been pursued in a 
large number of journals: the 453 papers were published in 222 journals; 149 of 
the journals had just one paper on this topic. Table 2.2 shows the journals with 
more than seven articles, the number of achieved citations and their share of 
citations of the total number of citations. It seems that no journal has positioned 
itself as the central journal for academic debate on the bioeconomy. 

The 453 articles were authored by 1487 researchers. Most of the research-
ers (89% or 1324) had only one paper in the sample. Five researchers had 
more than four papers in the sample (Table 2.3). 

Where do these researchers come from? An analysis of the 992 addresses 
listed in the database provided two types of information: the origin of country 
and the organisation. Two hundred and seven articles listed only one address 

Table 2.2 journals with more than seven articles (n =117) – number of articles, sum 
and share of citations per journal (total n =9,207 citations) 

Journal Number of Share of Number of Share of all 
papers papers (%) citations citations (%) 

Biofuels Bioproducts & Biorefning – Biofpr 27 6.0 244 2.7 
Biomass & Bioenergy 18 4.0 251 2.7 
Journal of the American Oil Chemists 15 3.3 202 2.2 

Society 
Journal of Cleaner Production 12 2.6 204 2.2 
International Journal of Life Cycle 10 2.2 164 1.8 

Assessment 
International Sugar Journal 10 2.2 30 0.3 
Bioresource Technology 9 2.0 361 3.9 
Applied Microbiology and Bio-Technology 8 1.8 249 2.7 
Scandinavian Journal of Forest Research 8 1.8 14 0.2 

Sum 117 25.8 1,719 18.7 

Note 
See Appendix B for more details. 

Table 2.3 The fve most prominent authors, with more than four papers 

Author Number of articles 

Sanders, j. P. M. 8 
zhang, Y. H. P. 6 
Birch, K. 5 
Montoneri, E. 5 
Patel, M. K. 5 
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and four articles did not list any address. Therefore, we have a sample of 449 
papers for the analysis of organisational affliation. For all articles, the shares of 
the addresses have been calculated to get fractional counts (Table 2.4). The 
most important countries in the total sample are the United States, the Neth-
erlands and the United Kingdom. 

The authors listed organisational affliations to 459 organisations in the 449 
papers. We calculated fractions of addresses and standardised the types of 
organisations (Table 2.5). Most of the papers (73%) have listed a university 
address, 13% listed a research institute address, 6% a company, 1% an inter-
national organisation and 6% a public agency. 

The most prominent organisations measured in numbers of papers and in 
degree centrality in the co-authorship network (see Table 2.6) are mainly 
universities. However, the U.S. Department of Agriculture has the central 
position in the network when measuring betweenness centrality. That means 
that the ministry is important for bridging distant networks of expertise. 
Higher values of degree centrality in Table 2.6 indicate the centrality of the 
respective organisation in the network, while higher values for betweenness 
centrality show the bridging function of the respective organisation. Some 
of the most important universities in the United States (Michigan State 
University and the University of Florida) achieve high values for degree 

Table 2.4 The 10 countries with the most articles, based on address fraction counts 

Country Number of papers 

United States 116 
Netherlands 45 
United Kingdom 43 
Germany 27 
Canada 22 
Belgium 21 
Italy 20 
People’s Republic of China 19 
Australia 18 
Sweden 14 

Table 2.5 Types of organisation by number of papers, and their share of the total 
number of papers (n =449 papers) 

Type of organisation Number of papers Share (%) 

Higher education institution 
Research institute 

327.3 
57.6 

72.9 
12.8 

Company 
Public agency 
International organisation 
Science agency 
Cluster organisation 

26.6 
25.0 
6.3 
4.0 
2.3 

5.9 
5.6 
1.4 
0.9 
0.5 
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Table 2.6 The 10 most prominent organisations in terms of number of papers (n =99, 
fraction counts) and Freeman’s degree centrality in co-authorship networks; 
values for Freeman’s betweenness centrality are added 

Organisation Number Degree Betweenness 
of papers centrality centrality 

Wageningen University & Research Centre 19.2 8.200 9,471.480 
Iowa State University 17.6 1.861 1,529.762 
U.S. Department of Agriculture 15.4 3.242 11,896.121 
University of Ghent 12.0 3.003 9,493.600 
University of Utrecht 7.2 2.000 1,145.533 
University of York 5.8 1.833 933.000 
Lund University 5.8 0.833 235.000 
Michigan State University 5.5 0.867 0.000 
University of Florida 5.3 0.333 0.000 
Cardiff University 4.8 0.833 1,782.586 

Note 
Degree centrality is defned as the number of links that a node has (Borgatti, 2005), while 
betweenness centrality is defned as the number of times a node acts as a bridge along the short-
est path between two other nodes (Freeman, 1977). Centrality measures for degree centrality 
and betweenness centrality have been calculated with UCINET 6. 

centrality, but low values for betweenness centrality because they do not 
function as connectors between important subnetworks. The measurements 
of degree centrality in the co-authorship network show that the research feld 
consists of a core of networked organisations and a surrounding plethora of 
many smaller sub-networks of organisations to which the researchers are 
affliated. We identifed 179 cliques with at least two nodes and 79 cliques 
with at least three nodes. The biggest sub-network consists of 237 nodes. 

The surrounding plethora of small-sized sub-networks is dominated by 
higher education organisations. The main sub-network shows not only 
universities but also companies and other types of actors placed centrally in 
the network and a geographical clustering of collaboration. Notably, a 
number of geographical clusters can be identifed: (a) an U.S. cluster with a 
central position around the U.S. Department of Agriculture and other U.S. 
actors, whether universities, public agencies or companies; (b) a western and 
central European cluster with the central position of University Wageningen 
in the Netherlands, ETH in Switzerland and the University of Ghent in 
Belgium; (c) a small Canadian-French cluster around the University of 
Toronto; (d) a small Scandinavian cluster; and (e) a small South American 
cluster with Universidad Estadual Campinas in Brazil. Other regions are less 
centrally positioned in the network and are more linked to the outer borders 
of some of these clusters, such as East Asian actors to the U.S. cluster. 

In order to get an idea of where the bioeconomy is discussed, we identi-
fed the main scientifc felds in the sample. Papers are mostly listed under 
several categories. Therefore, weighted counts have been applied. The sample 
included 99 Web of Science categories, which represents a very dispersed 
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distribution. There are 249 categories applied in the database, but for many 
categories this is just a very minor topic so far. Most important are three cat-
egories belonging to the natural sciences and technological sciences: 
biotechnology & applied microbiology, energy & fuels, and environmental 
sciences. Social science studies are less visible in the sample. The 15 most 
prominent categories are summarised in Figure 2.2 and the complete over-
view is listed in a table in Appendix C. 

In summary, the bibliometric analysis highlights that bioeconomy research 
has become more visible over the last few years. Almost three-fourths of the 
papers are co-authored by researchers affliated to a higher education institu-
tion, while researchers from private frms are much less visible. The research 
community is still rather fragmented, with a core of European and American 
regional clusters most active and networked in the feld. Conversely, organi-
sations from other parts of the world are much less connected to the network 
of bioeconomy research. Topic-wise, the research feld appears fragmented, 
dispersed over many felds of science. It is, however, dominated by natural 
and engineering sciences, while the social sciences are less visible. 

2.4 Bioeconomy visions 

Considering the many origins and the wide diffusion of the bioeconomy 
concept across multiple scientifc felds, the aim of this section is to examine 
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Figure 2.2 Share of Web of Science categories, based on weighted counts (n =453). 
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differences in the understanding of this concept, which are put forward in the 
academic literature. Broadly speaking, we fnd that it is possible to distinguish 
between three ideal type visions of what a bioeconomy constitutes (see also 
Levidow et al., 2013; Staffas, Gustavsson & McCormick, 2013). Refecting 
on the importance of bioeconomy research in the felds of natural and 
engineering science, it is perhaps not surprising that at least the frst two 
visions appear to be signifcantly infuenced by a technical perspective: 

1 A bio-technology vision that emphasises the importance of bio-technology 
research and application and commercialisation of bio-technology in 
different sectors. 

2 A bio-resource vision that focuses on the role of research, development and 
demonstration (RD & D) related to biological raw materials in sectors 
such as agriculture, marine, forestry and bioenergy, as well as on the 
establishment of new value chains. Whereas the bio-technology vision 
takes a point of departure in the potential applicability of science, the 
bio-resource vision emphasises the potentials in upgrading and conver-
sion of the biological raw materials. 

3 A bio-ecology vision that highlights the importance of ecological processes 
that optimise the use of energy and nutrients, promote biodiversity and 
avoid monocultures and soil degradation. While the previous two visions 
are technology-focused and give a central role to RD & D in globalised 
systems, this vision emphasises the potential for regionally concentrated 
circular and integrated processes and systems. 

Importantly, these visions should not be considered completely distinct from 
each other, but rather as ideal type visions of the bioeconomy. Thus, while 
certain actors are predominantly associated with the different visions such as 
the OECD (the bio-technology vision), the European Commission (the bio-
resource vision) and the European Technology Platform TP Organics (the 
bio-ecology vision) (Levidow et al., 2013; Staffas et al., 2013), it is also high-
lighted that the visions interrelate. For example, initial policy work in the 
European Commission was signifcantly infuenced by existing work on the 
bio-technology vision (Richardson, 2012). (Similarly, individual papers 
included in the bibliometric analysis (Section 2.3) may often not subscribe to 
a single understanding of the bioeconomy concept; however, the aim in this 
part of the analysis is not to classify all bioeconomy papers according to the 
different visions, but rather to identify the key interpretations of the bioecon-
omy concept, which are put forward in the academic literature.) 

In the following, we identify key features of the three bioeconomy visions, 
focusing specifcally on implications in terms of overall aims and objectives, 
value creation, drivers and mediators of innovation, and spatial focus. This is 
summarised in Table 2.7. 
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Table 2.7 Key characteristics of the bioeconomy visions 

The bio-technology The bio-resource vision The bio-ecology vision 
vision 

Aims and Economic growth 
objectives and job creation 

Value Application of 
creation biotechnology, 

commercialisation 
of research and 
technology 

Drivers and R & D, patents, 
mediators of TTOs, research 
innovation councils and 

funders (science 
push, linear 
model) 

Spatial focus Global clusters/ 
central regions 

Economic growth and 
sustainability 

Conversion and upgrading 
of bio-resources (process 
oriented) 

Interdisciplinary, 
optimisation of land use, 
including degraded land in 
the production of biofuels, 
use and availability of bio-
resources, waste 
management, engineering, 
science and market 
(interactive and 
networked production 
mode) 

Rural/peripheral regions 

Sustainability, 
biodiversity, conservation 
of ecosystems, avoiding 
soil degradation 

Development of 
integrated production 
systems and high-quality 
products with territorial 
identity 

Identifcation of 
favourable organic 
agro-ecological 
practices, ethics, risk, 
transdisciplinary 
sustainability, ecological 
interactions, re-use and 
recycling of waste, land 
use (circular and self-
sustained production 
mode) 

Rural/peripheral regions 

2.4.1 The bio-technology vision 

The primary aims and objectives in the bio-technology vision relate to eco-
nomic growth and job creation (Pollack, 2012; Staffas et al., 2013). Thus, 
while positive effects on climate change and environmental aspects are 
assumed, economic growth is clearly prioritised above sustainability. There-
fore, feedback effects following from the use of bio-technology are most 
often ignored (Richardson, 2012). Similarly, risks and ethical concerns are 
subordinate priorities to economic growth (Hilgartner, 2007). 

Value creation is linked to the application of biotechnologies in various 
sectors, as well as to the commercialisation of research and technology. It is 
expected that economic growth will follow from capitalising on biotechnolo-
gies, and intermediaries (such as bio-technology news providers) between 
bio-technology research frms and investors play an important role in stimu-
lating economic growth around the bioeconomy (Morrison & Cornips, 
2012). Consequently, investments in research and innovation, which will 
result in the production of scientifc knowledge, are an absolutely central 
aspect in this version of the bioeconomy. Research starts from processes 
operating at the molecular level and products and production processes are 
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subsequently constructed. In principle, this allows the transformation of 
biomass into a very wide spectrum of marketable products (Hansen, 2014). 

Related to drivers and mediators of innovation, the implicit understanding of 
innovation processes in the bio-technology vision is in many ways similar to 
the so-called linear model of innovation, where innovation processes are 
assumed to start with scientifc research, which is then followed by product 
development, production and marketing (Bush (1945); see Hansen and 
Winther (2011) for a summary of critiques of this model). Thus, close inter-
action between universities and industry is needed in the process in order to 
ensure that relevant research is indeed commercialised (zilberman, Kim, 
Kirschner, Kaplan & Reeves, 2013). In this bioeconomy vision technological 
progress will solve resource shortages, and resource scarcity is therefore not a 
central parameter to analyse (McCormick & Kautto, 2013; Staffas et al., 
2013). Similarly, it seems to be more or less implicitly assumed that waste will 
not be a key issue since bio-technology production processes will result in 
little or no waste. Since the starting point is at the molecular level, processes 
can in principle be designed to result in very little waste. Biotechnologies 
may also help transform organic waste into new end-products (Richardson, 
2012). It is also suggested that the wide possibilities for application of bio-
technology lead to a blurring of boundaries between traditional industries 
once the technologies approach the stage of commercialisation (Boehlje & 
Bröring, 2011; Wield, 2013). Since research is a central component in this 
vision, research councils and other research funding bodies become central 
actors in translating the visions of the bioeconomy into the actual develop-
ment of the feld itself (Kearnes, 2013). Related to the prominent role 
ascribed to research, some contributions in the literature focus upon issues of 
governance of research, such as the history of research policies for the bio-
economy (Aguilar, Magnien & Thomas, 2013). 

In terms of spatial focus, the bio-technology vision of the bioeconomy is 
expected to lead to a concentration of growth in a limited number of regions 
globally that host a combination of large pharmaceutical frms, small biotech 
frms and venture capital (Cooke, 2007a, 2009). Also regions specialised in 
high-quality public research related to bio-technology may beneft in 
developmental terms (Birch, 2009). It is furthermore suggested that connec-
tions between these global bio-technology centres are very important for 
innovation in the bioeconomy and that certain regions in emerging and 
developing economies may also take advantage of the bioeconomy (Cooke, 
2006; Wield, 2013). As a consequence of the focus on global competition in 
the bioeconomy, the notion of governance of innovation also constitutes a 
central feature in some of the research underpinning such a vision (Hogarth 
& Salter, 2010; Rosemann, 2014). Associated with the geographies of the 
bioeconomy, it is also pointed out how value creation in the bioeconomy 
comprises both a material component associated with bio-resources, but 
nonetheless also an immaterial component in terms of knowledge and an 
ability to develop new knowledge (Birch, 2012). Other parts of this literature 
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revolve around issues such as the conditions for and strategies applied in 
building a bio-economy in various emerging economies (Chen & Gottweis, 
2013; Hsieh & Lofgren, 2009; Salter, 2009; Salter, Cooper, Dickins & Cardo, 
2007; Salter, Cooper & Dickins, 2006; Waldby, 2009). 

2.4.2 The bio-resource vision 

In the bio-resource vision the overall aims and objectives relate to both eco-
nomic growth and sustainability. There is an expectation that bio-innovations 
will provide both economic growth and environmental sustainability 
(Levidow et al., 2013). Whereas economic growth in the bio-technology 
vision would follow from capitalising on biotechnologies, capitalising on bio-
resources is expected to drive economic growth in the bio-resource vision. 
While it is often assumed that effects in terms of environmental sustainability 
will also be positive, the main focus is on technological development of new 
bio-based products, and much less on environmental protection (Duchesne & 
Wetzel, 2003). Thus, quite paradoxically, the climate change effects of the 
transition to a bioeconomy are rarely assessed, and the sustainability aspect 
receives relatively limited attention from policymakers (Ollikainen, 2014; 
Staffas et al., 2013). Notably, this weak integration of sustainability aspects in 
bioeconomy policies is despite the fact that academics frequently question the 
positive sustainability effects of the bioeconomy (Pfau, Hagens, Dankbaar & 
Smits, 2014). Ponte (2009) argues that processes and procedures associated 
with standard setting in the bioeconomy become more important than out-
comes in terms of sustainable development. The bioeconomy discourse may 
in fact lead to a decreasing emphasis on issues such as deforestation and loss of 
biological diversity (Pülzl et al., 2014). 

In terms of value creation, the bio-resource vision highlights the processing 
and conversion of bio-resources into new products. Related to the use and 
availability of bio-resources, waste management also takes up a more prom-
inent position in the bio-resource vision. Minimising organic waste produc-
tion along the value chain is a central concern, and waste production, which 
cannot be avoided, is an important input to renewable energy production 
(European Commission, 2012). The concept of cascading use of biomass is 
central in this regard since it highlights the efforts to maximise the effciency 
of biomass use (Keegan, Kretschmer, Elbersen & Panoutsou, 2013). Finally, it 
is also argued that processing of waste that allows recycling by converting it 
to fertilisers is central to allow large-scale biofuel production (Mathews, 
2009). 

In relation to drivers and mediators of innovation, and as a natural consequence 
of the prime focus on bio-resources, the issue of land use constitutes a more 
explicit element than in the bio-technology vision. An important driver in 
the bio-resource vision is thus to improve land productivity (Levidow et al., 
2013; Mathews, 2009) and to include degraded land in the production of 
biofuels (Mathews, 2009). However, there is often little discussion of the 
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implications for changes between different types of land use such as forestry 
and agriculture on other aspects such as climate change (Ollikainen, 2014). 
Additionally, while considerations concerning the use and availability of bio-
resources are prominent, the relation between the use of bio-resources and 
the use of other resources and products (such as water, fertilisers and pesti-
cides) is rarely considered (Staffas et al., 2013). 

Indeed, similar to the bio-technology vision, the bio-resource vision also 
highlights the role of research and innovation activities as an important driver 
for value creation. However, while the former takes a narrower point of 
departure in bio-technology research, the latter emphasises the importance of 
research in multiple felds, which are in different ways related to biological 
materials. Consequently, research and innovation efforts often involve collab-
oration between actors with dissimilar competences, and the importance of 
research on issues such as consumer preferences is also stressed (Levidow et 
al., 2013). Innovation is also understood to require collaboration across 
sectors, e.g. that frms from the forestry industry engage closely with 
downstream actors (Kleinschmit et al., 2014). According to McCormick and 
Kautto (2013), the importance of cross-sectoral collaborations for bioecon-
omy innovation is also frequently underlined in bioeconomy policies. Thus, 
in summary, the drivers of innovation underlying value creation in the bio-
resource vision are less linear than in the bio-technology vision, as cross-
sectoral collaborations and interaction with customers are emphasised. 

In terms of spatial focus, the bio-resource vision emphasises the signifcant 
potential for stimulating development in rural settings. It is argued that plants 
producing new bio-products will positively infuence employment in rural 
locations and will most likely be less footloose than other forms of economic 
activities due to the importance of natural resources as key location factors 
(Low & Isserman, 2009). Thus, the bio-resource bioeconomy opens up for a 
revived rural development driven by diversifcation into higher value-added 
products (Horlings & Marsden, 2014). Still, while localised competencies 
related to cultivating and processing of the biological material are central to 
this development, this will in most cases need to be complemented with 
externally located knowledge (Albert, 2007). 

2.4.3 The bio-ecology vision 

The aims and objectives of the bio-ecology vision are primarily concerned with 
sustainability. While economic growth and employment creation is a main 
concern in the bio-technology and bio-resource visions, these aspects are 
clearly secondary to sustainability concerns in the bio-ecology vision 
(Levidow et al., 2013). Refecting the focus on and concern for sustainability, 
the literature on the bioeconomy also contains tensions and critical voices to 
the focus on economic growth and commercialisation in the bio-technology 
and in the bio-resource visions. In the literature on health there are several 
contributions that criticise the commercialisation of bio-resources in areas 
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such as trade in various forms of human tissues (examples of such criticism 
include questioning trade in cord-blood (Brown, 2013; Brown, Machin & 
McLeod, 2011; Martin, Brown & Turner, 2008; Waldby & Cooper, 2010), 
oocytes (Gupta, 2012; Haimes, 2013; Waldby, 2008), foetal tissue (Kent, 
2008), stem cells (Fannin, 2013), femoral head (Hoeyer, 2009) and blood 
(Mumtaz, Bowen & Mumtaz, 2012; Schwarz, 2009)). Examples of topics that 
are discussed are the ethics of commercialisation of bioresources (Bahadur & 
Morrison, 2010), safety in blood supply (Mumtaz et al., 2012), inequalities in 
access to bio-resources (Davies, 2006) and the moral dilemmas of surrogacy 
(Gupta, 2012). 

Regarding value creation, the bio-ecology vision emphasises the promotion 
of biodiversity, conservation of ecosystems, the ability to provide ecosystem 
services and prevention of soil degradation (Levidow et al., 2013; McCormick 
& Kautto, 2013). Moreover, it is emphasised that energy production from 
bio-waste only takes place at the very end of the chain, after reuse and recyc-
ling. Also, the use of own waste as well as waste from urban areas is important 
to reduce or even eliminate the need for external inputs to bioproduct pro-
duction facilities (Levidow et al., 2013; McCormick & Kautto, 2013). In this 
sense this vision emphasises a circular and self-sustained production mode. 

With reference to the underlying drivers and mediators of innovation, the bio-
ecological vision of the bioeconomy highlights the identifcation of favour-
able organic bio-ecological practices (Marsden, 2012; Siegmeier & Möller, 
2013) and ecological interactions related to the re-use and recycling of waste 
and effciency in land use. A related key topic is bio-ecological engineering 
techniques that aim to “design agricultural systems that require as few agro-
chemicals and energy inputs as possible, instead relying on ecological inter-
actions between biological components to enable agricultural systems to boost 
their own soil fertility, productivity and crop protection” (Levidow et al., 
2013, pp. 98–99). 

Whereas the two other bioeconomy visions place emphasis on the role of 
technically focused research and innovation activities, this is not the case in 
the bio-ecology vision. In fact, certain technologies such as genetically modi-
fed crops are ruled out in the bio-ecology vision. This does not imply that 
research and innovation activities are deemed unimportant, but rather that 
they have different foci. For instance, Albrecht, Gottschick, Schorling and 
Stint (2012) call for greater emphasis in research on transdisciplinary sustain-
ability topics related to e.g. cultivation potentials of sustainable biomass, 
global fair trade and wider participation in discussions and decisions on trans-
ition processes. Finally, calls are made for research that takes the global scale 
as the point of departure and accounts for the negative consequences of the 
competing bioeconomy visions (Hansen, 2014). 

In terms of spatial focus, the bio-ecology vision emphasises the opportunities 
for rural and peripheral regions in a similar way to the bio-resource vision. It is 
suggested that rural growth opportunities may result from a focus on high-
quality products with territorial identity (Levidow et al., 2013). However, 
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while the importance of external linkages is stressed in the bio-resource vision, 
the bio-ecology vision calls for development of locally embedded economies, 
i.e. “place-based agri-ecological systems” (Marsden, 2012, p. 140), as a central 
part of the efforts to ensure a sustainable bioeconomy. 

2.5 Findings and concluding remarks 

Based on a review of the research literature, this chapter has documented the 
scope, origins and reach of the notion of the bioeconomy. Moreover, the 
chapter has sought to deepen our understanding of the notion of the bio-
economy through the identifcation of three different visions of the bioecon-
omy. In sum, the chapter has sought to map the diverse grounds and 
perspectives in this feld. 

While the transition to the bioeconomy is often argued to play a key role 
in targeting grand challenges such as climate change, food security, health, 
industrial restructuring and energy security, the chapter has shown that the 
bioeconomy constitutes a young research feld, although it is likely that the 
research covered in this analysis probably has been involved in related 
domains before, or in similar research under different headings, such as bio-
technology. As opposed to former research on biotechnology as such, the 
more recent research on the bioeconomy seems to refer to a broader concept 
that encompasses several sectors spanning from health and the chemical indus-
try, to agriculture, forestry and bioenergy. The chapter has shown how a 
range of different disciplines are involved in the knowledge production 
underpinning the emergence of the bioeconomy. This breadth refects the 
generic characteristic and nature of the notion of the bioeconomy. However, 
among the variety of disciplines researching the bioeconomy, natural and 
engineering sciences take up the most central role. 

With this in mind, it is perhaps not surprising that the literature review 
identifed three visions of the bioeconomy, of which at least the frst two 
appear to be signifcantly infuenced by an engineering and natural sciences 
perspective. The bio-technology vision emphasises the importance of bio-
technology research and the application and commercialisation of bio-
technology in different sectors of the economy. The bio-resource vision 
focuses on processing and upgrading of biological raw materials, as well as on 
the establishment of new value chains. Finally, the bio-ecology vision high-
lights sustainability and ecological processes that optimise the use of energy 
and nutrients, promote biodiversity and avoid monocultures and soil 
degradation. 

The perception of a bioeconomy also contains different objectives in terms 
of a focus on reducing waste-streams of bio-resources on the one hand, and 
developing new products and economic value chains based on existing waste-
streams from bio-resources on the other. To the degree that there emerge 
new economic value chains surrounding biowaste, this may constitute a dis-
incentive to reduce the amount of biowaste in the frst place. These two 
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objectives may thus constitute contrasting rationalities. Such opposing ration-
ales refect the diversity among policy areas involved and highlight the diff-
culty of speaking of horizontal policies across sectors or domains. However, 
at the same time, given the emphasis on engineering and the natural sciences, 
the bio-technology vision and the bio-resources vision overlap to some 
extent and may represent complementary strategies in terms of the possibility 
of applying biotechnology to bio-resources. In this sense it may be a viable 
strategy for countries and regions to possess both localised bio-resources and 
the technology to refne and upgrade these. Instead of exporting bio-
resources for upgrading elsewhere, domestic upgrading would ensure a higher 
value creation locally, in addition to expected synergies in terms of research 
and innovation. 

Given the main emphasis on natural and engineering sciences in much 
bioeconomy research, an important topic for future studies is the connection 
between the bioeconomy and its wider societal and economic implications. 
The notion of the bioeconomy is often seen to cover a wide range of indus-
tries that are very different in terms of technological advancement and value 
chains. Moreover, the emergence of a bioeconomy is expected to imply the 
implementation and application of generic biotechnologies into several other 
sectors and domains. Such application of biotechnology in different existing 
industry sectors may serve to redefne how these sectors operate and what 
they produce. Thus, further research into the position of the bioeconomy in 
societal and economic development strategies following the principles of 
regional and context-sensitive smart specialisation (Morgan, 2015) or con-
structed regional advantage (Cooke, 2007b) is welcome. 

Thus, whether and how the transition to a bioeconomy will indeed con-
tribute to addressing key grand challenges remains to be seen. Quite para-
doxically, while the master narrative surrounding the bioeconomy stresses 
these particular aspects, consequences in terms of e.g. environmental protec-
tion and climate change effects are rarely assessed (Duchesne & Wetzel, 2003; 
Ollikainen, 2014). This may be attributed to the dominance of natural and 
engineering science research, which often focuses on narrow aspects of the 
bioeconomy rather than the wider, systemic consequences. Thus, additional 
bioeconomy research in non-technical felds is arguably important in order to 
provide a more profound understanding of the socioeconomic aspects of the 
bioeconomy and thereby its potential for addressing the grand challenges of 
our time. 

As an attempt to answer the question “What is the bioeconomy?” posed in 
the title, this chapter has shown that the notion of the bioeconomy is multi-
faceted: in breadth, e.g. in terms of origins and sectors represented; and in 
depth, i.e. in terms of rationales or visions of the underlying values, direction 
and drivers of the bioeconomy. The chapter has shown how these different 
visions seem to co-exist in the research literature, and how they bear implica-
tions for objectives, value creation, drivers of innovation and spatial focus. 
Still, although we must remember that bioeconomy is a broad (and deep) 
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term covering many sectors and meanings, it seems possible to distil a joint 
interest in "'an exploration and exploitation of bio-resources". Such an 
interest may imply different ways of applying biotechnology to bio-resources 
and various forms of harvesting new bioproducts. N onethcless, it may also 
foster an improved understandiog of the ecosystems in which we live and 
possibilities in terms of new and sustainable solutions and the knowledge and 
technologies undezpinuing these. 

Appendix A 

The following indicators have been calculated in the bibliometric analysis: 

• Nmnber ofpapen per year 
• Total number of citations: we obtained the citation data in February 

2016 
• Citations per paper 
• Average number ofcitations of each paper per year since publishing 
• Nmnber ofpapers per journal 
• Citations ofpapen per journal 
• Nmnber ofpapers per author 
• Affiliation of authors based on fraction counts: papers per country and 

per organisation 
• Organisational affiliation of the authors distinguishing between types of 

organisations: higher education institutions, research institutes, com­
panies, public agencies, international organisations, science agencies and 
cluster organisations 

• Centrality of organisations measured in number of papers based on frac­
tion counts, and SNA centrality measures, such as degree centrality and 
betweenness centrality 

• Distribution of scientific field based on the categories of the database 
Web of Science as an indicator for the scientific field and based on 
fraction counts. 
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Appendix C 

Table 2.A2 List of Web of Science categories, sorted by number of papers and share 
of papers 

Web of Science category Number of papers Share (%) 

Biotechnology & Applied Microbiology 76.5 16.9 
Energy & Fuels 40.2 8.9 
Environmental Sciences 36.8 8.1 
Chemistry, Multidisciplinary 20.9 4.6 
Engineering, Environmental 16.9 3.7 
Food Science & Technology 16.5 3.6 
Engineering, Chemical 16.1 3.6 
Forestry 14.8 3.3 
Chemistry, Applied 14.5 3.2 
Agronomy 13.8 3.1 
Agricultural Engineering 12.5 2.8 
Plant Sciences 12.1 2.7 
Multidisciplinary Sciences 10.5 2.3 
Social Sciences, Biomedical 7.8 1.7 
Agriculture, Multidisciplinary 7.1 1.6 
Microbiology 6.8 1.5 
Biochemistry & Molecular Biology 6.7 1.5 
Environmental Studies 6.4 1.4 
Economics 5.8 1.3 
Polymer Science 5.3 1.2 
Social Issues 5.3 1.2 
Geography 5.3 1.2 
Materials Science, Paper, & Wood 5.2 1.1 
Agricultural Economics & Policy 4.5 1.0 
Chemistry, Organic 4.0 0.9 
Biochemical Research Methods 4.0 0.9 
Public, Environmental, & Occupational Health 4.0 0.9 
Genetics & Heredity 3.3 0.7 
Biology 3.0 0.7 
Chemistry, Physical 2.7 0.6 
Sociology 2.7 0.6 
History & Philosophy of Science 2.3 0.5 
Planning & Development 2.3 0.5 
Materials Science, Textiles 2.2 0.5 
Chemistry, Analytical 2.0 0.4 
Cultural Studies 2.0 0.4 
Geochemistry & Geophysics 2.0 0.4 
Medicine, General & Internal 2.0 0.4 
Ecology 1.8 0.4 
Cell & Tissue Engineering 1.5 0.3 
Engineering, Biomedical 1.5 0.3 
Political Science 1.5 0.3 
Horticulture 1.3 0.3 
Materials Science, Biomaterials 1.3 0.3 
Spectroscopy 1.3 0.3 
Women’s Studies 1.3 0.3 
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Table 2.A2 Continued 

Web of Science category Number of papers Share (%) 

Chemistry, Medicinal 1.3 0.3 
Management 1.2 0.3 
Public Administration 1.2 0.3 
Urban Studies 1.1 0.2 
Materials Science, Multidisciplinary 1.0 0.2 
Physics, Applied 1.0 0.2 
Architecture 1.0 0.2 
Crystallography 1.0 0.2 
Education & Educational Research 1.0 0.2 
Engineering, Civil 1.0 0.2 
Engineering, Mechanical 1.0 0.2 
Engineering, Multidisciplinary 1.0 0.2 
Entomology 1.0 0.2 
Health Care Sciences & Services 1.0 0.2 
Health Policy & Services 1.0 0.2 
International Relations 1.0 0.2 
Nutrition & Dietetics 1.0 0.2 
Thermodynamics 1.0 0.2 
Transportation 1.0 0.2 
Transportation Science & Technology 1.0 0.2 
Water Resources 1.0 0.2 
Ethics 0.8 0.2 
Physics, Condensed Matter 0.5 0.1 
Anthropology 0.5 0.1 
Automation & Control Systems 0.5 0.1 
Computer Science, Artifcial Intelligence 0.5 0.1 
Computer Science, Interdisciplinary Applications 0.5 0.1 
Endocrinology & Metabolism 0.5 0.1 
Geography, Physical 0.5 0.1 
Law 0.5 0.1 
Mechanics 0.5 0.1 
Obstetrics & Gynaecology 0.5 0.1 
Operations Research & Management Science 0.5 0.1 
Physics, Nuclear 0.5 0.1 
Reproductive Biology 0.5 0.1 
Soil Science 0.5 0.1 
Cell Biology 0.3 0.1 
Chemistry, Inorganic & Nuclear 0.3 0.1 
Fisheries 0.3 0.1 
Marine & Freshwater Biology 0.3 0.1 
Mathematics, Interdisciplinary Applications 0.3 0.1 
Meteorology & Atmospheric Sciences 0.3 0.1 
Mycology 0.3 0.1 
Nuclear Science & Technology 0.3 0.1 
Oceanography 0.3 0.1 
Physics, Atomic, Molecular, & Chemical 0.3 0.1 
Radiology, Nuclear Medicine, & Medical Imaging 0.3 0.1 
Social Sciences, Mathematical Methods 0.3 0.1 

continued 
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Table 2.A2 Continued 

Web of Science category Number of papers Share (%) 

Engineering, Industrial 0.3 0.1 
Integrative & Complementary Medicine 0.3 0.1 
Medical Ethics 0.3 0.1 
Pharmacology & Pharmacy 0.3 0.1 
Nanoscience & Nanotechnology 0.2 0.04 

Note 

1 This chapter is an adaption of Bugge, Hansen and Klitkou, “What is the bioecon-
omy? A review of the literature”, published in Sustainability in 2016. 
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3.1 Introduction 

This book is anchored in a systemic and evolutionary understanding of how 
society evolves through technological development and innovation that are 
socially embedded and conditioned by actors, networks and institutions. This 
chapter outlines the conceptual framework for the empirical case studies in 
the book, which will present the innovative dynamics of turning waste into 
value in breweries, forestry-based industry, meat production, dairy produc-
tion and urban waste management. The chapter starts by introducing the 
notion of the circular bioeconomy and interpreting it as an ongoing and broader 
transition in society. Here we account for the generic and pervasive nature of 
the bioeconomy as well as the benefts and overall objectives associated with 
the current transition towards a more circular economy. Following this intro-
duction, waste is presented as a potentially valuable resource within the bioeconomy. 

We defne the term waste as “unwanted or unusable material, substances, 
or by-products” that are “eliminated or discarded as no longer useful or 
required after the completion of a process” (Oxford Dictionaries, 2018). In eco-
nomic terms, waste is “unwanted material left over from a production 
process, or output which has no marketable value” (Business Dictionary, 2018), 
implying that the nature of the market (including frms, value chains, infra-
structures, consumers, etc.) and not just a material’s physical properties deter-
mine whether a material is considered waste. Therefore, the elimination of 
waste in the ideal circular bioeconomy involves changes in both the prop-
erties of materials and markets. A distinction can also be made between resi-
dues (with no use or market value) and side-streams or by-products (with a 
value). It follows that waste valorisation means adding value to residues, side-
streams and by-products through changes in markets and/or in the physical 
properties of these substances, involving both technological and institutional 
innovation. Finally, valorisation pathways are the trajectories through which 
such values are created and distributed by and among actors from the private 
sector, policy, research, civil society and households. At a large spatial and 
temporal scale, such valorisation pathways may constitute so-called transition 
pathways, defned as: 
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patterns of changes in socio-technical systems unfolding over time that 
lead to new ways of achieving specifc societal functions. Transitions 
pathways involve varying degrees of reconfguration across technologies, 
supporting infrastructures, business models and production systems, as 
well as the preferences and behaviour of consumers. 

(Turnheim et al., 2015) 

In this chapter, we initially describe the concept of a circular bioeconomy 
(section 3.2), before focusing on the role of waste in the bioeconomy (section 
3.3). Here, we introduce key concepts such as the waste pyramid and the cas-
cading use principle. In section 3.4 we focus on barriers to waste valorisation 
and specify lock-in mechanisms that may hinder the transition towards a 
circular bioeconomy. Conversely, section 3.5 describes drivers for innovation 
in waste valorisation. Here, we introduce three generations of innovation 
policies, which refect different perspectives on the nature and dynamics of 
innovation: science-driven innovation, systems of innovation and socio-
technical transitions. These perspectives on innovation are then applied to the 
waste pyramid in order to distinguish between improving an existing system 
and replacing it with another system higher in the pyramid. In section 3.6 we 
discuss the roles of policy and governance in order to understand how to 
avoid or overcome the barriers and challenges associated with the shift 
towards the bioeconomy. Finally, section 3.7 summarises the chapter. 

3.2 The circular bioeconomy 

Parallel to the emergence of information technologies in the 1970s and 1980s 
and their subsequent application into the information society, the develop-
ment of biotechnologies over the last few decades has been an important 
driver in the transformation of the economy and society towards the bio-
economy. This trend is infuenced by, and indeed an important part of, the 
growing societal emphasis on sustainable development. The emergence and 
development of the bioeconomy create a potential for a return to (more) 
circular modes of production and consumption. This implies taking an inter-
sectoral perspective on different industrial activities, where the rest materials 
from one industry process are utilised as an input in another. The notion of 
industrial symbiosis encompasses such cross-industry integration, and is based 
on the co-location and coordination of different industrial activities, which 
facilitates the exploitation of side-streams and residues. 

The bioeconomy is a very broad concept, which encompasses multiple 
actors and resources and spans several sectors from health and the chemical 
industry to agriculture, fshery and aquaculture, dairy, slaughterhouses, brew-
eries, forestry and energy. This breadth refects the generic nature of the 
notion of the bioeconomy, and some of its potential transformational power. 
The transition to the bioeconomy is often argued to play a key role in target-
ing grand challenges such as climate change, food security and renewable 
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energies. The bioeconomy might signal a shift (or return) to a circular 
economy and a society that replaces fossil fuels with renewable energy 
sources. Yet the broad coverage of the term also means that there are diverg-
ing perspectives on the bioeconomy. While some argue that we need to use 
more pesticides and precision fertilisation in agriculture, others prescribe so-
called “no till” and biodiversity to avoid diseases and soil degradation. Rather 
than a lack of knowledge of how to run the bioeconomy, there is a large 
variety of contrasting recipes for how to arrive at more circular and sustain-
able modes of production and consumption. As a consequence, one challenge 
is to also make sense of these different views and perspectives. In Chapter 2, 
we outlined three visions of the bioeconomy, which represent one way to 
handle this breadth in perspectives (Bugge, Hansen & Klitkou, 2016). 

3.3 The roles of waste in the bioeconomy 

A major strategy in the transition towards the bioeconomy is an improved 
exploitation of organic residues – previously referred to as waste – and side-
streams from industrial production and household consumption. This implies 
creating a circular economy in which the outputs from one value chain are 
used as inputs in another. Hence, what has been formerly regarded as waste 
in one sector is now turned into a resource for another sector, representing a 
smarter and more sustainable way of organising and exploiting limited energy 
and resources. 

Figure 3.1 below presents the waste pyramid, which hierarchically ranks 
different waste treatment options according to their level of sustainability; waste 
disposal and energy recovery are the least favoured options, while recycling, 
reuse and prevention are the more favoured and sustainable options. The latter 
preferred types are usually more resource- and energy-effcient, although there 
can be trade-offs between resource and energy savings, and they often, though 
not always, involve lower greenhouse gas emissions. It is, however, important 
to carefully assess the multiple life cycle impacts for specifc options rather than 
assuming higher or lower general sustainability based on the pyramid’s cat-
egories (see Chapter 14). Moreover, a specifc option may encompass several 
categories, for example the treatment of waste in a biogas plant involves both 
recovery (of energy) and recycling (use of the digestate as fertiliser). 

The waste pyramid illustrates how side-streams and residues may be pro-
cessed and utilised in different ways (European Commission, 2008). Histor-
ically, waste disposal in landflls has gradually been replaced by innovative and 
potentially more sustainable forms of waste management, focusing frst on 
energy recovery, and then on recycling, reuse, minimisation and, ultimately, 
waste prevention. In this book, we conceptualise each of these forms of 
management as integrated socio-technical systems of production and consumption 
consisting of key elements, i.e. actors, capabilities, networks, institutions and 
infrastructures. The composition and characteristics of these elements con-
dition the system’s innovative abilities. 
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Figure 3.1 The waste pyramid. Innovation in waste systems implies turning the 
pyramid on its head so that less or no waste is disposed of (hence it is no 
longer waste), illustrated by a smaller area in the right-hand pyramid, and 
more waste (or resources) is prevented or reused, illustrated by a larger area 
in the right-hand pyramid. 

In regard to the point made earlier that the bioeconomy consists of diverg-
ing perspectives, it is here interesting to note that waste plays various roles 
and is assigned different values at each level of the waste pyramid depending 
on the industry and country in focus. 

The different socio-technical waste systems represented in the pyramid can 
co-exist in a given country or region; below we outline each system in turn. 
In a landfll system, waste has no value but is rather a cost in terms of transport 
and storage. In a recovery system, waste is an energy resource that can be 
exploited through incineration, e.g. in district heating or combined heat and 
power plants. In a recycling system, waste is a potential input to the produc-
tion of various products such as biofertiliser, animal fodder, nutrition products 
or recycled materials such as paper, plastics, glass, metals and textiles. In systems 
of reuse and prevention, waste is avoided altogether, and the food or other 
biomass retains much of its initial value. One example is a restaurant owned by 
the student association at the campus of the University of Oslo serving cheap 
gourmet food which is close to its expiration date (see Chapter 13). 

In a circular bioeconomy, the waste pyramid is further substantiated by a 
cascading use principle. Cascading use has been defned as “the effcient utilisa-
tion of resources by using residues and recycled materials for material use to 
extend total biomass availability within a given system” (European Commis-
sion, 2016). In general, cascading utilisation refers to a principle of multiple 
uses of biomass resources by using residues, recycling resources or recovering 
resources after consumption. Focus can either be on extending the timespan 
during which resources stay in the system (cascading-in-time) or on maximis-
ing the added value of resources (cascading-in-value) (Olsson et al., 2016). 
Cascading-in-time (Figure 3.2a) builds on the idea “that resources should be 
re-used sequentially in the order of the specifc resource quality of each stage” 
(ibid., p. 7). Wood is often used as an example to illustrate the cascading-in-
time principle (European Commission, 2016; Vis, Reumerman & Gärtner, 
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Figure 3.2 (a) (top): The cascade-in-time chain (adapted from Sirkin & Houten, 
1994); (b) (bottom): The cascade-in-value concept (adapted from Olsson 
et al., 2016). 
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2014), where freshly harvested wood should frst be used to veneer wood 
products, then particle-based products, then fbre-based products, then, 
fnally, biofuels or incineration for heat or power. The cascading-in-value 
principle (Figure 3.2b) refers to the co-production of several different bio-
products simultaneously, as is characteristic for bio-refneries. Hence, wood 
can also be used in this principle as cascade fractionation of valuable wood 
composites in a biorefnery. See Chapter 4 for more details. There can be 
conficts between the two forms of cascading. For example, wood that has 
been reused multiple times is not suitable for biorefning processes, which 
normally rely on whole, fresh logs to produce various chemicals. 

An example of a cascading-in-value use of biomass resources is the efforts 
made by the meat processing and rendering industry to add more value to 
animal by-products. During the last decade, incumbent meat processors and 
rendering companies have established new divisions or subsidiaries dedicated 
to preventing or utilising side-streams from slaughterhouses, and in so doing 
have increased the value of their meat processing by selling new products to 
new markets. At the slaughterhouses, efforts have been focused on reducing 
the volume of side-streams by utilising a higher proportion of the animal, for 
example by the export of pig ears, snouts, hooves or gallstones to Asian 
markets. Other companies have focused on developing new products, such as 
functional ingredients for the food industry, pet food, animal feed for mink 
production or, fnally, biodiesel. All these initiatives aim to increase the 
overall value of meat processing and reduce the amount of animal by-
products to be used in the lower part of the waste pyramid. See Chapter 7 for 
more details on this case. 

3.4 Path dependence and barriers to waste valorisation 

3.4.1 Path dependence 

Path dependence is the tendency of institutions or technologies to become 
committed to develop in certain ways because of their structural properties or 
their beliefs and values (Greener, 2017). Path dependence is important for 
understanding changes in waste systems as it suggests the existence of mecha-
nisms that (under certain conditions) can cause some technologies, behaviours 
or policies to persist or dominate even if “superior” alternatives exist. While 
such lock-in mechanisms cause considerable inertia in waste systems, a change 
in path-dependent systems is still possible through feedback mechanisms, as 
highlighted in, for example, studies of strategic niche management (Kemp, 
Schot & Hoogma, 1998). 

Moving from established value chains in specifc industries and sectors to 
new ones that are cross-sectoral and interwoven through the waste streams 
involved may require fundamental changes. These changes may take the form 
of new technologies, altered production modes, infrastructures, logistics and 
new consumer practices and habits. It can be challenging to change a system 
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that has existed for a long period of time, as routinised practices tend to 
become institutionalised both socially and materially over time. Indeed, for 
innovation collaborations, there is little empirical evidence that the bioecon-
omy entails intensifed cross-industry collaboration (Bauer, Hansen & Hells-
mark, 2018). This form of path dependence and lock-in (see below) within 
given socio-technical systems may well prevent or slow down innovation and 
change (David, 1985; Martin & Sunley, 2006). The policies and institutions 
that have emerged to serve and support practices of a given production 
regime also hold implications for innovation, as existing institutions often 
refect the interests and perspectives of the actors that make up these systems. 
Consequently, changing established practices and waste systems may be chal-
lenging due to the existing incentive structures and institutional set-up. 

Contributions within evolutionary economic geography have supple-
mented such a systemic view on path dependence with a historical and 
evolutionary approach to studying patterns of regional path dependence. 
The argument here is that the portfolios and competencies of existing indus-
trial actors will often condition the future paths and scenarios for a given 
sector or region (Boschma, 2015; Boschma & Frenken, 2006, 2011a, 2011b). 
To summarise, path dependence may be caused by several factors, both 
tangible and intangible. In this regard, investments in heavy physical infra-
structures and material equipment may be a barrier to change. Repeated 
social practice and habits may likewise cause segmented cultures and values, 
which may also serve to prevent or slow down change and innovation. In 
practice, different combinations of tangible and intangible factors are likely to 
restrict or limit change and innovation. 

In addition to possessing different roles and being subject to valorisation 
relative to various waste systems, the practices within a given system might 
constitute barriers towards moving upwards in the waste pyramid. For 
example, improving and optimising a recycling system might become 
dependent on generating waste as an input to this system, which would 
therefore create no incentives for aiming at a waste prevention system. In this 
sense the established actors, practices, institutions and infrastructures of exist-
ing waste valorisation systems might be barriers to a more sustainable system 
change. 

3.4.2 Lock-in mechanisms 

Klitkou, Bolwig, Hansen and Wessberg (2015) have developed an analytical 
framework for systematically studying the role of lock-in mechanisms in 
transition processes. They understand lock-in mechanisms as “mechanisms, 
which reinforce a certain pathway of economic, technological, industrial and 
institutional development and can lead to path dependence” (ibid., p. 23). 
Klitkou et al. (2015) observed that there could be interactions between lock-
in mechanisms, such as between learning effects, network externalities and 
technological interrelatedness, which are reinforcing each other, while other 
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interactions could have weakening effects. These mechanisms also have 
different functions in the different stages of path development. Only in the 
last stages will the process get locked in and become path-dependent (Sydow, 
Schreyögg & Koch, 2009). Moreover, non-predictability and coexistence of 
several outcomes normally characterise the start of the process, while infexi-
bility and ineffciency are typical for the later stages. Table 3.1 summarises the 
mechanisms discussed by Klitkou et al. (2015), including key literary sources. 

The infuences of learning effects, and economies of scale and scope, are 
evident in the forestry industry. Pulp and paper frms continue to prioritise 
incremental improvements relating to existing processes and products, which 

Table 3.1 Lock-in mechanisms potentially affecting waste valorisation 

Lock-in mechanism Description Key sources 

Learning effects 

Economies of 
scale 

Economies of 
scope 

Technological 
interrelatedness 

Network 
externalities 

Informational 
increasing returns 

Collective action 

Institutional 
learning effects 

Differentiation of 
power and 
institutions 

Specialisation leads to increasing returns from 
learning in relation to existing products and 
production processes. 

Earlier investment in production equipment 
leads to increasing returns from additional 
built-up and further investments in this 
production system. 

Existing product specialisations may guide 
diversifcation into new product groups due 
to potential cost effciencies. 

Existing technologies lead to favourable 
conditions for development of technologies 
with complementarities. 

Uptake of existing technologies leads to de 
facto standard setting due to institutionalised 
use patterns. 

Uptake of existing technologies leads to 
increasing knowledge and attention about 
them, further stimulating their diffusion. 

Uptake of existing technologies leads to 
development of societal norms, customs and 
formal regulations, which further stimulates 
their diffusion. 

Existing formal institutions limit the 
possibilities for establishing new policies, 
which are not aligned with them. 

Incumbent organisations may exercise power 
to prevent institutional change to their 
disadvantage; change of institutions is 
hampered by institutional complementarities. 

Arthur (1990); 
Cimoli (1994) 

Hughes (1983, 
1987) 

Panzar and Willig 
(1981) 

Van den Bergh and 
Oosterhuis (2008); 
Boschma and 
Frenken (2011b) 

Katz and Shapiro 
(1986); David 
(1985) 

Van den Bergh and 
Oosterhuis (2008) 

Foxon (2002) 

Foxon (2002) 

Foxon (2002); 
Ostrom, Schroeder 
and Wynne (1993) 
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have long been their central proft-generating activities. The frms’ core com-
petencies closely relate to these activities, making it hard to change technolo-
gies (Laestadius, 2000). Moreover, the capital intensity of the industry implies 
that frms have made large investments in existing equipment. Consequently, 
few commercial-scale investments target the conversion of side-streams into 
new high-value products, which require obtaining knowledge about new 
markets and techniques. Furthermore, adding new technologies to an existing 
production system in a mill is highly complicated due to the economic 
importance of avoiding pauses in the production process (Bauer, Coenen, 
Hansen, McCormick & Palgan, 2017; Hansen & Coenen, 2017). However, 
in some cases bottlenecks in the production process may be overcome by 
extracting components (e.g. lignin). Subsequently, these substances may form 
the basis of new product lines. This underlines the importance of considering 
economies of scope in moving up the waste pyramid (Gregg et al., 2017). For 
lignin, this allows moving into a variety of new products from binders to fuels 
and speciality chemicals, rather than simply recovering the energy for use in 
the production process. See Chapter 4 for more details on this case. 

In urban waste systems, path dependence is created by large investments in 
technological and physical infrastructure. In the municipality of Oslo, invest-
ments in an optical sorting plant and a biogas plant constitute an advanced 
system for managing organic household waste. Organic waste is sorted by the 
households in plastic bags with different colours, collected at the kerbside and 
sorted optically at the sorting plant. The waste is then treated mechanically 
and chemically and used for producing biofertiliser and biogas. The bioferti-
liser is sold to regional farms and the biogas is used for public bus transport. It 
exemplifes a circular system for waste recycling. Yet it is also a system that 
depends on constant fows of organic waste (Uyarra & Gee, 2013), and which 
may create disincentives for reducing or preventing waste generation in the 
frst place (Bulkeley & Gregson, 2009; Mourad, 2016). Therefore, invest-
ments in one system of waste treatment create path dependence where eco-
nomies of scale (e.g. investments in infrastructure) and scope (e.g. optical 
sorting of multiple waste fractions) are mechanisms that prevent leaps up the 
waste pyramid. See Chapter 5 for more details on this case. 

The dairy sector provides a third example of how lock-in mechanisms can 
infuence and reinforce innovation and value chain development in the bio-
economy. The Danish dairy cooperative Arla Foods is one of the largest dairy 
companies in the world. Because of a series of mergers and acquisitions, as 
well as specialisation in whey, over the past few decades, Arla Foods benefts 
from economies of scale, economies of scope and learning effects. The sub-
sidiary Arla Foods Ingredients was created to fnd solutions to whey process-
ing and utilisation at a time when new regulations restricted the disposal of 
whey as waste. This move not only created a long-term learning effect 
through a niche specialisation in whey handling and processing, but also 
expanded the product range of the company. Today, Arla supplies protein-
based food ingredients within six product categories: paediatric nutrition, 



  

  

 

 

 
 

 
 

60 M. M. Bugge et al. 

sports nutrition, medical nutrition, health foods, bakery and dairy. Through 
investments in state-of-the-art production equipment as well as in research 
and development in the context of globalisation, Arla has achieved signifcant 
market power, further increasing its ability to exploit the advantages of eco-
nomies of scope and scale. See Chapter 9 for more details on this case. 

3.5 Drivers of innovation in waste valorisation 

To better understand the drivers and challenges associated with enabling a 
shift towards a circular bioeconomy, we here discuss the literature on innova-
tion and innovation policies. Schot and Steinmueller (2018) distinguish 
between three generations of innovation policies in terms of different per-
spectives on what constitutes the main drivers of innovation and with respec-
tive implications for innovation policies. In the 1960s, innovation was 
primarily seen to emerge from research and scientifc discovery. This view of 
innovation was very much oriented around technological development and 
scientifc discovery and a belief in the commercialisation of new technologies 
and scientifc breakthroughs. However, from the 1990s this view was supple-
mented by a more pronounced systemic understanding of how innovation 
occurs through impulses from user needs in the market and through the inter-
play and collaboration between various types of actors (Edquist, 1997; Lund-
vall, 1992). 

Such a systemic understanding of innovation also implies supplementing 
the supply-oriented focus on the role of science with demand as also deter-
mining and conditioning innovation. The scholarly tradition on systems of 
innovation has shown how innovation should not be understood as isolated 
phenomena, but rather as being the output from collaboration and interactive 
learning across diverse types of actors that possess various and complementary 
capabilities. Moreover, it has illustrated how the spatial embeddedness and 
context for the industry actors, such as networks, institutions, infrastructures 
and policy frameworks, may also strongly affect innovation performance in 
frms, sectors and regions. This has been elaborated in the economic geo-
graphy literature on path development, which specifes how regional charac-
teristics condition future development opportunities, outlines the various 
stages in path development processes and considers the role of agency 
(Martin, 2010; Simmie, 2012). Each sector within the bioeconomy has tradi-
tionally consisted of established value chains and industrial processes where 
different inputs and resources – labour, investments, biological resources, 
technologies, infrastructures, policies and management – determine how 
value is created in the respective sectors. These value chains can thus be 
viewed as conditioned by their surrounding systems of innovation. 

From the 2000s, the systemic understanding of innovation was comple-
mented by research on socio-technical transitions, which has served to recon-
sider and broaden conventional innovation theories and policies by focusing 
on how entire systems may need to change more fundamentally. Particularly 
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important for this focus on transformative change has been the multi-level 
perspective, which sees systemic transitions as co-evolutionary processes that 
unfold through an interplay between three interrelated analytical levels; 
regimes, niches and landscapes (Geels, 2002, 2004, 2005; Geels & Schot, 
2007; Schot & Geels, 2008). A regime refers to an existing dominant system of 
production and consumption, niches are the locus for disruptive innovation 
and landscapes are understood as contextual factors conditioning regimes and 
niches. This tradition represents an important discontinuity in the main object 
of study from “innovations” to “transitions in socio-technical systems”. 
Whereas the systems of innovation tradition were primarily driven by a 
technological and economic logic, the turn to socio-technical transitions has 
introduced a stronger sense of society beyond the economy and technological 
development. 

Our discussion of these three perspectives reveals that opinions differ 
regarding what actors are important for driving innovation forward (Schot & 
Steinmueller, 2018). In a traditional understanding of innovation processes, the 
focus is on universities and research institutes as well as private frms, which 
are seen as central to making scientifc discoveries and their commercialisa-
tion through the introduction of technical innovations in the market. 

In the context of the waste pyramid, this implies a focus on improving 
technologies in the lower part of the pyramid, i.e. developing new and 
improved recovery and recycling processes. Examples are technologies that 
improve the effciency in the recovery process, leading to a higher produc-
tion of electricity and heat, or developments in recycling technologies that 
improve the quality of the sorting or reduce the need for other inputs such as 
electricity and labour. 

The innovation system perspective broadens out the types of actors seen as 
important in innovation processes. Firms, universities and other knowledge 
institutions are still considered to play a key role, but inputs from users and 
customers are also seen to provide important inputs. Furthermore, public 
sector actors are attributed a central position, not least as the systemic empha-
sis underlines the importance of intermediaries (Kivimaa, Boon, Hyysalo & 
Klerk, 2018). The latter are organisations with a focus on connecting and 
brokering between other actors in the system, e.g. technology transfer offces 
and cluster and network organisations. Many intermediaries are public or 
quasi-public bodies, but are increasingly also established by private interest 
organisations or as independent private enterprises. 

The systems perspective on innovation in waste prevention and handling 
also implies a focus on technological innovations in the bottom part of the 
pyramid. Yet, unlike the science-driven model of innovation, it will assign a 
stronger prominence to the interactions between various actors in different 
parts of the value chain, e.g. between actors in recycling and energy recovery, 
or between goods producers and recycling frms. Therefore, innovation is not 
perceived as the result of activities taking place within specifc frms and 
organisations but rather as caused by their collaboration and interactions. 
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The transformative change perspective further broadens the actors considered 
important to innovation – and transition – processes. This includes groups 
traditionally considered outsiders to innovation processes such as civil society 
groups and interest organisations (Coenen, Hansen & Rekers, 2015; Geels & 
Raven, 2006). The emphasis on entire socio-technical systems implies that 
the development and production of technical artefacts are seen as closely con-
nected to their use and associated social practices. Thus, users and consumers 
are not only regarded as input providers to innovation processes, but as 
important agents that may preserve or challenge regimes. 

In a transformative change perspective on waste, innovation efforts are 
benefcial when they contribute to transitioning the waste system towards an 
increasing emphasis on the upper parts of the waste pyramid, i.e. recycling 
and especially preparing for reuse and prevention. Hence, this perspective 
gives less attention to incremental improvements of process technologies in 
the lower parts of the pyramid. Indeed, improvements in energy recovery 
technologies may be viewed as counterproductive to transformative change 
since they disincentivise efforts and investments in developing the higher parts 
of the waste pyramid. 

3.6 Governance for waste valorisation 

Refecting the three generations of innovation perspectives introduced in the 
previous section, the role and scope of policy and governance of innovation 
have steadily developed and expanded over the last 50 years (Schot & Steinm-
ueller, 2018). This trend represents a move from an initial emphasis on the 
role of new technologies themselves to the role of a range of other social, 
geographical, institutional and organisational factors affecting innovation. 

An important distinction between the three generations of innovation 
policy discussed above is that the frst two have a generic focus on innovation 
and growth, whereas the overall objectives and primary goals of the third 
generation are solutions to specifc societal challenges (Schot & Steinmueller, 
2018). In a linear model of innovation (frst-generation innovation policy), 
one would invest in R&D to develop technologies that could help exploit 
waste in new ways. An innovation systems perspective (second-generation 
innovation policy) would develop innovative and cost-effective systems of 
waste collection and treatment across public, private and civic sectors, 
enabling a cost-effective exploitation of all possible forms of rest-products 
from consumption. A transitions perspective (third-generation innovation 
policy) would, however, put the social values of sustainability upfront and let 
these guide the search for more sustainable consumption in the frst place (e.g. 
eco-designs such as reducing portions or organic packaging). Instead of 
aiming for optimising and greening existing value chains, a transitions mode 
would typically question the existence of the value chain altogether. In this 
sense, a transitions mode of innovation takes a broader perspective on the 
entire value chain. 
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Exemplifying this trend, and showing how diverse actor groups are crucial 
to innovation, Fagerberg (2017) has examined the main drivers behind 
Danish wind power, the German Energiewende and Norwegian electromobil-
ity. It is concluded that the social drivers have been more important than the 
technologies themselves, which had often been around for decades. Instead, 
the forces that seemed the most powerful in determining the pace and scope 
of these socio-technical transitions were those associated with the practices 
and interests of (local) user groups. 

Thus, although there has been a continuous expansion in terms of the roles 
of policy and high-level governance in arranging for systemic innovation and 
system change, this does not eliminate the need for governance at the micro-
level. Here, governance can be in the form of developing and renewing the 
competencies, routines, value chains and business models of individual organ-
isations and within the boundaries of specifc sectors. This illustrates how 
governance of waste may be diverse and manifold, depending on the case and 
context. In the subsequent chapters, we present case studies on innovation in 
waste valorisation in various industry sectors such as forestry, aquaculture, 
breweries, dairies and slaughterhouses. We also present a case study on urban 
waste systems, which supplements the production focus in the industry cases 
with a focus on the public sector and the consumer side of waste. So, depend-
ing on the case and context in question, various forms and levels of govern-
ance for waste valorisation are actualised. 

Below we discuss how directionality towards specifc societal goals and 
missions is often a result of multiple initiatives and practices that co-evolve at 
different levels and across various types of societal sectors and actors. 

3.6.1 Directionality through international regulations 

Amidst the widespread agreement on the need to include diverse types of 
actors in the governance of innovation, the literature on socio-technical 
transitions further argues that a strong element of priorities and directionality 
is required to accomplish certain missions or to arrive at more profound 
system changes – so-called socio-technical transitions (Mazzucato, 2017; 
Schot & Steinmueller, 2018; Shove & Walker, 2007; Smith & Raven, 2012; 
Smith, Stirling & Berkhout, 2005; Weber & Rohracher, 2012). Regarding 
organic waste, the UN sustainable development goals (United Nations, 2015), 
the Paris Agreement and the EU landfll ban in 2009 are central landscape 
elements that frame and guide international development in this area (see 
Chapter 5 on urban waste management and Chapter 13 on multi-level gov-
ernance of food waste). 

3.6.2 Directionality through national regulations 

Directionality may also be set at national levels. In Norway, the recent Indus-
try agreement on the reduction of food waste (Regjeringen, 2017) represents a 
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similar sense of directionality, which is likely to guide innovations and 
behaviours in the years to come. The agreement aims to reduce food waste 
by 50% by 2030, and illustrates the importance of not underestimating the 
role of the private and civic sectors in the innovative dynamics towards more 
sustainable waste systems. 

Indicators and performance measurement systems also often operate at 
national levels. In order to facilitate transition, Huguenin and jeannerat 
(2017) suggest replacing “innovation” with “valuation” to ensure that the 
solutions address the most pressing societal questions. They propose to focus 
on the purpose behind developments in the economy and society, e.g. redu-
cing greenhouse gas emissions, rather than on the factors contributing to 
these developments, e.g. strengthening R&D budgets or university-industry 
collaboration. Such an approach, they argue, would give innovative work a 
clear societal direction and “mission” and thus better facilitate addressing 
important issues in the frst place. Similarly, Papargyropoulou et al. (2014) 
have applied the waste pyramid to food waste and call for a holistic approach 
to food waste that takes into account all production and consumption activ-
ities in global food value chains, i.e. agriculture, food processing and manu-
facturing, retail and consumption. Such a broad lens would also favour 
adding social and cultural aspects to the usual suspects of technology and 
economy. Preventing food waste could involve changes in technology and 
infrastructure in harvesting, storage, transport and distribution, and also in 
consumer-related issues such as the promotion of eco-designs and eco-labels, 
re-sizing of products and portions, and taxation of non-sustainable packaging 
(European Commission, 2008). Having food waste prevention as the overall 
concern represents an important objective and capability. Supporting this 
broader perspective on organic waste valorisation might be a way to avoid or 
overcome the risk of causing lock-ins or path dependencies when introduc-
ing solutions, practices or systems of production and consumption in the 
lower parts of the waste pyramid. See Chapter 13 on multi-level governance 
and food waste. 

3.6.3 Directionality through industrial practices 

Nonetheless, most learning, innovation and development work is anchored 
and embedded in existing and localised organisations, incentive structures and 
value chains. When individual organisations apply the transition agenda in 
their daily operations there may well be unresolved issues in terms of how to 
interpret a given challenge or task as falling under either “business as usual” 
or as “here there is reason to rethink the way we do things”. We know that 
the two options imply and involve fundamentally different actors, approaches 
and resources. Therefore, this points back to the importance of innovation 
policies and governance in terms of giving direction, articulating demands, 
mobilising relevant stakeholders and arranging for joint refexivity and learn-
ing (Weber & Rohracher, 2012). 
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The literature on private forms of governance within frms and along value 
chains offers insights into the dynamics of frms and industries that can 
augment second- and third-generation perspectives on innovation. 

Along value chains, global value chain (GVC) scholars highlight how frms 
acquire capabilities and access new market segments (“upgrade”) through 
participation in specifc value chains, where learning from downstream frms 
is seen as a central upgrading mechanism (Bolwig, Ponte, du Toit, Riisgaard 
& Halberg, 2010; Gereff & Lee, 2016). Value chain governance is the process 
by which so-called “lead frms” organise activities with the purpose of achiev-
ing a certain functional division of labour within a chain. It involves setting 
the terms of chain membership, such as prices or the compliance with techni-
cal, environmental and legal standards. It also includes the way in which such 
market requirements are implemented along the chain, and how they affect 
chain participation for frms, the re-allocation of value-adding activities and 
the distribution of costs and benefts (Gibbon, Bair & Ponte, 2008). In the 
context of waste valorisation, the GVC perspective and the governance 
mechanisms just mentioned suggest that the capabilities and incentives of 
innovation are strongly infuenced by the nature of the inter-frm linkages 
and power relationships in specifc markets. Yet, similarly to the trend within 
innovation studies, recent GVC literature highlights that a broader range of 
actors, such as governments, standard-setters and NGOs, can yield signifcant 
infuence on value chain governance, especially in emerging industries such as 
renewable energy (Nygaard & Bolwig, 2018; Ponte & Sturgeon, 2013). 

At the frm level, scholars have long studied the links between private 
sustainability measures or corporate social responsibility (CSR) on the one 
hand and the competitive advantage to companies on the other. See Chapter 
6 on brewing. In the brewing industry, CSR efforts include the sustainable 
use of organic residues, reduced water consumption, waste water manage-
ment, more effcient energy use and diminished CO2 emissions, sustainable 
packaging and responsible drinking. To pursue a competitive advantage, 
companies must choose between product differentiation and low costs in 
terms of cost leadership (Porter, 1985). CSR serves as a means of product 
differentiation by functioning as a co-specialised asset that makes other assets 
more valuable (McWilliams & Siegel, 2011). Most evident here is the effect 
of CSR on reputation or branding (Roberts & Dowling, 2002). Branding and 
reputation are hard-to-get resources that cannot be imitated and thus serve as 
entry barriers to competitors (Reinhardt, 1998). Hence CSR can serve as a 
means for obtaining a sustainable competitive advantage (McWilliams & 
Siegel, 2011). In this context, a review of 200 studies by Clark et al. (2015) 
found a positive association between companies’ sustainability measures and 
their economic performance in terms of the cost of capital, operational per-
formance and stock price, although the direction of causality is ambiguous. 
Despite such benefts, Whelan and Fink (2016) observe that sustainability and 
broader CSR measures are only rarely placed at the core of a business’s 
strategies. 
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3.7 Summary 

In this chapter we have discussed the notion of the circular bioeconomy, the 
drivers and barriers for adding value to waste and thereby creating a more 
sustainable bioeconomy, and the special role of governance including innova-
tion policy in developing the bioeconomy. There are many views on the bio-
economy, which is an emerging area for research, policy and economic 
activity. Our focus has been on the role of innovation in waste valorisation, 
not only technological but also social and institutional innovation. 

We have discussed the waste pyramid that illustrates the hierarchy of altern-
ative forms of waste management in terms of resource effciency and sustain-
ability, and the associated notion of cascading use of biological resources. We 
conceptualised the alternative forms of waste management as integrated socio-
technical systems of production and consumption. This concept provided a gateway 
into the studies on socio-technical transitions, innovation and governance 
that we claim are central for analysing the patterns and dynamics of waste 
valorisation. 

The drivers of innovation in waste valorisation were approached through a dis-
cussion of three generational perspectives on innovation and innovation 
policy. Today, many scholars have come to understand innovation in the bio-
economy as transformative change. This perspective focuses on the upper parts of 
the waste pyramid (recycle, reuse and prevention), emphasises entire socio-
technical systems and not only considers companies, researchers and policy 
makers as agents, but also intermediary organisations, users and consumers. 
Hence, analysis of the dynamics of bio-economic value chains should consider 
not only the frm actors handling the products and technologies, but also the 
broader institutional, economic and social context of production and trade. 

The barriers to innovation in the bioeconomy were discussed through the 
concepts of path dependence and lock-in mechanisms. Economic, institutional and 
social mechanisms may cause inertia in waste systems and constrain an upward 
movement in the waste pyramid, and there are important regional and sec-
toral dimensions of path dependence arising from the characteristics of spe-
cifc industries. The Swedish pulp and paper industry is an example thereof. 
However, under the right conditions, the same mechanisms, e.g. learning 
effects and economies of scale, may bring waste systems onto a more sustain-
able path, as illustrated by the case of whey valorisation in Arla Foods. 

Governance is essential to understanding and enhancing waste valorisation. 
The concept not only comprises public policy, but also private governance by 
frms within value chains, as well as the activities of civil society organisations, 
industry organisations and consumer groups. Another key insight is that the 
governance of production, consumption and innovation is not an abstract 
process but is instead deeply rooted in existing value chains, organisations and 
localities. Firm efforts to gain sustainable competitive advantage through 
product differentiation (including CSR) or cost reductions can spur innova-
tions in waste valorisation, while the incentives and capabilities to undertake 
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innovation not only originate within the frm but also at the level of the value 
chain or “value network” comprising various non-commercial actors. 

Finally, recent contributions to the transitions literature have emphasised 
the need for a much stronger “directionality” in the governance of sustainable 
innovation as well as a focus on social values as the key driver of sustainable 
development. For example, a holistic approach to food waste should frst 
consider social values related to food production and consumption, including 
ecology, health and food waste prevention, as well as processes and impacts 
along entire global value chains. Such a broader perspective on waste systems, 
we argue, would help overcome transition issues related to path dependence 
and lock-in, thereby paving the way for the circular bioeconomy. 
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4.1 Introduction 

This chapter focuses on path development in the forest-based industries of 
Norway, based on the valorisation of side- streams and residues. 

Forest- based value creation is one of the main avenues for the emerging 
bioeconomy in Norway and the neighbouring Nordic countries Sweden and 
Finland. Historically, the forestry sector has been an important part of the 
Norwegian economy, both in terms of GDP and employment. The sector 
contributed 10.4% of Norwegian GDP in 1845 (Grytten, 2004, p. 254). After 
the discovery of oil and natural gas on the Norwegian shelf, the importance 
of the forestry sector has diminished. And over the last decade this negative 
trend has multiplied. 

For decades, the forestry-based industry in Norway has specialised in pulp 
and paper production, especially newsprint paper. Therefore, huge volumes 
of forest resources, including residues and side-streams, have been poured 
into this industry. However, due to changing global market conditions – the 
massive deployment of the Internet reducing demand for newspapers – and 
the rise of competitors in other parts of the world, European pulp and paper 
production has declined signifcantly in the last decade (Karltorp & Sandén, 
2012). This development has had a tremendous impact on the market possib-
ilities of forestry residues, since they can now be processed for pulp and paper 
to a much lesser degree. Nevertheless, other valorisation pathways exist 
besides pulp and paper production, such as the wooden construction industry, 
wooden furniture manufacturing, bioenergy – including solid bioenergy and 
liquid biofuels – and the production of lignocellulosic chemicals and mater-
ials. We want to explore how important these pathways could be in valoris-
ing forestry residues and side- streams. 

This chapter analyses and compares new path development processes in 
three Norwegian regions specialising in forest-based value creation. These 
developments take place in different regional contexts and take different 
directions regarding choice of technology and the success of these develop-
ments. We can distinguish between three pathways and compare three 
empirical cases: (1) replacing pulp and paper production with an integrated 
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biorefinery which produces chemicals and materials; (2) integrating pulp and 
paper production with liquefied biogas production; and (3) developing an 
industrial cooperation of different firms in order to replace pulp and paper 
production with new forest-based products from logs and residuals, such as 
bioetbanol, biochar, wooden construction materials, etc. In this chapter we 
will answer the following research questions: 

1 What are the main new pathways for forest-based value creation m 
Norway? 

2 How did these new pathways emerge and how is valorisation of side­
streams and residues accomplished? 

The chapter is structured as follows: after the introduction comes a short 
section on the valorisation of side-stream and residues in forest-based indus­
tries. The third section discusses the conceptual framework for this chapter. 
The fonrth section explains the methodology and data sources applied and 
gives an account of the three empirical cases as well as applying the concep­
tual framework; and the final section discusses the results in light of the 
research questions. 

4.2 Forest-based value creation with a focus on the 
valorisation of side-streams and residues 

When exploring new possibilities of value creation in forest-based industries 
it is necessary to understand the d:ifferent types of residues and side-streams 
and how they can be valorised. We have to distinguish between three main 
groups of residues in forestry-based value chains: 

1 Primary residues: leftovers from cultivation, harvesting or logging activities 
from trees within and outside forests; 

2 Secondary residues: wood processing residues and side-streams, such as 
sawdust, bark, black liquor; 

3 Tertiary residues: used wood (in household-waste, end-of-life wood from 
industrial and trade use, discarded furniture, demolition wood, etc.) con­
sidered to be organic waste. 

In this chapter we will mainly focus on secondary residues and side-streams, 
as these are especially important from a regional development perspective. 

The Food and Agriculture Organization (FAO) has assessed the shares of 
residue in the valorisation process of a tree as follows (FAO, 1990): 

The harvesting and logging of a tree lead to the following residues being 
left in the forest: 

• Tops, branches and foliage: 23% 
• Stumps (excluding roots): 10% 
• Sawdust: 5% 
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Operations at saw mills result in the following products and residues: 

• Slabs, edgings and off-cut: 17% 
• Sawdust and fines: 7.5% 
• Various losses: 4% 
• Bark: 5.5% 
• Sawn timber: 28% 

This gives a high potential for value creation based on these residues. Forestry 
residues are expensive to collect and to transport, particularly in high-cost 
Norwegian society, where the forestry sector is struggling to stay competitive 
in the global market (Talbot & &trup, 2014). If the bark, leaves and thin­
nings are left behind in the forest, the nutrients in the soil will not be depleted 
(FAO, 1990). However, often the bark will first be removed at the plant, fol­
lowing which it will become a residue and will be used as a fuel for other 
operations. 

We want to highlight opportunities for the valorisation of side-streams and 
residues resulting from the manufacturing of wooden construction materials 
and furniture, bioenergy production (solid and liquid), manufacturing of pulp 
and paper and manufacturing of lignocellulosic chemicals, lignin-based prod­
ucts, fibres and other material. 

Manufacturing of wooden ronstnu:tion materials and furniture 

The value chain starts with the processing of the logs harvested in the forest to 
produce sawn wood. Only about one-third of a tree becomes sawn wood, 
leaving a vast amount of residue (Parikka, 2004), e.g. sawdust and fines. The 
efficiency of particular sawmills depends on various factors (e.g. wood prop­
erties, types of operations, machinery) and can be measured using special for­
mulas, e.g. lumber recovery factor (LRF) (Keegan, Morgan, Blatner & 
Daniels, 201 0). Sawmill residues can be used individually or combined as 
mulch, firewood, hog fuel, animal bedding, for use in particle or strand boards 
and for pulp recovery (Krigstin, Hayashi, Tch6rzewski & Wetzel, 2012). They 
are particularly attractive to panel and pulp manufacturers, and can be 
upgraded into various wood-based materials. Markets and the valorisation of 
the products depend on the sawmill location and the local forest industries. 

Bioenergy production 

We can distinguish between solid bioenergy, liquid and gaseous bioenergy. 
As examples of solid bioenergy there is a possible valorisation pathway for 
sawdust, involving the production of wooden briquettes from sawdust. 
Edgings and slabs from sawmills can be used for fire wood. More technologi­
cally advanced is the pathway leading to the production of advanced pellets 
from sawdust, etc. using patented steam explosion technology. 
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There exist different approaches to producing advanced biofuels from 
wooden material, including residues, but these approaches are mostly integ­
rated into the production of other products in biorefmeries (Gregg et al., 
2017). Mainly we distinguish between an anaerobic digestion pathway to 
produce biogas, a thermo-chemical pathway for biodiesel or bio-oil and a bio­
chemical pathway to produce bioethanol (Fevolden & Klitkou, 2016). The 
thermo-chemical approach involves heating the biomass either with oxygen (gasi­
fication for producing syngas and later through a Fischer-Tropsch process­
created biodiesel) or without oxygen (pyro!Y'is for producing bio-oils). 

ManujactNri.ng of p11lp and paper 

The amount of waste in the pn1p and paper industry is substantial: around 
4(}-50 kg of dry sludge is generated during the production of one tonne of 
paper while as much as 300 kg resn1ts from one tonne of recycled paper 
(Najpai, 2015). The composition of waste from pn1p and paper mills depends 
on the final products, production methods and equipment. Waste from 
mechanical pn1ping includes rejects (bark and wood residues, sand), ash from 
energy production, green liquor sludge, dregs and lime mud, primary and 
biological sludge and chemical floccn1ation sludge. Papermaking using virgin 
fibres resn1ts in waste in the form of rejects from stock preparation and sludge 
from water treatments (sludge from chemical pre-treatment, from clarifica­
tion, biological treatment and chemical flocculation). Papermaking from 
recovered paper requires many cleaning processes, resulting in more waste, 
especially deinking sludge composed of celln1ose fibres, printing ink< and 
mineral components (Monte, Fuente, Blanco & Negro, 2009). Most of these 
wastes can be used and valorised, largely eliminating the use of landfills. 

One of the most common waste treatment methods in the European pn1p 
and paper industry is the incineration of residues (rejects and sludge) by 
power and steam generation (Monte et al., 2009; Oral et al., 2005). Other 
thermal processes, such as pyrolysis, steam refonning. wet oxidation or gasifi­
cation, are also possible but the technologies for sludge application are still 
being improved. In the cement industry, both material and energy residues 
from pn1p and paper production can be used to improve products and pro­
duction processes. Wastes and sludge can be used as soil improvers, through 
anaerobic digestion converted to biogas and humus (Monte et al., 2009). 
Other interesting valorisation pathways are cat litter and other absorbents 
from dried sludge, pesticide/fertiliser carriers or conversion to fuel compon­
ents (Najpai, 2015). Research on waste from the pn1p and paper industry 
confirms useful elements for both value-added products and industry. 
"While some producers 'capitalise on these opportunities', current best prac­
tices are still 'far from gaining the maximum value from paper resources' 
(CEPI, 2013). 
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Manufacturing of lignocellulosic products in integrated biorejineries 

In integrated biorefineries the whole tree is processed and no off-cuts, sawdust, 
etc. are lost. The bark is used for heating purposes. Energy produced in one 
operation is reused in other operations. which means that an integrated biore­
finery should eo-locate a number of plants to enable the symbiotic exploita­
tion of side-streams and residues in the most cost-effective way. Integrated 
biorefineries produce a wide spectrum of produc-ts such as fuels, platform 
chemicals and materials of various types including plastics and textiles (Bauer, 
Coenen, Hansen, McCormick & Palgan, 2017). An economic risk analysis of 
different biorefinery concepts is in fuvour of upgrading bioethanol to bigber 
value-added chemicals (Cheali, Posada, Gemaey & Sin, 2016). 

One of the main issues when processing lignocellulosic materials in bin­
refineries is how to handle lignin in the production process. Lignin originally 
appeared as the main residue of paper production and represents c. 30% of dry 
mass of wood. Lignin needs to be removed from the pulp to get a better 
quality of paper. Traditionally it has been used as a source of energy only, but 
at an integrated biorefinery lignin can be valorised into more valuable prod­
ucts. There is an established practice of using lignin as an additive to concrete, 
and other industtial valorisation pathways include the production of vanillin, 
dispersants or emulsion stabilisers. 

Stcwage and transport of residues 

The storage of residues requires area capacity and monitoring and, in the case 
of saw dust, even coverage to safeguard losses. The quality of the residues and 
side-streams requires that they are handled with as little transportation as pos­
sible, which means that short distances are preferable. When a tree has been 
logged the wood has a moisture content of around 50% (FAO, 1990). The 
moisture content is different in different seasons, and varies across species. 
High moisture content has an impact on the hearing value and on the 
volume. For these reasons a eo-location of valorisation pathways seems the 
most cost-effective option. Therefore, in our analysis of the three cases we 
use a theoretical framework which is specially tuned to analyse local/ regional 
path development. 

4.3 Conceptual framework 

In order to understand the challenges and opportunities of the forestry indus­
try in different Norwegian regions to simultaneously diversifY into new 
product groups and minimise waste, we draw on the literature on regional 
path development. In the following section we describe different types of 
possible path developments for the three regions included in our study. 

Sydow et al. (2009) bigbligbt that the formation of a new path involves 
several stages and it is during the last stages that the process first gets locked in 
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and becomes path-dependent (p. 691). Therefore, non-predictability and the 
coexistence of several outcomes are typical characteristics at the start of 
the process, while inflexibility comes later and inefficiency is typical only of 
the last stage. This implies that new paths can eventually evolve into barriers 
for the creation of fundamentally new paths because they bind resources, such 
as human, economic, institutional and scientific resources. Simmie (2012) has 
pointed out that in this way a former competitive technology can become the 
basis of a declining industry (p. 758). 

Bnilding on earlier work on the path dependency of technologies and eco­
nomic activities, more recent scholarly work has highlighted opportunities for 
developing new industrial paths (Garud, Kumaraswamy & Karn0e, 2010; 
Martin, 2010). Drawing on evolutionary approaches, these contributions 
highlight how regional path development i• influenced by existing conditions, 
but may nevertheless take multiple forms (Coenen, Asheim, Bugge & 
Herstad, 2016). Declining old industrial regions have to develop regional 
development strategies to 'break out of locked-in path• of development by 
pursuing innovation, new technological pathways and industrial renewal' 
(Coenen, Moodysson & Martin, 2015, p. 851). Different taxonomies of pos­
sible path developments have been developed, such as the six types defined 
by Grillitsch and Trippl (2016), who distingnish between path extension, path 
upgrading, path modernisation path branching, path importation and path 
creation, or the taxonomy introduced by lsaksen (2015), which di•tingnishes 
bet\veen path extension, path exhaustion, path renewal and path creation. Of 
course, these are ideal types, which may combine in reality. Path renewal and 
path creation tend to require institutional change and the building of new 
knowledge organisations, while path exhaustion is characteristic of regional 
industries which are locked into activities that predominantly follow existing 
technological paths, limiting their opportunities for going in new directions. 
We use here the taxonomy introduced by lsaksen (2015). 

Path exhaustion describes a development where the innovation potentials of 
local firms are highly reduced and these flnns are not able to adapt to techno­
logical and market changes. 

Path extension is defined by the continuation of an existing industrial path 
based on incremental product and process innovations in existing industries 
and well-established technologies. 

Path renewal occurs when existing local industries restructure and branch 
into new, but technologically related industries. 

Path creation is defmed as the emergence of new industries based on radic­
ally new technologies and scientific knowledge, new business models or user­
driven innovation. 

Regional actors and their networks are central to how lock-ins and path 
development can be addressed. The possibilities of a firm to engage in path 
development are highly dependent on the firm's organisational capabilities for 
innovation. Such capabilities include strategies for innovation, prioritisation 
of innovation, irmovation culture, idea management, external linkages. 
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implementation of ideas, system rules, knowledge generation and diffusion in 
the organisation (Bj0rkdahl & Boljesson, 2011). Finns have to decide the 
main focus of their innovation activities: improvements of existing products 
and optirnisation of existing processes and value chains, which mostly require 
more incremental innovations, or the development of totally new types of 
products and processes, which require more radical innovations. Incremental 
innovation characterises path extension and exhaustion, while radical innova­
tion is necessary for new path creation and also, to some extent, for path 
renewal. The prioritisation of incremental versus radical irmovation varies 
significantly between industries (Pavitt, 1984), with consequences for the 
likelihood of different types of development. The incumbent forestry industry 
has generally been found to prioritise incremental innovation (Hansen & 
Coenen, 2017; Nayhii & Pesonen, 2014). The more radical innovations tend 
to be rather costly in the first stages and therefore require more refinements 
to improve the new products and processes, i.e. radical innovations should be 
complemented by incremental innovation~t. 

The actors interact through various types of networks, including supplier 
networks, research and learning networks, or user-producer networks. Actors 
include machinery and material suppliers, firms specialising in engineering, 
transport, maintenance and R&D, but also business development organisa­
tions and incubators (Novotny & Nuur, 2013). The importance of different 
types of actors varies according to technological characteristics, and particu­
larly in degree of technological complexity (Hansen, Klitkou, Borup, Scar­
data & Wessberg, 2017). The focus on the acton; is motivated by our interest 
in processes of agency, which are essential for new path creation (Garnd & 
Karn0e, 2001a, 2001b; Simmie, 2012). 

4.4 Analysis of empirical cases 

We present a comparative analysis of the valorisation of residues and side­
streams that can be found and directions in which path development has 
evolved across the three cases. The main empirical sources for the study are 
interviews "With several representatives of the main industry actors and their 
collaborators in the three cases (Treldyngen, Skogn and Borregaard) and with 
the national forest owner association, participation in workshops and site 
visits. Media analysis, analysis of relevant policy documents and descriptive 
statistics complement the interviews. 

We have selected these three cases because they represent rather different 
development directions, spanning over a broad range of valorisation path­
ways, and based in different counties of Norway: 0stfold, Buskerud and 
Tnmdelag (see Figure 4.1). 
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Treklyngen in Buskerud 

Capital Oslo 

Borregaard in 0stfold 

Figure 4.1 Location of the three cases: Skogn in Tnmdelag, Treklyngen in Buskerud 
and Borregaard in south-eastern Norway. 

4.4.1 Norske Skog Skogn at Fiborgtangen, Trendelai 

N orske Skog has been the leading pulp and paper producer in Norway for 
many years. It was established in 1962 with its headquarters in Oslo, Norway, 
and plants in 14 countries. Norske Skog has been highly specialised in the 
production of newspaper paper and its first newspaper paper plant opened in 
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Skogn in 1966. Over the yean; Norske Skog put all its efforts into becoming 
the world's leading paper producer, acquiring many foreign pulp and paper 
mills globally and consequently losing a great deal of its economic power as a 
result of a globally diminished demand for paper. Several of the pulp and 
paper plants had to be closed, but the one in Skogn has remained open in 
Norway, with three paper machines in operation. 

While the mother company has declared bankruptcy, both Norske Skog 
Skogn and the other Norwegian plant, Norske Skog Saugbrugs AS in Halden, 
which specialises in magazine paper, are still in business; indeed they are 
earning steady incomes and do not fear for the future because of increased 
demand. While global demand for newspaper paper has declined, the Euro­
pean production capacity has nosedived still more rapidly, leaving a poten­
tially large market share for the paper produced in Skogn. Norske Skog 
Skogn owns a large area of land in Fiborgtangen where the necessary infra­
structure is already in place, such as quays, railways, roads, access to clean 
water and renewable energy. This allows direct export by ship to the United 
Kingdom and the Netherlands. Norske Skog uses bark as an input for thermal 
energy in the production of newsprint paper and the plant recycles newspaper 
paper in the production of its newsprint paper. Finally, the plant produces 
waste water, and this is the main input for valorisation as biogas. 

N orske Skog Skogn has established cooperation with Biokraft AS, a 
company launched in 2009 and speciali•ing in producing biogas from residues 
in the Norwegian aquaculture industry. The company is mainly owned by 
two shareholders: Scandinavian Biogas Fuels (50%) and Twnderenergi (43%). 
Biokraft had earlier experience of producing bio-oil from aquaculture resi­
dues. Norske Skog Skogn and Biokraft planned to exploit rest resources from 
pulp and paper production together with the rest resources from salmon 
aquaculture (category 2) in order to produce biogas and upgrade it to lique­
fied biogas (LBG). Category 2 rest resources include all sick and clinically 
dead fish. 

Biokraft bought a part of the industrial area at Fiborgtangen close to the 
paper plant and started bnilding a plant in 2015, opening it in June 2018. 
Regarding infrastructure, it should be mentioned that Biokraft also has access 
to the quays, where it takes deliveries of aquaculture residuals by ship. The 
plant's eo-location with Norske Skog Skogn allows the setting up of direct 
pipelines for the waste water running from the pulp and paper plant to 
Biokraft. 

The main source of success for the biogas plant was the entrepreneurial 
spirit of both companies, overcoming administrative barriers at the county 
level concerning public procurement of LBG. A major problem for the 
project was that Biokraft had to buy all raw materials (the aquaculture resi­
dues) in advance and sell the LBG before the project could receive any 
financing. The cooperation with AGA was key to getting the funding for the 
plant: AGA bought all Biokraft's LBG for the next 10 years, ensuring the 
success of the project. AGA is a Swedish company specialising in industrial 
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gases, including biogas, and is part of the international Linde Group. For 
access to the aquaculture residues Biokraft has contracts with Scanbio and 
other companies on the delivery of the residues. 

At the national level the Biokraft project twice received funding from 
En ova and once received a loan from Innovation Norway. The government 
budget in 2014 abolished tax exemptions for LPG, which enabled LBG to 
become competitive in price. And in 2015 the government introduced an 
economic compensation scheme for public buses fuelled with biogas. These 
decisions enabled a long-term market for LBG in the region. 

The municipality of Levanger where N orske Skog Skogo is located was 
very much in favour of the biogas plant aod also functioned as ao importaot 
enabler. 

As a result of the collaboration, Biokraft will proce~' waste water from the 
pulp aod paper plaot, which is a mixture of biological sludge and water. After 
processing the waste water together with the fish residues, Biokraft delivers 
water back to Norske Skog Skogo. A dry bio-residual will be delivered as a 
fertiliser to farmers nearby through a local entrepreneur. This resource will be 
useful for upgrading soil. The farmers already know the quality of this bio­
residual. Norske Skog Skogo in turo will receive a substrate which will reduce 
their need for urea. The biogas is chilled down aod liquefied, before being 
sold as LBG to AGA. Following this it is used to fuel the regional public bus 
traosport system. A barrier to the usage of LBG i< the lack of extended filling 
infrastructure for LBG. Norway's focus on electrical mobility has left little 
attention for the development of necessary filling infrastructure for LBG. 

In the case of N orske Skog Skogo we see a dominance of path extension 
due to the focus on the incremental improvement of their traditional news­
paper paper production, which remains their core product. However, we can 
also see elements of patb renewal, since the company has engaged in collabo­
ration witb a new industry in order to produce biogas from pulp and paper 
residues and the waste water, and even eo-create fu.ture plans for developing 
totally new industries within tbe industrial area, such as introducing land­
based fish-furmiog and a biorefinery. Biokraft is interested in expaoding its 
LBG producing business at Skogo. 

4.4.2 Treklyngen in Ht~nifoss, Bwkenul 

In H0nefoss, the crisis of Norske Skog was the statring point for new devel­
opment. In 2012, Norske Skog's pulp aod paper mill at Folium, dose to 
H0nefoss, was closed aod sold for 60 million NOK to Viken Skog uoder the 
condition that the paper production bad to be stopped and the equipment 
dismantled. 

Viken Skog is a cooperative with a membership of about 11,000 forest 
owners, which means a very high degree of ownership fragmentation. 

Viken Skog established Treklyngen as a subsidiary to establish a forest­
based cluster with several firms exploiting forest resources diJferently to how 
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they used to be exploited at the pulp and paper plant. Other valorisation 
pathways now came into focus, such as sawmills, wood-based construction 
materials, biorefinery and biofuel production. Viken Skog developed a vision 
of Treklyngcn creating 1,000-2,000 new jobs, replacing the lost jobs in the 
forest-based industry in Southern Norway as well as over 350 jobs at Folium. 
Treklyngen decided that it would not repeat the mistakes previously made by 
Nollike Skog during the filled Xynergo project, which aimed to produce 
biodiesel: they would exploit the whole tree and not jnst parts of it to avoid 
transport problems; they would use more mature technology than X ynergo; 
and they would develop an industrial symbiosis between several firms eo­
located at Treklyngcn and share infrastructure costs regarding transport and 
energy. Treklyngcn aimed to exploit the whole forest-based value chain from 
the sawmills/wood-working industry to the modern wood processiog indus­
try for processing, for instance, cellulose or biofuel, but would not be in com­
petition with Borregaard in Sarpsborg. 

The market for side-stream.s and residues had diminished. Over the years, 
wood chips guarantee instruments had been reduced gradually and at the 
same time low electricity prices were critical for wood-based bioenergy. 
With the closure of Folium it became difficult for forest owners to find a 
market for their pulpwood: 2.6 million m3 of pulpwood lost their domestic 
market. Treklyngen planned to exploit 3-5 million m3 timber annually in 
the future, about half of today's national felling volume. These plans would 
involve complementary businesses of different sizes, exploiting all parts of 
the raw material, including residues, for value creation at Folium. The forest 
owners at Viken Skog aod the regional sawmills dependent on Viken Skog 
also had to struggle with a reduced market for their residuals because in 2013 
the last pulp and paper plant in the region, Tofte, owned by Sodra Cell, 
closed down. The pulp mill at Tofte had processed one quarter of all Nor­
wegian timber. Before the closure Folium delivered 100,000 solid m3 of 
wood chips a year to Tofte. After the closure the resources had to be 
exported to Sweden and Germany, often at low prices. Therefore, local val­
orisation was paramount for the development of Treklyngen. Treklyngen 
aims to exploit the whole log in an integrated process of three steps: (a) saw 
logs for construction of houses, (b) collect waste and pulpwood for produc­
ing cellulose, lignin and sugar in biorefineries, (c) collect rest streams for 
solid or liquid bioenergy. 

Treklyngen explored different possibilities for iodustrial projects at Trek­
lyngen, collaborating with: A vinor to produce bio-jetfuel, Arbaflame for a 
production plant for biochar, Elkem and the energy company Vardar to 
develop a new value chain for produciog biochar and biooil, ST1, to build a 
bioethaool plant and an international data centre. 

The production of solid wooden materials for construction purposes or 
for energy has been another valorisation pathway. Important projects have 
been Hunton Fiber, Termowood, Saga Wood and Norwegian Firewood. 
Several of these companies and start-ups have collaborated with the industry 
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incubator in Hanefoss, Pan Innovation, where Treklyngen is one of the main 
owners. Pan Innovation functions not only as a local incubator, but as a 
national incubator for forest-based business development. 

Hunton Fiber has specialised in producing a range of construction ele­
ments from wood fibre taken as waste chips, sawdust and off-cuts from saw­
mills. Hunton Fiber collaborated with Treklyngen and the Norwegian Paper 
aod Fibre Research Institute, and would have been ideal for Treklyngen's 
proftle. However, in 2014 the company decided to locate the new plant at 
another plant, near their first plant in Gj0vik. 

In December 2014 Termowood signed a contract with Treklyngen to start 
production in 2015 at Treklyngen. Tennowood developed a technology for 
wooden construction elements which ensures a fast and effective construction 
process, high quality, a good indoor climate and low costs. The business idea 
was based on a patent for building two-storey honses using self-supporting 
wooden structures with rock wool insulation in between, held together by 
veneer or wooden dowels. Termowood received support from Innovation 
Norway, SkatteFunn and Pan Innovation, bnt needed additional private 
investors. A year after the agreement with Termowood, in December 2015, 
Termowood decided to leave Treklyngen and start production in Hurdal, 
because of a new shareholder. Treklyogen has continued to collaborate with 
Tennowood, but Termowood is not located there. 

Saga Wood is a Norwegian company founded in 2015, speciali•ing in 
wooden construction materials and fully utilising its experience with thenno­
treated and linseed oil-impregnated wood. The company has acquired the 
rights to exploit Thermo 2.0 technology, developed by WTT in Denmark. 
Production started in autumn 2018. 

Norwegian Firewood (now Varma) was established in 2015 as a start-up at 
Pan Innovation. The company specialises in selling wood and wooden bri­
quettes. In 2016 the company acquired a large contract for selling wooden 
briquettes via a national retailer. They have developed a production capacity 
of 600,00()-700,000 1 0-kg packages of wooden briquettes, exploiting sawdust 
from a saw mill near Treklyngen, Soknabruket. 

Treklyngen does not have much manpower, but there are several highly 
engaged and competent people from outside the forest sector who are also 
trying to advance the cluster. The main advantages of Treklyogen are the 
location (near the capital's main airport), the size of the area and its access to 
infrastructure (train, road, energy). Several of the projects Treklyogen is 
involved in have received public funding in their early stages, but for com­
mercialisation some of the projects, such as Arbafiame, need more invest­
ments. This has been a focus of network and lobbying activities over the last 
years, both within fore.t-based industries and with politicians. 

Treklyngen has been forced to be open to many different opportuuities 
afrer pulp and paper production ended. Therefore, we see here a mixture of 
path renewal- a restructuring and branching into new, but related industries 
(forest-based industries specialising in different advanced fonns of bioenergy 
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and wooden construction elements) - and path creation - aiming for biore­
fining and attractiog an international data centre. 

4. 4. J BoiTegaard in Sarpsborg 

Borregaard is a Norwegian company, established in 1889 and located in 
Sarpsborg in 0stfold County in south-eastern Norway. The location is 
favourable for industry because of access to local hydropower for the produc­
tion process at Sarpsfossen, Europe's biggest waterfall, to forest resources in 
south-eastern Norway and to a harbour as necessary infrastructure for delivery 
of forestry feedstock and export of goods. 

Borregaard began by specialising in pulp and paper, and at the end of the 
1930s the company started producing chemicals based on timber from spruce 
as a raw material, exploitiog the hemi-cellulose in the feedstock (Klitk:ou, 
2013). Since the 1950s Borregaard has also used the lignin components of the 
feedstock to produce chemicals. 

Borregaard has been working on the development of an integrated biore­
finery for more than 50 years (R0dsrud, Lersch & Sjode, 2012). Borregaard's 
strategy i.s directed towards the production of high value-added products from 
Norwegian forest resources. The rationale behind this strategy is to become a 
company which specialises in producing chemicals and not cheap commodity 
products such as pulp and paper or advanced biofuels. This strategy has paid 
off and pulp and paper plants are not trying to compete with Borregaard, 
because they have high labour and feedstock costs and low value-added 
products. 

Borregaard has used ligoocellulosic feedstock, sulphite spent liquor from 
spruce wood pulping, as feedstock for many years. The feedstock is provided 
by the regional forestry industry and is relatively expensive compared to other 
countries. Borregaard annually consumes around 400,000 tons of spruce 
Oohansen, 2009). The biorefinery opened in 1938. Annually, the commercial 
biorefinery produces 160,000 tons of speciality cellulose, 170,000 tons of 
speciality lignin, 20 million litres of advanced bioethanol, 1,300 tons of 
vanillin, 200 GWh bioenergy and 30 GWh biogas based on anaerobic diges­
tion Oohansen, 2009, p. 4). 

The company acts globally and has plants and sales offices in 17 countries. 
Since 2012 the company has been listed on the Oslo Stock Exchange; it has 
over 800 employees and a solid turnover. Today, Borregaard produces a 
range of products, such as performance chemicals, advanced speciality cellu­
lose, water-soluble specialty lignin products, ingredients for food and fla­
grance applications and fine chemicals for the pharmaceutical market. 
Examples of high-performance products are vanillin and hlgb-petforrnance 
additives and ingredients for the animal feed industry, such as bypass proteins 
and pelleting aids produced from ligoin, and MFC - Exilva - from cellulose. 

Borregaard has an additional six production plants around the world which 
produce lignin speciality chemicals. Borregaard wants to contioue being the 
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world's leading supplier of lignin-based chemicals and to improve its position, 
with bio-ethanol as an important by-product. Therefore, Borregaard has 
bought up a high-lignin production capacity globally. The company's stra­
tegic goal is to build and operate plants in Europe or other places in the world 
and not become a technology supplier. 

For several decades, Borregaard has been interested in optimising its 
different processes - debarking, pre-treatment, hydrolysis, fermentation and 
chemical conversion. The most recent developments have been the BALl 
Pilot plant, where the pre-treatment of feedstock is central, and a plant for 
producing microfibrillar cellulose (MFC). 

The BALl pilot plant is a research plant and does not produce for the 
market. The plant aims to 1Utilize low value biomass and convert it to various 
competitive products. A goal is to utilize at least 80% of the biomass to 
produce products, enetgy excluded' (R;ldsrud et al., 2012, p. 52f.). The BALl 
Pilot is based on the biochemical conversion of lignocellulosic material and 
produces ethanol; lignin, specialty chemicals; siogle-cell protein and sugar 
derivatives. The BALl process is based on chemical pre-treatment, saccharifi­
cation with commercial enzymes, conventional fennentation of he.xoses, 
aerobic fermentation or chemical conversion of pentoses, and chemical modi­
fication of lignin. 

Borregaard first installed a pilot plant for developing and testing the MFC 
technology. The plant is srill in operation and is used for testing and demon­
strating new applications for MFC. It has a capacity of 100 dry metric tonnes. 
The MFC plant started its operation in 2016 and is globally the first commer­
cial plant for MFC. It has a capacity of 10,000 metric tonnes of 10% paste 
(1000 metric tonnes dry) (Borregaard Exilva, 2018). 

Borregaard has its own research centre with 70 employees and collaborates 
extensively with knowledge organisations inside the region, such as the 
University of Life Sciences in A. and 0stfold Research in Fredrikstad, but 
also within international networks which are engaged in developing new 
biorefinery technology. The company has received public funding for various 
research projects in the field of biorefining, but also for big demonstration 
facilities. Important national fimding agencies were the Research Council of 
Norway, Innovation Norway and Enova. In cooperation with other com­
panies, Borregaard was central in the development of a national strategy for 
forest-based industries (Skog 22, 2014). In this project Borregaard focused on 
the development of wooden fibre and biorefining exploitation. The Fibre 
Group concluded with three main goals for the fibre-based industry: increased 
harvesting from Norwegian forests, increased domestic value creation and 
decreased dependence on exports and, finally, innovation. The short-term 
focus on export of timber and use of forest resources for stationary energy 
was assessed as risky and should in the long-term be replaced with a focus on 
biorefineries and production of advanced biofuels for heavy transport, aero­
planes and ships, on bio-chemicals and special lignocellulosic materials 
(R0dsrud, 2014). 
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Borregaard has been very active in European RD&D projects and has 
received funding from Horizon 2020, among others, under the Bio Based 
Industries Joint Undertaking. 

Borregaard has realised many more of the potent:ials of path creation than 
the two other cases. While the other two cases more or less have plans for 
path creation, Borregaard has realised the transformation of a pulp and paper 
plant into an advanced integrated biorefinery producing a wide range of 
products and relying on the development and commercialisation of advanced 
scientific knowledge. The finn is central in international projects for advanc­
ing forest-based biorefineries. 

4.5 Conclusion 

Our first case study, on the recent developments of Norske Skog in the 
Skogn region, has shown how a successful path extension, reached through 
incremental improvements of a traditional production line, may have fur­
reaching consequences for the valorisation of organic waste. Norske Skog 
Skogn has been able to survive demand swings and financial turmoil because 
of process innovations, without moving away from paper as a core product. 
Incremental innovations, devoted in particular to energy optimisation within 
its paper plant, have enabled not only an extension of the traditional regional 
path, but even a path renewal by allowing a eo-located production ofbiogas. 
An industrial symbiosis has emerged where the new biogas plant can employ 
waste water from the local paper plant as well as residues from extra-regional 
aquaculture activities. The symbiosis has gone so far as to include an exchaoge 
of the dry bio-residual from the biogas plant with a substrate from local 
farmers. 

Attempts to create an industrial symbiosis in the H~mefoss area, which we 
have studied as a second case, have encountered several difficulties. Before 
the entrance ofTreklyngen, the traditional path based on pulp and paper pro­
duction at Hrtmefoss was exhausted, and Treklyngen's efforts to renew this 
path by branching into other forest-based sectors face an uncertain future. If 
successful, the current plans for exploiting the whole wood timber in an 
integrated process could reduce the overall amount of waste, across all the 
value chains involved, to a minimum. However, in spite of a strong institu­
tional backbone, the region does not offer a finn, or group of firms, that is 
sufficiently successful in the traditional regional path to provide enough 
support for regional branching. As a consequence, some of the finns which 
had considered producing novel products in the area have, in the end, 
decided to operate in different regions, where incumbents in traditional 
forest-based industries are operating successfully and could offer fruitful 
partoerships. 

We have witnessed a completely different scenario when studying the 
Sarpsborg area. Here the incumbent Borregaard has been able, over almost a 
century, to move from the production of pulp and paper to the production of 
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a vast range of wood-related chemical products. Such path creation has been 
made possible by the long-term innovation strategy of the firm, directed 
towards the production of high value-added goods from Norwegian forest 
resources. An in-house research centre, active in international networks as 
well as collaborating extensively with knowledge organisations within the 
region, has indeed enabled the invention of competitive products from 
underutilised resources, aod goaranteed ao optimisation of industrial pro­
cesses. Industrial symbiosis has thus been reached within the firm, by eo­
locating or integrating different processes pertaining to different business 
lines. 

Summing up our findings from the three cases aoalysed, it seems that 
forest-based waste valorisation often originates with the eo-location of activ­
ities belonging to different value chains. Such activities cao be performed by a 
£inn operating in different lines, or by different firms, possibly belonging to 
different sectors. In both cases, the presence of a strong and innovative private 
actor in a region raises the region's chances for waste valorisation. Innovation 
could be directed explicidy towards the development of high-perfonnaoce 
products, whose production lines can be harmonised for waste-reducing pur­
poses. On the other hand. a persistent incremental process innovation within 
traditional business lines could bring waste valorisation about indirecdy, by 
shaping the right regioual environment for attracting frrms into the region 
and for creating industrial symbioses. An extension of the traditioual regional 
path would then lead the way to a path renewal, characterised by collabora­
tions with industries new to the region for the purpose of waste valorisation. 

Note 

1 Beside our main funder, the Biomer-programme at RCN, the research was partially 
funded by the Nordic Green Growth Research and Innovation Programme in 
cooperation with Nord.Forsk, Nordic Innovation and Nordic Energy Research, 
Grant 83130- Where does the green economy grow? The Geography of Nordic 
Sustainability Transitions (GONST). Specifically, we would like to acknowledge 
the GONST project for funding the empirical case work on Norske Skog Skogn 
and Biokraft. 
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5.1 Introduction1 

As an ever-greater part of the world’s population is living in cities, dealing 
with urban waste is becoming an increasingly prominent challenge for local 
authorities (Frantzeskaki & Kabisch, 2016). In many places, local authorities 
are struggling to cope with growing amounts of waste annually, as cities grow 
and citizens’ consumption rises (Hoornweg, Bhada-Tata & Kennedy, 2013). 
Local authorities that lack the organizational capabilities and physical infra-
structure to deal effectively with urban waste are often faced with huge 
environmental, economic and social problems (Hodson & Marvin, 2010; 
Mourad, 2016). Nevertheless, investments in organisational capabilities and 
physical infrastructure come with challenges and problems of their own. 
These investments tend to create lock-ins (see Chapter 3), which make the 
waste treatment system infexible and prevent further improvements (David, 
1985; Geels, 2002). The local authorities that make these investments run the 
risk of becoming stuck with systems that are technologically outdated and 
adequate only to deal with yesterday’s problems. To introduce new and 
smarter urban waste systems, local authorities need to challenge existing pol-
icies and institutions, technologies and business models (Uyarra & Gee, 2013; 
Weber & Rohracher, 2012). 

It is a paradox that the same investments in organisational capabilities and 
physical infrastructure that local authorities make to deal with problems 
related to waste today might prevent them from coping with tomorrow’s 
problems. In this chapter we want to explore this paradox by focusing on 
how the municipality of Oslo deals with organic waste. The municipality of 
Oslo has made massive investments in a physical infrastructure consisting of 
an optical sorting plant, a biogas facility and an incineration plant. These 
investments have created strong incentives for the municipality to improve 
the sustainability of its waste treatment system by building upon existing 
infrastructure; for instance, by constructing a district heating infrastructure to 
make use of excess heat from the incineration plant and establishing a bus 
feet that runs on biogas to make use of biofuels from the biogas plant. Never-
theless, the same investments also rely upon steady fows of organic waste and 
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provide little incentives for the municipality to pursue more sustainable 
options for organic waste, such as reuse or prevention of food waste. 

This paradox can be expressed as a dual challenge of operating in a 
problem-solving mode on the one hand, and of (re)defning the problems to 
be solved in the frst place. It then becomes relevant to refect on whether the 
actors who are tasked with the job of addressing and solving the challenges at 
hand are also the ones to decide the direction for change. This aspect has also 
been highlighted in the literature on mission-oriented innovation, emphasis-
ing the need for a better understanding of how the public sector can generate 
dynamic capabilities for addressing mission-oriented innovation (Kattel & 
Mazzucato, 2018), and in particular discussing who should take part in the 
identifcation and articulation of missions: 

Who decides the mission is a key issue that requires more thought. 
(Mazzucato, 2017, p. 10) 

Understanding more democratic processes through which missions are 
defned and targeted is tied to rethinking the notion of public value. 

(Mazzucato, 2017, p. 28) 

In this chapter we will interpret the case of urban waste treatment as an example 
of mission-oriented innovation. How is the organisation of work in the muni-
cipality rigged to enable a balancing between problem setting and problem 
solving when trying to improve the sustainability of their waste treatment 
systems? How do they balance the needs of today with the needs of tomorrow? 
The objective of this chapter is thus to refect upon how creating sustainable 
urban waste governance can be seen as an example of mission-oriented innova-
tion, and how complementary forms of governance may improve the ability to 
develop long-term innovative and sustainable urban waste systems. 

To explore these questions, the chapter will draw on theories about 
mission-oriented innovation and will purposely discuss the need for orches-
tration of broader sets of actors in order to enable a wider outlook when 
identifying and articulating the problems or missions to be solved. The 
chapter analyses innovation and sustainability in an urban waste system 
through the lens of valorisation pathways, and seeks to answer the following 
research question: 

How can the mission of sustainable urban waste treatment be understood 
in terms of problem setting and problem solving? 

The chapter is structured as follows: following this introduction, the second 
section briefy outlines the theoretical framing of the chapter. In the third 
section, the research methods applied are presented. Section 5.4 presents the 
case study, and section 5.5 analyses and discusses the fndings. Finally, section 
5.6 concludes the chapter. 
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5.2 Conceptual framework 

Before embarking on an analysis of the waste treatment system in the muni-
cipality of Oslo, the next sub-sections frame the case study within a mission-
oriented innovation perspective. Following this, the analytical buildings 
blocks, consisting of the waste pyramid and notions of valorisation, will also 
be outlined. 

5.2.1 Mission-oriented innovation 

In the literature on mission-oriented innovation policies it is highlighted that 
long-term commitment to engaging public, private and third sector actors is 
key to successful implementation (Kattel & Mazzucato, 2018; Mazzucato, 
2017, 2018). It has been pointed out how social movements are often central 
to the advocacy and development of innovative and sustainable regimes and 
solutions (Fagerberg, 2017), and how there is a need to include these actor 
groups in the selection environment when developing future strategies 
(Smith, Voß & Grin, 2010). 

At the same time, the literature points to directionality as something vital 
to sustainability transitions and mission-oriented innovation (Fagerberg, 2017; 
Mazzucato, 2017; Schot & Steinmueller, 2018; Weber & Rohracher, 2012). 
The notion of directionality involves selection and priority setting, and has 
thus introduced and emphasised a stronger element of politics in our under-
standing of systems of innovation and socio-technical change (Shove & 
Walker, 2007; Smith, Stirling & Berkhout, 2005). This form of top-down 
directionality on the one hand and broad anchoring among diverse stake-
holders on the other constitutes a range of actors that as of yet has scarcely 
been investigated. Consequently, it is acknowledged that it is important to 
gain a better understanding of the relationship and balance between directive 
and bottom-up interactions in mission-oriented innovation (Mazzucato, 
2017). 

As opposed to the innovation needed to solve grand societal challenges, 
mission-oriented innovation has traditionally been perceived as being prim-
arily preoccupied with technological dimensions, whereas the organisational 
and social aspects of innovation have received less attention (Martin, 2015; 
Nelson, 2011). Nelson (2011) pointed out the puzzle of how a country that 
has managed to send a man to the moon is facing great diffculties when it 
comes to providing basic education and health services to overcome poverty. 
This is due to the intersectoral, social and complex nature of grand challenges, 
where there is seldom one solution that is widely agreed upon. More 
recently, contributions to the literature have actualised a debate on how to 
defne and differentiate between so-called mission-oriented innovation and 
sustainable socio-technical transitions (Fagerberg, 2017; Kattel & Mazzucato, 
2018; Mazzucato, 2017, 2018; Mowery, Nelson & Martin, 2010; Nelson, 
2011). Here it is emphasised how traditional technology-oriented research 
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and innovation policies appear defcient to address and tackle today’s complex 
and integrated societal challenges. 

Addressing this relationship, Mazzucato (2017, 2018) distinguishes between 
old and new types of mission-oriented projects, where the old were defned 
by a small and centralised group of experts, oriented towards specifed tech-
nology development, and where diffusion beyond these actors was of minor 
importance. New mission-oriented projects, on the other hand, are charac-
terised by broader involvement of actors in defning the direction of the 
mission; the missions have both technical and societal objectives, where the 
diffusion of solutions is paramount. The new missions also ascribe an 
important role to foresight analysis as part of the envisioning of potential 
future scenarios. Moreover, Mazzucato makes a distinction between grand 
challenges, missions and portfolios of projects that involve different actors and 
sectors in bottom-up experimentation (Mazzucato, 2018). In this sense, mis-
sions and (mission) projects can be perceived as operationalisations of the 
broader grand challenges. Mission-oriented innovation is seen to constitute a 
narrower and more clearly defned form of innovation than what is required 
to address grand challenges, which are more complex and multi-faceted. In 
parallel with the ability to set missions, it is seen as central to leave enough 
space for encouraging bottom-up experimentation across several types of 
public and private actors (Kattel & Mazzucato, 2018). Missions should also 
comprise a portfolio of R&D and innovation projects that allow for both 
success and failure, and they should have a trickle-down effect in which 
overall objectives should be translated into concrete policy actions. Impor-
tantly, missions should be based on a long-term agenda and draw on existing 
resources and policy instruments in the science and technology system (Fager-
berg, 2018; Mazzucato, 2017). In order to approach pressing grand societal 
challenges in appropriate ways, there is a need to select missions that have 
enduring and democratic legitimacy, and moreover to defne these missions 
in ways that allow suffcient breadth to motivate action across several sectors 
and societal actors (Kattel & Mazzucato, 2018; Mazzucato, 2017). 

5.2.2 The waste hierarchy and different treatment options for 
organic waste 

The various ways that local authorities can treat or deal with waste can be 
ranked according to a waste hierarchy or waste pyramid. In the hierarchy 
adopted by the EU (European Commission, 2008), the pyramid consists of 
fve layers of progressively more sustainable options – disposal, recovery, 
recycle, reuse and prevention (see also Chapter 3). According to this line of 
thinking, less sustainable treatment options are at the base of the pyramid, 
while more favourable options are at the top (see Figure 5.1 below). 

‘Disposal’ is at the bottom of the pyramid and represents the least sustain-
able option. Disposal implies that organic household waste is simply collected, 
transported and dumped at a landfll site. Although disposal can reduce 
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Disposal 

Recovery 

Recycle 

Reuse 

Prevention 

Figure 5.1 The waste pyramid. 

pollution and prevent sickness within a city, landflls lay claim to land 
areas and can pollute ground water, air, lakes and rivers. Another implication 
of the use of landflls is that the waste is not sorted and precious resources 
cannot be recycled or recovered easily (Gee & Uyarra, 2013). ‘Recovery’ is a 
step up the pyramid and represents a more sustainable option than disposal. 
Recovery implies that at least some of the energy that lies within the waste 
can be used for some useful purpose. Recovery became a viable option in the 
1960s and ’70s, when urban waste was incinerated with greater and greater 
frequency in order to reduce the use of landflls in Europe. The incineration 
process contributed to air pollution and required the instalment of advanced 
flter systems and the use of very high temperatures. A by-product of the high 
temperatures used was that excess heat could be used in district heating 
systems, in this sense recovering some of the energy stored in the waste. 
Nevertheless, the ash resulting from the incineration process still has to be 
stored in landflls. 

Recycling is another step up the pyramid and represents a more sustainable 
option than recovery. Recycling of organic waste often implies some sort of 
anaerobic process at a biogas facility where organic waste is turned into biogas 
(biomethane) and fertiliser. The only way to achieve the recycling of waste 
resources in cities is to sort the waste streams and manage them separately. 
For each waste stream – such as organic, paper, plastic and metal-based waste 
– different routes of recycling or recovery must be developed. This often 
implies that citizens must sort their waste before they dispose of it and that 
the different waste streams must be transported to and processed at different 
locations. 
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Reuse and prevention compose the top two levels of the waste hierarchy 
and are the most sustainable options. Reuse implies that organic resources are 
used again without breaking them down and reprocessing them (which is the 
case in a recycling process). A typical example of reuse is using leftover food 
as feed for animals. Prevention is the most sustainable option and forms the 
top of the waste pyramid. Typical examples of waste prevention are serving 
food on smaller plates at hotels or repacking of food items into sizes that ft 
the needs of the consumers and which do not generate leftovers. Reuse and 
waste prevention have emerged as the most important alternatives to pursue 
today in order to create more sustainable production and consumption pat-
terns (Mourad, 2016). 

In sum, urban organic waste can be dealt with in many different ways and 
these can have considerable implications for sustainability. The higher the 
waste treatment option is in the waste pyramid, the more sustainable the 
treatment option tends to be. 

5.2.3 Valorisation of waste – importance of problem setting 

When local authorities want to improve the sustainability of their waste treat-
ment system, they have to engage in both ‘problem solving’ and ‘problem 
setting’. When they engage in ‘problem solving’ but not in ‘problem setting’, 
the only possible outcome is to expand or improve their existing waste treat-
ment system. For instance, local authorities can expand the collection and 
delivery of waste to its incineration plant, and thereby incinerate waste that 
might otherwise have been dumped on a landfll. Such activities improve 
sustainability, but the solutions are found on the same level in the waste hier-
archy pyramid and further improvements will at some point be exhausted. To 
improve the waste treatment system further, local authorities need to fnd 
options outside the existing system and at a higher level in the waste pyramid. 
For instance, local authorities can recycle organic waste and turn it into biogas 
and fertiliser instead of incinerating it. We refer to this option as ‘problem 
setting’. Of course, ‘problem setting’ also requires the solving of the identifed 
problems. 

When local authorities engage in ‘problem setting’, they are attempting to 
transition from one waste system to another. Transitions from one waste 
system to another are often very challenging, as an existing waste system will 
often be embedded and anchored in specifc technologies, infrastructures and 
institutions that are not relevant to the new system (Frantzeskaki & Loorbach, 
2010). The transition from landfll (disposal) to incineration (energy recovery) 
requires investment in incineration infrastructure to capture and exploit the 
energy from the waste. The transition from an incineration system (energy 
recovery) to a biological treatment system (recycling) requires new infrastruc-
ture, and altered behaviour from the citizens using the system, as a result of 
the need for sorted waste streams. In addition, there is a need for a market for 
the different waste streams (e.g. paper, plastics, glass, metal, textiles) and the 
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products of biological treatment, such as biogas as a fuel and biosolids as ferti-
liser (Murray, 2002). The same is true for further movement up the waste 
pyramid to reuse and prevention. They require a ‘fundamental re-think of the 
current practices and systems in place’ (Papargyropoulou, Lozano, Stein-
berger, Wright & Ujang, 2014, p. 114). 

Although it is possible to place different types of waste treatment at 
different levels of the waste pyramid, it is common for a regional waste treat-
ment system to consist of more than one type of waste treatment. Today, the 
most common systems for processing organic waste are recovery and 
recycling-based, in the form of incineration and biological treatment systems. 
In this sense, problem solving and problem setting are activities that often 
overlap and co-exist. 

5.3 Research methods and data 

Our data collection is based on interviews, participation in policy and indus-
try seminars and document analysis. We have conducted six explorative and 
semi-structured interviews with key stakeholders and representatives of the 
relevant waste management agencies and involved frms. We interviewed 
representatives from the following organisations and their departments (the 
names of the interviewees are anonymised): Avfall Norge, Østfold Research, 
Oslo municipality Department of Environment and Transport, Oslo muni-
cipality Waste-to-Energy Agency, Oslo municipality Agency for Waste Man-
agement and NorgesGruppen/ASKO. Most of the interviews were conducted 
face to face and lasted around one hour. The interviews were recorded and 
transcribed. We also organised two workshops on the subject, one with 
researchers in the feld (November 2016) and the second with invited experts 
from the industry, public administration, NGOs and research (November 
2017). In addition to the interviews and workshops, document analyses of 
reports and municipal strategies and media analysis have also constituted part 
of the data collection for the case study. Finally, feld trips and participation 
in industry seminars and conferences have helped inform the study. The pre-
sentation of the case study is adapted from Bugge, Fevolden and Klitkou 
(2018). 

5.4 Valorisation of urban organic waste: the case 
of Oslo 

The governance of waste processing in Oslo is administered by three muni-
cipal departments: the Renovation Department (Renovasjonsetaten) is 
responsible for organising the collection and transport of municipal household 
waste, whereas the Energy Recovery Department (Energigjenvinningsetaten 
EGE) is responsible for the recycling of municipal waste (Bugge et al., 2018). 
Finally, the Department for Urban Environment (Bymiljøetaten) takes 
responsibility for the environment in the city, such as the quality of air, water 
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and soil, and for the planning and development, management and operation 
of municipal urban spaces. These agencies are coordinated by the Vice Mayor 
for Environment and Transport. 

These municipal departments do not operate in isolation. There are both 
national and international regulations that the municipality of Oslo must 
adhere to when developing their organic waste system. Among others, the 
municipality must adhere to the EU landfll ban of 2009 and the EU Waste 
Framework Directive of 2008, which Norwegian authorities have transposed 
into Norwegian law. The municipality must also adhere to The Norwegian 
Pollution Act, which states that municipalities have sole responsibility for the 
collection and processing of household waste, while private businesses are 
responsible for processing their own waste. According to the same Act, the 
municipality’s handling of household waste should also be self-fnanced 
through fees and governed by waste regulations. 

The municipality of Oslo has implemented a two-bin system, consisting of 
one bin for plastic, food and residual waste, collected one to six times a week, 
and one bin for paper collected one to four times a month. Citizens collect 
their food waste in green bags, their plastic waste in blue bags and their resid-
ual waste in neutral bags. All the bags are disposed of in the same household 
waste bin. Additionally, there are 910 collection points for glass, metals and 
textiles across the city. Moreover, the city has collections for hazardous waste, 
three large recycling stations, two mobile recycling stations and a regular col-
lection of garden waste. The municipal waste processing system (Figure 5.2) 
includes optical sorting of waste resources from households, i.e. plastics, food 
waste and residual waste. 

After household waste is collected in waste bins, it is delivered to a large 
sorting plant at Haraldrud in Oslo. At this facility, the three types of waste 

Figure 5.2 The parallel systems of waste management in Oslo (adapted from Bugge, 
Fevolden & Klitkou, 2018). 
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bags are sorted automatically by optical sensors: plastic waste goes to fne-
sorting and recycling in Germany, food waste goes to the biogas plant in Nes 
in Romerike (outside of Oslo) and residual waste is incinerated in an energy 
recovery process after metal has been sorted out and removed. The ash resid-
uals are sent to a landfll. The municipality plans to develop a pilot for carbon 
capture and storage at the incineration plant. The biogas plant at Nes was 
opened in 2013. It has the capacity to process 50,000 tonnes of food 
waste annually. The biogas is upgraded to liquid biogas (LBG) in a process 
that extracts CO2 and reduces the volume of the biogas. The municipal 
biogas plant also produces bio-residuals, which are sold to neighbouring 
farmers as fertiliser. The produced LBG is used for the public transport system 
of Oslo. 

In Oslo, the collection and processing of waste is divided between the 
public and private sectors respectively. Because of its corporate legal structure, 
EGE in Oslo cannot easily buy or process waste from the private sector and is 
instead restricted to processing household waste from the municipality of 
Oslo. Meanwhile, the public biogas plant at Nes in Romerike runs below 
capacity, and only 40% of organic household waste is treated there. Cur-
rently, the municipality has no responsibility for food waste from private busi-
nesses. This restriction makes it diffcult to reduce the operating costs of the 
biogas plant. However, ongoing experiments with adding manure as an addi-
tional feedstock might improve the cost effciency of the Nes biogas plant. 

In parallel to the public waste collection and processing system in Oslo, 
the private sector has developed its own system for waste management. Over 
the last ten years, a large private actor, ASKO, has specialised in processing 
food waste from private businesses. ASKO is the wholesale and logistics busi-
ness partner of one of Norway’s largest grocery wholesaling groups, Norges-
Gruppen, which owns a number of grocery stores, restaurants, kiosks, 
gasoline stations and hotels. The reuse and recycling element of the logistics 
business includes the collection of food for redistribution by a charity organ-
isation to reduce food loss (Matsentralen), the return of bottles and boxes, 
cardboard and paper recycling, plastic recycling and the reuse of different 
types of containers, etc. ASKO’s trucks deliver food to retailers and bring 
their sorted waste products back for recycling on the return trip. This practice 
avoids the driving of empty trucks and reduces fuel costs and emissions. The 
collected waste streams are material-recycled: food waste as biogas, plastic 
waste as plastic resources, cardboard and paper for paper recycling, etc. Plastic 
waste is delivered to Folldal Gjenvinning, which produces a recycled interims 
product, a plastic granulate, which is used as a resource in NorgesGruppen’s 
plastic bag production. The sorting of the plastic waste from private busi-
nesses is more fne-grained than the public household plastic waste, where 
different types of plastic are mixed, which results in a lower quality of the 
recycled interims product (see Table 5.1). 

The introduction of the recycling system in NorgesGruppen started in 
grocery stores, lasting from 2004 to 2009, with the ambition of learning the 
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Table 5.1 Selected indicators on waste generation in Oslo, 2015 

Number of inhabitants 975,744 
Area in km2 266 
Household waste per inhabitant in kg 336 
Waste delivered to material recycling and biological treatment per 130 

inhabitant in kg 
Share of waste delivered to material recycling, including biological 39 

treatment in % 
Share of waste delivered to incineration in % 58 
Share of waste delivered to landflls in % 3 

Source: SSB Kostra. 

fne-sorting of waste streams. In 2010, the frst pilot including the establish-
ment of new value chains based on the sorted waste streams was initiated. 
Then, after the sorting routines were well established, this was implemented 
by all ASKO enterprises from 2011 to 2012, and ASKO took over the 
logistics and transport of the sorted waste resources. 

Commodity markets exist for the interim products: e.g. a secondary raw 
material market for items such as cardboard, plastics and metals. ASKO is able 
to earn revenue from these types of waste, but for food waste generating a 
proft is more challenging. Currently, ASKO is working to separate two types 
of food waste, with different objectives: bread, fruit and vegetables for feed 
production, and other food waste – mixed food waste and animal food waste 
– for biogas production. This can be done because food waste from private 
businesses is not mixed in the same way as food waste from households; e.g., 
bread that is not sold can be used as a resource for feed production. The 
biogas component is used in a large number of local biogas facilities. There is 
a confict between the use of waste resources for energy on the one hand and 
for recycling, including feed production, on the other. ASKO has decided to 
prioritise environmental investments over economic investments and believes 
that this can also be legitimised economically by taking a more long-term 
perspective. 

Besides large actors such as the municipal administration and private com-
panies like ASKO, there are several smaller niche projects which are attempt-
ing to exploit organic waste for new purposes, such as utilising coffee gravel 
from coffee shops in the production of mushrooms or soap or establishing 
low-price lunch restaurants which serve food that would otherwise have been 
thrown away. This lack of coordination across parallel public and private sub-
sectors in the processing and treatment of organic waste in Oslo shows the 
fragmented infrastructure of waste processing, and potentially limits critical 
mass and synergies across sectors and waste streams. 
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5.5 Analysis: urban waste valorisation as a mission 

Addressing the research question presented at the outset of the chapter – How 
can the mission of sustainable urban waste treatment be understood in terms of problem 
setting and problem solving? – this section will discuss and refect on the rela-
tionship between problem solving and problem setting in the governance of a 
mission-oriented innovation endeavour such as urban waste treatment. 

5.5.1 What is the mission given – and to whom? 

In Oslo, the public agency Energigjenvinningsetaten (EGE) has served as the 
main driver and coordinator for developing and implementing the circular 
system of processing and recycling the different streams of household waste 
generated within the municipality. 

The municipality has been central in directing the system towards greater 
sustainability by establishing a waste sorting plant, a biogas facility and a waste 
incineration and district heating system. The rationale for the circular waste 
agenda and for building these facilities was a mandate issued by from the 
municipality of Oslo. 

The politicians decided in 2006 that they wanted sorting of plastic pack-
aging and food waste from the households, and they decided to have a 
50% recycling target. 

(Respondent from the Agency for Waste Management in the 
City of Oslo) 

We got the assignment in 2005–2006 to develop a system for circular 
waste recovery in Oslo. Then we built the sorting plant and the biologi-
cal treatment plant, and the district heating company has developed and 
extended the district heating system. 
(Respondent from the Agency for Energy Recovery in the City of Oslo) 

The initiatives taken to develop a circular recycling system ensured a shift of 
focus from energy recovery to recycling, beginning in the early 2000s. Still, 
after having arrived at the current recycling system, which is underpinned by 
heavy investment in infrastructure and institutions (e.g. the biogas plant, the 
sorting plant, the collection of household waste and household routines of 
sorting waste), there are few signals that the municipality is taking the lead 
with a new waste prevention system. This is not surprising, as the mandate of 
the Energy Recovery Department primarily targets an effective exploitation 
of the waste generated. 

We will sort as much as we possibly can, that is our perspective. 
(Respondent from the Agency for Energy Recovery in the 

City of Oslo) 
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The biggest challenge is to get people to recycle more. 
(Respondent from the Agency for Waste Management in the 

City of Oslo) 

In this sense, a waste prevention mandate or mission contrasts with the 
current institutional rationale or logic of the municipal Department for 
Energy Recovery. Thus there is reason to question whether the focus and 
mission to create a circular recycling system is really the best and most sus-
tainable solution for a city such as Oslo – at least if such a system requires 
constant fows of waste to be economically viable, and thus constitutes dis-
incentive to strive for waste reduction or prevention. One of our respondents 
confrmed that this is often the case. 

We in the waste business are constantly talking about processing waste 
instead of reducing waste. And to reduce must be done early on and 
intelligently and with the right design. 

(Respondent from the Agency for Energy Recovery in the 
City of Oslo) 

One may argue that the capacity and demand for waste shown in the Oslo 
case constitutes a system that is oriented towards developing new value chains 
stemming from urban (organic) waste, and where the transition agent (EGE) 
has made heavy investments into the physical infrastructure enabling this pro-
duction. At the same time, EGE has no fnancial incentives or political 
mandate to reduce the amount of waste in the frst place. This type of sustain-
ability mode, oriented towards recycling, is thus in confict with demands for 
more circular eco-design aimed at limiting or preventing waste. In con-
sequence, other types of actors – such as civic organisations (e.g. the student 
association) or private enterprises (e.g. Kutt Gourmet restaurant at the 
University of Oslo, and Matsentralen) – are now the ones pushing the waste 
prevention agenda forward as the next stage of system change in urban waste. 

The Renovation Department and the Energy Recovery Department are 
the most central actors in any attempt to achieve higher levels of waste recyc-
ling in the municipality of Oslo. As we have seen, the Renovation Depart-
ment is in charge of collecting and transporting waste from citizens, whereas 
the Energy Department is in charge of processing the different types of waste 
collected. 

Our impression is that there is not much collaboration across departments 
in the municipality in relation to waste reduction, due to contrasting roles 
and mandates. 

They [the Agency for Waste Management] have a responsibility for waste 
reduction, and that is the opposite in relation to what we do if we only 
see ourselves as a producer of energy. So far, waste reduction has not 
been debated as much as recycling. I don’t know how much they’re 
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working on it either, really. They have a clear historical role in ensuring 
that waste is safely removed from the city and handled properly. That’s 
the most important task they have. 

(Respondent from the Agency for Energy Recovery in the 
City of Oslo) 

This observed lack of coordination across the public and private sectors is an 
example of how existing working practices in silos do not facilitate cross-
sectoral collaboration towards common goals. Such forms of silo-based organ-
isation within and beyond the municipality represent fragmented incentive 
structures and a potential barrier to more radical innovation and change. 

5.5.2 How are missions defned? From problem solving to problem 
setting 

The legal regulations of waste treatment governance in Oslo restrict public 
actors from processing waste from the private sector and vice versa. This may 
constitute a somewhat rigid institutional framework and limited incentives 
and action space for innovation. A natural consequence of the fragmented 
relation across the public and private sectors in Oslo is potentially limited 
joint refexivity and learning across the two domains. The tendering practices 
observed in Oslo associated with extensive outsourcing of municipal service 
provisions for collecting waste and transportation to private contractors also 
establish clear boundaries between the commissioner and the contractor, 
which may serve to hinder dialogue and mutual learning. Relatively stand-
ardised services such as waste collection and transporting have been out-
sourced to private contractors, whereas the development and planning of the 
processing of the waste streams is accomplished in-house in the municipality. 

Traditional bureaucracy and silo-based working practices in the public 
sector typically execute power and set top-down political goals, which serves 
to give direction for system change. Internal direction setting in collaboration 
with the political level and EGE, and the creation of a circular system of bio-
fertiliser and biogas to be used in the Oslo region, signals a traditional bureau-
cratic type of governance. EGE’s ownership of the infrastructure and facilities 
also refects a bureaucratic governance regime, which may constitute a barrier 
to process innovation in terms of synergies with other waste streams from the 
private sector. 

As such, it seems appropriate to question the balance and relationship 
between problem setting and problem solving in the governance of urban 
(organic) waste in Oslo. Each municipal department has their respective man-
dates and there is limited coordination or joint experimentation across muni-
cipal departments. One potential limitation to such a governance mode is a 
weakened ability to broaden perspectives and raise ambitions in relation to 
sustainability in urban waste treatment. In principle, such a defcit could have 
been addressed at the national level. However, although Norway has a 
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national organisation working with waste policy issues (Avfall Norge) and an 
interest organisation representing all municipalities (KS), there is a lack of 
coherence across waste systems and legislation in different municipalities, and 
there are several ongoing innovative projects aiming to transform existing 
municipal waste processing systems which unfold independently of each 
other. There is no dedicated national policy programme representing a 
coordination mechanism for joint refexivity, learning and diffusion across 
municipalities in the case of waste. In consequence, the lack of coordination 
of experience sharing and mutual learning may paradoxically increase long-
term costs and limit the effects of ongoing initiatives within the existing cost-
oriented regime. 

5.6 Conclusions 

This chapter has sought to interpret the case of governance of urban waste as 
an example of mission-oriented innovation. Based on the insights gained 
from a case study of waste treatment in Oslo, we have discussed how govern-
ance of urban waste valorisation may be understood in terms of balancing 
between problem solving and problem setting. 

The case study has shown how the work with waste treatment in Oslo can 
be interpreted as an expression of a traditional and narrow form of mission-
oriented innovation policy, where the objectives have been clearly defned 
within the public sector domain rather than by a broad constellation of societal 
actors. The municipality of Oslo has been guided by political strategies aiming 
for a 50% recycling target. Such a target does not represent any incentive for 
waste prevention, but represents a technical specifcation that may contribute 
to the formation of a lock-in of the recycling stage in the waste hierarchy. The 
development of a circular system for the recycling of household waste consti-
tutes a value chain that can be seen as a disincentive to support efforts to 
reduce waste streams in the frst place. It seems as if the dynamics observed 
actualise a discussion of whether and how the political direction and mission 
given have been too specifc and narrow, thus limiting the long-term action 
options available to the problem solvers involved. This type of (top-down) 
directionality contrasts with the joint and negotiated paths of directionality 
prescribed in the literature on transformative change (Weber & Rohracher, 
2012). To avoid long-term lock-ins and to enable leaps upwards through the 
waste hierarchy, it appears more appropriate to operate with more open-ended 
and functional requirements with regard to sustainable development than to 
specify which sort of solutions are sought. This resembles the insight derived 
earlier from studies of innovative public procurement, which have concluded 
that functional requirements should be preferred to technical specifcations in 
public tenders (Edquist & Zabala-Iturriagagoitiaa, 2012). 

In addition to operating with functional requirements in their setting 
of the mission to be solved, the municipality could also have benefted 
from including a more diverse set of actors such as the private sector, social 
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movements and lobby groups, into the identifcation and articulation of mis-
sions to be addressed and achieved. However, such working practices would 
call for a more networked and coordinated form of governance that contrasts 
with current bureaucratic, sectoral and silo-based municipal departments and 
working practices. It thus seems opportune to supplement current silo-based 
working practices with more networked governance to mobilise broader sets 
of societal actors into a joint refection on possible alternative and viable ways 
forward towards increased sustainability in existing urban waste systems. Such 
an approach would be an effective response to the call for a better under-
standing of how the public sector can encourage more dynamic capabilities 
(Kattel & Mazzucato, 2018) and democratic processes in which missions are 
defned (Mazzucato, 2017). 

Note 

1 This chapter draws upon a recent paper published in Research Policy (Bugge, 
Fevolden & Klitkou, 2018). Here we take a closer look at one of the three cases 
presented in the original paper, and we apply another analytical framework. Instead 
of governance regimes, we here discuss the importance of problem setting to 
mission-oriented innovation in urban waste valorisation. 
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6.1 Introduction 

The beer brewing industry has long been considered somewhat bio-circular 
since the major part of its organic side-stream, spent grain, returns to the bio-
logical system in the form of animal feed. In many places, spent grain has 
historically been given away free to farmers as livestock feed, especially for 
cattle. In terms of environmental sustainability, this can be a good manage-
ment choice for the bio-economy, placing it between ‘recycle’ and ‘reuse’ in 
the waste pyramid (see Chapter 3). However, the fast deterioration of 
untreated spent grain requires the presence of local farmers as well as good 
transport infrastructure. Yet, according to Statistics Norway and Statistics 
Denmark since the 1980s, the number of farms has declined by 60% in 
Norway and Denmark, making the disposal of spent grain potentially more 
expensive and complicated. In addition, giving spent grain to farmers brings 
little or no revenues to breweries and prevents further valorisation of this 
resource. Globally, brewers produce about 38.6 million tons of spent grain a 
year (Lynch, Steffen & Arendt, 2016; Mussatto, 2014); so a change in spent 
grain management could therefore have signifcant environmental and eco-
nomic impacts. 

The large quantities of spent grain, along with an increasing interest in 
organic waste valorisation and circular bioeconomy, have spurred interest in 
developing new valorisation pathways as an alternative to the traditional use 
of spent grain as animal feed. Spent grain has a high protein content and other 
nutritional assets, and research projects have shown that it can be used as a 
feedstock in various industries, including livestock feed, food and nutrition, 
chemicals, pharmaceuticals and biofuels (Buffngton, 2014; Mussatto, 2014; 
Thomas & Rahman, 2006). Yet, despite this technical potential, scholars have 
identifed few examples of advanced uses of spent grain on an industrial scale 
(Aliyu & Bala, 2011; Mussatto, 2014), suggesting low levels of the deploy-
ment of research results. 

Bugge, Hansen and Klitkou (2016) and Chapter 2 in this book identify 
different visions and perspectives on the bioeconomy: the biotechnology 
vision, the bio-resource vision and the bio-ecology vision. In this context, 
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the bio-technology and bio-resource perspectives dominate the scientifc liter-
ature on spent grain, which has a strong focus on biochemical and technolo-
gical aspects, as is evident from the reviews (Aliyu & Bala, 2011; Mussatto, 
2014; Thomas & Rahman, 2006). Socio-economic issues, such as value cre-
ation, competitive advantage, and consumer acceptance, have received less 
scholarly attention. And while the literature on technical options is rich and 
consistent, the few studies of the proftability of spent grain as an industrial 
feedstock report divergent results, ranging from optimistic (Mussatto, 
Moncada, Roberto & Cardona, 2013) to very pessimistic (Buffngton, 2014). 

In view of this, this chapter starts from the premise that company decisions 
on how to use and manage organic residues not only refect technical possib-
ilities but are also infuenced by socio-economic, supply chain and regulatory 
factors. These include company-specifc and industry-wide sustainability pol-
icies and initiatives, which can form part of companies’ corporate social 
responsibility (CSR) efforts. In the brewing industry, important sustainability 
areas, apart from organic residues, are water consumption, waste water man-
agement, energy use and the resulting CO2 emissions, sustainable packaging 
(Olajire, 2012), and responsible drinking. Integrating these sustainability areas 
into the core of a business can potentially increase value creation (Bocken, 
Short, Rana & Evans, 2013; Short, Bocken, Barlow & Chertow, 2014). In 
this regard, Porter (1985) argues that companies can obtain competitive 
advantage by pursuing a product differentiating strategy, where CSR can be a 
means of product differentiation (McWilliams & Siegel, 2011), through 
branding, for example (Roberts & Dowling, 2002), thus creating a non-
imitational resource for the company (Reinhardt, 1998). In this context, 
Clark, Feiner and Viehs (2015) provide evidence of a positive link between 
CSR and a company’s competitive advantage. 

Against this background, this chapter aims to deepen the understanding of 
circularity in the brewing industry regarding organic waste. The specifc aim 
is to investigate current management practices and options for valorisation of 
spent grain in brewing value chains in Denmark and Norway. 

6.2 Value creation and sustainable competitive 
advantage 

The exploration of alternative uses of spent grain encompasses potential eco-
nomic gains, most obvious when a brewery incurs costs related to waste dis-
posal but also when spent grain is given away for free. There are potential 
economic gains to be secured when creating a new value chain for spent 
grain. Yet these gains must be assessed in a cost-beneft setting. Benefts could 
also be related to CSR measures. How CSR can contribute to sustainable 
competitive advantage (McWilliams & Siegel, 2011) is elaborated on in 
Chapter 3. 

Various industries use the principles of industrial ecology to convert waste 
to positive value assets, yet the literature lacks clear links to proftability and 
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increased competitiveness (Short et al., 2014). Arguably, industrial ecology 
and, more narrowly, industrial symbiosis can be a foundation for business 
model innovation and it is important to look beyond conventional resource 
productivity and process innovation and fnd new ways of creating value 
(ibid.). Business models have been outlined in various ways. Whether it is the 
concept of marketing myopia (Levitt, 1960), value chains (Porter, 1985) or 
blue ocean strategy (Kim & Mauborgne, 2005), a business model essentially 
explains ‘how a frm does business’ (Short et al., 2014). Richardson (2008) 
sums up three aspects of business models: value proposition, value creation and 
delivery, and value capture. Business model innovation can take place in each of 
the three aspects, whether it depends on the product or service offered, and 
to whom it is offered, through which activities the value is created, or how 
the company handles costs and revenue (ibid.). Innovation in business models 
can spur sustainability (Short et al., 2014). Bocken et al. (2013) identify nine 
business model archetypes aiming to improve sustainability and one of them 
is creating value from waste. The strategy here is to eliminate waste and turn 
waste streams into inputs to other value-creating processes and production 
(Short et al., 2014). 

Yet studies of the brewing industry emphasise the lack of change in the 
spent grain business model, i.e. the use of the residue as animal feed. There 
are many technical options for spent grain valorisation other than feed, as 
elaborated below, but brewers do not appear to have experimented with or 
implemented them (Aliyu & Bala, 2011) as a way of creating or capturing 
value. Even the Sierra Nevada Brewery in California, highly acclaimed for its 
sustainability measures, provides all its spent grain to farmers (Sierra Nevada 
Brewery, 2015). 

Research and development (R&D) activities are playing an increasingly 
important role in companies’ CSR policies (Baumgartner & Ebner, 2010). 
R&D is often integrated into the innovation and technology aspects of the 
economic dimension of sustainability, reducing the environmental impact of 
new products and business activities (ibid.). Engaging in R&D is particularly 
benefcial for companies that are among the frst to adopt a new product, also 
known as ‘frst movers’ (Robinson, Fornell & Sullivan, 1992; Srivastava & 
Lee, 2005). In light of this, it is interesting that the brewing industry does not 
have a tradition of making strong investments in R&D (Bamforth, 2000). 

In view of these considerations, this chapter addresses the following 
research questions: What technical options exist for adding value to spent 
grain? What are the current status, opportunities and barriers for converting 
spent grain from low- or zero-value livestock feed into assets with a higher 
value? In this context, what R&D activities do Nordic brewers undertake 
regarding the management of spent grain and related areas and what motiv-
ates or hinders such activities? 
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6.3 Methods 

This chapter is based on a case study of Nordic breweries and their handling 
of spent grain. The research follows a multiple case-study design (Bryman, 
2015; Pettigrew & Whipp, 1991). Thirty-two breweries were selected 
through purposive sampling (Bryman, 2015). Seventeen were selected from 
Denmark from a database of 107 breweries (Ratebeer, 2017), and ffteen from 
Norway based on a list provided to the authors by the Norwegian Brewers’ 
Association. The sample has breweries in a range of sizes, with a predomi-
nance of those producing up to 500,000 hectolitres of beer per year. 
Table 6.1 gives the key characteristics of the breweries that were interviewed 
for this study. We henceforth refer to the breweries by number rather than 
name to ensure the confdentiality of the information obtained in the 
interviews. 

Eighteen breweries were interviewed through short telephone interviews, 
and an additional, in-depth interview lasting 90 to 120 minutes was under-
taken with fourteen breweries following a semi-structured interview design 
(Bryman, 2015). The guide for the in-depth interviews was informed by a 
value chain approach and addressed topics such as frm characteristics, CSR 
strategies, spent grain value chain (structure, actors, coordination and techno-
logy), spent grain economics, alternative uses of spent grain, R&D projects, 
and policies and institutions. See Gereff and Fernandez-Stark (2016) and the 
section on governance for waste valorisation in Chapter 3. We also reviewed 
academic publications and grey literature such as industry and company 
reports. 

The interview data was analysed in two rounds. After structuring the data 
using the qualitative data analysis software Atlas (Atlas.ti, ver. 7.5.16), using 
an inductive approach, we derived fve categories or factors of spent grain 
management from the interview data: economy, product, CSR, production 
and regulation. For each factor, we identifed and described a number of vari-
ables, based on a review of the literature and the interview data. Table 6.2 
lists these factors and variables. 

Three aspects of spent grain management were likewise identifed based on 
the nature of the interview statements: activities, opportunities and barriers 
(section 6.6), i.e. whether a statement related to an activity currently under-
taken by the brewery, a future opportunity for alternative use or a barrier to 
realising such opportunities. The interviews were then screened again for rel-
evant statements regarding spent grain factors and aspects. This analysis 
involved the quantifcation of the statements given in the interviews on the 
factors and aspects, as well as qualitative analyses. The results are presented in 
sections 6.5 and 6.6. 

https://Atlas.ti
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Table 6.2 Factors and variables of spent grain management 

Factor Variable Description 

Economy Direct costs 

Indirect costs 

Revenue 

Product 

CSR Water 

Climate and energy 

Waste 

Sustainable sourcing 

Social issues 

Production Technical equipment 
and infrastructure 

Logistics 

Size 

Regulation Regulation and policy 

Certifcation 

Costs that can be traced to specifc cost objects 
such as a waste treatment fee or direct materials. 
Direct costs tend to be variable costs. 

Costs that cannot be traced to specifc cost 
objects. Indirect costs tend to be fxed costs or 
periodic costs (AccountingTools, 2017). 

Income from the use and/or sale of spent grain. 

Quality and safety aspects of spent grain 
management that infuence the quality of the 
main product (beer). 

Water use and water effciency in the brewing 
process, including water content of the spent 
grain (Olajire, 2012). 

Focuses on energy use, energy effciency and 
energy conservation (Sturm et al., 2013). 
Includes activities to enhance biogas 
production. 

Activities related to the recycling, recovery or 
reuse of residues from brewing. 

Integrating sustainability into decisions 
regarding the production, distribution and 
purchasing of raw materials and products 
(Schneider & Wallenburg, 2012). 

Strengthening the relationship with the local 
community including local farmers. 

Quality or life endurance of technologies and 
equipment needed for brewing, storage or 
drying/enhancing of spent grain. 

Logistical issues regarding the handling of spent 
grain. Transport and geographical distance are 
the main aspects. 

Size and production capacity of the brewery, 
which can affect spent grain management. 

Infuence of policy/regulations from regional, 
national and European authorities, including 
rules for subsidies and investments. 

Infuence regarding standards for safety, quality 
or environmental compliance certifcation. 
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6.4 Technical options for spent grain use 

Organic waste is defned here as ‘biodegradable waste from gardens and parks, 
food and kitchen waste from households, restaurants, caterers, hotels and 
retail premises and similar waste from food processing’ (jürgensen & Confalo-
nieri, 2016, p. 3). However, brewers’ spent grain is not a waste product but 
the main side-stream from the beer brewing process and represents approxi-
mately 85% of all organic by-products from brewing. A large volume of spent 
grain is generated by the brewing process, around 20kg per hectolitre of beer 
produced (Aliyu & Bala, 2011; Mussatto, Dragone & Roberto, 2006), and it 
is available all year round and at a low cost (Buffngton, 2014). 

In the wider context of sustainable production, these properties, together 
with its biophysical and nutritional attributes, have stimulated interest in 
adding value to spent grain, and numerous laboratory experiments have been 
performed with this objective in mind. These studies have been recently 
reviewed (Aliyu & Bala, 2011; Mussatto, 2014; Thomas & Rahman, 2006), 
revealing a great diversity in potential processes and products. Figure 6.1 
shows the technical processes through which spent grain can be transformed 
into different product types (marked in bold), i.e. human food, animal feed, 

Figure 6.1 Technical processes and products based on spent grain. 

Source: Adapted from Buffngton (2014) and van Wyk (2001) 
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chemicals, pharmaceuticals, packaging materials and energy resources (biogas, 
ethanol), along with the by-products (e.g. fertiliser) of these processes. Below 
we briefy discuss alternative valorisation options, drawing on the waste 
pyramid presented in Chapter 3: disposal, energy recovery, recycling, reuse 
and waste prevention. We do not assess whether one option is more sustain-
able than another, as this would require detailed life cycle analyses and also 
depend on local-specifc factors. 

Disposal. A key issue in handling spent grain is its high moisture levels. 
Spent grain consists of 70–80% water (Lynch et al., 2016; Thomas & 
Rahman, 2006), meaning that transporting spent grain is costly per kg of dry 
matter. Second, the rich polysaccharide and protein contents of spent grain 
make it susceptible to fast deterioration and spoilage (Thomas & Rahman, 
2006), with associated health and smell hazards. Hence disposing of spent 
grain as a waste requires constant effort and can be expensive for the brewery, 
so this option is the least preferred. 

Energy recovery. Spent grain can also be used in energy production, as it can 
show net calorifc values of 18.64Mj per kg dry mass and is thus interesting as 
raw material for combustion (Keller-Reinspach, 1989). Spent grain can also 
be used as a substrate for biogas or second generation-ethanol production, 
replacing natural gas and gasoline respectively (Mussatto, 2014). 

Recycling. Using spent grain in animal feed has several positive benefts, 
including increasing milk production by cows and improving the meat quality 
of livestock (Thomas & Rahman, 2006). Spent grain can also be recycled as a 
soil conditioner. Combining spent grain with sludge or woodchips can 
improve soil fertility (ibid.). 

Reuse as human food. Spent grain has high contents of fbre, protein and 
minerals, making it potentially attractive for human consumption. Experi-
ments have improved properties in various food products including increased 
levels of protein and fbres in cookies (Öztürk, Özboy, Cavidoğlu & Köksel, 
2002), bread and processed meat products (Thomas & Rahman, 2006). 
However, consumer acceptance and the quality of the fnal product need 
more attention (Mussatto, 2014). 

Reuse in chemical processes. Applying spent grain in chemical processes has 
also been tested. Spent grain is rich in cellulose, polysaccharides and natural 
antioxidants, all compounds adding value to industrial applications. Further-
more, spent grain can be used in the production of paper-based products such 
as paper towels, business cards and coasters (Mussatto et al., 2006; Thomas & 
Rahman, 2006). The most promising use of spent grain in chemical processes 
is as an adsorbent for organic compounds from waste gas or dye from waste-
water (Mussatto, 2014). Spent grain has also proved useful in biotechnical 
processes (ibid.). 

Waste prevention. The amount of spent grain by-product generated per 
volume of beer produced depends on the brewing equipment; the type and 
quality of the vessel that separates the wort from the spent grain is especially 
signifcant when it comes to the effcient use of malt and water and hence for 
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reducing the amount of spent grain. In general, a mash flter, employed by 
many larger breweries, generates relatively lower amounts of spent grain, 
compared to the less effcient and cheaper mash fltration method typically 
used by many small or craft breweries producing in smaller batches (Lynch et 
al., 2016). 

6.5 Overview of current spent grain management 

Figure 6.2 illustrates the current management of spent grain in Denmark and 
Norway, identifed through the case study. The top part shows the brewing 
process and the origin of spent grain along with the (relatively few) instances 
where the spent grain is used as feed or fertiliser on the brewery’s own farm. 
The bottom part shows the frms or units that process or use the spent grain 
after it has been collected at the brewery, alongside the different end uses of 
the spent grain. The dotted arrow shows a situation where a third party 
organises the transport and handling of the spent grain on behalf of the end 
users. While the fgure gives the impression of diverse management regimes 
and uses of spent grain, the case study revealed that in the vast majority of 
cases the spent grain was delivered directly to local livestock farmers, as 
described below. 

Nearly all brewers were connected to one or more farmers who used the 
spent grain as livestock feed, often for cattle and sometimes for pigs. The 
farmers valued the nutritional quality and protein content of spent grain. 
These agreements were often long term and were made with one or several 
farmers depending on the size of the brewery and the size of farmers’ herds. 
The farmers usually collected the spent grain at the brewery. Some breweries, 
especially the large ones, received payments from the farmers, but most gave 

Figure 6.2 Overview of current management of spent grain. 

Source: Authors’ interpretation of interview statements made by brewers. 
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the grain away. In a few cases, an intermediary frm organised the collection 
of the spent grain on behalf of the farmers; in Denmark this was the case with 
brewery 2 among others, while the farmer buying grain from brewery 4 
resold some of it to other farmers. 

The price obtained for spent grain fuctuated depending on conditions in 
the feed market, including the price of substitute feed. The price also 
depended on the dry matter content, which partly depends on the brewing 
equipment. One large brewery (2) in Denmark received C16 (DKK 120) per 
ton from an intermediary, another C8 (DKK 60) per ton (3) from a farmer, 
while a third (4) received C134 (DKK 1,000) per ton from a local farmer 
acting as an intermediary. In Norway, one large brewery (32) could not obtain 
any payment from farmers for its spent grain, which was also the case for 
nearly all the small breweries (e.g. 5, 11 and 15). These signifcant price vari-
ations over time and space suggest a poorly functioning market for spent grain. 

In a few cases, spent grain had other uses alongside or instead of simply 
being given to farmers. These were feed for the brewery’s own livestock (5, 
12), feed in high-quality wagyu beef production (30), compost on the brew-
ery’s own farm (8, 14 and 26), collection by a local biogas plant for a fee paid 
by the brewery (15), being sold or given occasionally to a local bakery (5, 22) 
and being disposed of as waste (21, 32). Two of these uses, as wagyu feed and 
as a baking ingredient, represent an improved use of spent grain compared to 
animal feed in terms of value added. 

6.6 Why don’t the breweries invest in alternative 
options? 

This section analyses the interview data in more detail with a view to under-
standing what motivates current spent grain management, what brewers per-
ceive as alternative management options and what hinders them in pursuing 
them. The last part of the section focuses on brewers’ engagement in R&D 
projects in relation to these aspects. 

Table 6.3 quantifes the interview statements of thirty-two brewers regarding 
the factors that infuence aspects of spent grain management – i.e. current activ-
ities as well as opportunities for and barriers to alternative management options. 
Overall, economy (i.e. cost reduction) was clearly the dominant factor, with 
seventy-fve statements, followed by production (47) and CSR (27). Brewers 
mentioned product (17) and regulation (8) less often. When considering activ-
ities only, economy is again the dominant factor, followed by production and 
CSR. The same pattern applies to opportunities. It is interesting to note that 
brewers considered production issues to be the main barrier to implementing 
spent grain management alternatives, followed by economy. 

The interviews also produced qualitative data on the factors involved in 
spent grain management in terms of how they were seen to affect current 
activities, opportunities and barriers. The analysis below focuses on the 
dominant factors of economy, production and CSR. 
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Table 6.3 Number of interview statements by brewers in relation to factors and 
aspects of spent grain management 

Aspect Activities Opportunities Barriers Total 

Factor 
Economy 
Product 
CSR 
Production 
Regulation 

n = 32 
39 
6 

14 
16 
1 

n = 28 
22 
6 

11 
16 
5 

n= 21 
14 
5 
2 

15 
2 

n = 32 
75 
17 
27 
47 
8 

All 76 60 38 174 

Note 
The table shows the number of statements in interviews related to each factor (economy, 
product, CSR, production and regulation) and aspect (activity, opportunity and barrier). If 
more than one statement was made on the same combination of factor and aspect, then these 
were not counted, but when statements were made on several variables relating to a factor (e.g. 
direct costs and revenue in the case of economy) for a given aspect, then these statements were 
included in the count (therefore there are more than 32 statements on the combination of 
economy and activities). In total, 174 such statements were identifed in 32 interviews. The sign 
‘n’ denotes the number of breweries that gave a statement on the aspect in an interview. 

6.6.1 Current activities 

Economy was by far the most important factor in current spent grain manage-
ment practices. Within this, cost savings were important for all breweries, 
while earning revenue was possible only for the large breweries (e.g. 1, 2, 3, 
4 and 18). Risk management, in terms of avoiding a situation where spent 
grain exceeded storage capacity, generating expenses for waste disposal or 
even disrupting the brewing process, was also a key economic consideration. 
We also observed a close interplay between economy (cost savings) and pro-
duction (mainly handling and storage of equipment, and location). CSR 
factors, in contrast, had only a minor infuence on spent grain management 
among both large and small brewers. Where CSR was a motivation, it co-
existed with or depended on other considerations such as proftability (1), 
compliance with public (20) or private (8) regulation, or simply convenience. 

Spent grain is a potential health hazard; it quickly deteriorates, smells and 
flls the storage space of the breweries, and so the brewers perceived it mainly 
as an inconvenient by-product. None of the breweries owned technologies 
that allowed longer and safer on-site storage of the spent grain, such as cold 
storage or pressing/drying equipment. If it was not collected at regular inter-
vals, it would force the brewery to halt production. Hence, many brewers 
emphasised the risks and the logistical and technical issues involved in hand-
ling spent grain. In this light, it is unsurprising that the dominant economic 
motivation for the current management of spent grain was reducing the costs 
of storage, transportation and disposal. Many brewers emphasised both indi-
rect cost savings in terms of reduced labour time and ‘hassle’, as well as 
reduced expenditure on storage facilities, transportation and waste disposal 
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fees (e.g. 5, 11 and 15). A case in point was brewery 1, whose strategy was to 
sell the spent grain at the ‘highest price and with the least trouble’. 

The waste disposal costs avoided due to the practice of farmers collecting 
the spent grain at the brewery gate are signifcant. In Denmark, one company 
specialising in the collection and treatment of food waste for subsequent use 
in biogas production was charging from C44 to C59 per ton plus transport 
costs, depending on the stability and volume of the waste, although large and 
stable volumes could attract a lower price (personal communication with 
company). In Norway, one brewery (32) paid around C101 per ton to 
dispose of its spent grain. 

In this context, it is noteworthy that many brewers underlined the import-
ance of having long-term agreements with reliable buyers or takers of the 
spent grain as a way to manage this production risk. Some brewers (e.g. 6, 
32) found it diffcult to get farmers to collect the spent grain year-round. 

Production variables, and in particular logistical issues related to the geo-
graphical location of the brewery, also infuenced spent grain management. In 
Norway, several small breweries were located far away from cattle farms, and 
the spent grain was therefore not used as feed. One brewery in northern 
Norway (32) had experienced reduced demand from farmers in recent years, 
especially during the summer, because of changes in feeding practices and 
fewer farm units. This meant that some of the spent grain was disposed of as 
waste, incurring the brewery costs in the order of C15,195 (NOK 150,000) 
per year. On the island of Svalbard, restrictions on waste disposal forced the 
brewery to ship the spent grain to the mainland, where it was disposed of as 
waste (21). As a solution, the brewery engaged in energy production on Sval-
bard replaced coal with a mixture of spent grain and demolition wood chips. 
Hence distance, combined with the volume of by-product, also determined 
whether brewers could sell the spent grain to livestock feed producers. 

CSR motivated current spent grain management for some small breweries. 
For example, one brewery making certifed biodynamic beer composted the 
spent grain and applied it to its own barley feld to comply with the Demeter 
standard (8). Combatting climate change is a central part of the CSR brewery 
policy (1), and the company carries out CO2 accounting across all its plants; 
however, spent grain management does not feature strongly in its CSR 
policy. 

6.6.2 Opportunities 

‘Opportunities’ refers to alternative ways of handling spent grain, which the 
brewers showed an interest in during interviews; some had concrete plans to 
adopt these in the future. Several alternatives to the current usage were men-
tioned. Many discussed the possibility of selling or using spent grain as a 
biogas substrate. Other alternatives were inputs on their own farms for com-
posting or as animal feed, or selling to feed producers. Some brewers made 
general statements such as that they were ‘interested in alternative ways of 
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using the spent grain’ (23, 24 and 25) without specifying the kind of altern-
ative, suggesting limited knowledge of or interest in alternative uses. 

Economy and production, followed by CSR, were the factors mentioned 
most often that could induce a switch in spent grain usage away from animal 
feed and disposal. Regarding economy, many mentioned the prospect of 
earning more revenue from the side-stream, often combined with technical 
and logistical measures. New equipment was sometimes mentioned (e.g. 32) as 
a key factor in changing the use of spent grain, especially equipment for dewa-
tering the spent grain to increase its storability and reduce transport costs. 
Some emphasised the high quality of spent grain as an animal feed and the 
potential economic benefts of its nutritional value. One brewer asserted that 
spent grain ‘contains a lot of vitamins and minerals [of beneft to humans], but 
these are currently not properly utilised’ (18), and another that spent grain ‘is 
quite sought after because it is good for the digestive system of animals’ and 
this can improve the quality of meat for human consumption (19). 

The most common incentives mentioned under CSR were the environ-
mental benefts in terms of improved waste handling or recycling, sustainable 
sourcing and to a lesser extent climate mitigation. Sustainable sourcing was 
expressed in ‘circularity’ terms such as ‘closed cycle’ (10) and as an example of 
‘responsible thinking’ (21). These incentives were often expressed as an aspect 
of other incentives such as improved product. One brewery believed that the 
reuse of spent grain in production would have simultaneous economic, 
environmental and product-quality benefts that could be exploited in mar-
keting and consumer communication (22), as shown by the example of the 
Sierra Nevada brewery in the USA. 

Finally, some brewers connected an alternative use of spent grain to certi-
fcation, either regarding product and food safety, or as part of a broader 
environmental responsibility certifcation. In this regard, brewery (21) 
emphasised its comprehensive view on sustainability, which it planned to 
express and implement through Environment Lighthouse certifcation the 
following year. 

6.6.3 Barriers 

Barriers are the perceived obstacles to switching to an alternative use of spent 
grain. Economic and production factors were the barriers most often men-
tioned by brewers. In terms of economics, many expressed an unwillingness to 
invest time and effort in changing their management of spent grain due to the 
indirect costs involved in terms of staff time (e.g. 9, 10, 14 and 23). One 
brewery (10), for example, considered that implementing changes to install 
such a system was ‘too diffcult and too much work’, especially in light of its 
lack of storage facilities and the limits imposed by regulations. Another 
brewer (14) was interested in selling the spent grain to bakeries, but time was 
the main constraint to developing this option, and like other alternative 
options it remained at the experimental level. 
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Brewers often mentioned such economic factors in combination with pro-
duction variables, specifcally an insuffciency of equipment or storage space, and 
several brewers (e.g. 18, 32) stated that they lacked the equipment to dry the 
spent grain and store it for longer periods. Moreover, EU and national regu-
lations on fodder production require safe storage of spent grain, as emphasised 
by brewery 18. Yet it is noteworthy that many medium-sized and large brew-
eries (6, 10, 22, 27, 28, 30 and 31) did not perceive production variables, 
including transport, to be a barrier to implementing new options, or as a neg-
ative aspect of current operations. 

Securing the investment fnances needed to upgrade or replace the equip-
ment that would enable alternative uses of spent grain was also seen as a 
barrier. Brewery 2 noted that it had run trials to dry and burn the spent grain 
for energy production, but that it would need to invest in new equipment to 
do so on a large scale. Brewery 4 observed that its brewing equipment was 
old and therefore resource ineffcient. In particular, the vessel that separates 
the wort from the spent grain is crucial for the effcient use of malt and water 
and hence for reducing the amount of spent grain per volume of beer pro-
duced. However, investment in such equipment had so far been outcompeted 
by more customer-focused investments, most recently a new bottling line. 

Some respondents (7, 25) noted that the expected low returns from invest-
ments in alternative uses of spent grain made it diffcult to access fnance from 
within the frm, while others (e.g. 1) emphasised the importance of having a 
good business case, including for ‘green’ projects. Indeed, many mentioned 
the need for cost effciencies in all parts of an operation and this was related 
to the strong competition and low-value nature of beer (2). In this regard, 
one brewery (32) observed that getting approval for a project with a payback 
time of more than two or three years depended on the size of the investment 
and how well it compared to competing projects. As mentioned above, 
brewery 4 had recently invested in new, expensive bottling or flling lines, 
requiring signifcant fnancial resources. 

Firm size also infuenced a frm’s ability and willingness to invest. Several 
breweries (5, 7, 23, 24 and 28) observed that their small size reduced their 
ability to pursue alternative spent grain options, and brewery 24 noted ‘we 
are too small, and the alternatives are too complicated and costly’. 

Given the above considerations, the opportunities to implement greener 
products and techniques may well be greatest in situations where core 
brewing activities are undergoing signifcant changes, such as when produc-
tion capacity is expanded (31) or the brewery is relocated to a new site (17). 
Regarding CSR as a factor for spent grain usage, one important regulatory 
barrier mentioned (by brewery 1) was the lack of a system whereby the 
brewery could receive carbon credits for the biogas produced ‘off-site’ by 
other companies from its spent grain. This limited the CSR benefts of selling 
spent grain to third-party biogas producers. 
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6.6.4 Involvement in research and development projects 

Nine of the thirty-two breweries interviewed mentioned R&D projects, and 
thirty-nine statements relating to R&D were obtained (Table 6.4). Twenty-
two statements on R&D concerned opportunities for engaging in future 
R&D projects, while only nine referred to current R&D activities, refecting 
a generally low level of engagement in such projects. That said, the vast 
majority of brewers were continuously engaged in the development of new 
products, product variants and process optimisation without perceiving these 
efforts as R&D projects. Addressing sustainability issues was rarely the focus 
of these activities. In the words of brewer 19, ‘We don’t think about research 
because it is product based, so we say, “OK, here’s something we can do 
better”, and then we need to fnd a solution to make it better’. 

Breweries with ongoing R&D projects were collaborating with research 
institutions, as well as private companies. Two Danish brewers (1, 2) were 
working with the Technical University of Denmark on spent grain innova-
tions and sustainable packaging. One Norwegian brewery (30) was collabo-
rating with the Norwegian University of Life Sciences and a food company 
on a project to develop cattle feed based on spent grain mixed with tradi-
tional feed ingredients and tailored to the production of high-value wagyu 
meat. There were also R&D collaborations in other areas of sustainable pro-
duction. For example, brewer 2 was working with several frms and muni-
cipal institutions on energy effciency and industrial symbiosis, while brewer 
1 was working with the Carbon Trust to measure the carbon footprint of its 
value chain and develop a road map to meet its targets for reducing green-
house gas emissions (The Carbon Trust, 2017). Lastly, some breweries were 
engaged in knowledge generation through meetings with other breweries or 
via the brewers’ association in their respective countries. 

Table 6.4 Number of interview statements by brewers in relation to factors and 
aspects of engagement in R&D projects 

Aspect Activities Opportunities Barriers Total 

Factor 
Economy 
Product 
CSR 
Production 
Regulation 

n = 6 
– 
3 
6 
– 
– 

n = 5 
3 
3 

12 
3 
1 

n= 4 
7 
– 
– 
– 
1 

n = 9 
10 
6 

18 
3 
2 

All 9 22 8 39 

Note 
The table shows the number of statements in interviews related to each factor (economy, 
product, CSR, production and regulation) and aspect (activity, opportunity or barrier). The 
sign ‘n’ denotes the total number of breweries in the size class which made a statement on the 
aspect in an interview. The answers are from interviews with four large and fve small breweries 
that included R&D aspects in their answers. 
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Opportunities for taking up new R&D projects were a common topic 
addressed in interviews, where CSR was the dominant factor (Table 6.4). 
One brewer (1) was interested in assessing the broader environmental impact 
of alternative uses of spent grain in relation to energy, land use and green-
house gas emissions. Also from a sustainability perspective, two brewers were 
interested in research projects on energy effciency and renewable energy 
(2, 5), while a long-term objective of brewer 5 was certifcation in LEED 
(Leadership in Energy and Environmental Design), a green building rating 
system (US Green Building Council, 2017). Other favoured topics were 
water savings, sustainable packaging and ways of reducing the company’s 
overall environmental footprint. Brewery 22 emphasised that more informa-
tion and learning possibilities were critical for transitioning to more sustain-
able production: 

This is not a matter of subsidising investments and upgrades. This is a 
matter of obtaining information on feasible ways of improving produc-
tion processes, i.e. consumer information in the same sense as you get 
when you buy domestic appliances. In other parts of the primary sector, 
e.g. agriculture, it is common to have knowledge and counselling 
centres. 

Brewery 9 likewise stressed the need for increased knowledge generation and 
sharing within the craft brewery side of the industry. 

The perceived barriers to engaging in R&D projects were mainly eco-
nomic (Table 6.4). One brewer (9) found that the labour costs of preparing 
funding proposals were a key obstacle, while another (19) anticipated that 
entering into R&D projects would involve signifcant operational costs in 
terms of professional and administrative staff time. There were also perceived 
regulatory barriers to involvement in R&D, such as compliance with the 
EU Best Available Techniques (BAT) regulation (Kawa & Luczyk, 2015; 
Kristiansen, johansen, Mou & johansson, 2011; Olajire, 2012). Hence, 
brewery 2 anticipated the risk that their R&D projects would be viewed as 
either too broad or not feasible to implement under BAT rules. 

6.7 Conclusion 

The management of spent grain observed in the case study categorises it as 
part of the bio-resource vision, while alternative uses would introduce the 
other two visions, bio-technology and bio-ecology, as well as opening a 
debate around system boundaries. For example, if a brewery used spent grain 
for biogas production to enhance their greenhouse gas performance, it might 
have negative consequences for the sustainability of the wider system, i.e. for 
farmers, food production and land use. Our study also showed that the 
Nordic brewing industry has not developed a clear vision of the bioeconomy 
in relation to its organic residues, let alone implemented major initiatives in 
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this area, thus confrming the common view of the industry as ‘traditional in 
approach’ (Bamforth, 2000). 

Several of the alternative uses of spent grain discussed in this chapter could 
potentially enhance value creation and capture and perhaps even provide 
brewers with a sustainable competitive advantage. First, brewers could obtain 
a higher price for the spent grain compared to the present situation, which 
will have a direct fnancial impact. Second, brewers could promote their 
alternative uses of the spent grain and thus increase their branding value. Yet 
there are also reputational risks involved in denying farmers access to a local 
feed resource by diverting spent grain to other uses, and brewers could get 
entangled in the food-feed-fuel debate by using spent grain for energy pro-
duction. Notably, given the historical lack of innovation in this sector, imple-
mented new uses of spent grain would take time to imitate, thus creating at 
least a temporary competitive advantage for the frst movers. 

The spent grain valorisation pathways identifed by this and other studies 
are clearly downstream and involve other value chains, meaning their realisa-
tion must include other industry actors. Brewers need to acquire new market 
knowledge, especially about downstream complementary assets (Roy & 
Sarkar, 2016). This requires internal strategies for acquiring knowledge and 
depends on collaboration with non-brewers who possess the required know-
ledge and resources, including processors, technology suppliers, researchers 
and fnanciers. Brewers’ current limited engagement in collaborative R&D 
projects appears to be a hindrance to pursuing such a strategy. 

Deploying new pathways and business models for spent grain will have 
consequences not only for the actors in the brewery sector and downstream 
sectors directly engaged in spent grain utilisation, but also for wider society 
when spent grain fnds new uses. The geographic context of the breweries 
infuences the possible demand for valorisation of spent grain, such as the 
demand for use as feed. In order to understand which valorisation pathways 
are ‘better’, one must investigate several questions: In which sustainability 
dimension(s) is one pathway better than another? Who is the pathway better 
for? What business model innovations will the pathway rely on? What kinds 
of breweries would it be relevant for? A further topic for future research is 
the development of industrial symbiosis between breweries and other industry 
actors with the potential to valorise the spent grain and other resources such 
as excess heat, water, etc. A fnal important topic is the interaction with inter-
mediaries through which brewers can access better knowledge about possible 
new applications, markets and technologies. 
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7.1 Introduction 

In this chapter, we examine the key mechanisms that drive the evolution of 
the meat and animal by-product (ABP) sector towards a circular bio-based 
economy. A circular bioeconomy cuts across sectors and industries and 
includes the production of renewable biological resources as well as the utili-
sation of side-streams and residues for high-value products in food, feed, bio-
based materials, chemicals, cosmetics, pharmaceuticals and energy. Many of 
the sectors that are relevant for a circular bioeconomy are primary sectors, 
such as ‘agriculture’ and ‘food, beverage and tobacco’, including meat 
processing and animal by-product industries. In the European Union the 
‘agriculture’ and ‘food, beverage and tobacco’ sectors combined are currently 
leading the bioeconomy in terms of turnover (estimated at 75%) and employ-
ment (80%) (Ronzon, Santini & M’Barek, 2015). 

Although new technologies are a prerequisite for a bioeconomy, technolo-
gical development alone is not suffcient (Pyka & Prettner, 2018). Transform-
ing industrial sectors is a co-evolutionary process of systemic changes of 
interrelated elements that, besides knowledge and technology, include actors, 
networks and institutions (Malerba, 2002, 2005a, 2005b). It is also a highly 
spatially dependent process, shaped by place-specifc factors such as geography 
and industrial structure (Coenen, Benneworth & Truffer, 2012; Hansen & 
Coenen, 2014). In this chapter, we focus on the dynamics of the meat 
processing and ABP sector and the patterns and strategies of value creation 
that characterise companies in this industry. 

The analysis reveals a sector which is highly shaped by its regulative 
environment, in the sense that regulations decide input and output and defne 
the room actors can manoeuvre within in their search for value creation. 
Similarly, we fnd that place-specifc factors infuence the range of opportun-
ities available for actors in each of the nationally embedded sectoral innova-
tion systems. 

The chapter is structured as follows. The following section briefy intro-
duces the theoretical approach the chapter draws upon. Section 7.3 introduces 
the empirical section with a short description of the inherent and diverse 
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nature of ABP, followed by a presentation of the industrial characteristics in 
the two countries in focus for this study, namely Denmark and Norway. 
Finally, we present the key institutional framework that guides the behaviour 
of frms in this sector before analysing how meat processing and ABP com-
panies act within these changing settings. Section 7.4 discusses and concludes 
the main fndings in relation to the questions raised in the Introduction. 

7.2 Theoretical background and approach 

The chapter draws on the conceptual understanding outlined in Chapter 3 that 
sees innovation as key for the transformative changes towards a circular bio-
economy. It builds on a systemic and evolutionary understanding of socio-
economic and socio-technical systems, and their change processes. Sectors such 
as the meat-processing and ABP industry are formed by a set of activities that 
are unifed by related product groups and share a common knowledge base. 

Sectoral innovation systems such as the meat-processing and ABP industry 
are constituted by different elements such as actors (frms, universities, 
research institutes, NGOs, consumers, policy- and lawmakers, etc.), know-
ledge and learning processes, technologies, inputs and demand, networks and 
institutions (Malerba, 2002). The elements of the system co-evolve over time, 
resulting in processes of change that enable the transformation of the system. 
Moreover, rates and types of innovation differ greatly across sectors depend-
ing on the level of technological development, institutional settings, market 
opportunities and processes of selection (Malerba, 2005a). 

Taking a systemic perspective implies focusing on the dynamics of sectors 
or industries, meaning how constituting elements co-evolve over time, rather 
than static comparisons of industry structures and their performance at a given 
point in time. In particular, the explanatory focus is on factors and mecha-
nisms that drive these change processes; in other words, it entails under-
standing the laws of motion for a specifc industry. 

Furthermore, characteristic for the systemic perspective is its focus on 
interdependencies and links between related industries. Boundaries of sectoral 
systems are not fxed but rather change over time. In particular, for the food 
industry, the vertical links and coordination between different production 
activities or nodes in the value chain have been shown to play a signifcant 
role in the innovative behaviour of frms (Karantininis, Sauer & Furtan, 
2010). Historically, the hierarchical market structure of the food industry has 
often been explained by a relatively weak appropriability regime (Peneder, 
2010), meaning the possibility for protecting knowledge and innovations 
from imitators is low. However, in pace with an increasing innovative 
behaviour, the market structure of the industry changes, which results in a 
movement towards vertical integration upstream in the value chain (Karan-
tininis et al., 2010). 

Finally, in a sectoral innovation system perspective, institutions play a key 
role in shaping input and demand, as well as the interactions between market 
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and non-market actors. Although institutions are most often seen as a stabilis-
ing element of the system, they may also play a role in fostering novelty and 
transforming sectoral systems. In particular, a disruptive change in institutional 
settings, such as the introduction of a radical change in regulations, funda-
mentally changes the belief system and established practices of an industry, 
and potentially leads to changes in innovative behaviour. 

In the meat-processing and ABP industry, a major driving force is precisely 
institutional change in the form of regulations to protect the health of humans 
and animals. Since the 1990s, regulative changes have become the key mech-
anism of change affecting and shaping input and demand of the industry. The 
main input is defned as side-streams from meat and livestock production. 
Because of their human and animal health and welfare risk, ABPs are a 
heavily regulated raw material. The main demand is likewise shaped by 
market regulations such as trade barriers and sanctions, which is characteristic 
for agri-food products. Whether trade barriers are supported by arguments of 
health or environmental reasons or politically motivated as a consequence of 
a bilateral, diplomatic crisis, trade barriers have huge consequences for the 
market opportunities of the meat and ABP industry. Together, regulations 
shape the input and demand of the industry and thereby also infuence market 
opportunities and innovative behaviour of frms in the industry. 

The following section will elaborate and exemplify these dynamics through 
our empirical insights of the meat processing and ABP industries in Norway 
and Denmark. The analysis builds on 20 interviews: 12 interviews with actors 
from the industry in Denmark and eight interviews with actors from the 
industry in Norway. The interviews were conducted from 2015 to 2018 and 
aimed to cover topics such as the key dynamics of the industry, the historical 
development and key events of the industry, innovative practice and the 
development of markets and new products. In addition to the interviews, the 
analysis builds on secondary material such as EU directives, historical news-
letters from interest organisations, articles from news media and reports and 
secondary literature of the sector. 

7.3 The meat processing and ABP industry 

The meat processing and ABP industry primarily encompass two types of 
frms: producers of ABPs and processors of ABPs. The production of ABPs 
occurs in all the nodes of the meat value chain from animal production, at 
slaughterhouses, and at the facilities of further meat processors (see Figure 
7.1). Processing of ABPs has historically been a task for rendering companies, 
which are dedicated ABP processors. Rendering companies have played an 
important role in securing and managing the huge amounts of by-products 
produced from the meat industry to avoid hazardous risks. Today, dedicated 
ABP processors include incumbent rendering companies but also new 
entrants where the focus is also on upgrading specifc types of ABPs (e.g., 
blood, hides and bones) for human consumption. 
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Figure 7.1 The meat processing and ABP value chain. Upper boxes are nodes (frms) 
in the value chain; lower boxes illustrate the fow of ABPs. 

7.3.1 Potential value of ABP 

ABPs are materials of animal origin that people do not consume. In the EU, 
over 20 million tons of ABPs are generated annually from slaughterhouses, 
plants producing food for human consumption, dairies and as fallen stock 
from farms (European Commission, 2018). ABPs have an inherently diverse 
nature, which offers varied possibilities for utilisation and conversion. ABPs 
contain miscellaneous compounds such as gelatine, protein, enzymes, fatty 
tissues, collagen and phosphates, which provide manifold possibilities for 
value-added products and applications through diverse bioprocessing technol-
ogies. For instance, animal protein can deliver a complete protein with a high 
biological value based on its amino acid profle (Mullen et al., 2017). Blood 
generation often presents a serious environmental issue because of its high 
pollutant capacity; however, it has exceptional nutritive value and excellent 
functional properties that give the potential to generate high-added-value 
food ingredients (Lynch, Mullen, O’Neill & García, 2017). Because of the 
diversity and heterogeneous nature of ABPs, technical methods that can be 
applied to valorise meat by-products are numerous and include, for example, 
ultrafltration, extrusion, lyophilisation, isoelectric solubilisation-precipitation, 
solvent extraction and enzymatic hydrolysis (Aspevik et al., 2017; Galanakis, 
2012; Mullen et al., 2017). The fnal choice of application depends on the 
types of the by-product and the local conditions where the raw materials are 
generated (Mullen et al., 2017). Local conditions relate, for instance, to the 
transportation distance from the slaughterhouses to the processing plant, 
which require methods to keep ABPs fresh for longer to ensure the best 
quality for further processing. Moreover, the volume of the rest raw materials 
at the processing plant level has implications for which processing technique 
is most suitable. In other words, it is not proftable to valorise small volumes 
of ABPs as this may lead to a negative cost-beneft analysis. 

Based on strict regulations, animal by-products are classifed into three 
categories. Category 1 (CAT1) is classifed as high risk, including entire 
bodies and all body parts of the animals associated with TSE (transmissible 
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spongiform encephalopathy), used for experiments and illegal treatments, 
infected with diseases and environmental contaminants and specifed risk 
materials (SRMs). CAT1 should be incinerated and only approved combus-
tion plants can receive CAT1 for treatment. Sources of energy such as electri-
city and biodiesel can be obtained through incineration. Category 2 (CAT2) 
is classifed as high risk, including animals and parts of animals unft for 
human consumption such as animals killed for disease control purposes, ABPs 
containing residues of authorised substances or contaminants exceeding the 
permitted levels and manure. CAT2 can be incinerated with or without prior 
processing, converted into organic fertilisers or soil improvers after process-
ing, or used as fuel for combustion. Category 3 is classifed as low risk, 
including carcases and animal parts being left from slaughterhouses, ft 
for human consumption, but not used due to commercial reasons. CAT3 can 
be processed to make pet food, or mink food, or utilised in even higher 
value-added applications in other industries like cosmetics, pharmaceutics or 
foodstuff. 

The meat processing industry has utilised ABPs for centuries. However, 
recent literature suggests that rich and multiple opportunities exist for upgrad-
ing the utilisation of ABPs (see, for instance, jayathilakan, Sultana, Rad-
hakrishna & Bawa, 2012; Lin et al., 2013; Matharu, de Melo & Houghton, 
2016; Mirabella, Castellani & Sala, 2014; Ravindran & jaiswal, 2016; Toldrá, 
Mora & Reig, 2016). In a bioeconomy context which aims to shift upwards 
in the waste pyramid (cf. Chapter 3), this literature shows that ABPs have 
the potential to deliver on a wide range of products from high-value products 
to lower-value products such as fertiliser and energy. Figure 7.2 provides an 
overview. 
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Figure 7.2 Rich and multiple opportunities to upgrade current use of meat by-
products (adapted from Toldrá et al., 2016). 



  

 

 

 

 

 

 

 

 

 

132 A. N. Tanner and N. Strøm-Andersen 

According to the waste pyramid, the dominating use of ABPs is character-
ised by the lowest part of the pyramid, namely recycling, recovery, energy 
and disposal. Today, the majority of by-products end up in the lowest part, 
recycled as pet food or feed for animals that do not enter the food chain (e.g. 
mink), fertiliser or as energy. The top of the pyramid – prevention and reuse 
– is the most preferable from an economic and environmental perspective 
(ECA, 2016). The main focus in this chapter is to study how companies in 
the meat processing and ABP industry facilitate processes of prevention, reuse 
and recycling of by-products to create higher added value for their resource 
base (e.g. for human consumption), through process and/or product 
innovations. 

7.4 The meat processing and ABP sector 

The meat processing and ABP sector has experienced a strong consolidation 
and internationalisation over the last 10–20 years, which has resulted in an 
intertwined network of companies that cuts across national borders. Com-
panies are often connected through interest shares or in supplier–buyer rela-
tionships. This is also the case for companies in Denmark and Norway: For 
example, DAKA (a Denmark-based rendering company) owns 10% of the 
shares in Norsk Protein; Farmfood receives the majority of the Norwegian 
poultry ABP (CAT2 material) at their facility in Løgstør in Northern 
Denmark. Nevertheless, the industry structure and geography of the two 
countries have a huge impact on the types and volumes of ABPs available in 
each country, and hence for the basis of input to the industry. In the follow-
ing, we give a short presentation of the key actors characterising Denmark’s 
and Norway’s meat processing and ABP sectors. 

7.4.1 Denmark 

The meat processing and ABP industry in Denmark is characterised by its 
very large animal production, especially regarding pigs (see Table 7.1 for a 
comparison of the size of animal production in Denmark and Norway). In 
particular, the Danish pig industry is very large compared to Denmark’s size 
and counts approximately 3,300 pig farms that together produce 31.9 million 
pigs annually (DST table ANI9). Together, the animal production, meat 
processing and ABP industry comprise 45% (approximately 85,000 people) of 
the total employment in the food industry in Denmark (Landbrug og Føde-
varer, 2017). In 2015, the turnover for the four largest co-operatives in the 
sector – Danish Crown, Tican, DAT Schaub and DAKA – reached US$10.7 
billion (Danish Agriculture & Food Council, 2016). In 2016, Tican became a 
privately owned company. Key actors in the Danish meat processing and 
ABP industry are slaughterhouses, dedicated by-product companies, interest 
organisations, universities and research centres, and more recently, small- and 
medium-sized technology developers that have entered the industry. 
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Table 7.1 Animal production in Denmark and Norway (2017 fgures) 

DENMARK NORWAY 
Animal production Animal production 
(in brackets, export of live animals) 

Pigs (in 1,000 ton) 1,896 (302.3) 137.2 
Poultry (in 1,000 ton) 174.4 (39.2) 101.0 
Cattle (in 1,000 ton) 135.2 (1.8) 85.2 
Egg production (in 1,000 ton) 68 66.7* 
Mink fur (1,000 units) 17,900 – 
Sheep (1,000 units) 76.5 (0.9) 1,376 

Sources: Statistics Denmark: ANI8, PELS1, ANI4, ANI6, ANI5, ANI9; and Statistics Norway: 
www.ssb.no/jord-skog-jakt-og-fskeri/statistikker/slakt. 

Note 
* 2015 numbers, source: www.ssb.no/280562/produksjon-av-kjot-mjolk-egg-og-ull-sa-345. 

The Danish meat industry builds on a long history based on cooperative 
ownership. Ever since the frst cooperative slaughterhouse was formed in 
1887 in Horsens, the industry has been capable of renewing itself through 
restructuring. In the 1970s the industry went through a national consolidation 
driven by technological development that justifed larger facilities. In the 
1980s consolidation was more market driven, where larger sizes made it easier 
to access new and larger markets (Tüchsen, 2014). 

In the last 15–20 years, the restructuring of the sector has been character-
ised by European consolidation and internationalisation of markets (Hansen, 
Egelyng, Adler & Bar, 2015). Today the industry in Denmark is characterised 
by four to fve large slaughterhouses (>500 employees) and around 100 
smaller (1–50 employees) ones. 

Danish Crown is one of the largest meat processors in the world. It is collec-
tively owned by farmers in Denmark and is responsible for 80% of all pigs and 
50% of cattle slaughtered in Denmark. TICAN was acquired by the German 
slaughterhouse Tönnies and is responsible for around 10% of pigs slaughtered in 
Denmark. Danpo is part of Scandi Standard, which is a leading producer of 
chicken-based food products in the Nordic region, with headquarters in 
Sweden. Danpo is responsible for the majority of chickens slaughtered in 
Denmark. Finally, Skare Beef and Himmelandskød each slaughter around 15% 
of cattle in Denmark. Slaughterhouses have recently intensifed their interest in 
valorisation of by-products by engaging in the restructuring of their production 
facilities and establishing subsidiaries dedicated to handle ABPs. One example is 
Danish Crown Ingredients, founded in 2014, and Farmfood A/S, founded in 
2003 (owned by Danpo, BHj and HKScan). The vertical integration of business 
areas related to processing ABPs indicates that the industrial structure is chang-
ing in order to protect knowledge, innovation and new market opportunities. 

In addition to slaughterhouses and meat processing companies, dedicated 
by-product processors include DAKA (part of the German Group SARIA) 

https://www.ssb.no/jord-skog-jakt-og-fiskeri/statistikker/slakt
https://www.ssb.no/280562/produksjon-av-kjot-mjolk-egg-og-ull-sa-345
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and BHj (part of LGI Group). These are also a result of the cooperative 
movement and have roots that date back to the beginning of the 1900s. 
During the last decade, dedicated by-product companies have likewise diver-
sifed by founding subsidiaries with a focus on specifc types of ABP as a 
strategy to increase the value of ABPs. For example, BHj’s subsidiary Essentia 
Protein Solutions has its main focus on food ingredients produced from 
Category 3 material. Essentia produces functional proteins to improve the 
functionality, taste and nutritional character of food products. DAKA has 
built similar business areas within ingredients, pet food, biodiesel, organic 
fertiliser, etc. 

The two main interest organisations representing the industry’s interests in 
Denmark are the Confederation of Danish Industry and the Danish Agri-
culture and Food Council, which also comprise SEGES, a research and 
innovation centre for agriculture and the food industry in Denmark. 
However, more importantly for the internationalised Danish industry is the 
European Fat Processors and Renderers Association (EFPRA) that lobby for 
the industry’s interest at the EU level. 

Finally, a low number of new technology developers have entered into 
partnership with some of the larger players in the industry to demonstrate and 
develop their technologies. These include, for instance, Lihme Protein Solu-
tions, Dacof and Upfront Technology. 

It is diffcult to estimate the exact volume of ABPs in the Danish industry. 
Based on our interviews we estimate >500,000 tons of ABPs are produced and 
handled in Denmark. Danish Crown produces 375,000 tons of ABPs per year. 
Besides this, Farmfood handles 140,000 tons of poultry by-products from 
Denmark, Sweden and Norway (including 80% of Norwegian ABPs). Inter-
views with actors in the industry disclose fallen volumes of ABPs, which results 
in increased competition on ABPs. For example, DAKA has recently (August 
2018) closed their smallest processing facility because of reduced volumes of 
blood. The decreasing volumes are caused by new valorisation paths of ABPs 
(e.g. mink food and ingredients); an increasing export of live animals (e.g. 
piglets); and an increasing sale of products that were previously Category 3 
material but are now sold to Asian markets (e.g. pig ears, gallstones). 

7.4.2 Norway 

The meat processing and ABP industry is the biggest sector by employment 
(25%) and the second largest sector by revenue (21%) in the Norwegian food 
and beverage industry (2016 statistics presented in Prestegard, Pettersen, 
Nebell, Svennerud & Brattenborg, 2017). All Norway’s meat consumption is 
covered by Norwegian producers, with the exception of some beef that is 
imported duty-free from Botswana and Namibia. The sector is organised by a 
few large companies and a number of small- and medium-sized enterprises, 
with a total of 319 companies. In 2016, the sector had a revenue of US$6.1 
billion and 11,477 employees (Prestegard et al., 2017). The key actors in 
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Norway are meat processing companies, rendering companies, the meat and 
poultry confederation and research centres. 

Nortura is Norway’s largest meat and egg producer, and is collectively 
owned by Norwegian farmers. The company is a major player in the food 
industry in Norway, which accounts for 70% market share (2014 data collec-
tion). Nortura has more than 30 slaughterhouses spread all over Norway. 
Nortura’s total production/slaughter tonnage is 428,900 tons a year (2014 
data), in which cattle account for 78,100 tons; lambs and sheep 23,600 tons; 
pigs 128,500 tons; eggs 94,100 tons; and chicken and turkey 104,600 tons. Its 
daughter company, Norilia AS, is in charge of handling by-products gener-
ated from all Nortura’s slaughterhouses, which are considered to be 35% of 
the entire production (approximately 150,000 tons). Nortura has two other 
daughter companies – Norsk Hundefor AS and Norsk Dyremat AS – that 
produce pet food from ABPs for international and domestic markets, respec-
tively. The rest of the meat processing industry is composed of a few 
medium-sized companies such as Norsk Kylling AS, Fatland AS, Grilstad AS 
and other small private companies. 

Norsk Protein AS is the only rendering company in Norway that receives 
by-products from slaughterhouses and meat processing companies, specifed 
risk materials (SMR) and dead animals. The company has fve production 
plants (three plants for CAT3 and two plants for CAT1) receiving ABPs from 
all over Norway, distributed in four locations from north to south, namely 
Balsfjord, Mosvik, Hamar and Grødaland. There are no CAT2 plants in 
Norway, so CAT2 is sent to CAT1 treatment plants, and partly to Denmark. 
In accordance with current regulations in Norway and the EU, the company 
further reprocesses the CAT3 raw materials to meat and bone meal (MBM), 
and animal fat. Norsk Protein AS was established in the 1970s, and is cur-
rently owned by Nortura SA (67%), the Norwegian Confederation of Meat 
and Poultry (KLF) (23%) and DAKA Denmark AS (10%) (KLF, 2016). Norsk 
Protein received a total of 197,831 tons of rest raw materials from slaughter-
houses in 2017 (Norsk Protein, 2017). Norsk Protein is also represented in 
EFPRA, the European interest organisation for rendering companies. 

Other actors that play an important role in the industry network are the 
Norwegian Confederation of Meat and Poultry (KLF) and the Norwegian 
Meat and Poultry Research Centre (Animalia). KLF, founded in 1910, is an 
interest and industry organisation that represents the privately owned, free-
standing part of the meat, egg and poultry industry in Norway. Animalia is 
Norway’s leading research and development specialist in meat and egg pro-
duction, providing knowledge and expertise through domestic animal inspec-
tions and veterinary health services, business-critical technical systems, research 
and development projects, e-learning and training activities, communication 
and other forms of knowledge-sharing. On january 1, 2018, Animalia left 
Nortura SA as a separate limited company. Animalia AS is now owned by 
Nortura SA (66%) and the Federation of Meat and Poultry Industries (KLF) 
(34%). Previously, the company was organised as a department in Nortura. 
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Because of the geographical characteristics of the country, slaughterhouses 
in Norway are small and scattered, which makes it diffcult to collect and 
handle ABPs. Valorisation of ABPs involves the entire process of developing 
new business areas in markets and technologies, in which meat and ABPs 
companies have somewhat limited knowledge and experience. For example, 
to enter the international ingredient markets for human consumption (pro-
teins and fats), Norwegian meat companies encounter a series of challenges 
related to, for instance, market entrance, distribution channels and brand rep-
utation. The industry is aware of many new, potential technologies that can 
be used to process ABPs. However, it takes time to learn, acquire and select 
the right ones given the inherently diverse characteristics of ABPs. In addi-
tion, developing innovation is costly. Lack of risk capital funding is another 
issue that challenges the industry in commercialising research results. Despite 
these drawbacks, the ABP industry in Norway is strategically seeking higher 
value markets. 

Summing up, the key difference between Denmark and Norway can be 
characterised by the word size. With almost the same population size yet 
Norway’s land area being seven times that of Denmark, the population 
density is much higher in Denmark (131/km2) than in Norway (15.5/km2). 
To cover the vast area of farmland slaughterhouses in Norway are smaller and 
scattered across the country, whereas in Denmark slaughterhouses are fewer 
in number and much larger. Taking Denmark’s smaller size in area into the 
equation, ABPs are more easily collected and transported in Denmark. 

It is not only differences in the two countries’ geography that infuence 
the input and hence the possibilities for value creation, but also the industrial 
size and structure. Primarily, Denmark’s pig production is one of the largest 
in Europe and the two slaughterhouses Danish Crown and Tican (Tönnies) 
are among the largest in Europe. Company size in terms of fnances, geo-
graphical markets and volumes of meat and ABPs are important for the value 
creation strategy, in particular in terms of possibilities to fnance new initi-
atives and to access the right volumes and type of ABP input. Hence, the 
larger volumes and easier transportation of ABP in Denmark place the 
Danish industry in a better position to create and utilise new market 
opportunities. 

7.5 Regulation of the meat processing and ABP 
industry 

To understand valorisation of ABP, it is important to acknowledge that it is a 
heavily regulated feld. Interviewed actors in the industry unambiguously 
mention regulations as the key infuential factor shaping the industry. EU 
laws and directives regulate both inputs to the industry in terms of types and 
volumes of ABP and the demand and market opportunities primarily through 
export bans and import barriers, as well as through regulations on nutritional 
and health claims on novel food products (see Figure 7.3). Indirectly, these 
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Regulations define type 
and volume of ABP 

(input): 

• TSE Regulation No 
999/2001, 728/2015 

• EU Regulations 
1774/2002, 1069/2009 
and 142/2011 

Actors align conditions 
shaped by input and 
demand in search of 

value and market 
opportunities 

Regulations define 
market opportunities 

(demand): 

• Regulation(EU) No 
1924/2006, No 353/2008, 
No 1169/2009 

Figure 7.3 Value creation dynamics in the meat processing and ABP industry. 

regulations also shape interactions between market and non-market actors as 
well as the practices of companies guiding innovative activities and strategies 
in search of new market opportunities. 

7.5.1 Mad cow disease and EU-regulations 

The historical background of the main regulations on the input side dates 
back to the outbreak of ‘mad cow disease’ (i.e. Bovine Spongiform Encephal-
opathy, BSE) in the mid-1980s, which proved to have far-reaching con-
sequences for the industry. As a result, besides huge economic losses and the 
killing of millions of animals, it culminated in very comprehensive regulations 
on the handling and use of animal by-products, which disrupted the whole 
industry, and today permeate everything the industry is doing. The con-
sequences were huge for the UK economy and the animal production indus-
try. It is estimated that 180,000 cattle were affected and 4.4 million cows 
were killed during this period. By comparison, in Denmark only 15 cows 
with BSE have been detected along with three incidents in cows exported 
from Denmark. 

In 1986, the frst incident of BSE was diagnosed in the UK, although it is 
believed the disease had existed for several years prior to this. Investigations at 
the time showed that the spread of BSE occurred through the feed produced 
at rendering companies. Infected animals, either alive or fallen stock, were 
sent to the rendering factories and used in the production of MBM, which 
was used in feed to cattle and other livestock. Consequently, this cycle multi-
plied the spread of BSE across the UK. 

The connection between BSE and the human variant, Creutzfeld-jacobsen 
Disease (CjD), was not discovered until 1996. Consequently, from the late 
1980s and until the early 1990s it was believed that there was no human risk 
from eating beef infected with BSE. However, in March 1996 when the frst 
announcement about a possible link between BSE and CjD was made, it 
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resulted in a total import ban on UK beef and cattle to the rest of Europe. 
The ban was only lifted in 2006. To date, 177 people have died because of 
contracting the human variant of BSE. 

In 1990, the frst EU regulative ban on using ruminant MBM in feed for 
ruminants was introduced. It was a way to inhibit the further spread of BSE 
by breaking the vicious cycle. In 1994 this ban was expanded to concern 
protein feed from all animals (including pigs, poultry, etc.) to ruminants. In 
2001 the EU imposed a total ban on using any remains of all animals in feed 
for livestock (TSE Regulation No 999/2001). The TSE Regulation No 
999/2001 was introduced throughout EU as well as in Norway from january 
1, 2001 (Nærings- og fskeridepartementet & Landbruks- og matdepartemen-
tet, 2004, 2016). The main argument was that feed for ruminants was too 
easily contaminated during production, storage or transportation with MBM 
produced as feed for pigs and poultry. Hence, it was assessed to be a risk that 
ruminants would be fed with ruminant proteins. Consequently, the total ban 
on using any animal by-products in feed for any animals was a means to meet 
the human health risk of consuming beef. 

From one day to the next it changed the market situation for the whole 
industry. In Denmark, this caused a huge bottleneck in the system. DAKA, 
which was the main purchaser at this time, experienced their previous market 
for animal feed being disruptively shut down overnight. This resulted in an 
accumulation of 180,000 tons of MBM at DAKA with no potential purchas-
ers. As a result, the product totally lost its value, which sent the company out 
in search of other markets and a process of restructuring and reorganising its 
business. 

Also in Norway, the sudden introduction of the TSE Regulation yielded a 
signifcantly higher price than alternative solutions such as landfll, combus-
tion or fertiliser. This new regulation changed the price of MBM accordingly 
from a positive value of NOK 2–3 per kg to a negative value of NOK 2–3 
per kg overnight. Similarly, in Denmark, interviewees report that they had to 
pay the incineration and cement industry 600–700 DKK per ton. The neg-
ative prices for the rendering companies were imposed on the slaughterhouses 
that delivered raw materials to rendering companies. 

In 2002 another set of regulations was introduced in the EU (EU Regula-
tions 1774/2002, later replaced by EU Regulations 1069/2009 and 142/2011), 
which regulates the use of animal by-products throughout the entire food 
chain. This set of regulations introduced the categorisation of ABP in three 
categories, CAT1, CAT2 and CAT3, introduced in section 7.3.1. 

7.5.2 Market regulations: novel food products and trade barriers 

Another type of regulation is the EFSA’s regulation (European Food Safety 
Authority) on nutrition and health claims (Commission Regulation (EU) No 
1924/2006, No 353/2008, No 1169/2009). In order to protect consumers, 
health claims need to be justifed scientifcally. The EFSA regulation places 
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high requirements on the labelling of, for example, functional food products. 
In practice, this means that, in order to make use of health claims on new 
products, the claim has to be proven by clinical trials similar to the pharma-
ceutical industry, which is assessed to be too costly in time and resources for 
companies in the food industry. 

Trade with ABP and food products is highly regulated. Traditionally, food 
products have been included in trade barriers and sanctions supported by 
arguments of health or environmental reasons. Trade barriers are also often 
politically motivated as a consequence of bilateral, diplomatic crises, and turn 
out to have huge consequences for the market opportunities of the meat and 
ABP industry. 

An example is the geo-political crisis between Russia and EU that resulted 
in, on August 6, 2014, a Russian decree prohibiting, for one year, imports 
into the territory of the Russian Federation of certain agricultural products, 
raw materials and foodstuffs originating from EU countries, Norway, USA, 
Canada and Australia (European Commission, 2017). The embargo was later 
extended until August 5, 2016, and then further prolonged until December 
31, 2017 (European Commission, 2017). 

This important event led to price fuctuations on the international raw 
materials market, and signifcantly impacted the industry on its rest raw 
materials base. Products on the banned list included meat of bovine animals; 
pork, poultry meat and edible offal in all forms (fresh, chilled or frozen); saus-
ages and similar products of meat; meat offal or blood; and the fnal food 
products based thereon (European Commission, 2017). For example, while 
Nortura used to export large quantities of ABPs to Russia, after the ban it was 
forced to fnd other solutions, and to search for valorisation alternatives. 

7.6 Change in innovative behaviour 

This section analyses how companies navigate the highly regulated space we 
have outlined above. The question is how companies approach market 
opportunities and different market segments based on the institutional settings 
which regulate the type and volume of input and not least the market 
options. Figure 7.3 illustrates part of the regulative space which sets the 
overall framework of the meat processing and ABP industry. 

For slaughterhouses, the introduction of the TSE regulation and the cat-
egorisation of ABP types led to increased attention being paid to the process-
ing and collection of ABP. In the frst period after the new regulation was 
introduced, the main activities aimed to optimise slaughtering processes and 
reduce losses at the slaughterhouses to increase the overall value of ABP. As a 
result, a signifcant amount of CAT1 material was upgraded to CAT3 with a 
much higher value. In Denmark, the Technological Institute assisted the 
Danish industry in optimising, sorting and collecting ABP, so the different 
categories of ABP materials were kept apart. If any CAT3 or CAT2 materials 
were in contact with CAT1 material, this would devalue the material to 
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CAT1. Similar process innovation took place in the Norwegian meat and 
ABP industry. 

Rendering companies also changed their innovative practice in the years 
that followed the introduction of ABP regulations. They focused on organ-
isational, process and product innovation. At the least, larger rendering com-
panies had to restructure their production facilities to run three separate 
streams of material (CAT1, CAT2 and CAT3) at different plant sites. CAT1 
was prepared as MBM for incineration, CAT2 had to be sterilised before 
being used as fertiliser and CAT3 principally found a use as pet food. 

In both countries process and product innovation is still an ongoing activ-
ity characterising valorisation of ABP. For instance, Nortura collaborates with 
SINTEF and other research centres to optimise meat cutting and minimise 
waste. The process of distinctly categorising ABP and organic side-streams 
into different groups for optimal treatment and further processing enables 
more fexible and sustainable food processing. Furthermore, the company 
attempts to better organise process innovation by developing cooling systems 
at slaughterhouses and during transportation to keep the raw materials fresh. 

Product innovation has been given attention where the industry seeks 
higher value-added applications. Norilia recently launched two innovation 
projects: eggshell membrane extracted and provided to the medical industry 
for wound treatment, and protein in various forms and applications obtained 
from enzymatic hydrolysis technology in a biorefnery opened in 2018. At 
the same time, another company, Norsk Kylling AS, has also established an 
enzymatic hydrolysis plant to utilise its by-products. Processing by-products 
to high value-added applications and products such as protein has proven to 
be a crucial strategy for the industry. 

7.7 Regulative adjustments 

As stated above, the EU regulations on ABP introduced in 2001 (amended in 
2015) following the BSE scandal condition the type and volumes of input to 
the ABP industry. This also means that if this law is changed, the input 
foundation of the industry changes. A highly regulated feld such as the meat 
and ABP industry provides strong incentives for the industry to engage in 
institutional entrepreneurship (Dorado, 2005; Leca & Boxenbaum, 2008). 
This occurred in 2015 when the defnition of the specifed risk material 
(SRM) in the TSE regulation was amended based on a scientifc opinion 
published by the EFSA (2014). With this change, a large amount of bovine 
intestines (approximately 30kg per cow) was moved from the SRM list (i.e. 
CAT1) to CAT3 material. As a consequence, the volumes of CAT3 material 
increased signifcantly and caused a signifcant drop in prices. 

This situation threatened the European rendering industry and their 
interest organisation, EFPRA, started lobbying for expanding market oppor-
tunities of processed animal proteins (PAP), including lifting the export ban 
of PAP. Originally, the export ban of PAP was to hinder PAP from also 
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being used in animal feed outside the borders of EU. However, the argument 
EFPRA put forward was that the EU had the strictest regulations in the 
world and whether or not EU rendering companies export PAP to be used in 
animal feed, PAP is used anyway in animal production outside Europe. 
Therefore, to assist the industry in creating a market for PAP, the EU agreed 
to lift the export ban on PAP. Likewise, the EU has assisted in creating new 
markets as a result of industry players’ lobbying activities, such as allowing 
PAP in aqua feed. 

7.8 Conclusion 

This chapter has analysed the co-evolutionary development of the meat 
processing and ABP industry in Denmark and Norway from a sectoral 
innovation system perspective. We have shown how the value creation strat-
egies of frms co-evolve with institutional change, input and demand, organ-
isational changes and knowledge and technological development. 

In particular, institutional changes in the form of regulations have a huge 
impact on the strategies of frms in value creation processes. First, the EU 
regulations on ABP introduced in 2001 after the BSE scandal condition the 
type and volumes of input to the ABP industry. Second, we demonstrate that 
temporary trade barriers such as import/export restrictions between countries 
infuence the market creation possibilities, and hence the demand for meat-
and ABP-based products. These temporary import boycotts therefore have a 
huge impact on price formation in the industry and infuence market 
dynamics. As a result, actors align the conditions shaped by input and output 
in their search for new valorisation paths and market opportunities. 

Second, we conclude that differences in the two countries’ industrial struc-
ture and geography infuence the input and hence the possibilities for value 
creation in different ways. Primarily, Denmark’s pig production is one of the 
largest in Europe and the two slaughterhouses Danish Crown and Tican 
(Tönnies) are among the largest in Europe. Because of Denmark’s small size 
in area, ABPs are more easily collected and transported to customers or 
processing facilities. By comparison, the slaughterhouses in Norway are 
smaller and scattered across the country. Company size in terms of fnances, 
geographical markets and volumes of meat and ABP is important for the 
value creation strategy – in relation to possibilities to fnance new initiatives 
and to access input as well as the technological options for effcient processing 
technologies. In summary, the industrial structure, size and geography of the 
two compared countries put the Danish industry in a better position to create 
and utilise new market opportunities. 

Finally, in relation to our initial question of how the meat processing and 
ABP industry can contribute to a circular bioeconomy, we see diverging 
trends. During the last couple of decades, the valorisation of ABP has 
returned to the centre stage of the global meat industry. Slaughterhouses are 
increasingly interested and active in processing ABPs, which puts pressure on 
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the supply of raw materials for meat processors and dedicated ABP processors. 
Another tendency is that new processors have entered the value chain and 
dedicated by-product processors have been forced to change focus and secure 
their supply of raw-materials because of increased competition. 

The increased interest for valorising ABP is nevertheless faced with 
decreasing volumes of ABP in Denmark, partly because of a higher degree of 
utilisation of the animals and partly because of an increased export of piglets 
and live animals to Germany and Poland. The latter has consequences for the 
number of slaughtered animals at slaughterhouses in Denmark, which natur-
ally drops when the export of piglets and live animals increases. The other 
cause, a higher degree of utilisation of the slaughtered animals, is a con-
sequence of companies being able to sell new types of cuts to new markets 
(for example, pig ears, gallstones, etc. to Asian markets), which also causes a 
natural drop in volumes of ABP. This has, overall, led to higher competition 
of the remaining ABP, and prices have therefore gone up. 

However, increasing prices for ABPs provide companies with incentives to 
utilise ABPs to a higher value. Likewise, the EU regulations on ABPs and the 
categorisation of by-products have caused meat processing and ABP com-
panies to improve the utilisation of ABPs, which has led to a change in 
innovative behaviour. Prior to the introduction of the regulation in 2001, the 
industry did not innovate in relation to the use of ABPs. However, as we 
have argued in this chapter, the regulation caused meat processing and ABP 
companies to change innovative behaviour, resulting in new processes and 
products valorising ABPs. Put together, it is our assessment that the changes 
the ABP industry has faced during the last couple of decades and their interest 
in embracing the political agenda of circularity provide industry actors a 
strong incentive for valorising ABPs, adding to a circular economy. 
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8.1 Introduction 

In this chapter, we explore the possibilities for sustainable pathways for the 
increased valorisation of organic waste from the aquaculture salmon industry. 
The chapter has a special focus on valorisation of sludge of the land-based 
stage of salmon production, and is based on interviews with fsh producers 
and technology providers in Norway and Denmark. 

The chapter is organised as follows: after the Introduction follows a section 
on the background of aquaculture, summarising important trends in general 
for aquaculture and explaining the developments of salmon production, 
including waste streams and environmental regulations. In the Findings 
section we explain the current utilisation of the sludge and describe challenges 
in the current system. The analytical section addresses the main barriers for 
new path development, and describes the structural elements of a develop-
ment of sustainable aquaculture from the perspective of the recent literature 
on socio- technical transitions. 

8.2 Background 

8.2.1 Aquaculture trends 

Global demand for animal-based food products, particularly fsh, is increasing: 
the production of seafood from aquaculture has grown 15-fold since 1980 
and has doubled since 2000 (FAO, 2016). Aquaculture now produces over 
half of all fsh for human consumption in the world and is the world’s fastest-
growing food production sector (FAO, 2016). The growth in demand for 
seafood is largely driven by increasing wealth and urbanisation in developing 
regions of the world (FAO, 2016). In the developed world, concerns over 
sustainability issues, animal welfare, food safety and health are increasingly 
driving consumer behaviour with respect to seafood consumption (FAO, 
2016). Nevertheless, demand is expected to increase in all areas of the world 
over the next decade (FAO, 2016). 
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Economically, salmonids are the most important fsh family, comprising 
nearly 17% of the global seafood market, and have the largest commodity 
value of any group of fsh, with demand steadily growing (FAO, 2016). After 
years of overfshing Atlantic salmon (Salmo salar), and habitat damage from 
river damming and intensive aquaculture, capture fsheries are no longer 
commercially viable (Parrish, Behnke, Gephard, McCormick & Reeves, 
1998). Today, nearly all the world’s supply of Atlantic salmon is farmed, pro-
ducing 1.5–2% of the global aquaculture industry (Ernst & Young, 2018; 
FAO, 2016), and is the most economically important farmed salmonid 
(Asche, 2008; Ernst & Young, 2018). Trends and forecasts predict a large 
potential for growth (5% compound annual growth rate) in the Atlantic 
salmon industry (Ernst & Young, 2018). 

Scandinavia, Norway and Denmark in particular, has pioneered innovation 
and technological progress in the Atlantic salmon industry, resulting in 
increased productivity and reduced costs (Asche, 2008; Asche & Bjørndal, 
2011; Asche, Guttormsen & Nielsen, 2013; Asche, Guttormsen & Tveterås, 
1999; Asche, Roll, Sandvold, Sørvig & zhang, 2013; Kumbhakar & Tvet-
erås, 2003; Roll, 2013; Sandvold, 2016; Tveterås, 1999; Tveterås & Battese, 
2006). This innovation and expertise is also seen as a valuable commodity that 
can be exported and developed for other regions and fsh species (Ernst & 
Young, 2018; Paisley et al., 2010). Atlantic salmon production in Norway 
grew by a factor of 10 between 1990 and 2013 (FAO, 2016) and Norway 
currently produces over half of the world’s Atlantic salmon: 1.3 million tons 
of farmed salmon annually. Of this, 95% is exported, with a value of 61.5 
billion NOK (6.5 billion C) in 2016 (Ernst & Young, 2018). That year, the 
Norwegian industry itself (which also has holdings outside of Norway) 
reported record revenues of 212.7 billion NOK (22 billion C), a 300% 
increase compared to a decade earlier (Ernst & Young, 2018). In 2017, a total 
of 195 licences for juvenile production and 1,015 for grow-out farming were 
given in Norway. Elsewhere, Denmark has a long tradition of aquaculture 
and is now at the forefront of land-based technological solutions, especially in 
the development of Recirculating Aquaculture Systems (RAS) (Nielsen, 
2011, 2012). RAS has proven successful with eel and trout, and has recently 
been developed to produce Atlantic salmon completely on land at 
demonstration-scale facilities (Badiola, Mendiola & Bostock, 2012; Bergheim, 
Drengstig, Ulgenes & Fivelstad, 2009; Del Campo, Ibarra, Gutièrrez & Takle, 
2010; Kristensen, Åtland, Rosten, Urke & Rosseland, 2009). 

8.2.2 Salmon production 

Currently, in production-scale frms, farmed Atlantic salmon are raised in 
land-based freshwater farms as smolt then transferred to sea-based cages where 
they stay until they are ready to be slaughtered (Asche & Bjørndal, 2011; 
Sandvold & Tveterås, 2014). Figure 8.1 illustrates the production process 
for salmon, which is divided into three main steps: the freshwater phase in 
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hatcheries, the grow-out phase in salt water and the fnal processing at 
slaughterhouses. The hatcheries acquire fertilised eggs, which are hatched 
after a period in tempered freshwater. The fngerlings are kept in closed tanks 
until they smoltify and are ready for further growth in saltwater.1 This usually 
takes place when the fsh (named smolt) are 80–100 g. After vaccination, 
well-boats transfer the smolt to grow-out farms – foating cages at sea – and 
the salmon remain there until they reach a weight of 4–5kg. Thereafter, the 
mature salmon are transferred to processing facilities where they are slaugh-
tered. The whole production cycle takes three to four years. 

The environmental impact of this type of production is threefold. First, 
organic waste can have a negative impact on the environment. While the 
severity of impact on the eco-system will depend on the specifc local con-
ditions of the farm, the nitrogen and the phosphorus in the waste create algae 
blooms and anoxic conditions in the coastal water, which can kill other 
aquatic life (Wu, 1995). Second, the crowded nets attract sea lice, a parasite 
that costs the industry up to 1.5 billion C per year (Costello, 2009). The 
Norwegian industry suffered a 5% loss in harvest quality (versus 2015) and a 
mortality rate of 19%, up from 16% in 2015, corresponding to 53 million 
individual fsh (Ernst & Young, 2018). This has resulted in higher operational 
expenses in the industry and the introduction of new regulations by the Nor-
wegian government (Ernst & Young, 2018). Chemical mitigation of sea lice 
is expensive and ineffcient, causing additional adverse environmental impacts 
to coastal zones and becoming ineffectual with overuse (Burridge, Weis, 
Cabello, Pizarro & Bostick, 2010; Grant, 2002). Third, escaped fsh can have 
large ecological impacts. Inter-breeding between wild and more genetically 
homogenous farmed salmon has been shown to reduce the life and ftness of 
indigenous fsh populations over two generations (Thorstad et al., 2008). 

Therefore, several alternatives to the traditional schedule (one year in land-
based freshwater hatcheries; two years in sea-based cages in saltwater) are 
being considered, with the aim of shortening the period in the sea. One 
alternative is fully land-based production; another is moving the farm to off-
shore locations. These two options represent large operational, biological and 
technological changes, and substantial investments, with high risk. Other 
alternatives the industry is considering are closed underwater tanks, or foat-
ing basins in the grow-out phase. Currently, the majority of the salmon pro-
ducers in Norway are using a production line with an extended land phase. 
This means that the smolts are not released to the sea at the standard size at 
80–100g, but rather held in the closed surroundings in the hatcheries until 
they reach a weight of more than 250g.2 In the short term, an extended land-
based phase is the most realistic alternative to the traditional production 
schedule. Innovations and technological improvements for this alternative have 
become prevalent in recent years. For example, the two Danish frms are com-
pletely land-based, and Denmark is leading the innovation in this area. 

This reorganisation of the production strategy and connected operational 
activities will lead to two major changes. First, it will require large 
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investments for the industry in new hatcheries. These new hatcheries will all 
be using new water treatment technologies (RAS) (Badiola et al., 2012; 
Bergheim et al., 2009). Second, it means the volume of collected organic 
waste will increase substantially (Del Campo et al., 2010). In 2017, 330 
million smolts with an average weight of 150g were produced in Norway, 
generating 85,000 tons of sludge. These calculations assume a waste factor of 
1.5 for the sludge (Del Campo et al., 2010). Increasing the smolt weight to 
1kg, which is now permitted, will increase the volume of stored sludge to 
570,000 tons. Denmark’s capacity for waste generation is much smaller, at an 
estimated 150 tons, but, as the innovation leader, this represents a scale where 
new technologies for waste handling can be developed. Farmed salmon pro-
duction capacity in Denmark is currently 3,000 tons per annum. This calcu-
lation assumes 4.5kg per fnished fsh. 

8.2.3 Organic waste in salmon production 

The waste streams from salmon production will differ in shape and volume in 
relation to the different phases in the production process. In Figure 8.1, the 
different waste streams coming from the three different phases of salmon 
farming are illustrated. 

By-products from land-based hatcheries (frst phase in Figure 8.1) consist 
of feed residues and fsh faeces. The sludge is over 97% water but it is gener-
ally free of salt in juvenile smolt production (Badiola et al., 2012; Bergheim 
et al., 2009; Del Campo et al., 2010; Fivelstad, Bergheim, Hølland & 
Fjermedal, 2004). In contrast, waste from adult salmon in grow-out farms 
(second phase in Figure 8.1) will have salt content. The sludge is concen-
trated with a polymer and dewatered on a belt flter, which reduces the water 
content to roughly 80% feed (Badiola et al., 2012). Centrifuge technology 
can reduce the water concentration to under 70% feed (Kristensen et al., 

Figure 8.1 The organic waste streams along the production chain for salmon farming 
(by-products). 
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2009). Systems for drying sludge are theoretically able to reduce the water 
content to 20%. The sludge is rich in nitrogen, phosphorus and minerals (Del 
Campo et al., 2010). Because of this, there is interest in fnding pathways to 
valorise it for re-use. 

By-products from traditional grow-out farming remain in the sea (Figure 
8.1). Aside from ensilage (dead fsh), nothing is collected, and, with the 
salmon living in open nets, the organic waste is released into the local coastal 
ecosystem. We do not consider processing waste from the grow-out phase, 
because it is not collected in traditional cage systems. By-products from 
processing plants (blood, innards, heads, etc.) differ considerably from the 
waste streams from salmon production (Figure 8.1). We also do not consider 
waste from the slaughter of the fsh because this has similar valorisation path-
ways to slaughterhouse waste, discussed in Chapter 7. 

However, the literature on salmon production has thus far predominately 
focused on the grow-out phase (Asche, Guttormsen et al., 2013; Asche et al., 
1999; Asche & Roll, 2013). Except for Sandvold and Tveterås (2014) and 
Sandvold (2016), little research has been conducted in relation to the juvenile 
phase. Even less attention has been given to new and sustainable applications 
for the increased volumes of collected organic waste in this industry. There-
fore, this chapter analyses current valorisation pathways for the sludge from 
land-based production of juvenile salmonids. As the industry reorganises their 
production process in a more sustainable direction, some new challenges and 
opportunities appear concerning the handling of organic waste from land-
based systems. 

8.2.4 Environmental regulation and historical innovation in salmon 
production 

Norwegian legislation and regulations for freshwater fsh production have 
changed since the late 1970s, but not dramatically. As with the grow-out 
farms, the production of juveniles is highly regulated, and one needs a licence 
to legally operate in this sector. A number of requirements must be satisfed 
to obtain a juvenile licence, including access to a suffcient supply of fresh 
water, prevention of escapees, safe discharge of wastewater, as well as health, 
environment and safety requirements for the employees. juvenile production 
has traditionally been restricted by the maximum number of units that can be 
produced each year, and maximum production varies by farm depending on 
different environmental concerns. Currently, given licences place no restric-
tion on the number of units produced, but do place a maximum on the with-
drawal of freshwater as well as a maximum on the discharge of wastewater. 

Beginning in 2017, however, the Norwegian Ministry of Trade, Industry 
and Fisheries instituted a “traffc light” system that gives a green, yellow or 
red assessment to geographical areas based on losses caused by sea lice. Only 
in green areas may frms increase production at sea; in yellow areas, produc-
tion increases are prohibited and, in red areas, frms must decrease production 
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at sea (Ernst & Young, 2018). As such, the political landscape is evolving to 
address environmental concerns. 

The Danish Environmental Protection Act regulates freshwater fsh farms 
in Denmark. Regulations were introduced in 1987, and included water use 
and discharge, as well as waste handling. Theoretically, the regulations 
focused on nitrogen, phosphorus and organic matter in the effuent, although 
these proved problematic to reliably measure. The regulations instead focused 
on feed ratios, which were strict and curtailed aquaculture development, 
except for fsheries using new water technology, which have dramatically 
improved the feed ratios (Paisley et al., 2010). The 2004 Fisheries Act gives 
the Ministry of Food, Agriculture and Fisheries authority to regulate fsheries. 
The Ministry also has a goal of expanding production, but as most suitable 
freshwater locations have already been used, it means that RAS will be an 
increasingly important technology in Denmark (Paisley et al., 2010). 

The increase in production volume in salmon farming in recent years has 
exacerbated the environmental challenges. As a response to these issues, the 
industry is now considering and testing different strategies for changing the pro-
duction, waste handling and related technologies. RAS technology is increas-
ingly replacing the traditional fow-through systems in juvenile production of 
salmon (Badiola et al., 2012; Bergheim et al., 2009). The system was developed 
in the 1970s in Denmark, out of small-scale laboratory equipment used to study 
living fsh. The system was frst applied to salmon smolt production as a lower-
cost alternative to fow-through systems, which required more energy to heat 
the water. Additionally, RAS was seen as an attractive alternative to circumvent 
siting and regulation barriers on fow-through systems, because environmental 
risk factors such as escapees and polluted water spills are minimised using this 
technology. RAS uses 90–99% less water than fow-through systems, which also 
reduces energy consumption for heat. In order to recycle the water, solid waste 
(principally fsh faeces and some feed residues) must be mechanically removed 
as soon as possible in order to prevent the build-up of bacteria that cause anoxic 
conditions. A biological flter is also used to clean the water for re-use. 

Related to the organic waste, the individual Norwegian hatcheries have 
different restrictions in relation to their effuent. The fsh farms are respons-
ible for treating their waste in a responsible manner, yet there is no nationally 
required practice regarding the treatment of the outlet water. The differences 
in the disposal of sludge are primarily related to three different factors: 
(1) where they are located (north or south), (2) their age (when the hatcheries 
had their licences granted and (3) which technology they use; fow-through 
system or RAS. Restrictions tend to be lower in the northern regions of 
Norway than in the southern because the concentration of the farms is lower 
in the North and the following environmental impact will be lower. The 
older farms (from the 1980s) have fewer restrictions placed on the effuent, 
and very often still use a fow-through system. However, many of these are 
now closing down or being upgraded. All new farms have strict restrictions 
requiring waste management and emissions, and they use the RAS. 
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8.3 Methodology 

To understand the valorisation of waste and to analyse possibilities for new 
and sustainable pathways for organic waste from juvenile salmon production, 
we have used two different sources of data. This analysis consists of both sec­
ondaxy and primary data. 

We used secondaxy data io the ioitial phases of the study: iodustrial reports, 
government documents and the academic literature. This shaped the seven 
semi-structured ioterviews (primary data) with different fish producers and 
technology providen~. The purpose of the interviews was to investigate waste 
streams in land-based furmiog, io order to understand the potential challenges 
connected to the current system from the perspective of the salmon produc­
ers. The interviews iocluded questions about: 

• How the organic waste ill currently managed: processes, policy and 
potential challenges; 

• Current and potential new value chains for organic waste: innovation, 
competition and barriers; 

• Options for upgradiog the firm, as well as iocentives, trade-offi aud 
demand fuctors; 

• Social, economic and environmental sustalnability factors that influence 
waste handliug. 

We interviewed six salmon production companies: five in Norway and one 
in Denmark. These firms represent the majority of the Norwegian and 
Danish production of smolt. Geographically, the firms are located across the 
whole coasdioe in Norway, and on the west coast of Denmark. Each of the 
interviewed fish production firms produce salmon all the way from hatchery 
to slaughter-ready fish, although our ioterviews focused on their land-based 
smolt production operations. We also interviewed a technology supplier in 
Denmark to understand the future trends and market outlook for this 
industry. 

8.4 Findings 

8.4.1 Current utilisation 

From the data collection, we find that the sludge from land-based salmon 
production primarily has three different areas for use; as soil improvement and 
fertiliser in agricultural farming, as combustible material for heating io 
processiog of new iodustrial products or as a replacement of fossil fuel afier 
recycling, for example in transportation. 
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Soil improvement 

Currently, the main utilisation of organic waste from land-based salmon pro-
duction is soil improvement and fertiliser in agricultural production, either 
directly or indirectly. 

The most common practice is through collaboration with local farmers, 
where the farmers come to the hatchery to pick up the sludge, normally by 
tractor and trailer. Since the sludge typically has a water content of 80–90%, 
the farmers need to use large tanks during transport. The organic liquid is 
applied directly on the soil without any kind of processing. The farmers are 
paid between 0.09C/kg and 0.21C/kg for the job. This collaboration is by 
far the most common practice to re-use the waste from smolt production. 

However, some hatcheries choose to transport their wastewater to local 
recycling facilities. Here the sludge is dried, mixed and further processed with 
other kinds of organic waste (human sewage, for example). After processing, 
the new by-product is further sold as fertiliser as a dried biomass and also here 
used as soil improvement. 

Replacement of fossil fuel (biogas) 

When organic material goes through anaerobic decomposition, bacteria trans-
form the waste into 60% methane and 40% carbon dioxide and other trace 
gases. The methane portion of the gas, often called biogas, can be used to 
produce new energy such as heat and electric power. 

Sludge from smolt production is high in iron, because of the use of iron-
chloride as a precipitate within the RA technology. This is a positive aspect 
of this feedstock for biogas production because it reduces the hydrogen-
sulphide production as well as carbon dioxide, and is more effciently con-
verted to methane. The whole organic waste is generally high in fat and is 
therefore high in energy content; the large amount of fatty acids is neverthe-
less a challenge when it comes to biogas producers because they tend to 
inhibit methanogenic bacteria (Nges, Mbatia & Björnsson, 2012). So far, the 
biogas-producers have solved this by mixing in waste from agricultural 
farming. 

Currently, biogas has two main areas for use: as a motor fuel for transport 
and as a heating fuel for greenhouses. In Norway, around 40 biogas plants 
currently exist and the sector is not yet as developed as it is in Denmark. 
Nevertheless, interest is increasing in Norway because it represents a sustain-
able energy source and the Norwegian frms see it as an interesting future 
possibility if the biogas facilities could be located near the fsh farms, and if 
the requirements of mixing the waste with other agricultural residues could 
be met. 

Biogas production has so far been driven by the agricultural sector. Yet 
low electricity costs have, to date, slowed down the development of biogas. 
At the time of the interview, the biogas production frms in Denmark were 
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struggling fnancially, and although the sludge was of economic value to the 
biogas producers, the frm had an agreement to give it away and pay for the 
transport. The frm took the longer view in that they wanted to support 
the biogas producers as an outlet for this waste stream. The frm’s representa-
tive said that they would later consider negotiating a price for the sludge, but 
only if the biogas producer was in a position to pay for it. The representative 
said it was not a high priority in terms of the fsh farm’s economy. 

Combustible material for heating 

Dried sludge can serve as a fuel in industrial production of different products, 
e.g. cement. In cement production, clinker is heated to 1,400–1,500°C. 
There is currently a collaboration between one of the salmon frms in our 
sample and a cement-producing frm, where the dried sludge is used to fuel 
the clinker ovens. 

8.4.2 Challenges with current system 

Waste volumes are expected to increase 

One of the biggest challenges with today’s waste stream management is the 
expected increase in volume in the years to come. The valorisation pathways 
are still in a nascent stage and are unlikely to be able to handle the expected 
increase in volume of organic waste. Because the volume is currently small, 
the frms have entered into simple agreements with farmers, and, in some 
cases, biogas producers are given the waste free or even paid to remove it. 
While many fsh production frms have local agreements with other actors to 
handle the organic waste, as the scale increases, the interviewees noted that 
these actors may not be able to handle the increased volume of sludge, and 
new strategies would have to be explored. 

Transport 

A substantial challenge related to organic waste from salmon production is 
transport. If the sludge, which has a high water content, needs to be moved 
over large distances (which is to be expected), it is both a practical and eco-
nomic issue. There is considerable distance between the smolt production 
facilities and the places where it can be used: typically, fsh farms are located 
on the coast and agricultural areas are further inland. Sludge can only be eco-
nomically transported short distances. The interviewees noted that the 
logistics are not yet in place for increased volumes of stored sludge, so trans-
port and distribution is one of the bottlenecks in the full valorisation of fsh 
farm waste. 
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Immature technology 

Drying the sludge gives it a higher stability for storage, makes transport easier 
and cheaper and increases the fuel value. In biogas production, for example, 
at least 20% dry raw material is needed. However, the technology for drying 
is a bottleneck in re-use of the organic waste. 

The experience with this technology is limited. Few of the hatcheries have 
invested in in-house knowledge of how to run drying facilities. Furthermore, 
the ones that have this are not satisfed with the technology and the labour 
resources required for running these systems. Current systems are diffcult and 
costly to run. All the fsh farms interviewed report that the largest motivation 
for this kind of investment is to reduce the costs in the end of the entire fsh 
production process, and the drying technology has not developed to a stage 
where this is the case. 

Another potential solution mentioned by the Danish frm was to explore 
algae that could break down the sludge and produce omega-3 fatty acids. 
Nonetheless, the volume of waste from this frm was not suffciently large to 
warrant an exploration into this emerging technology. Theoretically, the 
waste could also be incorporated into a full aquaponics cycle, producing both 
fsh and (hydroponic) vegetables, though this has not yet been demonstrated 
at scale. 

Likewise, many frms recognised that there were other emerging technolo-
gies available for better procurement and transport of waste, but that this 
required investment in infrastructure and labour that, economically, would be 
more proftably directed towards other activities, such as procurement of 
nearby wind turbines to provide electricity to the facility. Essentially, hand-
ling of waste was not a high priority for the fsh production frms in terms of 
their current economies and business models. 

8.5 Analysis 

8.5.1 Barriers for new pathways 

Lack of available technology 

Lack of knowledge related both to biological and technological aspects could 
be a barrier to realising the potential of the suggested new valorisation path-
ways. Many technologies are still in proof of concept or demonstration stages 
and it is still costly to invest in them. 

Economic priorities 

Fish waste does not have much value with respect to the total operating 
budget. The cost of producing salmon is much higher on land, and the eco-
nomic incentives and willingness to invest in large-scale processing of the 
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sludge are not yet in place. Our interviewees did not view the waste as a 
valuable product and it was of little interest in relation to the greater costs of 
running a proftable fsh farm. These short-term economic priorities may also 
be a reason for the low levels of investment and experimentation into new 
ways of waste utilisation. 

Resistance to go into new business areas 

The frms are reluctant to diversify into new business areas. The major fsh-
producing frms’ priorities are geared more towards producing salmon, 
whereas disposing waste is seen as a responsibility. Lacking expertise and 
seeing the waste as a small component to their bottom line, the fsh frms 
were counting on existing recycling companies to introduce new alternatives. 
When asked, the frms were not interested in diversifying into other markets 
and did not see a fnancial advantage in this. 

Patchwork regulation 

Another barrier comes from the lack of legislation and fragmentation of pol-
icies, particularly in Norway, where the salmon farming industry is rapidly 
expanding. The different counties along the coastline have different guide-
lines for how they process and grant applications, and there are no cohesive 
national guidelines on how to handle the waste. Consequently, hatcheries 
experience different regulatory requirements regarding the treatment of effu-
ent. On the one hand, this lack of common regulation means that salmon 
farms are free to use and test different solutions within the requirements. Our 
interviews suggest that this situation is fostering local innovation and entre-
preneurial initiatives, but there is no large-scale, industry-wide solution to 
handle the waste in a cost-effcient manner. Therefore, on the other hand, 
the current regulatory environment is not conducive to developing a market 
for waste. 

Lack of collaboration 

On the local level, fsh producers seem to collaborate well with external part-
ners in order to deal with their waste. However, on the national level, there 
seems to be a lack of collaboration between the agricultural sector, aqua-
culture, producers of technology and the recycling sector. The fact that all 
frms and sectors specialise in their own niches results in a lack of cross-
sectoral expertise. Some of the fsh-producing frms we interviewed had little 
understanding of how other industries might beneft from their waste, and 
the potential it has for valorisation. Better collaboration between different 
industries could increase the potential of alternative uses of waste. 
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Co-location issues 

Logistics and transport are current barriers to valorisation of waste. The fsh-
producing frms are typically located in the coastal districts and the processors 
of the waste are often located inland. Without technology for drying the 
waste, this results in high transport costs of biomass with high water content. 

8.5.2 Socio-technical transition 

As wild catch can no longer meet current demand, aquaculture will continue 
to expand if fsh, and salmon in particular, are to continue to be supplied to 
the market at the current prices. Salmon-producing frms are currently in 
transition, in response to both a growing global demand for salmon and the 
calls to reduce their impact on local coastal ecologies, as well as the economic 
necessity of responding to the damage sea lice cause to the fsh stocks. The 
following looks at aspects of the socio-technical transition, applying elements 
inspired by actor network theory (Simandan, 2018), technological innovation 
systems theory (Smits, 2002) and multilevel perspective theory (Geels & 
Schot, 2007). 

Actors 

Several of our interviewees claimed that consumers are becoming more inter-
ested in sustainability. The frm’s image and the story of their products are 
therefore becoming more important. This was especially the case for the fully 
land-based frm in our study – market differentiation and the sustainability 
angle was their competitive edge in the marketplace. 

Governments are also driving the transition, principally in supporting the 
industry, which provides jobs to rural communities and a valuable export. In 
Norway, we found several examples of how the industry has beneftted indi-
rectly from regional policy. They are also responding to a growing awareness 
of environmental impacts through regulation, although, as yet, there is little 
coordination and guidance on how to handle waste. 

Technology frms specialising in RAS are the main enablers of this trans-
ition, as it is now becoming more cost-effcient and easier to meet regulations 
regarding wastewater. Moreover, RAS allows the sludge to be more easily 
collected and concentrated. Further technological development is needed in 
centrifuge- and heat-based drying systems to make waste storage and trans-
port more economical. Moreover, additional research is needed into new 
ways to process waste. Biotechnology providers could be key actors in this 
regard. 

End-use actors (for organic waste) are not yet fully coordinated with the 
fsh production frms. This stems from co-related factors: a lack of consistent 
and coordinated policy for waste handling, a lack of economic incentives, a 
lack of research and entrepreneurship and a lack of overlapping expertise. 
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Capabilities 

With respect to the waste pyramid (see Chapter 3), current waste manage-
ment strategies in land-based production include recycling (through transfer 
to wastewater recycling centres) and re-use (through transfer to agriculture, 
biogas production and cement industries). However, from the point of view 
of the fsh frms, it harkens more towards disposal, since the frms are paying 
other actors to come and collect the waste and currently they have little 
interest in its fate. To move up on this pyramid will require more active 
coordination between actors, particularly between agriculture and aquaculture 
frms. Prevention is theoretically possible through integrated aquaponics 
systems, although there are limited capabilities and expertise in the respective 
industries. On-site algae production is also a possibility for waste prevention, 
though similar limitations in expertise exist here. 

Networks 

In their current state, the agricultural producers and land-based fsheries are 
too disparate to merge in joint production (i.e. aquaponics), yet the biogas 
represents a key intermediary that brings different actors together into a 
network. The biogas production also produces residues and there is a need to 
create a market for this as well (the bio-residue can be used as a soil condi-
tioner; see Chapter 5). Thus, alternative use of the by-products, like biogas 
production, needs collaboration with other suppliers and users of biomass. 
Good collaboration requires co-location of the fsh farm, the agricultural 
biomass producers and the biogas facility. 

Industries such as cement frms utilising the waste in clinker production 
and energy suppliers are also emerging networks for salmon farms. However, 
these end-uses do not beneft from the high nutrient content of the waste; 
they are lower on the cascading use (see Chapter 3). Therefore, the valorisa-
tion potentials from these pathways are likely to be more limited. 

A linkage that could emerge in the future could come between the RAS 
technology providers and key end-use actors. This would promote techno-
logy development in waste recovery: sludge dewatering, processing and hand-
ling targeted to specifc ends in order to incorporate potential waste re-use 
and valorisation into the technology design. 

Infrastructures 

Because of co-location issues, infrastructure development is challenging. For 
example, expanding the use of organic waste from aquaculture in biogas pro-
duction is a developing opportunity that potentially utilises both the nutrients 
and energy content of the waste. While this is performed in Denmark, it is 
performed in Norway to a lower degree, largely because the infrastructure is 
currently lacking. 
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Co-location of vegetable production and fsh farms is not likely, as the 
most suitable place for aquaculture is near the coast (particularly with cage-
based grow-out) and the most suitable place for agriculture is more inland. 
Hydroponic systems for aquaculture are costlier and would require a large 
capital expense for producing a low-value food source far away from existing 
distribution networks. The spatial embeddedness of the frms contributes to 
the lack of shared context. 

Institutions 

New business models for the re-use of organic fsh waste are slow to develop. 
The salmon-producing companies themselves are not driving innovation in 
this part of the value chain. Furthermore, little research has been conducted 
to determine the most effective use for the sludge, either from a lifecycle 
assessment, or simply from an economic cost-beneft perspective. Thus, there 
is little to drive the industry to invent new usages for the waste. 

Much of this can be explained by territorial embeddedness (Pallares-
Barbera, Tulla & Vera, 2004) of the various institutions and their respective 
established networks. Therefore, there is little shared context for waste valori-
sation, and, as such, little incentive for research or entrepreneurship to link 
these disparate institutions. 

8.6 Conclusion 

8.6.1 Overcoming the barriers: key actors 

There are still open questions concerning which actors and what type of insti-
tutional development will eventually emerge to handle this. Our fndings 
show a general “wait-and-see” strategy for the business case for waste valori-
sation within the aquaculture industry. Disparate industries with diverse com-
petencies, industrial expertise and institutional territorial embeddedness defne 
the current landscape, and thus no viable market has yet emerged for sludge 
from juvenile salmon production. As such, there are currently no plans for 
large investments or any push for innovation in the near future. 

Innovations at this nascent stage are accompanied with large risks and high 
costs, and the salmon-production frms choose to wait for innovative, new 
solutions before investing. Since there are no economic incentives for the frms 
to invest in new waste-handling technologies, it is not strategically prioritised 
by the fsh producers. The fsh-producing frms fulfl the government’s restric-
tions, but have little incentive, currently, to explore options beyond that. 
National governments therefore have the potential to be key actors, especially 
as awareness grows of the environmental impact of this growing industry. 

Other external actors also have the potential to play a key role. While the 
role of fsh farm waste as fertiliser in agricultural systems can still be 
developed, further processing of the sludge through microbial conversion into 
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value-added products could achieve future valorisation pathways. The inter-
views indicated some new valorisation pathways for organic waste in land-
based salmon farming, such as aquaponics, niche chemicals or as an energy 
feedstock. 

8.6.2 Impetus for future waste valorisation pathways 

The development of new valorisation is therefore likely to come from three 
key drivers: (1) the expected scale-up of the sludge in the near future, 
(2) external actors discovering and seizing new business opportunities and 
(3) the benefts of the improved environmental reputation of the industry. 

1 Globally, wild fsheries are no longer able to meet the increased demand 
for seafood. Consequently, the aquaculture industry in general, and the 
salmon sector in particular, continues to expand to meet this growing 
demand. In Norway, biological challenges related to the sea phase for 
salmon farming have forced the salmon industry to move more of its pro-
duction onto land. The volumes of collected sludge will increase dramat-
ically. Despite this, few solutions for the re-use of the waste have been 
successfully established. New applications will therefore be a necessity 
when the scale increases. 

2 Organic waste from salmon farming has a high nutritional content. It is, 
for example, rich in nitrogen and phosphorus, which is a scarce resource 
globally. Processed carefully, high-value by-products can be developed 
from these residues. It is expected that entrepreneurs will seize this busi-
ness opportunity. The high value of the raw material will therefore be a 
fundamental key driver for product innovation and development of new 
by-products in this industry. 

3 Finally, by contributing to develop innovative waste-handling strategies, 
the salmon industry will beneft from creating a more sustainable and 
responsible image. Currently, pressure is being placed on the industry by 
environmental groups and local activists. Better utilisation of the rest 
products will contribute to improving the sustainability aspects. As such, 
fsh-producing frms are becoming increasingly interested in their image 
and, as a result, market differentiation of their product has begun to 
emerge. This is particularly the case in Denmark, because it is now feas-
ible to produce salmon completely on land. The Danish frm’s model of 
market differentiation will become more important as the industry 
expands and public awareness increases about the environmental impact 
of this industry. The image and “selling the story” of ecologically pro-
duced fsh are important components to the business model. We assume 
an increasing need to utilise the organic waste streams in an environ-
mentally friendly and mutually benefcial manner for the salmon-
producing companies, even though they do not want to be the leaders in 
the development process. 
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Notes 

1 The smolt stage is here defned as the period where a salmon has gone through the 
smoltifcation process, where it has physically gone from being a freshwater fsh to 
a salmon that tolerates saltwater. It attains a silver skin. There is no specifc size 
clearly defned in the literature of the salmon at this stage. However, here we use 
smolt to describe a salmon with a weight between 0.1 and 250 grams, and post-
smolt between 250 grams and 1kg. 

2 The size of the fsh in the hatcheries has traditionally been restricted to a maximum 
of 250g. However, as a pilot project from May 1, 2012, the Norwegian Ministry 
has given the farmers the right to grant an exemption to extend the juvenile phase 
in closed land-based systems until the fsh reaches a size of up to 1kg. 
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9.1 Introduction 

Have you eaten Greek yoghurt recently? For every teaspoon of Greek 
yoghurt you eat, two teaspoons of surplus material are produced. This by-
product, known as acid whey, has become a waste disposal issue for dairies 
around the world following a boom in the demand for Greek yoghurt. This 
development mirrors, although at a smaller scale, that of sweet whey, which 
is a by-product of white hard cheese production. Whey is a very strong pol-
lutant, with a biochemical oxygen demand (BOD) 175-fold higher than the 
typical sewage effuent (Smithers, 2008). With increasingly strict environ-
mental regulation of industrial wastes, disposing of whey as waste has become 
both diffcult and costly as volumes have increased and have become more 
concentrated in larger production units. Together with a growing societal 
focus on the circular economy, these environmental pressures have forced the 
dairy industry to rethink the way it manages its whey side stream (ibid.). 

There are valuable substances in whey that are possible to valorise, includ-
ing functional proteins and peptides, lipids, vitamins, minerals and lactose 
(Smithers, 2008). In the case of sweet whey, dairies around the world have in 
recent decades developed technologies, processing capacities, products and 
new business models for utilising these substances. A strong driver has been 
the rapid growth in global markets for food ingredients, including whey-
based protein powders, which are ‘among the winners of several new nutri-
tion trends and food developments’ (Vik & Kvam, 2017, p. 336). Thus whey 
has become an important nutritional and functional ingredient for high-
quality foods (NutritionInsight, 2018) and the global whey protein industry 
has been estimated to grow by 12–14% per year (Kjer, 2013). 

This strong market trend is related to rising populations and incomes, 
especially in emerging economies. But it is also strongly driven by the rise of 
‘functional nutritionism’, which refers to the increased engineering and 
re engineering of food in coevolution with changing corporate strategies, 
trends in food, diets and health, and new food and nutrition policies (Scrinis, 
2013, 2016; Vik & Kvam, 2017). An indication of this trend is the large and 
growing market for functional food ingredients, i.e. probiotics, proteins and 



  

 

 

 
 

 

 

 
 

 

 
 

 

Valorisation of whey 163 

amino acids, phytochemical and plant extracts, prebiotics, fbres and specialty 
carbohydrates, omega-3 fatty acids, carotenoids, vitamins, and minerals. In 
2018 these were estimated at US$68.6 billion worldwide, rising to US$94.2 
billion by 2023 (PR Newswire, 2018). The development of global trade net-
works and infrastructures associated with globalisation has facilitated the 
expansion of market opportunities for whey-based products. Upstream in 
the5value chain, mergers and acquisitions have resulted in fewer and more 
specialised dairy plants with spatial concentrations of specifc side streams, 
including whey. 

Acid whey has not undergone the same development as sweet whey, due 
to its – so far – much lower volume and somewhat less favourable physical 
and taste properties (see section 9.2). Yet as this chapter will show, the market 
and production dynamics just mentioned may also be relevant to acid whey 
valorisation if issues relating to taste and processing are addressed. 

In this broader context, this chapter investigates how the largest dairies in 
Norway and Denmark, TINE and Arla Foods, have worked to add value to 
whey with a focus on acid whey. Specifcally, we examine key features of the 
dairy industry in each country, the historical development of these industries, 
individual frm characteristics and capabilities, and the position of each frm 
in national and international markets. We ask how these factors – at the level 
of the frm, the industry and the market – have infuenced whey valorisation 
in the two countries. In this regard, we are especially interested in how the 
organisation of the frm, e.g. the separation of main product and by-product 
processing in different legal units, affects organisational capabilities and utilisa-
tion of whey. 

This analysis draws on theories discussed further in Chapter 3: path 
dependence and lock-in – particularly economies of scale and scope and 
learning effects; and directionality through industrial practices – particularly 
value chain governance. Our comparative approach reveals how these drivers 
and mechanisms play out in different national contexts and how they infu-
ence inter-frm connections crossing these contexts. 

This chapter is based on data collected through interviews with experts 
from a feed producer and from the TINE and Arla Foods dairies, a review of 
company webpages and a literature review. A total of nine interviews were 
carried out, of which three were with experts from Arla Foods and Arla 
Foods Ingredients (AFI) (senior executive R&D advisor AFI, vice president 
for corporate social responsibility Arla Foods, head of department separation 
AFI) and six with experts in TINE (research director, head of corporate social 
responsibility, technical director, researcher and young professional). In this 
chapter, the term ‘whey’ is used to refer to both sweet whey and acid whey, 
unless the type of whey is specifed. 

The chapter is structured as follows: the next section discusses the prop-
erties and utilisation options for acid whey. For each possible use, there is a 
summary of the current state of innovation, the application’s commercial 
potential, the required technological and investment capacities and the 
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application’s place in the waste pyramid. Sections 9.3 and 9.4 present the 
Norwegian and Danish case studies, respectively. Here we discuss the devel-
opment and key features of the dairy sectors in both countries, the main char-
acteristics of the dominant dairy company in each country (TINE and Arla 
Foods) and how these two dairies utilise whey. In section 9.5 we discuss the 
key drivers of whey valorisation, analysing the dynamics of whey utilisation 
in the two companies (and countries), concerning the structure of the dairy 
industry, frm-level characteristics and strategies, and value chain linkages. We 
then discuss the implications these case studies have for the sustainability of 
different valorisation pathways. Section 9.6 concludes the chapter. 

9.2 Properties and uses of acid whey 

Never have we eaten so much Greek yoghurt worldwide, and this trend only 
seems to be going up. In the USA, approximately 771,000 tons of Greek 
yoghurt were produced in 2015, accounting for almost 40% of the yoghurt 
market, compared to a market share of only 1–2% in 2004. However, as the 
production of Greek yoghurt skyrocketed, so did production of the by-
product, acid whey: for every 100kg milk used in Greek yoghurt production, 
only one third ends up in the fnal product, while the other two thirds 
become acid whey (Arla Foods Ingredients, 2018b). Acid whey is a potential 
hazard to the aquatic environment due to its high organic matter content in 
the shape of lactose, resulting in a high Biological Oxygen Demand 
(BOD>35,000ppm) and Chemical Oxygen Demand (COD>60,000ppm) 
(Ramos et al., 2015; Smithers, 2015). The high BOD level means that the 
presence of acid whey in waters would cause a drop in biological oxygen 
levels, leading to the elimination of aquatic life. Hence, if other uses cannot 
be found, acid whey must be treated as waste water in own or municipal 
plants, involving signifcant fnancial costs for the dairy as well as socio-
economic costs associated with waste treatment. But acid whey contains 
many valuable compounds, providing opportunities for companies to gain 
competitive advantage through value-added utilisation of acid whey, as dis-
cussed below (Guimarães, Teixeira & Domingues, 2010). 

9.2.1 The properties and composition of acid whey 

To understand the properties of acid whey, it is useful to understand the 
origin of whey. When producing cheese or yoghurts from milk, the milk is 
separated into a relatively solid part, which becomes the cheese or yoghurt, 
and a yellow liquid part known as whey (Ramos et al., 2015). Whey can be 
used directly for animal feed or as a biogas substrate, or processed into a 
number of products, especially ingredients in food and feed production; see 
Figure 9.1. Whey has a relatively high protein content and low fat content. 
There are several types of whey depending on the processing technology used 
for the casein removal of liquid milk, where the most common categories are 
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Figure 9.1 Simplifed fowchart depicting the processing, application and end uses of 
sweet and acid whey. 

Note 
Whey is a by-product from the manufacturing of cheeses and yoghurts especially, as well as of 
calcium caseinate. Parts of the whey are processed into proteins, whey permeate (milk solids) 
and other compounds, which are used as ingredients in food and feed production. Whey 
processing generates its own side streams, including various minerals. Raw whey is used as 
animal feed, as a substrate in biogas production or treated as waste water. 

sweet whey and acid whey (Jelen, 2011; Panesar, Kennedy, Gandhi & Bunko, 
2007). Sweet whey is a by-product from white hard cheese production, and 
can be used to produce a range of functional and nutritional foods (see 9.3.3 
and 9.4.3). Different qualities of acid whey are derived from the production 
of Greek yoghurt, Quark, Icelandic skyr, cream cheese and cottage cheese. A 
variant of acid whey is casein whey, which is derived from the production of 
calcium caseinate. Calcium caseinate is a protein produced from casein (milk 
protein) in skim milk and is used in coffee creamers and instant soups and as a 
dietary supplement by athletes. While some studies such as (Jelen, 2011) often 
refer to casein whey as ‘acid casein whey’ or simply ‘acid whey’, in this 
chapter we make a distinction between acid casein whey and acid whey 
derived from the production of Greek yoghurt, skyr and cream/cottage 
cheese, due to the signifcant differences in properties and potential uses 
between the two variants of acid whey (interview with AFI). 

Both sweet whey and acid whey are composed mainly of water (93%) 
while the solid components consist of minerals (12–15%), lactose (70–72%) 
and whey proteins (8–10%) (Jelen, 2011). The largest difference between acid 
whey and sweet whey is the pH, which lies within 6.0–6.5 for sweet whey 
(Jelen, 2011) and 3.6–4.5 for acid whey (Gami, Godwin, Czymmek, Ganoe 
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& Ketterings, 2016), while acid casein whey has a pH of 4.5–5.1 (Jelen, 
2011). Overall, compared to sweet whey, acid whey has less protein, is more 
acidic and has a more distinct (sour) taste. Table 9.1 shows the breakdown of 
component composition in acid whey derived from yoghurt and cream/ 
cottage cheese production. Below, we focus on the properties and utilisations 
of acid whey and to some extent acid casein whey, which have been less 
documented than those of sweet whey (de Wit, 2001; Jelen, 2011). 

The challenges of utilising acid whey occur in the processing procedure. 
The most common way to process whey into a product suitable for industrial 
use is to dry it through evaporation in multistage vacuum evaporators fol-
lowed by spray-drying. However, spray-drying acid whey with conventional 
technology is not feasible due to the high content of lactic acid, which makes 
the whey powder more likely to absorb moisture, resulting in an increased 
stickiness of the powder (Chandrapala et al., 2016). Moreover, a low pH 
makes the proteins less stable and it is more diffcult, for instance, to remove 
water from acid whey than from sweet whey. Because of the low pH and the 
proximity to the isoelectric point, the protein will readily precipitate, which 
may make it diffcult to recover. Proteins are thus more readily available and 
easily isolated from sweet whey than from acid whey. Moreover, sweet whey 
can easily be heat-treated and used in new products (e.g. creamy cheese). If 
acid whey is heated, it will not become an acidic gel, but unites and acquires 
a slightly granular consistency. 

9.2.2 Utilisation of acid whey 

Over the past decades, research and technological innovation have trans-
formed the utilisation of sweet whey from waste (or feed) to a resource for 

Table 9.1 pH and nutrient composition of acid whey from the production of Greek 
yoghurt, cottage cheese and cream cheese 

Unit Min Max Average 

pH 3.55 4.48 4.11 
Solids % 2.49 6.53 5.16 
Total nitrogen mg/100 mL 22.4 258.3 85.1 
Ammonia-N mg/100 mL 0.0 16.1 2.8 
Organic-N mg/100 mL 18.9 258.3 82.3 
Phosphorous (P2O5) mg/100 mL 120.5 194.0 169.1 
Potassium (K2O) mg/100 mL 142.5 212.5 192.8 
Calcium mg/100 mL 90.7 136.8 121.6 
Magnesium mg/100 mL 7.1 11.3 9.9 
Sodium mg/100 mL 31.3 44.1 39.3 
Sulfur mg/100 mL 5.0 17.0 7.3 
Zinc mg/100 mL 0.4 0.5 0.4 
Chloride mg/100 mL 79.0 189.0 108.0 

Source: Gami, Godwin, Czymmek, Ganoe and Ketterings, 2016. 
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value-added products (Smithers, 2015). Can such a transformation also occur 
for acid whey? Below we introduce the most common valorisation pathways 
for acid whey (including casein whey), drawing on a review of research 
articles and company websites. 

Animal feed 

For decades, using acid whey and sweet whey for animal feed has been one 
of the most common uses of whey due to their nutritional properties. Acid 
whey is especially suitable for piglets because of the acidity and nutritional 
composition. In piglet diets acid whey is mainly a source of energy (milk 
sugar) rather than a protein source. 

Many Greek yoghurt and cheese manufacturers still pay their milk sup-
pliers to take the acid whey, which they then mix with silage for animal feed 
(Smithers, 2015). Although acid whey is a suitable feed, the transport and 
storage of liquid whey is costly and barely proftable. Some yoghurt makers 
such as Chobani in the US sell it to local farmers for animal feed supplement 
(Erickson, 2017b). Chobani has invested in reverse-osmosis fltration techno-
logy, which separates the water from the whey using high-pressure systems, 
resulting in a more compact by-product that is easier and cheaper to transport 
to farms (Erickson, 2017b). 

Biogas 

Another common application of acid whey is as a substrate for biogas produc-
tion, where the biogas is used for electricity production. No estimate of the 
fnancial gain for this utilisation could be found. The frst environmental gain 
of using acid whey for biogas production is the avoided risk of spillage of acid 
whey into the environment. The second gain occurs if the electricity pro-
duced replaces electricity made from non-renewable sources and thereby 
reduces greenhouse gas emissions. Biogas can also be upgraded into pure 
methane and fed into the natural gas grid, where it exists. In Switzerland, 
several cheese plants have biogas digesters installed onsite (Jelen, 2011). 
Alphina Foods (NY) is an example of a company that transports acid whey to 
a nearby farm, where it is used in biogas production. Some biogas plants, for 
instance in the UK, run entirely on whey. 

Bakery 

Some research articles examine the use of the acid whey which stems from 
the production of the Indian cottage cheese known as paneer, as a bread 
ingredient (Divya & Rao, 2010; Paul, Kulkarni & Rao, 2016). They report 
that the inclusion of a moderate amount of acid whey did not have any neg-
ative infuence on the bread quality, while higher amounts increased the 
dough proofng time. Research design and results reveal the focus to be on 
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solving the waste problem connected to acid whey rather than fnding a truly 
valuable output for the resource stream. The authors do, however, observe 
that acid whey contains valuable nutrients suitable for human diets. 

Whey beverages 

A whey beverage refers to a drink where whey is the main component in 
liquid form. There are several examples of both soft drinks and alcoholic bev-
erages containing casein whey. Acid whey derived from Greek yoghurt and 
similar products is not suitable for whey beverages due in part to a too high 
mineral content. The Swiss brand Rivella is the only one with a reasonable 
market share and lasting success. Interestingly, Rivella does not advertise the 
use of acid casein whey in their products, and studies have shown that several 
international marketing attempts to promote whey beverages have failed 
(Jelen, 2011). The most typical beverage combination of casein whey is with 
citrus fruit juices due to the high content of lactic acid. The literature also 
contains examples of alcoholic beverages such as beer, wine and champagne, 
which are produced with acid whey. The start-up Alchowhey, created by 
scientists at the Technical University of Denmark, has developed a DIY pat-
ented bacteria solution that converts lactose into ethanol suitable for spirits. 
The technology is applicable at both large and small scale, which makes it rel-
evant for small dairies which struggle to valorise their surplus whey onsite. 
Although whey beverages have had very little commercial success due to 
processing challenges and the unusual favour of raw whey, a more refned 
technology and an increasing awareness of the nutritional benefts of whey pro-
teins may encourage the further development of whey beverages ( Jelen, 2011). 

Nutritional products 

Acid whey contains several nutritional components that can be isolated. 
Research projects have been conducted to isolate valuable compounds, such 
as lactose, proteins and vitamin B12, while several articles deal with the isola-
tion of substances such as β-lactoglobulin and α-lactalbumin. The latter two 
are valuable proteins, which are present in signifcantly smaller concentrations 
in acid whey in comparison to sweet whey (interview with AFI). Such single 
components can be used as food additives as well as for medical purposes, 
where earnings can be even greater. However, most of these processes require 
complex technologies, which many dairies are reluctant to include in their 
production lines, and few articles contain references to the commercial 
recovery of single compounds and substances from acid whey. This can be 
due to two reasons. First, this process requires new investments and a 
reorganisation of production, which is unlikely to be supported by dairy 
managers. Second, the isolation of useful components will result in even less 
valuable residual material, which will be less suitable for animal feed and 
require further processing. Casein whey is commonly used in medical 
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nutrition, while acid whey derived from Greek yoghurt is not suitable for 
this purpose due to its high mineral content. For example, MyProtein® 
(myprotein.com) used to provide casein whey protein powder used for ftness 
purposes, but the powder is now out of stock. 

Nutrilac® 

A recent innovative solution which diminishes the generation of acid whey 
waste while also maximising product capacity is the protein-based product 
solution, Nutrilac® , developed by Arla Foods Ingredients (AFI). Nutrilac® 

does not consist of acid whey but is derived from milk and can be added 
directly to the acid whey together with water, transforming the acid whey 
into a low-cost raw material, which can be added to products such as stirred 
yogurt, beverages, soups, jar cheese, dips, dressings, processed cheeses and 
cream cheeses (Arla Foods Ingredients, 2018a; Erickson, 2017a). For example, 
Nutrilac® can be added to acid whey, water and cream, resulting in a high-
quality dip. Nutrilac® has won several awards including the ‘Beverage Innova-
tion Award’ in 2013, the ‘IFT Food Expo Innovation Award’ in 2014 and 
the ‘IFT Best Dairy Innovation’ in 2015. According to AFI, Nutrilac® 

requires few or no adjustments to existing production lines such as yoghurt or 
cream cheese while offering a sustainable solution that adds value by expand-
ing companies’ product portfolio (Arla Foods Ingredients, 2016). 

9.2.3 Innovation, commercialisation and technological requirements 

The previous section has outlined the various ways in which acid whey can 
be transformed into or provide components for value-added products, and at 
the same time avoid waste disposal or spillage. Yet it also pointed to a gener-
ally low level of commercialisation of these conversion technologies, products 
and components, aside from low-value uses as biogas and animal feed in raw 
form. In view of this, Table 9.2 provides an overview of the current state of 
acid whey valorisation for each main use category in terms of: research and 
innovation, commercial potential, technology and investment requirements, 
place in the waste pyramid, and use examples. 

9.3 The dairy sector in Norway 

Historically, the dairy sector has been the backbone of agriculture in Norway 
and the processing of milk has been dominated by co-operatives owned by 
milk farmers. Most dairy products found in the cool counter at supermarkets 
in Norway are labelled TINE while a smaller portion comes from the brand 
Q-Meieriene. Foreign dairies such as Danone and Arla supply an even smaller 
portion. The Norwegian dairy sector has experienced a strong structural 
development, going from many small, almost independent dairies to a few, 
large and highly effcient ones. A similar transformation has taken place 

https://www.myprotein.com
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upstream in the value chain. The number of milk farms fell drastically from 
148,000 in 1959 to 16,000 in 2009, further declining to 8,800 in 2015 (Almås 
& Brobakk, 2012; Statistics Norway, 2016). 

TINE is obliged to collect all milk from farmers in Norway, irrespective of 
the distance of the farm to the nearest dairy. This requirement is connected 
to a general national policy of decentralised development in a vast, sparsely 
populated country. 

In Norway the agricultural sector is highly protected and TINE does not 
have the ‘political mandate’ to source from other countries (which for 
instance led to what is known as the ‘butter crisis’ in 2011 (Aftenposten, 
2011)). In addition to high transportation costs, Norway faces tariffs when 
exporting food to the EU. Trade between Norway and the EU is regulated 
through the 1992 Agreement on the European Economic Area (EEA Agree-
ment) and tariffs and quotas for agricultural products are negotiated under this 
Agreement, most recently in April 2017 (European Commission, 2017). The 
agricultural trade balance favours the EU (ibid.) and EU exports to Norway 
are increasing, with the product category ‘fresh milk and cream, buttermilk 
and yoghurt’ rising from C14 to 19 million between 2013 and 2017. Norwe-
gian exports to the EU of products in the same category remained stable at 
C3 million from 2013 to 2017 (European Commission, 2018). According to 
Vik and Kvam (2017), EU import tariffs mean that the EU is not an 
important market for Norwegian whey protein concentrate. 

9.3.1 TINE in Norway 

TINE is by far the largest dairy cooperative operating in Norway. It traces its 
history back to 1856 when Rausjødalen Meieri – the frst dairy cooperative 
in Norway and Northern Europe – was founded with 40 members. During 
the second half of the 19th century, the organisation expanded as still more 
dairies were established, and the Norwegian Dairy Association was founded 
in 1881. The year 1900 saw the highest number of dairies in operation with 
780 sites in total. A few cheese brands were interesting to the international 
market, and in the 1920s, an organisation was established to handle the export 
of dairy products from Norway. The name TINE was introduced in 1992 
and the company structure has changed a few times since (TINE, 2018a). 

Today, the TINE cooperative has 10,500 members (owners) and 8,500 
cooperative farms (TINE, 2018b). Farmers are guaranteed milk sales to dairies 
through the cooperative and dairies are guaranteed a supply. Milk production 
is the most regulated activity in the Norwegian agriculture sector. A central 
agreement on the milk price ensures an equal price to all farmers, irrespective 
of the use of the milk or the farm’s geographical location. 

From the year 1900 up to the 1980s there was a gradual decrease in the 
number of dairies from 700 to about 200. Instead of having a dairy at or near 
each farm, regional dairies were established. They were located to effciently 
collect milk from the surrounding farms and supplied almost the entire 
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product portfolio to the regional market. The decrease in the number of 
dairies between 1900 and 1990 was accompanied by an increase in the size of 
regional dairies. Since the introduction of the TINE brand in 1992, restruc-
turing has been associated not only with larger dairies but also with a higher 
degree of specialisation. Today, TINE has 31 dairies (TINE, 2018c) and no 
ambition to produce the entire product portfolio at each dairy. Instead, the 
company operates a complicated logistical system where intermediate prod-
ucts are transported between dairies and end products are transported from 
dairies to regional and central warehouses. 

Yet TINE is more than a processor of milk. As mentioned, transport and 
storage logistics are important parts of the company. There are also strong con-
nections upstream in the value chain back to the farms. This is emphasised in 
TINE’s contribution to R&D within animal health and milk production espe-
cially, which focuses on a strong relationship with the Norwegian University 
of Life Sciences and with other Norwegian universities and research centres. 

9.3.2 Utilisation of acid whey in Norway 

The ‘discovery’ of large streams of by-products such as acid whey has been a 
consequence of the restructuring and specialisation of Norwegian dairies since 
the early 1990s. When each dairy still produced a great variety of products, 
the amount of each type of by-product was small and easy to handle through 
wastewater treatment. The moment cottage cheese and Greek yoghurt were 
produced at a single facility, at the same time as the demand for these prod-
ucts grew tremendously, the volume and spatial concentration of acid whey 
also increased and became diffcult to handle. 

TINE is one of the main suppliers of Greek yoghurt and cottage cheese in 
Norway and is therefore also a major producer of acid whey. Because of the 
rising volumes of acid whey, adding value to this by-product has become a 
new focus area for TINE. TINE produces several thousand tons of acid whey 
each year, which come mainly from one of its 31 dairies, located in southern 
Norway. It has been a challenge for TINE to handle the increasing volumes 
of acid whey because it cannot be treated or used in the same way as sweet 
whey. Today, acid whey is mainly used in low-value applications, namely 
directly as animal feed (to pigs) and biogas production. Acid whey can be 
used in the production of piglet feed, and can obtain a rather high price per 
kg dry matter, but no Norwegian dairies sell acid whey to feed producers 
(interview with feed producer). This is probably because it is not deemed 
proftable given the investment costs and control of processing needed to 
make a raw material suitable for the feed industry. 

TINE delivers free acid whey directly to farmers, who pay half of the 
transport costs. Another dairy company in Norway also delivers acid whey to 
farms, with a more stable chemical composition and more dry matter, which 
the farmers pay for. A reason for this difference is that TINE makes both 
cottage cheese and Greek yoghurt, which tends to give more variation in acid 
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whey properties, as it is derived from two different processes, while the other 
manufacturer only produces Greek yoghurt (interview with TINE and feed 
producer). 

9.3.3 Utilisation of sweet whey in Norway 

Although TINE treats acid whey almost like it has no value, the same is not 
true for sweet whey. Sweet whey is made into whey protein concentrate 
(80% total whey protein content) and its coproduct whey permeate (milk 
solid) at two new facilities located in Jæren and Verdal. Whey permeate con-
tains 85% lactose and only 3% protein, and can be used as an ingredient in 
bakery products, confectionary, dairy products, sauces, drinks and similar food 
products. Whey raw materials are supplied by TINE from its production of 
yellow cheese. The facilities went into operation in 2013 and were built 
(Jæren) or upgraded (Verdal) with technical assistance from AFI, with whom 
TINE has had a partnership based around whey since 2008 (Arla Foods 
Ingredients, 2018a). This partnership also stipulates that AFI is the sole dis-
tributor in export markets of all the whey protein concentrate and whey per-
meate produced by TINE. TINE exports around 2,800 tons of whey protein 
concentrate and 21,000 tons of whey permeate each year through AFI (Vik 
& Kvam, 2017). Prior to 2008, TINE relied on different traders for whey 
powder exports (ibid.). The partnership gives TINE access to AFI’s global sales 
channels and in turn helps AFI to increase its global market share. AFI has fur-
thermore invested in infrastructure, logistics and quality systems to facilitate 
the export of Norwegian whey-based substances (Vik & Kvam, 2017). 

9.4 The dairy sector in Denmark 

Danish dairies have received worldwide recognition for their processing skills 
and product quality, and their products are present across the world. The 
Danish dairy sector comprises 28 companies and 54 production plants, 
processing around 4.9 billion kg milk (Danish Dairy Board, 2018a). Coopera-
tives of milk producers are the dominant ownership model and 97% of the 
milk produced in Denmark is supplied to cooperative dairy companies. Over 
the last century the number of dairy companies fell dramatically to the present 
level (see below). 

Arla Foods is by far the biggest dairy company and cooperative in Denmark 
and Sweden. In 2017, Arla Foods processed 87% of the Danish milk pool 
(Danish Agriculture & Food Council, 2018) and 66% of the Swedish milk pool. 
In Denmark, the remaining dairies are both cooperatively and privately owned 
companies. They typically specialise in specifc product areas within cheese, 
butter and liquid milk production (Danish Agriculture & Food Council, 2018). 
A large part of their production is exported by specialised exporters. 

As in Norway, the Danish dairy sector has gone through tremendous 
structural changes over the last decade, with production now taking place on 
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a small number of large farms. According to Statista (2018), the number of 
Danish dairy farms decreased by almost 50% (from 6,253 to 3,293 farms) in 
the period 2005–2016. In 2010, approx. 4,100 dairy farmers each had an 
average of 127 cows and a milk quota of 1,142 tonnes (Danish Agriculture & 
Food Council, 2018), which made the Danish dairy sector among the largest 
and most modern in Europe. 

Danish dairies are strongly export oriented and two-thirds of the total 
Danish milk pool go into export products, placing Denmark among the 
world’s top fve exporting nations (Danish Dairy Board, 2018b). The histor-
ical focus of Danish agriculture on export markets (butter and bacon to the 
UK) has enabled the specialisation and growth of the dairy industry, generat-
ing increasing volumes of side streams. The value of all Danish dairy exports 
equals C1.8 billion annually (Danish Agriculture & Food Council, 2018), 
representing more than 20% of all Danish agricultural exports (Danish Agri-
culture & Food Council, 2018). The largest export market for Danish dairy 
products is the EU. Exported dairy products are mostly cheese, preserved 
milk products and butter. The domestic market is mainly covered by 
domestic dairy production (Danish Agriculture & Food Council, 2018). The 
market share of imported milk is modest. 

9.4.1 Arla Foods 

Arla Foods is part of the Arla Group, which has its headquarters in Denmark. 
It is Europe’s largest dairy group and the fourth largest in the world in terms 
of milk intake (Hansen, 2018). It is owned by 11,262 milk producers across 
seven European countries, most of them in Sweden (2,780), Denmark 
(2,675), Germany (2,327) and the UK (2,395) (Arla, 2017). In total, Arla pro-
cesses 13,937 million kg of milk, of which 35% comes from Denmark, 23% 
from the UK and 13% from Sweden and Germany respectively (ibid.). 

Arla’s journey began back in 1882 when the frst Danish dairy cooperative 
was established, while farmers in Sweden set up their frst cooperative in 
1881, calling it Arla Mejeriforening (Arla Foods Ingredients, 2018a). The 
dairy cooperative movement quickly took off and in 1890, there were 900 
cooperative dairies in Denmark, and 10 years later the number had reached 
1,000. The cooperatives grew in size and scope throughout the 20th century 
and in 1970, four large cooperatives and three individual dairy farmers formed 
Mejeriselskabet Danmark (MD). The creation of MD required the construc-
tion of a more professional organisation to include modern strategic and func-
tional management. MD was continuously developed through mergers and 
growth in the following two decades, resulting in the establishment of the 
more internationally oriented MD Foods in 1988. In 2000, MD Foods and 
Swedish Arla merged and changed their organisation’s name to Arla Foods. 
At the time, the two companies processed 90% of the Danish and 66% of the 
Swedish milk pool respectively. 
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Arla Foods Ingredients: AFI 

In Denmark, the discovery of the potentials of whey protein began in 1974 
when the frst pilot production of whey proteins was established in the cellar 
of a milk powder plant owned by the dairy cooperative in Holstebro (today, 
Arla Hoco). Whey, which was hitherto regarded as waste, proved to be, as 
Arla declares, ‘full of wonders’, and in 1980 Danmark Protein opened the 
world’s largest factory for the production of whey protein concentrate and 
lactose (milk sugar). In 1988, Danmark Protein established a subsidiary in 
Japan, while MD Foods established MD Foods Ingredients in Germany in 
1990 (Arla Foods Ingredients, 2018a). In 1994, MD Foods then acquired 
Danmark Protein, which was merged with MD Foods Ingredients. A similar 
development was seen in Sweden. With the merger of the mother companies 
in 2000, MD Foods Ingredients became AFI. 

Today AFI is an independent subsidiary of Arla Foods and is responsible 
for all Arla Food’s whey protein products destined for the global B2B 
market for functional and nutritional ingredients. The head offce is located 
next to Arla Foods in Viby, Denmark, and it has subsidiaries across the 
globe (see below). The company has 1,370 employees. AFI has experienced 
high growth rates over the last few years. In 2017, the revenue of AFI was 
C655 million, and C766 million including its joint ventures (Arla, 2017). 
This represents a revenue increase of 19.6% compared to 2016. AFI has also 
seen a relative growth in both the scope and quality of its product portfolio; 
the share of the volume of ‘value’ products compared to ‘standard’ products 
grew from 68% to 74% between 2012 and 2017 (ibid.). 

Maintaining or increasing market share in a fast-growing global market for 
whey-based products requires large investments. AFI invested C220 million 
in value-adding activities between 2012 and 2017 (Arla, 2017). A large share 
has been directed towards expanding and refning its domestic production 
capacity. This includes a C57 million investment in 2012 that nearly doubled 
AFI’s whey processing capacity in Denmark, and a new lactose factory in 
2013 worth C120 million. In 2016, a new production facility for whey 
protein hydrolysate, used in infant, sports and clinical nutrition, went into 
operation, tripling AFI’s existing capacity in this production category. 

Today AFI processes 6–7 million tons of sweet whey every year on its 
Danish facility in Nr. Vium. This includes 400,000 tons of casein whey, 
derived from the production of calcium caseinate at Arla Hoco (interview 
with AFI). To utilise the full capacity of the plant, AFI also imports sweet 
whey from Sweden, the UK and Germany, and it buys sweet whey from 
other Danish dairy companies. The products produced from sweet whey are 
described in section 9.4.3. 

AFI invests signifcant resources in research and development (R&D). Its 
R&D division employs 70 scientists and technicians, accounting for 10% of 
all AFI employees, and collaborates closely with universities. The R&D 
covers ‘tailoring of molecular functionality, advanced separation technologies 
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to isolate specifc components, heat treatment and pasteurization technology 
to improve functionality and shelf-life. R&D further develop powder tech-
nologies to form safe and functional powders for dry blend and optimal rehy-
dration’ (Arla Foods Ingredients, 2018c). 

In 2009 AFI established a large high-tech ingredients application centre in 
Aarhus, Denmark to substitute the more modest application facilities at the 
R&D pilot plant in Nr. Vium. Another, smaller centre was established in 
Buenos Aires in 2002. The innovation centres are used for both whey protein 
research as well as for product trials. A key purpose is to assist AFI’s customers in 
utilising the whey-based ingredients sold by AFI in their product development. 

The Danish dairy ingredients subsector has shown an even stronger export 
market orientation than conventional dairy products, responding to the rapid 
growth in demand worldwide. Since 1990, MD Foods Ingredients/AFI has 
established overseas subsidiaries in Europe, the US, Asia (Japan, China, Singa-
pore and South Korea) and South America (Argentina, Brazil and Mexico). 
The internationalisation strategy includes foreign direct investments in whey 
processing plants in Argentina (from 2002 to 2018) and Germany (1993, 2002 
and 2011) facilitated by joint ventures and acquisitions (Arla Foods Ingredi-
ents, 2018a). A key purpose of these investments is to increase access to whey 
raw material, which is critical to maintaining AFI’s market share (Kjer, 2013). 
In the other countries mentioned, direct investments have mainly been in the 
form of sales offces. In 2008, a partnership was created with the TINE dairy 
in Norway (see 9.3). 

9.4.2 Utilisation of acid whey in Denmark 

Arla Foods generates limited amounts of acid whey from the production of 
skyr. This whey contains mainly lactose and calcium and very little protein. It 
is therefore not further processed but until today only used as a biogas sub-
strate, as markets need to be found for potentially innovative solutions (inter-
view with AFI). As mentioned, AFI has developed a whey protein product 
called Nutrilac® that can upgrade acid whey functionality so it can be used in 
the production of a range of products (see 9.2.2). AFI sells Nutrilac® to cus-
tomers including producers of dairy products. 

9.4.3 Utilisation of sweet whey in Denmark 

Up to the 1980s, whey from cheese production in Denmark was mainly used 
for animal feed, but today whey-based products have become the main com-
modities, which may even create a higher value than the cheese production 
itself. Arla Foods Ingredients is the only company in Denmark that processes 
sweet whey on an industrial scale. It also owns processing facilities in 
Germany and Argentina and it markets whey products produced in Norway. 
AFI products are sold in more than 90 countries (Arla, 2017). They include a 
range of functional and nutritional ingredients (proteins) to support industries 
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within paediatric nutrition, sport nutrition, health foods, medical nutrition, 
bakery products, dairy and affordable food (Arla, 2017). The proteins pro-
duced include 15–20 ‘pure proteins’ such as whey protein concentrate, whey 
protein isolate, Lacprodan and Capolac Nutrilac, among others. From these 
proteins, other and new ‘mixed’ proteins are constantly being developed so 
that the total number of proteins produced and sold at any given time ranges 
between 80 and 150 (Hansen, 2018). Likewise, AFI produces whey permeate, 
a coproduct of whey protein concentrate, on its plants in Denmark and 
Argentina and sells the whey permeate produced by TINE (Arla Foods Ingre-
dients, 2018d) (see 9.3.3). A substantial part of the permeate production is 
further valorised into different qualities of lactose mainly used for infant 
formula production (interview with AFI). 

9.5 Discussion 

9.5.1 Drivers of whey valorisation 

In just a few decades, the production of whey-based food ingredients has 
become an important part of Arla Foods’s overall strategy. The development 
of these side streams has been signifcant for the company’s strong position 
within value-added activities today (Lange & Lindedam, 2016) and the aim of 
AFI is to become ‘the global supplier of value added whey’ (Arla, 2017, p. 34). 

Arla Foods has employed several strategies to strengthen its position in a 
very dynamic global market for whey-based products. A key factor has been 
the establishment of the subsidiary AFI dedicated to whey processing, as well 
as joint ventures between AFI and foreign ingredients companies. This has 
provided the needed organisational framework for their large investments in 
raw material sourcing, production capacity, R&D and marketing of value-
added whey over the last two decades. In general, subsidiaries bring inter-
nationalisation opportunities, and they also enable the creation of more direct 
customer contact as well as consumer control, resulting in increased govern-
ance features for the subsidiary in the respective location (Biisgård, 2006). AFI 
thereby enables the creation of a more tailored product portfolio within their 
main markets (Danish Dairy Board, 2006). Moreover, AFI has created three 
business units for specifc products, thereby enhancing its capacity for product 
differentiation and specialisation: nutrition, functional milk protein, and per-
meate and lactose (Andersen, 2014). In support of their business units, AFI 
has a large R&D division and runs two customer-focused application centres. 
All this has contributed to Arla Foods becoming a ‘lead frm’ (Gibbon, Bair & 
Ponte, 2008) in the global value chain for whey proteins, sourcing whey not 
only from its own member producers but also from other dairies in Denmark 
and Norway (see below). 

Nutrilac® may be an effcient way of dealing with acid whey today, at least 
for high-value end products. Yet it is presently only available in limited 
volumes and the challenge for AFI is therefore to identify markets with a 
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moderate demand for the innovative solutions (interview with AFI). Thus it 
remains to be seen whether Nutrilac® will become a dominant technology in 
acid whey valorisation and if other processing solutions are developed and 
commercialised alongside this one. 

As noted in Chapter 3, lock-in mechanisms not only create barriers to 
innovation in the bioeconomy, but can under certain conditions promote and 
reinforce innovation and sustainable business development. In this regard, as a 
result of a series of mergers and acquisitions, foreign direct investments and 
technological specialisation over the past decades, Arla Foods has realised 
positive lock-in mechanisms in whey-based activities. These are economies of 
scale (in whey sourcing, processing and marketing), economies of scope 
(regarding production and marketing of different whey products) and long-
term learning effects (regarding whey sourcing, processing technology and 
markets). A key factor has been the establishment of the subsidiary AFI with 
an R&D department dedicated to whey product development. Important 
economic and political contexts have been the fast-growing global ingredients 
market, good access to regional (Northern Europe) whey resources and a 
basis in an export-oriented agricultural sector (see Table 9.3). All this repres-
ents a strong ‘directionality through industrial practices’ (Chapter 3) in whey 
valorisation, which was originally motivated by a growing waste problem. 

Currently, TINE has had no explicit strategy for adding value to its side 
streams and is still establishing a strategy for acid whey in cooperation with a 
Norwegian research institute (interview with TINE). Most of TINE’s R&D 
focuses on end products, health, packaging and animal health. The main focus 
within TINE has been on how to manufacture end products most effciently, 
while the handling of by-products has received less attention. The depart-
ment called ‘Ingredients’ does not have a special focus on surplus resources, 
but rather on the needs of the food industry. This means that they do not 
search for alternative uses of surplus resources from the dairies, but respond to 
demand from a specifc market. There is an emphasis on keeping production 
and products stable, and on not interacting with existing production infra-
structure in the utilisation of side streams. 

For side streams TINE has emphasised reducing the costs of management 
rather than increasing the value added. For acid whey, this choice is related to 
the rather small volume of acid whey generated (even with the increase in 
Greek yoghurt and cottage cheese production), which makes valorisation less 
attractive in a cost-beneft analysis. It is also related to TINE’s current lack of 
an international market channel for acid whey-based products (interview with 
TINE). In the case of sweet whey, which is much more abundant, TINE’s 
partnership with AFI has enabled the co-production of two bulk commod-
ities – whey protein concentrate and whey permeate. But TINE depends on 
AFI for the marketing of these products and does not engage in more refned 
processing or product development, and it also depends on AFI for building 
or upgrading its processing facilities. From a value chain governance per-
spective (Gereff, Humphrey & Sturgeon, 2005), this places TINE in an 
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asymmetric and ‘captive’ supplier relationship with AFI (Vik & Kvam, 2017), 
where the latter’s control of research-based knowledge of processes and prod-
ucts as well as customer relations makes it costly and risky for TINE to switch 
to another buyer (ibid.). The partnership with AFI has, however, also meant 
a technological upgrading of TINE in terms of an improved ability to 
produce bulk commodities from whey (ibid.). It remains to be seen whether 
the partnership can help TINE to further upgrade its whey-based business in 
terms of learning about more advanced products and processing techniques, 
or develop deeper market knowledge, and so strengthen its position in the 
value chain. In this regard, Vik and Kvam (2017) observe that AFI does not 
share knowledge about customers and prices with TINE to avoid losing 
control over TINE as a supplier. Finally, any upgrading strategy chosen by 
TINE needs to consider how to access new sources of whey raw material to 
achieve scale economies, given the geographical context and the domestic 
orientation of milk sourcing and sale of dairy products (see Table 9.3). 

9.5.2 The sustainability of different valorisation pathways 

Arla Foods has strategised on the valorisation of acid whey in a clever way. 
Instead of bringing large amounts of acid whey to a central processing facility, 
AFI sells a product to enable its customers to turn acid whey into a useful 
product. This is, however, not the same as saying this strategy is the most sus-
tainable one for handling acid whey. For any product or product system to be 
deemed sustainable, it should at least have a better economic, social and 
environmental performance than other ways to achieve the same function. 
The term ‘product system’ does not only refer to the acid whey itself. For 
instance, when acid whey is used for human food production instead of feed 
production, one must also consider that other feed ingredients are needed to 
replace acid whey. 

There are likely economic gains both for AFI and the dairy companies 
who buy Nutrilac® to valorise their acid whey. Livestock farmers, who lose a 
cheap feed ingredient, will have to replace this source with a probably costlier 
alternative, such as imported feed. This will of course create extra income for 
the farmers producing the feed alternative and for other actors in this value 
chain. This will again increase the demand for feed products with con-
sequences for other value chains dependent on such products. Similarly, if 
acid whey is originally used for biogas, alternative substrates need to be found. 
Hence there are complex distributional and economic knock-on effects on 
the wider food (and energy) system of changing valorisation pathways for side 
streams such as acid whey, which can be important but at the same time diff-
cult to measure. 

A hypothesis in this regard is that when valorisation becomes more techni-
cally complex and costly, there is a risk that the distribution of wealth 
becomes more unequal. Repercussions in the environmental dimensions will 
follow similar paths to those in the social and economic dimensions, although 
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the magnitude and the direction of impacts may be very different. As such, 
evaluating the valorisation of by-products cannot be performed in isolation. A 
usage which is conventionally seen as higher order, such as human food or 
medicines, may from a holistic perspective be less sustainable than solutions 
with lower levels of sophistication. While by-products should not be wasted, 
the development of sustainable valorisation pathways requires sophisticated 
assessment tools, such as life cycle assessment. 

9.6 Conclusion 

There are several potential valorisation pathways for acid whey, including as a 
component in animal feed, nutritional products, bakery products and bever-
ages. Yet the dominant use today is as animal feed or as a biogas substrate in 
unprocessed form. Nutrilac® is a new whey protein, which enables the use of 
acid whey in a range of high-value products. In contrast, virtually all sweet 
whey is upcycled to value-added products, notably a variety of whey proteins 
and whey permeates used in the manufacturing of nutritional and functional 
foods. It has become a scarce resource. 

Whey is the central side stream in the dairy sector and has been utilised 
differently in Denmark and Norway. Arla Foods, based in Denmark, has 
a stronger focus on utilising by-products, enabled by international market 
connections, R&D capabilities, a series of strategic domestic and international 
investments and the size of the regional dairy industry. A key factor has been 
the establishment of a subsidiary dedicated to whey processing, product 
development and marketing. Through these and other means, Arla Foods has 
gained a signifcant share of the market for whey-based ingredients, taking a 
leading position in the global value chain for these products. In Norway, the 
agriculture sector has mainly supplied the domestic market; in this context, 
TINE has focused on developing and manufacturing a variety of fresh dairy 
products for Norwegian consumers, rather than adding more value to its side 
streams. Hence, TINE lacks the advanced knowledge of whey products and 
processing techniques, the market connections and possibly the milk resource 
base, which are a necessary part of being a lead frm in the ingredients value 
chain. Instead it plays the role of ‘captive’ supplier of generic whey products 
to Arla Foods’ ingredients subsidiary, AFI. 

Even though AFI has found an effcient way of dealing with acid whey, 
the solution might also create a lock-in that hinders potential new solutions. 
Ideas that are generated in individual and possibly across industrial sectors may 
guide TINE in utilising their acid whey in innovative ways, although it lacks 
the systematic processes to search for these solutions. 

Using whey as a raw material in production processes can not only 
improve a company’s sustainable competitive advantage; it also aids the trans-
ition towards a sustainable bioeconomy. Innovation in waste systems results 
in lower disparate rates while increasing the ability to upcycle whey, adding 
value to by-products in the dairy value chain. When considering alternative 
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valorisation options for by-products such as whey, it is important to take a 
holistic and whole-system perspective on sustainability. The most technologi-
cally advanced options are not necessarily the ‘best’ ones in terms of environ-
mental, economic and social impacts and there will likely be trade-offs 
between these three dimensions of sustainability. 
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10.1 Introduction 

Modern economies have long been characterised as ‘knowledge-based eco-
nomies’ (e.g. David & Foray, 2002), whereby more advanced economies are 
distinguished by their ability to generate, disseminate and use new scientifc 
and technological knowledge. Going forward, however, the ability of all our 
economies to successfully address society’s daunting grand-challenges is recog-
nised as something which is not solely about how to increase innovation in 
frms, universities and research institutes; it is increasingly seen as being 
related to improving the effciency of innovation systems when leveraging 
existing investments from different parts of the economy (Bessant & Venables, 
2010). 

This chapter focuses on the underlying ‘knowledge base’ in the formative 
bioeconomy which extends across the established boundaries of different 
sectors and encompasses a range of scientifc and engineering disciplines. It 
involves learning that takes place within organisations, but it also involves 
learning processes at a higher level of aggregation, including those that take 
place across different felds of science (agricultural science, engineering, bio-
medicine) and across different sectors of the economy (primary sectors, manu-
facturing, energy and research sectors). Although, we know something about 
the research agenda in the bioeconomy, less is known about the ‘knowledge 
bases’ that the bioeconomy builds on and, not least, how they are organised. 

The contribution of this chapter is to provide an empirical look at how the 
knowledge production process is organised in the formative bioeconomy and, 
moreover, at which knowledge bases are involved in this important area. We 
have chosen two levels of empirical analysis which address the following 
related questions: 

a How are the links and interactions (e.g. of researchers) organised in the knowledge-
base? This question explores what we refer to as the ‘organisational 
capital’ dimension of the knowledge creation process. Organisational 
capital refers here to the way in which scientifc and technological pro-
duction are organised across organisations such as universities, research 
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laboratories and private enterprises. Examples from the literature include 
the important roles that venture capital or collaborative centres housed at 
universities play in certain contexts. We focus on a comprehensive set of 
research and innovation projects fnanced by a central funding instrument 
of the bio-based economy in Norway, namely the Bionær programme 
organised by the Research Council of Norway (see also below). 

b What disciplines and capabilities make up the knowledge-base? This question 
addresses the ‘human capital’ dimension of bioeconomic research more 
directly, in terms of the knowledge that researchers and others have accu-
mulated in their educations and their professional careers. At this second 
level we utilise the CVs of researchers who are participating in Bionær 
projects. Following earlier work in other contexts, we use CVs by 
analysing the felds and disciplines that the researchers represent as well 
as other aspects of their current positions and their educational 
backgrounds. 

The underlying argument of our approach is that publicly funded research 
and innovation programmes are important instruments, especially for a form-
ative meta-sector such as the bioeconomy. Public policy interventions 
expressly seek to promote the creation, dissemination and accumulation of 
new knowledge in this context. One result is that the projects they support 
bring together one of the leading edges of the research community. We 
proceed on the assumption that by using the comprehensive information 
from this central funding instrument, we can learn more about the types of 
knowledge that are involved and how they interrelate. This is seen as an 
important endeavour since there appears to be a lack of consensus around 
what types of research areas the bioeconomy is based on (see Chapter 2 and 
Bugge, Hansen & Klitkou, 2016) and since it could help direct future public 
policies. 

The chapter is organised as follows: the next section discusses the role of 
knowledge starting from the evolutionary economics and extending to the 
science and technology studies (STS) literature which informs our empirical 
approach. We go on to present our approach, introducing some generic 
aspects about CVs as an analytical lens. This lays the basis for our presentation 
of what this approach tells us about the knowledge base and how it is organ-
ised. We will then conclude with suggestions for future research, emphasising 
CVs as a promising data source that should be explored further. 

10.2 Background 

The creation, diffusion and use of knowledge are of course fundamental in 
advanced economies. Their importance has long been recognised, particularly 
in the heterodox literature by authors such as Freeman (1995), Nelson (1993) 
and Lundvall (1992). Improving the frameworks that promote knowledge 
processes has been a central focus of a range of literature such as systems 
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literature as well as affliated approaches such as the Triple Helix (e.g. Etz-
kowitz & Leydesdorff, 1995). Below, we focus on Sectoral Systems of 
Innovation (Malerba, 2004) as the most relevant approach with which to 
frame our study of the formative bioeconomy. 

In this light, the circular bioeconomy can be considered a meta-discourse 
that engages a range of interests in academic spheres and political spheres 
(Pülzl, Kleinschmit & Arts, 2014). The growing academic work on the bio-
economy is echoed by policy discourse around the world that has repeatedly 
underlined the necessity of building knowledge for the future bioeconomy 
(Staffas, Gustavsson & McCormick, 2013). For instance, the European Com-
mission’s strategy for the bioeconomy (2012) calls for investments in research, 
innovation and skills as central policy interventions. In the US, the National 
Bioeconomy Blueprint has outlined support of research and development 
(R&D) investments, as well as updating training programmes to secure the 
right competences needed in the bioeconomic workforce (The White House, 
2012), while in Norway, the government’s bioeconomy strategy emphasises 
that knowledge building and investments in research and innovation are 
important aspects of developing a modern bioeconomy (Departementene, 
2016). 

10.2.1 Knowledge and the bioeconomy 

In the formative ‘bioeconomy’, it is particularly worth emphasising the 
importance of knowledge and learning and the role that public policy can 
play to promote it. Our empirical look at how knowledge production is 
organised and what knowledge bases are involved in the bioeconomy starts 
from a longstanding evolutionary tradition in economics. The case for the 
importance of knowledge to innovation, industrial change and, in turn, the 
changing sectoral composition of the economy has been consistently and con-
vincingly made in the evolutionary economics literature that grew out of 
Nelson and Winter (1982). 

Innovation systems are understood to emerge from the complex inter-
action between a broad range of actors that create and share knowledge, 
involving both the creation of new knowledge and/or the combination of 
elements of knowledge in new ways (Lundvall, 1992). In general, systems of 
innovation are seen as being ‘constituted by elements and relationships that 
interact in the production, diffusion and use of new and economically useful 
knowledge’ (Lundvall, 2017, p. 86). Edquist (2005) argues that the systems 
of innovation approach focuses on three kinds of knowledge/learning: 
(1) Research and development, which is conducted by universities, research 
institutes and companies; (2) Competence building – creates human capital 
through various forms of training and education; (3) Innovation – the 
knowledge-related asset controlled by companies. 

Studies of biotechnology and information technology have shown that 
relationships between companies and actors such as universities and research 
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centres can be a source of innovation and change (Nelson, 1993). The variety 
of connections among actors infuences the dynamics in the innovation 
system. New knowledge can result in novel links with other innovation 
systems, stimulate the entry of new actors and institutions and alter the system 
boundaries (Malerba & Adams, 2015). The heterogeneous area of nanotech-
nology is another example where new knowledge and techniques help to 
promote innovation in a range of existing industrial contexts. Knowledge 
transfer across cross-sectorial connections can lead to transformation processes 
in sectoral systems (Malerba, 2005). This suggests a cross-sectoral perspective 
which we argue is particularly germane to the so-called bioeconomy. We 
therefore invoke the Sectoral Systems of Innovation (SSI) perspective, which 
serves to ‘focus on systemic features in relation to knowledge and boundaries, 
heterogeneity of actors and networks, institutions and transformation’ 
(Malerba, 2005, p. 398). 

The systems approach is useful for designing policies which support the 
stimulation of a sector. The development of a meta-sector like the bioecon-
omy is guided by knowledge-based processes which help to direct ‘the pat-
terns of frms’ learning, competencies, behaviours, and organisation of 
innovative and production activities in the sector’ (Malerba, 2004, p. 23). 
Governments play a key role in the absence of existing markets. They are 
seen as critical in promoting learning and innovation by promoting research 
and innovation across the boundaries of economic sectors of universities and 
other higher education institutions (HEIs), public research organisations 
(PROs) and the full range of relevant private and non-private entities. These 
can help existing knowledge systems to reorganise themselves in ways that 
can promote the creation and sharing of new knowledge within the sector. In 
addition, this type of dynamic may beget new sectoral institutions and organi-
sations (such as research centres or new educational felds), creating more 
knowledge variety, which again can infuence the evolution of a sector 
(Nelson & Rosenberg, 1993). 

A current focus of the innovation studies landscape is on improving the 
coordination of existing and emerging knowledge of different types in order 
to address what are known as ‘societal challenges’, i.e. challenges that prim-
arily involve social payoffs rather than individual payoffs and which involve 
systemic change in which public policy is expected to play a more central and 
coordinative role. The literature has more recently recognised the new role 
that knowledge can play in addressing the societal challenges of the 21st 
century (Bessant & Venables, 2010) as well as the roles that public policy can 
play in this process. 

What individual actors know and how they learn is thus a key component 
of any innovation-oriented system. This includes both new and existing types 
of knowledge, processes of creation as well as coordination, and theoretical as 
well as more practical types of knowledge. Components of knowledge are 
one dimension of this picture, in terms of what economic actors know. In 
addition, the way that the knowledge processes are organised across existing 
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knowledge bases and learning contexts also helps to defne the direction of 
innovation. The knowledge that researchers and other agents have (human 
capital) at any given point is integral to the emergence of innovative new 
felds, and the way the knowledge is organised (organisational capital) is 
instrumental in shaping the trajectory that innovation takes in contexts such 
as the bioeconomy. 

10.3 Approach 

We consider the bioeconomy to be a formative meta-sector as it cuts across 
several sectors and industries. Furthermore, as Chapter 2 points out, the 
notion of the bioeconomy is multifaceted and includes three visions. For 
some, the bioeconomy is about biotechnology and the promises of break-
throughs in this area (the bio-technology vision). Some see it as being about 
sustainability and ecological processes that, for example, will support biodi-
versity and prevent monocultures and soil degradation (bio-ecology vision). 
For others, the bioeconomy is about advances in resource-based sciences 
more generally and how different felds can be coordinated through new 
research to improve how organic resources are used (the bio-resource vision). 

The bio-resource vision raises a number of questions for us, including 
(i) whether the underlying knowledge is frmly based on a specifc feld of 
science or whether it draws on a wider range of knowledge from different 
areas, and (ii) whether development is linked to specifc lead entities such as 
universities or whether knowledge creation is more distributed. We argue 
that it is important to get a clearer idea of the disciplines, sources and the 
organisation of new knowledge in the bio-based economy. A better under-
standing of what knowledge the bioeconomy builds upon can be useful in 
several ways: it can help to clarify the boundaries of this economy; it can help 
consolidate the population of entities that see their own missions in terms of 
the bioeconomy; it can help identify knowledge strengths and gaps; and it 
can help inform future public policy interventions, etc. 

This chapter undertakes a systematic empirical analysis of the sources and 
organisation of knowledge production in the bioeconomy. It has a specifc 
focus; namely publicly fnanced projects in the area of research and innova-
tion activity for food and bio-based industries. Norway is among the OECD 
countries that have earmarked public funding to promote research and 
innovation of the bioeconomy. The argument is that publicly funded research 
and innovation programmes are important instruments to promote the cre-
ation, dissemination and accumulation of new knowledge in the area of soci-
etal grand challenges (see e.g. Mowery, Nelson & Martin, 2010). 

We use information from one of Norway’s key programmes in this area, 
the Bionær Programme, to learn more about the knowledge system of the 
bioeconomy. As mentioned in the introduction, we will explore two dimen-
sions of knowledge creation and accumulation. The frst involves what sorts 
of actors are involved and how their work is organised. This level, which we 
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refer to as the ‘organisational capital’ dimension of the knowledge creation 
process, is recognised as being important in formative felds (see Bozeman and 
others in the discussion of different U-I partnerships to promote specifc 
research agendas). We are particularly interested in the profle of entities that 
are involved in research and innovation activities on this front, in terms of the 
spread between sectors (HEI, PROs and the private sector) and the inter-
national dimension. The second level explores ‘the human capital’ dimension 
of the bioeconomy by delving into the CVs of participating researchers to 
understand the educational backgrounds and the positions that are involved in 
this research and innovative activity: is it from one scientifc area or several?; 
is it domestic or foreign?, etc. 

10.3.1 CVs as an analytic lens 

Although the use of CV data is not new, it constitutes an innovative (and 
labour-intensive) approach which deserves special comment. CVs are rich 
data sources of longitudinal information about a person’s career (Bozeman, 
Dietz & Gaughan, 2001). Researchers include in their CVs information about 
their educational backgrounds, their current positions and their publications. 
Gläser (2001, p. 698) argues that research careers are ‘theoretically and practi-
cally important because they link individuals with institutions as well as social 
structures with knowledge production’. CVs of researchers include informa-
tion about who they have collaborated with (identifed as either co-authors 
or research collectives). Consequently, it is possible to use CVs to map 
researchers’ networks in addition to their scholarly disciplines, affliations and 
various work experience. 

The use of CVs in research has become more and more prevalent since the 
1990s, although its growth is still hampered by the availability of CVs and, 
moreover, the lack of tools to automate their analysis (Geuna et al., 2015). 
Cañibano and Bozeman (2009) point out that the use of this unique data 
source is primarily found in the research evaluation sphere where its use has 
shifted over time from a focus on output (in terms of publication) based on 
specifc inputs (e.g. to evaluate the success of education and research policies) 
to include a greater focus on capacities (i.e. the ability to develop relevant 
competences). They indicate that CV-studies have generally focused on one 
of three topics: career trajectories, mobility and mapping of collective capa-
city (Cañibano & Bozeman, 2009). 

In the literature, notable themes include mobility and research perform-
ance (Cañibano, Otamendi & Andújar, 2008), commercial activity (e.g. Dietz 
& Bozeman, 2005; Lin & Bozeman, 2006), collaboration and productivity 
(Lee & Bozeman, 2005) and career transitions (e.g. Mangematin, 2000). A 
relevant approach is suggested by Lepori and Probst (2009), who used CVs to 
understand the structure and dynamics of a scientifc feld which is character-
ised by conceptual, theoretical and methodological pluralism. They argue that 
CVs offer an easier and quicker way to look at such a community than a 
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survey could, for example. A more recent study of entrepreneurship scholars 
which aimed to understand the feld’s knowledge base also used CVs as a data 
source (Landström, Harirchi & Åström, 2012). We follow the mapping focus 
to explore the human capital dimension in terms of how researcher capacity 
and competences are arrayed in the formative ‘bioeconomy’. 

10.3.2 Data 

We utilise data provided by the Bionær (Sustainable Innovation in Food and 
Bio-based Industries) programme to study the organisational and human 
capital dimensions of the bioeconomy. The Bionær programme coordinates 
funding allocations from a range of ministries into research and innovation 
activity for food and bio-based industries. The programme aims to trigger 
research and innovation for enhanced value creation in Norwegian bio-based 
industries. The objective is to increase knowledge and expertise in order to 
promote sustainable industries and foster policy development and innovation 
in bio-based companies and bio-resource management. The requirements for 
being accepted into the programme are interdisciplinarity and international 
research collaboration, as well as having a market-oriented focus, and incorp-
orating the concepts of sustainability and circularity (RCN, 2013). The 
outcome should be both strategic basic research and industry-oriented 
research. 

The Bionær project portfolio provides a unique – if imperfect – empirical 
approach to research and innovation in the bioeconomy. Several strengths 
that recommend this programme as a lens are: 

a Topicality: it focuses on research and innovation activities in the bio-
based industries in general. This defnition is suffciently topical; it focuses 
on an array of bio-based projects including a category of projects that 
explicitly focus on the ‘bioeconomy’. 

b Duration: it has existed for over a decade. 
c Extent: the funding frame is substantial, with 100 million NOK in 2018 

earmarking ‘bioeconomy’ projects alone (in conjunction with other pro-
grammes). The projects therefore tend to be long-term and involve larger 
numbers of partners. 

d Quality: the quality of the projects in terms of research and innovative 
degree is approved by a panel of international experts. 

There are certain characteristics of the Bionær programme that are relevant to 
mention: 

a The programme does not account for all innovation and research activity 
in the area. It does not include activities that are carried out internally in 
companies or in universities that are not funded by the programme. For 
example, universities and frms may fund their own R&D work, which 
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does not beneft from this programme (see also Chapter 11). It is also 
worth mentioning that there are other complementing funding pro-
grammes. As an example, RCN coordinates the BIA-programme and 
SkatteFUNN, which are more generic research and innovation instru-
ments directed towards industry actors. To deepen our understanding of 
the competences involved in the bioeconomy, some of these programmes 
were considered for inclusion in the dataset of this study, but RCN 
encountered challenges in extracting the relevant projects from their 
database (due to issues of categorisation). In addition, projects involving 
mainly marine bioeconomy are largely organised in separate programmes. 

b Although it focuses on research and innovation activity for food and bio-
based industries, some individual projects may not be seen as directly rel-
evant to the bioeconomy, depending on one’s defnition. 

c Disclaimer: this chapter grows out of a project that is itself receiving 
signifcant funding from Bionær. 

10.3.2.1 Project data 

The Bionær programme funded 333 projects in the period 2005–2016. In 
this period the programme focused on agricultural, forest and bio-based value 
chains, and also included most of the seafood value chain. We obtained 
project and CV information from the programme itself. In this chapter, we 
focus on the 136 research and competence-oriented projects that were still 
active in 2016. The 136 targeted projects involved between one and 20 team 
members (lead, collaborator, associate) each and had an average team size of 
5.3 members. They lasted an average of 3.7 years and involved a total funding 
amount of an average of 9.2 million NOK. 

The projects which were active in the period 2007–2016 can be broken 
down into two main types. The frst type is Research Projects (60 or 44% of the 
total), and as the name suggests, these tended to be explorative projects driven 
by research enquiry. The second type of projects tended to involve industrial 
partners more directly. This category includes so-called Innovation Projects (66 
or 49%) as well as other collaborative projects with a focus on competencies 
and the needs of the industry (the remaining 7%). 

10.3.2.2 Researcher data 

A total of 611 individual participants from a total of 498 entities were identi-
fed as being directly involved in one or more of the projects. The entities 
represented the higher education institution (HEI) sector, the public research 
organisations (PRO) sector, the private enterprise sector and the government 
sector. From the CVs, we extracted information about what type of positions 
the project participants held, their feld of expertise and their education levels 
and profles. We also included other characteristics to inform specifc 
questions: for example, educational degrees and experience from foreign 
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institutions are potentially useful when investigating sources of knowledge 
spill-over. 

In this study, access to CV information at the researcher level is con-
strained by two main considerations. The frst is a formal constraint. A 
number of researchers were no longer engaged at the partner organisations at 
the time of our study (2017–2018) and were therefore not given the chance 
to opt out of the study. This led to the exclusion of 27 CVs. The second 
constraint is more formalistic. Not all variables (e.g. year of birth, feld of 
science, degrees) were included in all the individual CVs. This made process-
ing of the information diffcult despite the reliance on manual processing. 
This constraint led to further exclusion of other CVs. 

Table 10.1 indicates that roughly 570 CVs provided at least patchy 
information for the variables we were interested in, such as education levels, 
feld of science (fos), age, year of graduation, etc. Most of the work involves 
around 430 researchers for whom we had suffciently extensive information 
(either good or complete). 

10.4 Empirical fndings 

In the following we will present our fndings concerning organisational and 
human capital in the emergent bioeconomy. This empirical section starts by 
focusing on publicly funded projects in Norway. A point of departure is the 
literature which debates how fruitful mission-based funding can be in address-
ing societal grand challenges (see above). We focus therefore specifcally on 
projects designed to promote research and innovation under the Bionær 
programme. 

Table 10.1 The number of individual CVs available based on the earliest project 
participation of the researcher 

Earliest project start Quality of processed CV 

Complete Good Patchy Poor Insuffcient 
information 

Total 

2007 
2010 
2011 
2012 
2013 
2014 
2015 
2016 

2 
10 
44 
11 
65 
84 
75 
74 

1 
2 
5 
1 

22 
13 
12 
10 

0 
2 

19 
3 

18 
39 
30 
25 

0 
2 
7 
0 
6 

12 
4 
2 

0 
1 
5 
0 
1 
2 
0 
2 

3 
17 
80 
15 

112 
150 
121 
113 

Total 365 66 136 33 11 611 

Source: Bionær Programme: for active projects in the period 2007–2016. 
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10.4.1 Organisations and organisational capital 

The 136 projects involved a range of organisations, from private companies 
and universities, to research organisations and a range of public and quasi-
public organisations such as interest organisations. A total of 498 entities from 
around the world contributed to the projects. The nature of the Bionær pro-
gramme promotes collaborations with Norwegian actors in general: a number 
of the programme areas particularly promote collaborations with private enti-
ties. The breakdown of project participation refects this (see Figure 10.1). 
The majority (364 or 73%) were based in Norway, with a further 21% (105) 
from the rest of Europe; primarily the other Nordic countries (36 or 7%). 
The remaining 6% (29 or 5.8%) came from the US or other countries. This 
suggests that knowledge in the bioeconomy is indeed global but that it is 
organised and anchored nationally or regionally. 

10.4.1.1 Norwegian partner entities 

Roughly 360 of the entities that participated in the Bionær programme 
during the period of study were based in Norway. The following Figure 10.2 
groups the activities of these Norwegian entities into aggregates of primary 
NACE rev2 classifcation. Following from the fgure above, the bar-diagram 
can be divided into two broad sectors. The private sector, which accounts for 
slightly more than half of the entities, is arrayed on the lower part of the 

Figure 10.1 Types of organisations by region: gross breakdown (n =498): projects 
active in the period 2010–2016. 

Source: Compiled by NIFU based on raw data from the Bionær programme, 2017. 
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Figure 10.2 Norwegian participants by NACE activity (n =362), 2007–2016. 

Source: Compiled by NIFU based on information from RCN’s Bionær programme. 

fgure. Primary industries (agriculture, forestry and fsheries) feature promin-
ently here, followed by the manufacture and sale of goods (food, beverages, 
lumber, etc.) from these industries. In addition, there is a smaller share of 
companies involved in the manufacturing and sale of other products. 

The upper part of the diagram consists primarily of the non-private sector 
entities, including higher education institutions, public research organisations 
(the ‘knowledge-intensive services’), as well as an array of government and 
quasi-governmental organisations ranging from municipal authorities to 
interest organisations for involved industries. In reality, the division is not so 
stark between the sectors: a number of entities involved in knowledge-
intensive services are in fact private while a number of entities in the primary 
sector are not purely private (they include publicly owned/controlled 
companies). 

Public research programmes provide a vehicle for bringing together 
different types of expertise and knowledge to explore/exploit the research 
and innovation possibilities that are emerging in this feld. The bioeconomy 
is not only about ‘biotech’ frms. An important point is that the bioeconomy 
involves an interrelationship between different types of organisations in 
different sectors. We emphasise here that the bioeconomy builds on compe-
tencies which are located across a range of entities from the HEI, the PRO, 
the governmental area and the private sector. 

Chapter 11 looks in more detail at a broader register of Norwegian entities 
that are involved in research and innovative activities in the ‘bioeconomy’ in 
the country. The 360 entities included in this study are central to that 
register. 



  

 

 

 

 

 

 
 

         
 

            
          

 
           

 
  

  

200 L. M. Dybdahl and E. J. Iversen 

10.5 Human capital and researchers 

We turn now to the question of the type of felds science researchers in the 
bioeconomy represent. As discussed above, the CVs provide detailed informa-
tion about the disciplines the researchers represent, their affliation (univer-
sity, research institute, private sector) and their seniority (professors, post-docs, 
PhD students). This offers us a vantage point on the human capital that goes 
into RD&I projects and so allows us to better understand the knowledge 
bases that the bioeconomy builds upon. This section will review the sectors 
of the economy, the felds of science and the types of research bioeconomy 
research stems from. 

10.5.1 Researchers 

The 611 researchers who participated in funded Bionær projects in the period 
were predominantly affliated with research organisations. Almost 80% 
stemmed from public research institutes (295) and from universities (188). 
The following Table 10.2 provides an overview of the general characteristics 
of the project participants by sector of employment. Two thirds of project 
participants were male, although the share is higher in the HEI sector (77%) 
and lower for PROs (61%). 

Three quarters of the population held degrees from Norwegian univer-
sities. Of the 420 researchers for whom we have valid data, over 80% had 
PhDs. One hundred researchers (of the 420) held degrees from abroad, where 
the majority of degrees were from Sweden (19%), Denmark (14%), the UK 
(12%), the USA (12%), Germany (9%) and Finland (6%). 

The average year of birth was 1964, which means that the average age of 
the researchers was 54 years. However, the average age of the whole bioeco-
nomic research population as a whole is likely to be lower. One aspect that 
will affect the CVs represented in the applications is the strategic or tactical 
choices made during the application phase. Although the Bionær programme 
plan states that the participation of young researchers is valued, it is not 
unlikely that more experienced researchers will be considered a positive asset 
for funding probability. As a result, there might be a biased representation of 
the experience level among the persons in the application teams (limitations 
are discussed further in the concluding section). 

The breakdown does, however, reveal some interesting aspects of 
ongoing research, development and innovation (RD&I) activities that focus 
on the bioeconomy. It indicates that this economy involves a broad range of 
sectors. Research institutes and universities lead the effort, but they work 
together and with private enterprises as well as with the government sector. 
In addition, over 25% of the 500 organisations that were involved are 
located abroad. The share of PhD holders was higher than usual for 
the sector. In part this refects the point made above. What is perhaps 
more interesting is that a large proportion of those PhD holders took their 
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doctorate degrees in another country, indicating a level of spill-over from 
other innovation systems. 

10.5.2 Field of science 

Formal education provides an important indication of where knowledge of 
the formative feld comes from. We used the CV information to categorise 
the felds of science in which the project participant held his/her highest 
degree. The felds of science were translated and manually categorised into a 
standardised (ISCED) schema which distinguishes between a number of main 
felds, namely agricultural sciences, engineering sciences, health sciences, 
physical and life sciences, social sciences and other categories such as humani-
ties or applied service felds (e.g. accountancy). 

The following Table 10.3 indicates that the broad area of agricultural 
sciences was the most represented feld. Of the 384 individuals for whom we 
have data, the greatest number hailed from the broadly aggregated felds of 
agricultural sciences (123), followed by the social sciences (79), physical and 
life sciences (63), and engineering, manufacturing and construction (61). Most 
of the researchers with foreign doctorates were in the felds of agriculture 
(including forestry and fsheries), physical and life sciences, and social sciences, 
business or law. 

Table 10.3 Researcher feld (and subfeld), n = 384 

Fields Subfelds Number of 
researchers 

Agriculture Agriculture, forestry and fshery 
Veterinary 

109 
14 

Engineering, manufacturing 
and construction 

Engineering and engineering trades 
Manufacturing and processing 
Engineering, manufacturing and 

construction 

47 
10 
4 

Health and welfare Health 21 

Humanities and arts Humanities and arts 16 

Physical and life sciences Life sciences 
Engineering and engineering trades 
Physical sciences 
Computing 
Mathematics and statistics 

50 
1 
6 
3 
3 

Services Services 21 

Social sciences, business and 
law 

Business and administration 
Social and behavioural science 
Law 

43 
22 
14 

Grand total Total 384 
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The table confrms that RD&I work in the bioeconomy is not isolated to 
a single feld of science. It shows that the bioeconomy is based on an array of 
felds, ranging from the agricultural sciences and the life sciences, engineering 
and the physical sciences, to a variety of social sciences and professional 
studies. To further get a sense of the contributing knowledge, the table dis-
aggregates these broad felds into more specifc subfelds. For example, veteri-
nary sciences can be distinguished from other parts of the broader feld of 
agriculture, while life sciences can be separated from physical sciences. This 
helps us to appreciate the relative importance of life sciences, engineering and 
business administration in particular. 

10.5.3 Sectors and seniority 

As indicated above, many of the project participants are currently affliated 
with the PRO sector, principally SINTEF, NOFIMA and the former Nor-
wegian Forest and Landscape Institute, now merged with Bioforsk and the 
Norwegian Agricultural Economics Research Institute into the Norwegian 
Institute of Bioeconomy Research. The importance of this sector extends 
through many of the felds and subfelds. The HEI sector accounts for the 
second largest group, largely from the Norwegian University of Life Sciences, 
the Norwegian University of Science and Technology (NTNU) and the 
University of Oslo. We note that a number of the major institutes were 
merged or otherwise reorganised during the reference period, and some 
research institutes became part of the HEI. In addition, we see that bioecon-
omy research is not led solely by universities or even the HEI and the PRO 
sector; the private and government sectors are also very much involved. 

The fnal table (10.4) illustrates how project participants are distributed at 
different levels of seniority. The frst category of researchers (R1 and R2, 
according to the EU schema) consists of PhD students and post-docs, and 
general researchers, while R3 consists of associate professors and researchers. 
Lead researchers include professors and research professors, while administra-
tive leaders include heads of departments and other directors. In addition, a 
range of other positions such as R&D coordinator or operating managers 
were placed in the non-classifed category. 

Table 10.4 Researchers by sector of affliation and level of seniority 

R1–R2 
researchers 

R3 established 
researcher 

R4 lead 
researcher 

Administrative 
leader 

Not 
classifed 

Grand 
total 

HEI 
PRO 
Private 
Government 

and other 

29 
105 

56 
83 

2 

126 
14 

1 

8 
31 
20 
2 

2 
21 
48 
10 

221 
254 
68 
15 

Total count 134 141 141 61 81 558 
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The categorisation system is not perfect. For instance, the HEI and the 
PRO sectors employ different rankings which, in the latter case, may depend 
on the given institute. In addition, the rankings are skewed towards the more 
advanced due to how CVs are included in project proposals. The table does, 
however, provide a good indication of which parts of the organisations are 
involved in this activity. Again, we see a balance between the most senior 
positions (200 professors, lead researchers and administrative leaders) and the 
younger researchers (275 from the low- and middle-rank positions). In the 
PRO sector especially, we also fnd a range of ancillary positions in 
the unclassifed category that do not correspond to generic positions but are 
more involved in the running of projects, etc. 

10.6 Concluding discussion 

The chapter provided an empirical look at how knowledge production is 
organised in the bioeconomy and which knowledge bases are involved. Its 
purpose has been to improve our understanding of the ‘knowledge base’ 
which will hopefully comprise the knowledge necessary to identify and 
exploit new and sustainable value propositions in organic waste streams. We 
noted a general need to solidify what is known about this dimension of the 
formative meta-sector. One dimension involves public policy, which, as we 
observed, is dedicated to increasing the allocation of resources to this area. 
In this light, it is useful for public policymakers to know what felds of 
science are involved in innovation and how they are organised, as this will 
help to appreciate the strengths and challenges present in this changing 
context. 

To do so, the chapter has drawn on literature about the role of knowledge 
in emerging areas. Our starting point was the tradition of sectoral systems of 
innovation. The relevant literature pioneered analysis of the role of know-
ledge in order to understand the integral role of innovation in industrial 
change and, in turn, in the changing sectoral composition of the economy. A 
second strand of literature that we followed in our empirical strategy is from 
the STI literature. Here we have used the work of Bozeman and colleagues, 
who integrated the concepts of human capital and organisational capital into 
the STI tradition and, in doing so, have pioneered the use of CVs as data in 
their studies. 

This strand of the literature has especially inspired our empirical work. Not 
least, this is due to its focus on human capital and the way that it is organised, 
and to the fact that this approach has previously explored the role of scientifc 
and technological knowledge in emerging meta-sectors such as biotech 
(Corolleur, Carrere & Mangematin, 2004) and nanotech (e.g. Bozeman, 
Larédo & Mangematin, 2007). These are themes that lend themselves well to 
our study on the emerging bioeconomy. 

The chapter has furthermore followed their pioneering work by using CVs 
to study human capital and how it is organised. Taking our cue from this 
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literature, we differentiated between two dimensions of knowledge creation 
and accumulation in the bioeconomy: 

1 How are the links and interactions (e.g. of researchers) organised in the 
knowledge base? 
The basic dimension, which we have dubbed ‘organisational capital’, 
looked at how the collective knowledge is being brought together to 
create new forms of scientifc and technological knowledge in the bio-
economy. Here we focused on the role of project data from a large-scale 
research and innovation programme in Norway to study the links 
between different agents in different sectors. Several interesting observa-
tions emerged from this exercise. 

a The 500 entities that contributed to the 136 projects were used to 
study the distribution of what sorts of agents are involved in Norwe-
gian RD&I projects in the bioeconomy. The chapter indicates that 
around three quarters are domestic, while a further 20% are from 
other Nordic countries or elsewhere in Europe. This suggests that 
knowledge in the bioeconomy is indeed global but that it is organ-
ised and anchored nationally or regionally. 

b We also found that the projects were based on collaborations 
between different sectors of the economy: the PRO sector, the 
HEI sector, the private enterprise sector and the government 
sector. Although the inclusion of different sectors may in part be 
shaped by the Bionær programme requirements, the material illus-
trates that there is an active division of labour between the different 
sectors. 

c The chapter focused on the Norwegian participating entities. It 
showed that, next to the HEI and PRO sectors, the private sector 
involvement largely featured the primary industries (agriculture, for-
estry and fsheries) and the manufacture and sale of goods (food, bev-
erages, lumber, etc.) from these industries. 

2 What knowledge and capabilities make up the knowledge base? 
We then took stock of the ‘human capital’ that is embodied in the indi-
vidual contributor to the researcher project (the ‘researcher’). Here the 
CVs of project participants were used to gauge inputs to RD&I projects, 
in terms of the knowledge that researchers and others had accumulated 
through their education and their professional careers. This labour-
intensive exercise revealed a number of aspects about the knowledge base 
that the bioeconomy is building upon. The chapter indicated: 

a that the different sectors contribute with different types of know-
ledge to the bioeconomy RD&I; 

b that participants in the Bionær programme tend to be male, although 
the balance differs between sectors; 
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c that their highest degree tends to be from a Norwegian institution, 
although the share of foreign PhDs is markedly higher in the HEI 
sector; 

d that they tend to hold PhDs, where the degrees of PRO researchers 
tended to be slightly more recent than those of participants from the 
HEI sector. 

Coordinated, integrated R&D efforts are important to the Norwegian bio-
economy agenda. The projects integrate a range of knowledge across different 
science felds. It is worth recapping the role that different felds of science 
play in the bioeconomy, as this is an important contribution of the chapter. 
We fnd among the CVs for which we have good data that the highest share 
represents the agricultural sciences, broadly construed. This is a confrmation 
of what one might expect in the bioeconomy feld. It is interesting that a 
range of other felds complement this core area. Prominent among these is 
the feld of life sciences (combined with medicine and health). A second 
major component is the participation from engineering and the physical sci-
ences, while a third, made up of social sciences, humanities and professional 
degrees (business administration, law), is also important in these cross-sectoral 
collaborations. We argue that this broad involvement of various disciplines 
and capabilities is especially important in the development of a circular and 
sustainable bio-based economy. If the evolving bioeconomy is to contribute 
towards solving some of the 21st century’s complex societal challenges, its 
knowledge base must be inter- and transdisciplinary. 

10.6.1 Limitations 

Before we discuss the possibilities for future work, some of the limitations 
associated with using this data should be mentioned. The chapter has previ-
ously stated a number of recognised problems associated with utilising CVs. 
In addition, we review the more specifc limitations our work encountered: 

1 The Bionær programme is a major public policy intervention to promote 
RD&I in the bioeconomy in Norway. However, it clearly does not 
represent the full scope of all work being done here. First, we excluded 
information from unsuccessful applications. Second, the selection was 
skewed more towards the HEI and the PRO sectors and offers compara-
tively little insight into what is happening in private enterprises (see 
Chapter 11 for more information on the contribution of the private 
sector). 

2 The data covers a period of time during which researchers may develop 
in ways that are important to the analysis. We focused on the frst project 
a researcher participated in and may have excluded updated information 
(e.g. PhD year). In addition, a number of entities changed sectors during 
the period (from research institute to a university). 
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3 Not all project participants were included in the granted applications. We 
noted that project CVs tended to include those contributors with the 
longest track-records and favoured PhD holders over non-PhD holders, 
due to requirements of the funding agency. The teams were also subject 
to change, especially in the longer projects. Researchers changed jobs or 
retired, which left the actual composition of the team quite different to 
its composition at the time of application. A small number of CVs were 
also not available in our analysis due to formal reasons. 

4 CVs are notoriously labour intensive to work with, although techniques 
are improving. There are recognised challenges associated with non-
standardised formats of the documents themselves (Cañibano & Bozeman, 
2009; Dietz, Chompalov, Bozeman, Lane & Park, 2000). In addition, 
there are several types of translation involved that may lead to non-
standardised categorisations. For example, career descriptions vary 
according to institution, country and disciplinary context. The type of 
unifcation problem this creates can make the integration of sectors, sen-
iority and felds of science a challenge. 

10.6.2 Future paths of research 

This study builds on a composite set of linked data, involving basic project 
data, information about participant entities and the CVs of individual 
researchers. This approach has proved to be time-consuming and has involved 
formal hurdles as well as the practical challenges of compiling the datasets, 
especially the CV data. However, data-extraction tools are continuously 
improving (see Geuna et al., 2015). This is taking analysis in a direction 
where the challenges of extracting and coding data from CVs will be reduced. 
This can help to make CV studies an important source of information that 
can help shape the national bioeconomy agenda going forward. 

In this context, our chapter represents an explorative starting point which 
can open the way for other studies. We see several avenues available to explore. 
The frst broad avenue is to more fully exploit the information from the com-
bined dataset. A unique aspect of the dataset that we developed here is that it 
combines information about the project participant (‘researcher’), information 
about the affliated enterprise or institute and information about the collabora-
tive project. This combination affords a number of potential vistas for explora-
tion, including studies of the subsequent direction of collaboration and careers 
of involved researchers, or of the publication or patenting profles of their affli-
ated organisations. There is further scope to explore how research is organised 
in a formative meta-sector like the bioeconomy. This line of study can help 
indicate potential links between research sectors and the private enterprise 
sector and other stakeholders. This would then have implications, for example, 
in terms of identifying which confgurations work well in which contexts. 

A second broad avenue involves using more specifc information from the 
CVs. So far, we have primarily looked at current affliation and latest degree, 
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but CVs contain considerably more information about the careers of the 
researcher, their publication records and other projects that the researcher 
has been involved in. This information can be used, in general, to follow up 
existing studies that have used CVs to focus on scientifc careers and on 
research evaluation (see Cañibano et al., 2018 for discussion). There are 
multiple possibilities for pursuing existing or emerging lines of enquiry. One 
important topic involves sectoral mobility. Here there is a need to better 
understand how researchers contribute to the integration of intersectoral 
research, especially those that link the private enterprise sector to the 
research sectors and other stakeholders. Another important topic involves 
career trajectories, especially those of recent PhDs. One current question is 
what happens to PhD holders after graduation and during their early careers. 
A more general question is whether and how they contribute to emerging 
RD&I agendas such as the bioeconomy. Finally, we note that CV-based 
studies can be used to map human capital and to understand future needs 
for the appropriate training of tomorrow’s workforce. Such knowledge 
can support educational institutions and policy makers in their planning 
of educational programmes and of interventions to support industry 
development. 
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11.1 Introduction 

This chapter addresses the need for a reliable way to identify actors in the 
‘bioeconomy’ and to take stock of the innovative activities they engage in, 
especially in terms of how these activities involve organic waste paths and the 
circular economy. The focus is on what the actors do, not how they are ini-
tially categorised. Economic actors engage in activities that they either directly 
associate with the bioeconomy or that can be associated with the bioeconomy 
via scientifc activity. We have screened a comprehensive range of available 
data sources based on both more objective measures (e.g. patents or projects 
linked to the bioeconomy) and on more subjective links (e.g. affliation with 
relevant interest organisations, or survey responses). This identifcation pro-
cedure yields a population of actors whose contribution to the bioeconomy 
can be linked to one or more measures, allowing us to say something about 
the population itself as well as the activities that the actors are involved in that 
contribute to the bioeconomy. 

The chapter starts by introducing the basic challenges that emergent and/ 
or sector-bridging industries face, before laying out an identifcation pro-
cedure to help stabilise that population and their activities. We then explain 
the approach we use to identify actors according to clear criteria based on a 
range of available data sources. The chapter has three empirical sections: 

i R&D baseline: The frst section establishes a baseline for research in the 
bioeconomy, starting with the most standard measure possible, offcial 
national research and development (R&D) statistics. It builds on a 
customised study carried out in Norway in 2016 using 2015 data 
(Rørstad & Sundnes, 2017). 

ii Population of bioeconomy frms: The second section reports on the 
empirical strategy used to fesh out the who and what of the emerging 
circular bio-economy. The Norwegian Inventory of Bioeconomy 
Entities (Iversen, 2018), which systematically integrates R&D, patenting 
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and project data, is used to identify ‘economic actors’ involved in the 
circular bioeconomy, highlighting the six subsectors considered in the 
previous book chapters. ‘Actors’ are primarily private-sector entities 
(‘frms’) but may include research organisations in the governmental 
sector such as research institutes, universities, etc. 

iii Survey of bioeconomy innovation: Finally, the chapter presents results 
from a novel frm-level questionnaire that focused on innovation in 
organic waste activities in Norway in 2017. The population-frame for 
this mapping exercise, which was carried out at the TIK centre (Univer-
sity of Oslo), came from the NIoBE dataset. The survey also provides a 
quantitative backdrop to the cases previously presented in this book 
within specifc subsectors. 

Together these steps provide a consistent and comprehensive view of the 
actors and their activities and how they contribute to the emerging circular 
bioeconomy in Norway. 

11.2 Background1 

The inaccuracy of industrial classifcations for emerging felds and sectors: Addressing 
the question of who is involved in the bioeconomy acts as a stumbling block 
for empirical and policy-relevant research. Recognised industrial classifcations, 
such as the NACE taxonomy (Statistical Classifcation of Economic Activities 
in the European Community), are not reliable guidelines in this context. This 
is because the bioeconomy is emergent and not yet fully stabilised as a recog-
nised and distinct feld; instead, it continues to take shape as existing sectors 
utilise both new and existing technologies, inputs and ways of (inter)working 
to explore emergent possibilities. A deductive approach to defning the bio-
economy based on the existing foundations of established industrial classifca-
tion does not get us very far and may even lead us down the wrong road. 

Industrial classifcations are also unreliable here for another reason. The 
bioeconomy is largely a meta-sector that extends across more narrowly 
defned industries. In many cases, the products of activities here are not new: 
outputs, such as energy, may simply be substitutes for established activities 
that use other inputs. This raises its own set of problems in creating reliable 
metrics (see discussions elsewhere, e.g. OECD, 2018). 

Current approaches: There are ongoing activities to capture the bioeconomy 
in fgures. These efforts are especially current in jurisdictions where policy 
intervention is targeting this nascent sector or area. This includes the OECD 
countries in general and Europe in particular. To match the focus of Euro-
pean policy-makers, the EU statistical agency (Eurostat) has recently 
attempted to coordinate data-collection efforts across Europe. These have a 
focus on primary biomass production and on waste resources. 

Establishing the industrial sectors related to economic activity that can be 
categorised under the bioeconomy is more diffcult. One EU project (BIC 
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Consortium, 2018), for example, tries to estimate the boundary of existing 
sectors and presents the turnover linked to these estimates. In addition, there 
are a number of other national (LUKE Natural Resources Institute Finland, 
2018) and sectoral efforts, such as for the cellulose industry (CEPI, 2018), and 
cross-sectoral efforts available as data sources for bioenergy and biofuels 
(EurObserv'ER, 2018). 

Metrics for the bioeconomy are largely based on estimates of how bioma.ss 
production (agriculture, forestry, fisheries) is processed/refined in discrete 
sectors (food and beverages, paper) to produce organic-based products. The 
first problem is that this relationship is not one-to-one. Estimates are used to 
allocate subpopulatious of established categories (like chemicals and plastics) 
to the 'bioeconomy', based on various estimates. 

The most formalised efforts focusing on the bioeconomy involve measures 
of biomass and 'organic residuals' or 'side-streams'. New rules have been 
introduced to more accurately accoWit for the generation and treatment of 
real resources. In Europe, the more accurate measures of organic waste are in 
keeping with the revision of statistics in line with Eurostat WStatR. 
However, this data is not linked directly to the firm level (yet). In the case of 
Norway, the revision of sector-based estimates (before 2011) to improve data 
collection exposed estimation errors of up to 100%. This suggests a need for a 
stronger micro-level foundation for accounting in this area. 

The problem extend< further, notably to our ability to map not ouly eco­
nomic activities that produce organic residuals or 'waste', but also those that 
process them: it is difficult to properly size up the bioeconomy. However, 
efforts to link economic activity to bioma~•. such as those uodertaken by 
EuroObserv'ER, should be encouraged. Being unable to frame the bioecon­
omy reliably and accurately in metrics has important consequences. We high­
light the difficulties in properly fr.uning and focusing on the role that 
innovation plays in the circular 'bioeconomy'. 

11.3 Empirical sections 

There is a range of waY' to design a procedure that can identifY the target 
population io these circumstances. As sizing up emerging technologies, indus­
tries and sectors is not a new problem, the chapter references the sectoral 
S)"tems, transition literature and other current work (e.g. Bugge, Hansen & 
Klitkou, 2016; Rotolo, Hicks & Martin, 2015). We also refer to ongoing 
work in the SusValueWaste project (see note 1) using project and CV data to 
explore empirical ways of getting a handle on the question of knowledge and 
competencies. Improving the measurement of an emerging sector or meta­
sector like the bioeconomy boils down to evolving metrics along the follow­
ing dimensions: 

• Coverage of supply and demand side measures for resources, activities 
and actors; 
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• Compatibility across countries and across time; 
• Granularity in terms of the acto!ll involved and their activities; 
• Timeliness; and 
• Replicability and legitimacy. 

The following section will present a first estimate of formal R&D activities, 
the population and the survey based on this population. Two of the lenses 
featured here are based on collecting data from the acto!ll themselves: the 
Agrifood R&D carried out by NIFU (R0rstad & Sundnes, 2017), and the 
survey of Norwegian firm.< eogaged in organic waste activities carried out by 
TIK in 2017 (Normann, 2018). These two collection rounds are census-based 
activities rather than sample surv"}". Each is based on an established (notion­
ally) complete list of entities (for the defined categories); established criteria 
have been applied and respondents and non-respondents have been validated. 
This provides a point of departure that is distinct from other efforts (such as 
Biosmart (2018)) and that can reveal something new about the extent and 
direction ofR&D allocations and innovative activities respectively. 

We address the following questions: 

• "Who are active 'bioeconomy' actors in Norway? 
• What activities do the different subcategories report? 
• How do these activities square with related activities within the sector? 

11.3.1 Baseline: R&D activity in the circular bioeconomy 

NIFU, which produces the official R&D statistics for the higher education 
sector (HES) and the research institute sector in Norway, conducts extended 
census work to look more deeply into thematic areas of specific interest such 
as polar research, climate change or 'agriculture and food' research. We utilise 
the results and the population frame from the study of 'agriculture and food' 
R&D to set the baseline for sizing up the circular bioeconomy in Norway. 
The term 'agriculture and food' corresponds to the following categories in 
the Web of Science database: agriculture economics and policy, agricultural 
engineering, agriculture, dairy and animal science, agriculture multidiscipli­
nary, agronomy, food science and technology, forestry, and veterinary 
science. 

Conducted in 2015/2016 (reference year 2015), this national survey 
mapped the allocations of Norwegian actors to R&D in the area of agricul­
tural and food-related R&D. Agriculture and food research is adntittedly not 
a perfect proxy for the research area we wish to capture. However, agri­
culture and food research does provide an instrumental foundation from 
which to start to size up actors and activities: it spans a number of important 
industries that focus on organic matter and waste streams; it involves a range 
of commercial activities; and these activities are relatively research intensive 
within our scope of interest. 
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The population frame of the smvey includes all departments in the hlgher 
education sector (84) and the research institute sector (47) who report R&D 
expenditures in this area and/ or publish in this area. A further 462 private sector 
actors were included. This population represents a full count of £inns that receive 
research, development and innovation (RD&l) grants from the Research 
Council ofNorway in relevant fields. Over 80% of the entities canvassed replied. 
Information from 230 research active entities is used in the analysis. 

The basis of onr analysis is thus all entities who receive public money to 
finance research, development and innovation activities in the area of agri­
culture and food. Thi' represents a quasi-totality of research activity, and the 
selected lens provides a census for this important part of the bioeconomy. 
The university (HE!) and the research institute (RI) sectors are known to be 
key in this research area. R&D resource allocation, including expenditures. is 
reported by the institutions themselves, based on a breakdown of in-house 
activities. The departments in the higher education sector (HES) aod research 
institutes reported a percentage of their R&D activity which was defined as 
agricultural and food-related R&D. Firms in the industrial sector reported on 
actual amount spent on R&D in that particular research field. The question­
naire then asked all respondents to break down the agricultural R&D into 
thematic sub-fields which included circular bioeconomy. The nmnbers on 
R&D in circular bioeconomy are therefore estimates made by the R&D per­
formers them'ielves. 

Agriculture and food R&D totalled NOK 2.4 billion and has grown at ao 
annual rate of about 2.4% in real terms between 2007 and 2015. A total of 
2,900 researchers were reported to be involved in R&D activity in this area 
in 2015 (R0rstad & Sundaes, 2017). It should be noted that this approach 
does not include the important activities of oceao fisheries and aquaculture. 

Table 11.1 provides a breakdown of R&D expenditures that were 
allocated to the area of 'circular bioeconomy' in 2015. The study defines 

Table 11.1 R&D expenditures on circular bioeconomy (million NOK) per sector of 
performance and number of institutions/firms in 2015 

Sector '![ peiformance Circular Circular Circular Number'![ 
bioeconomy bioeconomy, bioeconomyJ share institutions /firms 
(million NOK) slu.re '![total '![agricultural with circular 

R&D(%) R&D1 (%) bioeconomy R&D 

Higher education sector 29 0.2 9 162 

Research institutes 164 1.2 16 17 
Industry 291 1.0 27 84 

Total 485 0.8 20 117 

Source: NIFU Report, 2017, p. 2. 

Notes 
1 Total agricnltural R&D expenditures in 2015 were 2.4 billion NOK. 
2 The 16 HEI departments were located at seven higher education institutions. 
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knowledge about the 'circular bioeconomy' (R0rstad & Sundnes, 2017, 
p. 12) as 'knowledge that contributes to the efficient utilisation of bio-based 
resources, products and residual-inputs so that they remain in the economy 
through multiple stages (of production and utilisation)' (translation by the 
authors). 

The R&D study illustrates that roughly 120 actors catried out R&D for 
the circular bioeconomy for 485 million NOK in 2015. The private sector 
accounted for 60% of this activity, the research institute sector for 1/3 and 
the rest was catried out by the higher education sector. Activity is not evenly 
distributed through the RD&l system. Instead, there are a handful of 
domioant actors that account for the lion's share in each sector. Although 
seven institutions in the higher educational sector and 17 research institutes 
performed R&D in this field, the clear majority was catried out by organisa­
tions located at or close to the Norwegian University of Life Sciences. 

Compared to the total R&D volwne in Norway, the circulat bioeconomy 
is a minor field and accounts for less than 1% on average and varies from 
0.2% in the HES to around 1% for both the institute sector and industrial 
sector. However, the bioeconomy R&D volwne is not negligible compared 
to the agricultural R&D. In total, bioeconomy accounts for 20% of total agri­
cultural R&D, but the shares vary across the sectors. The highest share of 
bioeconomy is in the industrial sector, with 27%, followed by the research 
institutes with a share of 16%, while only 9% of HES agricultural R&D 
occurs within the bioeconomy. These findings imply that R&D within hie­
economy is a type of applied research that is likely to be conducted at fums 
and research institutes rather than at universities. Moreover, the research per­
formers in each sector are not evenly distributed. Around 80 fums conducted 
R&D in this field, while the numbers of research performers in the other 
sectors were 17 research institutes and 16 university departments. 

11.3.2 Population frame: establishing the NloBE inventory of active 
bioeccmomy actors 

This R&D expenditure data provides a valuable starting point from which to 
take stock of the actors that are active in the circular bioeconomy in Norway. 
The effort to create a stable and robust population that can be used in 
different empirical exercises is dubbed the Norwegian Inventory ofBioecon­
omy Entities (NloBE). It was initiated at NlFU in 2015 (lversen, 2018). An 
earlier iteration of NloBE is presented in lversen and R0rstad (2017). A 
current version is now being finalised as a reference tool. NloBE is desigoed 
to address the overriding question, 'Who is involved in bioeconomy innova­
tion in Norway?', from which it can focus on more specific areas of the 
circular economy. 

We go on to outline the identification procedure behind NloBE before 
presentiog some key dimensions of the resultiog population. This stage is then 
used as a population frame for the questionnaire-based exercise catried out by 
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the University of Oslo in 2017 that focused on mapping organic waste-related 
activities in the following subsectors: forestry, aquacultnre aod seafood 
processing, beer brewing, meat processing, dairy, and organic waste process­
ing. This stndy will be presented in section 11.3.3. 

11.3. 2. 1 Identification strau,gy <if the Norwegian Inventory <if Bioeconomy 
Entities (NioBE) 

The approach used in this research to identifY a target population of active 
organisations in Norway included two main stages. The first stage involved 
collecting aod collating a first estimation of the population. We used three 
types of data to open the population. The inclusion rules moved from the 
more stringent (the entity is involved in RD&l activities in the area, as in the 
example above), to ao intermediate level of accuracy (the entity has been 
identified by another systematic project), to a more generic association (the 
entity is a member of a population that is nominally associated with the 
bioeconomy). 

This first stage, which is akin to using three nets with different meshes, 
was designed to include as mauy of the true population as possible (i.e. max­
imise 'recall'). It is dear, however, that as we progress from the narrow to the 
more broad-meshed nets, we risk including considerable bycatch in the form 
of entities that are not a part of the true population. It proved difficult to 
weed out these 'false positives' from our population as the 'true' population is 
not known. Therefore, a second stage was undertaken. In this stage we set out 
to increase precision by using other standardised information to exclude enti­
ties that were clearly not part of the population. In partkular, we used indus­
trial classifications (NACE, which is the starting point of other studies) and 
other firm-level information, such as 'trade descriptions' found in financial 
data sources. In the following, we briefly present the three components of 
our approach before fleshing out the resulting population. 

11.3.2.1.1 CONFIRMATION BY ACTIVITY 

The first inductive stage of the approach establishes a stable foundation. It 
identifies Norwegian actors- universities, research institutes and firms -using 
data on RD&I activities that are recognised to advance the 'bioeconomy'. In 
this stage, recognised definitions are employed by impartial authorities in 
three contexts: 

The R&D survey that demonstrates that the entity is actively involved in 
innovative bioeconomy activities as described above in section 11.3.1. 

2 Research and innovation projects funded by the Bionaer programme at 
the Research Council of Norway as described in Chapter 10. 

3 Patenting activity in the bioeconomy area based on the Cooperative 
Patent Classification (CPC) (particularly the tagging< under Y02W, 
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targeting climate change mitigation technologies related to w.~Stewater 
treatment or w.!Ste management), but augmented by the work ofWIPO, 
the OECD and other work that links patenting to the bioeconomy. The 
approach is elaborated on in the EU report (Frietsch, Neuhausler, 
Rothengatter & Jonkers, 2016) and by Kreuchauff and Korzinov (2017). 

The external authorities that delimit the activities include patent examiners, 
funding organisations, university administrations and other researchers. They 
use recog.nised criteria to detennine what constitutes the 'bioeconomy' in 
relation to innovative activities. Entities that conduct R&D, that engage in 
research and innovation activities and/ or that patent novel products or pro­
cesses according to clearly relevant criteria are strong candidates as innovative 
contributors to the Norwegian bioeconomy. The narrow definition of this 
first phase yields 900 firms and other actors. 

11.3.2.1.2 CONFIRMATiON BY EXISTING STUDIES 

A second phase uses a broader identification procedure to help eliminate fiilse 
negatives, and reduce the likelihood that we were excluding members of the 
'true' population. In this phase, the identification strategy was loosened to 
include other sources where the tie to the bioeconomy had been confirmed 
either by other studies and/ or by some form of explicit self-identification 
with the bioeconomy. 

The sources include two earlier studies that have tried to establish popula­
tions of bioeconomy firms, one primarily focusing on the primary industries 
and the other primarily focusing on waste and recycling. The first study we 
used to firm up the bioeconomy population was the Biosmart survey (Bios­
mart, 2018). Given the lack of a pre-established population of bioeconomy 
firms, this survey was sent out by another Bionzr project to many actors in 
the primary industries (Bj0rkhaug, Hansen & Zahl-Thanem, 2018). BioS­
mart's wide net approach yielded a small set of respondents (650 firms) who 
confirmed involvement in the bioeconomy according to the definition that 
was provided by the survey. This form of self-identification argnably provides 
a strong, although more subjective, signal. 

The second study takes a complementary approach and is focused on a 
complementary section of the bioeconomy. The study was conducted by 
Menon (Espelien & S0rvig, 2014), and was sponsored by Oslo Renewable 
Energy and Environment Cluster (OREEC, 2018), and set out to map 
Renewable Energy and Environmental Technologies in Norway in 2014. 
This study was primarily deductive: it used industrial categories (NACE) to 
select entities from national register data that fell into enviromnental techno­
logy categories: renewable energy, environmental technologies and services. 
and relevant parts of the electricity distribution industry (largely related to 
hydroelectric power in Norway). A supervised review of these entities led to 
a final list based on input from the branch expertise of the OREEC team. 
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This population was further pared down (removing 200 entities) in order to 
exclude the non-organic sections of the population and to focus on the area 
ofbioenergy and circular economy related to organic waste. 

11.3.2.1.3 CONFIRMATION BY ASSOCIATION 

To ensure that we had not excluded any target entities, a fmal analysis of the 
population was conducted. Here we use two registen; of entities that have a 
strong but more nominal association with the bioeconomy. The so-called 
'Biodirectory', which originated in 2016, showcased 80 entities that had been 
involved in research programmes into sustainable technologies including 
those funded under the Centres for Research-Based Innovation (SF!) and the 
BIOTEK2021 Programme (BIOTEK2021, 2018). Half of these entities 
overlap with either the project data or the patent-data already presented. 

The other Biodirectory entities overlap with our final source, namely the 
relevant branch organisations from the Norwegian Confederation of Com­
panies (NHO) and the Federation of Norwegian Industries (Norsk lndustri, 
2018). Branch organisations were included in dialogue with the organisatioru 
therruelves and include those dedicated to wood processing, recycling, 
seafood and aquaculture, as well as the broad category of food and beverages. 
More than half of the members fit other identifiers in our approach. The 
remaining entities are less certain and can be excluded depending on what 
NioBE is being used for. 

11.3.2.2 The Norwegian Inventory '!fBioeconomy Entities (NioBE) 

In the first stage, we once again focused on improving the 'recall' of the iden­
tification procedure by casting our nets wide enough that we did not prema­
turely exclude potential candidates of the 'true population'. This stage yielded 
a gross population of 2, 792 entities, which can be considered an upper bound 
for the population. The overall population entities may be narrowed accord­
ing to the focus of the analysis. For example, ftrms that are identified through 
more than one lens atguably yield the most robust identifier and could be the 
focus. In other cases, a broader population may be useful. 

In the subsequent step, we collected a variety of information on this 
gross population. The industrial affiliations of the entities by NACE or by 
other markers of activities, such as the trade descriptions found in fmancial 
data in the AMADEUS dataset that Bureau van Dijk harvests from company 
annual reports (Nelson & Rosenberg, 1993), provide information about the 
activities of the ftrms: this is instrumental information that can be used to 
malce informed decisions about which types of firms fill outside the bound­
aries of the circular economy. On t:llli basis the firms were first graded by 
their apparent relevance to the circular bioeconomy (core, secondary, peri­
phery) and then arranged according to the six categories studied in this 
project: breweries, aquaculture, dairy, meat processing, waste processing, as 
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well as a seventh category, residual population consisting of other research 
activities. 

Table 11.2 breaks down the resulting population of 2,369 firms by type of 
sector (based on NACE) and by the mode by which the entity was identified. 
We have excluded actors from our last identification phase if they feature in 
the NloBE population solely due to membership in an interest organisation 
within the broad area of food and drinks or in generic industries that do not 
directly involve biomass. We found that 419 firms allocated to the bioecon­
omy population were based on more than one stage of the identification pro­
cedure. More than half of the entities from the R&D data overlap with other 
bioeconomy markers, while one third of the patenting firms also do so. This 
overlapping category (first colunm) is arguably the most robust population for 
framing the bioeconomy population, although it is bia•ed towards larger firms 
which have a higher probability of appearing in multiple firm populations. 

In general, entities in the BioSmart Survey are sole proprietor companies 
(i.e. very small finns) while other categories such as membership in relevant 
Federation of Norwegian Industries (NHO) and patenting firms tend to char­
acterise larger frrms. Table 11.3 illustrates the breakdown of the NloBE popu­
lation based on size clas.11es in terms of the locations of the entities, which are 
spread throughout the country. We note a larger concentration of sole propri­
etorships (e.g. funns or forestry companies) in more rural areas of the country. 
The large population centres of Oslo and Akershus account for many of the 
larger firms in the population, as do the other population centres of Trond­
hcim (S0r T rondelag), Bergen (Hordsland) and Stavanger (Rogaland). 

Some areas of Norway are more rural and rely more on primary industries; 
others are more urban and service-oriented; while still other localities are 
mostly dependent on manu&cturing. These differences in the economic land­
scape influence the question of where circular economy activities take place. 
Table 11.4 classifies the location of the entities using Statistics Norway's 
'classification of municipality groups' (SSB, 2018); it illustrates how the 
different economic activities are distributed across different parts of the 
country. 

Primary industries- forestry, aquaculture and seafood processing, brewing, 
meat processing, dairy, and waste processiog - are seen here to be spread 
throughout the country, as are the entities that produce food and beverages. 
The utilities classification includes recycling firms as well as bioenergy enti­
ties. These are more concentrated in population centres, as are the universities 
(education, etc.) and R&D service companies. Non-private services include 
interest-organisations and government organisations - whose involvement is 
qualitatively different from that of other entities in the inventory. 

The Norwegian Inventory of Bioeconomy Entities (NloBE) can thus be 
used to provide a systematic look at the 'circular bioeconomy' in terms of the 
actors who actually work with organic resources. The inventory of firms pro­
vides a great deal of infonnation about who is involved in the circular 
economy in Norway. However, it does not in itself provide information 
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Table 11.3 Reduced NioBE population ofbioeconomy entities by employment class 
and county (n=2,113) 

County Sole Micro.,jirm Small firm Medium- Largefinn 
proprietors hips sized firm 

AKERSHUS 38 68 43 26 16 
AUST-AGDER 17 16 11 2 0 
BUSKERUD 28 53 32 14 I 
FINN MARK 6 13 13 3 3 
HEDMARK 35 47 29 18 5 
HORDALAND 32 50 41 23 15 
M0RE OG ROMSDAL 19 55 41 14 4 
NORD-TR0NDELAG 25 29 14 15 2 
NORDLAND 10 36 29 15 3 
OPPLAND 35 45 17 11 1 
OSLO 16 79 68 46 49 
ROGALAND 20 54 39 19 12 
SOGN OG !:JORDANE 13 25 21 7 2 
S0R-TR0NDELAG 26 49 31 16 17 
TELEMARK 11 31 19 8 3 
TROMS 9 33 34 8 6 
VEST-AGDER 7 29 16 3 0 
VESTFOLD 15 35 19 10 3 
0STFOLD 15 35 25 10 2 

Total 377 782 542 268 144 

Source: NioBE, 2018. 

Notes 
1 Reduced population as defined above; 112 entities that lacked information about location 

and! or employment were not included here. 
2 Employment classes are based on maximum annual numbers of employees bet\Veen 2009 and 

2016. Micro-firms have fewer than 10 employees, small firms between 10 and 49, medium 
between 50 and 249, and large over 250 employees. The national VoB database is used 
(Broruwysundregistrene), supplemented by the stock-value of the finn and firm type (e.g. 
sole proprietorships). 

about how these different types of actors that are located in different parts of 
the country actually contribute to innovation in the circular-economy. In the 
final section, N1oBE is used to target a questionnaire that was directed at 
firms whose activities appeared to be linked to organic waste streams. 

11.3.3 Mapping of innovation in tire Norwegian circular economy 

In this final empirical section we present the results of a mapping exercise that 
was carried out in Norway in the spring of 2017 to better understand what 
firms do to derive value from different organic waste streams. This =pping 
exercise targeted firm-level activities involving organic waste in the six focal 
subsectors of the SusValueWaste project: (i) forestry, (ii) aquaculture and 
seafood processing, (iii) beer brewmg, (iv) meat processing, (v) dairy and 
(vi) organic waste processing. In addition, a seventh category, consisting of 
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R&D-oriented service finns, was also included, echoing our original focus on 
R&D expenditure described above (an overlap of14 entities). 

The purpose of the exercise was not to perform a representative survey of 
activity in the circular bioeconomy (cf. Biosmart) but to get a better idea of 
how biomass and organic waste is used by different entities in different 
markets. The instrument was therefore addressed to entities in the NloBE 
population to increase the likelihood that respondents in &et hosted (or 
planned) activities involving such organic resources. We go on now to briefly 
introduce the design of the non-probabilistic sample procedure and of the 
questionnaire, before finishing by reviewing some of the results. A more in­
depth acconnt of the data collection process can be found in a separate report 
by the TIK Centre at the Unive,.ity of Oslo (Normann, 2018). 

11.3. 3. 1 Approach and population 

A questionnaire was U'ied to collect data about the extent and orientation of 
organic waste activities, the sources of feedstock used, the distribution of 
innovation in different contexts and other questions such as barriers to 
innovation activities or the importance of collaboration. In this sense. the 
instrument modelled some of its questions on items in the Community 
Innovation Survey (CIS), as well as adding in other questions (about feed­
stocks, etc.). 

The questionnaire consisted of nine sets of questions, including a control 
question about current activities by type of organic waste. The sections col­
lected information about the types of feedstocks, technology and knowledge 
sources, drivers and barriers, the importance of public measures, costing and 
financing relevant activities, collaboration, innovation activities, as well as 
generic information about the firm. A pilot round was used to calibrate the 
questionnaire before a new venion was sent to a population of 304 entities. 
The survey was sent by email. The relevant contact points at the individual 
entities were identified in advance either by acce.,ing publicly available 
information (website) or by phoniog the entity. 

A census-type survey approach was applied to collect data in this mapping 
exercise. Given the noted problems when identifYing target firms, data col­
lection utilised the NloBE dataset (above) as a population frame for the Nor­
wegian circular bioeconomy. The sample for this exercise included about 
12% of the total NI OBE data current at the time of sampling. The design for 
this subpopulation was based on a number of dear criteria. Selection criteria 
included the following: 

1 the entity was a private sector firm; 
2 the firm was linked to at least one of the six targeted activities, namely 

(i) forestry, (ii) aquaculture and seafood processing, (iii) beer brewing, 
(iv) meat processing, (v) dairy and (vi) organic waste processing; or a 
seventh category consisting ofR&D-oriented service firms; 
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3 the firm was drawn from the overlapping category of NloBE (i.e. the 
subpopulation of bioeconomy actors present in more than one data 
source); and 

4 the firm was not a sole proprietorship and it was registered as active in 
the underlying databases at the time of the survey. 

The sample constituted a full count of entities that fulfilled these criteria in 
NloBE. Following an initial drawing of the sample, a round of validation was 
conducted to exclude defunct or misreported entities (especially in waste 
processing). 

11.3.3.2 Results 

The questionnaire, which was sent to the 304 actors, resulted in 133 
responses, of which 85 were complete responses confirming ongoing activ­
ities in the area (see Normann, 2018). The completed questionnaires provide 
the main focus of the review presented here. A further 48 reported no current 
activity and were only asked generic questions, e.g. about unexploited oppor­
tunities related to organic waste activities. 

Which types of organic waste activities do the companies carry out? Figure 
11.1 breaks the population of 85 entities down by size, subsector and the type 

:I 
Employees 

II OvtrSOem;>toyees 
. between20tm!SOemployeet 

. betw~enSatiCIZO~mployees 

.lusth• nSemployeet 

-• • 
Figure 11. 1 TIK questionnaire: 85 respondents by size class, subsector and type of 

activity. 

Source: TIK, 2017, collated by NIFU. 
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of activity the fum is involved in: the recovery of energy from different 
organic feedstocks, their re-use or their transformation, as well as recycling or 
other uses. With more than one type of activity allowed for each respondent, 
we observed that recycling appeared to be the main activity type, while 
re-use and transformation, which aim to upgrade to a different type of 
product, were less frequent. Energy recovery is pursued by 31 fums, i.e. by 
more than one third of the firms involved in organic waste activities. Simul­
taneously, we observed the predominance of small fums, not least in the 
meat-processing area. The waste-processing finns, on the other hand, tend to 
be larger. 

Of the 85 fums that have declared activity connected to organic waste, 64 
consider it to be the core activity of the firm, while 21 define it as a supple­
mentary activity. When asked specifically about activities involving =•­
forming bio-based feedstock into new intermediate products, less than half of 
the firms involved in the activity defined the activity as 'core'. A similar pro­
portion is observed for involvement in the development of new OW tech­
nologies to be sold to other companies. In contrast, activities devoted to the 
development of new products for end users are almost as frequently defined 
a~ 'core' as 'supplementary'. An intermediate case is represented by activities 
of selling and/ or delivering to other companies without transformation. 

The orientation and intensity of organic waste-oriented activities differ by 
type. Figure 11.2 demonstrates that the branch of finns involved in recover­
ing energy from organic waste reports that roughly a third of their business 
activities (and turnover) are related to this activity. The proportion is higher 
for transformative activities. Noting that the activities might overlap, we see 
that firms involved in recycling-oriented activities report on average a fourth 
of their activity in this category. 

What is the source ofbio-based feed•rock? Noring that there may be more 
than one source, half of the companies responded that their feedstock was 
produced as a by-product of the company's own production activities. 
Significantly fewer companies obtained bio-based feedstock from other com­
panies, for free (10) and/or by purchase (14). 

Thirty-one fums have invested in R&D linked to its organic waste activ­
ities in the last three years. A minority of seven of the 31 firms reported 
spending more than 80% of the R&D budget on activities related to organic 
waste. Table 11.5 breaks down the RD&l activity by the share that report 
R&D expenditure and the share that also report product and/ or process 
innovation. A final category indicates whether the fum has acquired new 
machinery expressly to process organic waste. The same fum can report mul­
tiple types of waste-related activities (e.g. energy recovery and re-use). 

Those fums that report ongoing activities in transforming organic waste 
are the most active innovators in thls area. Eighteen firms have introduced 
and commercialised a new product related to organic waste in the last three 
years. For most fums, the new products relate to recycling and transforma­
tion. Four of the fums have new products related to energy recovery, and 
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terms of share of business activities (x-axis) and turnover (y-axis). 

Source: TIK, 2017, collated by NIFU. 

Table 11.5 TIK survey: firms reporting R&D investments, reporting R&D or 
innovation activities, and purchase of machinery to process organic waste: 
by type of organic waste-related activity 

Organic waste-related activity Number R&D activity RD&I activity New machines 
of .firms (%) (%) (%) 

Recycling 23 22 39 39 
Energy recovery 35 29 33 43 
Re-use 22 33 33 33 
Transformation 48 77 85 69 
Other 59 38 62 31 

Average shares 35 36 47 42 

Source: TIK, 2017. 
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only two finns have new products related to re-use. On the other hand, 25 
finns have introduced a new process related to organic waste in the last three 
years. Pre-treatment processes and fermentation/biochemical processes are 
the most frequent, while extraction and separation processes have been intro­
duced by seven finns. 

11.4 Preliminary conclusions 

There are two preliminary conclusions that can be drawn from our study. 
The first one relates to the difficulties of approaching the 'bioeconomy' 

meta-sector empirically, since even the theoretical definitions of the meta­
sector are still evolving within the current scientific literature. "When we 
wanted to target a specific survey about organic waste at the population of 
Norwegian bioeconomy finns, we faced discrepancies between the theoret­
ical directions which we ideally wanted to explore, and the empirical possib­
ilities we had according to the information av.Ulable. Indeed, the data sources 
we looked at, concerning the reconstruction of the population of 'bioecon­
omy' firms in Norway, were based on finns1 innovation inputs and outputs 
(funded RD&I projects; R&D surveys; patents), on the economic context the 
finns belong to (industry classification; affiliation to industry networks) and 
on more subjective judgements made internally by the firm or externally by 
experts (self-identification vs. supervised reviews). In order to cover the 
different conceptual approaches to the bioeconomy meta-sector, researchers 
need to navigate through the available data sources and make a series of deci­
sions about how to intersect or merge different data layers, each of which 
connects to one or more theoretical approaches to the bioeconomy. 

A second conclusion relates to the specific role of organic waste activities 
-within bioeconomy firms. On the one hand, organic waste activities are often 
core activities, thus constituting a distinctive characteristic of a firm. On the 
other hand, the development of new products related to organic waste is not 
a central concern for such firms. Moreover, unless there is wa.~;;te transforma­
tion involved, the activities related to organic waste seem to attract a low 
share of the finns' total R&D budget. Therefore, in order to reach out to 
£inns who actively seek to realise value from organic waste streams, an identi­
fication based solely on RD&l indicators may not be sufficient. R&D&I data 
sources can provide an important first indication of organic waste activitiest 
e.g. by highlighting R&D allocated to the areas of 'circular economy' and 
'ecology', or by recording patents on biological treatment of waste (CPC class 
'Y02W'). However, complementary sources, such as trade descriptions in 
financial data or self-identification in response to specific survey questions, 
can become necessary to detect other relevant ftnns, whose active role in 
organic waste activities may not be supplemented by corresponding activities 
in research and innovation. 
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Note 

1 This section is based on earlier background work reported in Iversen (2016) and 
lversen and R0rstad (2017). 
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12.1 Introduction 

One of the pressing societal challenges today relates to climate change 
and the need to replace fossil-based inputs with renewable resources in 
the production of fuel, energy, and chemical compounds. This has resulted 
in the development of biofuels, such as bioethanol, biodiesel, and biogas; 
bio-products, such as bio-plastics, bio-chemicals, and bio-pharmaceuticals; 
and bioenergy, such as electricity and district heating generated at biogas 
or combustion plants. The magnitude and diversity of these initiatives have 
led scholars, commentators, and policy-makers to talk about a “bioecon-
omy” and, subsequently, to call for a more comprehensive policy frame-
work to support and direct this emerging feld of the economy. The 
bioeconomy concept has been embraced by many governments around the 
world with a view to responding to diverse societal challenges, including 
not only solving issues related to climate change, but also dealing with areas 
such as food security, resource effciency, and health problems (German 
Bioeconomy Council, 2015; Staffas, Gustavsson, & McCormick, 2013). 
Nevertheless, it remains unclear what the bioeconomy is, and how it 
can contribute to achieving these broad and potentially contending policy 
objectives. 

In recent years, a growing body of academic literature has emerged that 
aims to understand the roles of the bioeconomy in mitigating the challenges 
of climate change, and which also tries to disentangle the notion of the bio-
economy and its implications for governance. A recent contribution from 
Bugge et al. shows that the notion of the bioeconomy is multifaceted and 
covers several sectors and meanings, including different “rationales or visions 
of the underlying values, directions and drivers of the bioeconomy” (Bugge, 
Hansen, & Klitkou, 2016). Opposing rationales may also refect the diversity 
of the sectors and policy areas involved, which stresses the need for horizontal 
policy mixes across sectors (Bugge et al., 2016). 

Theorising on the governance of socio-technical transitions has emphasised 
the need for an active state, formulating societal needs and establishing the 
direction in socio- technical transitions. 
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The urgent need for green innovation requires policies that are not merely 
designed to improve coordination and fx market failures, but that are based 
on clear strategies aimed at reducing the risks and uncertainties in the feld 
(Mazzucato, 2013; Weber & Rohracher, 2012). At the same time, it is 
increasingly acknowledged that, when compared with traditional policy felds, 
challenge-oriented policy measures require more demand-side policies, such 
as public procurement stretching across policy domains. Finally, it is assumed 
that the coordination and refexivity needed in such societal transitions can be 
perceived as a form of meta-governance. The involvement of a broad range 
of actors in agenda setting is perceived as crucial. A pertinent question, 
however, is what the implications of such participative governance suggest, in 
terms of the possibilities for policy-makers to direct transitions in an effective 
and effcient way. 

Against this background, the aim of this chapter is to improve our under-
standing of whether and in what way the bioeconomy consists of contending 
rationales for governance and policy-making. In order to do this, we apply a 
typology of three visions of the bioeconomy onto the policy discourse on the 
bioeconomy. This typology distinguishes between (i) bio-technology visions, 
emphasising the importance of biotechnology and its commercial applica-
tions; (ii) a bio-resources vision, focusing on processing and upgrading bio-
logical raw materials, as well as establishing new value chains; and (iii) a 
bio-ecology vision, which highlights sustainability and ecological processes, 
including biodiversity. This typology was created by Bugge et al. (2016) 
through an extensive review of the scientifc literature that dealt explicitly 
with conceptual aspects of the bioeconomy, focusing on areas such as innova-
tion and value creation, driving forces, governance, and the spatial implica-
tions of the bioeconomy. 

The chapter applies these visions to a number of submissions in a public 
inquiry process on the development of a national strategy for the bioeconomy 
in Norway. Through the analysis, the chapter seeks to depict (a) the types of 
actors involved in shaping the direction of the new bio-based economy and 
(b) their positions on this emerging feld. Based on this analysis, the chapter 
discusses the implications and possibilities for governance in setting the direc-
tion for the current socio-technical transition. 

The chapter is structured as follows: in section 12.2, we describe the con-
ceptual framework for the analysis. Section 12.3 will then outline the 
approach and methods used to analyse the empirical material. In section 12.4, 
some background on the Norwegian economy is outlined. The results from 
the analysis are presented in section 12.5. Finally, section 12.6 concludes the 
chapter by summing up the fndings and refecting upon their implications. 

12.2 Conceptual framework 

Over the last couple of decades, there has been increasing interest among 
innovation scholars and policy-makers in grand challenges and socio-technical 
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transitions (European Commission, 2011, 2012; Geels, 2002; Kemp, Schot, & 
Hoogma, 1998; Kuhlmann & Rip, 2014; Schot & Steinmueller, 2016). Such 
societal challenges and system transformations are seen as open-ended and 
constantly redefned and renegotiated across several sectors and stakeholders 
(Kuhlmann & Rip, 2014). In the search for possible solutions to these highly 
integrated and complex societal challenges, it has been pointed out that there 
is a need for an “opening up” of decision-making processes, in order to 
include participation from a broader array of societal stakeholders. One con-
crete example of such an open approach is the use of public hearings to 
develop policy strategies, alongside consensus conferences and foresight exer-
cises, as well as other approaches, in order to make decision-making processes 
more open and inclusive (Martin, 2015; Stirling, 2008). 

Such integrative approaches to policy making can be demanding. They 
require the coordination and processing of complex and often conficting 
inputs from a broad array of actors. Weber and Rohracher (2012) have 
developed a framework for legitimising policies addressing grand challenges, 
and operating with four required roles for governance in societal transforma-
tions: directionality, demand, coordination, and refexivity. Directionality 
failure refers to a defcit in the pointing of innovation efforts and collective 
priorities in a certain direction to meet societal challenges. Demand articu-
lation failure refers to a defcit in anticipating and learning about user needs, 
resulting in inappropriate and misleading specifcations guiding development 
through, e.g. procurement or policy programmes. Policy coordination failure 
refers to a defcit in managing and synchronising the inputs from different 
policy areas to meet societal challenges. Such coordination might include 
coherence between policies at international, national, regional, and municipal 
levels (vertical coordination failure), or across different sectors (horizontal 
coordination failure). Refexivity failure refers to a defcit in the learning 
feedback loops and in the ability to continuously monitor the progress of 
ongoing innovation processes and to adjust the course of action. Alongside 
the existing categories of market and system failures, such forms of trans-
formational system failures constitute a more comprehensive framework and 
legitimacy for policy intervention and formulation. In general, the role for 
governance in addressing socio-technical transitions is seen as more proactive 
and entrepreneurial than as has traditionally been regarded the norm for state 
intervention, in terms of fxing market failures or system failures (Klein 
Woolthuis, Lankhuizen, & Gilsing, 2005; Schot & Steinmueller, 2016). 

Still, although the state is expected to take a leading role in these processes 
of societal transformation, there is reason to question whether and how these 
four roles (i.e. setting the direction, formulating demand, coordinating various 
stakeholders, and ensuring continuous learning and refexivity) only constitute 
an extension of the former technocratic policy framework associated with 
systems of innovation in terms of fxing system failures. Rather, one may argue 
that societal shifts like the transition into a sustainable bioeconomy represent 
conficting rationalities and perspectives that transcend the coordination of 
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various inputs sharing the same societal ontology and objectives. In this sense, 
there are potential challenges related to navigating in a landscape consisting of 
diverse stakeholders. Governance across heterogeneous interests poses chal-
lenges for policy-makers and complicates strategy-making processes. Various 
stakeholders might express diverging and conficting interests which, again, 
might lead to power struggles and negotiations. 

A prominent approach to understanding socio-technical transitions involv-
ing diverse stakeholders is the multi-level perspective (MLP), which sees sys-
temic transitions as co-evolutionary processes that unfold through an interplay 
between three interrelated analytical levels: regimes, niches, and landscapes 
(Geels, 2002, 2004, 2005; Geels & Schot, 2007; Schot & Geels, 2008). A 
socio-technical regime refers to the existing confgurations of technologies, 
infrastructures, production processes, practices, and consumption patterns. 
Niches are seen as the locus for the development of disruptive innovation to 
supplement or replace existing socio-technical regimes. Finally, landscapes 
refer to the contextual and long-term societal trends that create pressures on 
existing socio-technical regimes, thus opening windows of opportunity for 
innovative niches. 

Although the MLP perspective has advanced our understanding of socio-
technical transitions, it has also been criticised for putting too much emphasis 
on the emergence of niches as the principal locus for regime change (Geels & 
Schot, 2007). Much of the MLP literature has also tended to focus upon the 
emergence of new regimes, and less is said about the decline of existing and 
old regimes (Geels, 2014; Turnheim & Geels, 2013). Moreover, it has been 
pointed out how theorising on socio-technical transitions has traditionally 
downplayed the role of power relations and politics in many ways (Geels, 
2014). First, there has been a lack of focus on how power relations affect the 
development of policies in socio-technical transitions. Second, there has been 
a tendency to focus on the development of innovative niches rather than on 
the destabilisation of existing regimes. Third, the stability of existing regimes 
is often understood and explained in terms of socio-technical confgurations 
and user practices related to notions, such as lock-in and path dependence, 
rather than political priorities and deliberate decisions (Geels, 2014). In sum, 
there is a need to improve our understanding of how (political) power rela-
tions and negotiations affect directionality in the processes of socio-technical 
transitions. 

In an effort to address these shortcomings, throughout the last decade there 
has been increased interest in better understanding the power struggles and 
institutional underpinnings involved in socio-technical transitions (Geels, 
2014; Markard, Raven, & Truffer, 2012; Meadowcroft, 2011; Shove & 
Walker, 2007; Smith & Raven, 2012; Smith, Stirling, & Berkhout, 2005). 
Some of these contributions have started to pay attention to the stability of 
existing socio-technical regimes, and to how the incumbent actors and stake-
holders of existing regimes show resistance to niche innovations and develop-
ments that threaten the status quo (e.g. Geels, 2014). In this sense, power and 
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politics have increasingly started to be seen in connection with the multi-
level perspective, with the actors of existing socio-technical regimes treated as 
actively resisting change and protecting their current positions in the existing 
regime. 

12.2.1 Contending visions on the bioeconomy 

The notion that grand challenges transcend sector boundaries is especially rel-
evant in the case of the bioeconomy. The development of a bioeconomy 
represents a move from fossil-based to bio-based products, fuel, and energy, 
and can, therefore, be seen as a way to address the grand challenge of climate 
change. However, the notion of the bioeconomy can also be seen to address 
other grand challenges related to food security, health, industrial restructur-
ing, and energy security (Ollikainen, 2014; Pülzl, Kleinschmit, & Arts, 2014; 
Richardson, 2012). The bioeconomy can thus be seen as a generic phenom-
enon spanning a broad range of technologies and sectors of the economy, 
such as the agriculture, marine, forestry, bioenergy, chemicals, materials, and 
health sectors. Nevertheless, it is important to stress that a transition to a sus-
tainable bioeconomy does not constitute a predetermined path, but still 
remains an open, future possibility. It is not something that will necessarily 
happen, and it will only occur through considerable and coordinated efforts, 
which will involve a wide range of actors. The bioeconomy has been 
conceptualised by previous scholars as a particular policy ambition and 
framework (Birch, Levidow, & Papaioannou, 2010; Levidow, Birch, & 
Papaioannou, 2012), representing “a techno-economic imaginary of the 
future that is co-produced with certain policies, institutions, and infrastruc-
tures that are framed as desirable and possible, while others are framed as 
undesirable and problematic” (Birch, 2016). 

Richardson (2012), among others, found considerable difference of 
opinion between “farmers and agribusiness, between those convinced and 
those sceptical of environmental technofxes, and between pro-corporate and 
anti-corporate NGOs” with regards to the use of biotechnology (Richardson, 
2012). The tensions arising from biotechnology innovations have also been 
emphasised by De Witt, Osseweijer, and Pierce (2015). Conficting lines exist 
around the genetic modifcation of food, bio-based products, and pharmaceu-
ticals (De Witt et al., 2015). Levidow et al. (2012) argue that the concept of 
the bioeconomy is still rather new and is not yet explicitly integrated into 
policy-making. In this regard, they suggest that policy strategies which declare 
the intentions and visions for the development of a bioeconomy may have an 
important role in achieving a transition towards the bioeconomy, and in 
determining the direction of the transition, in terms of the funding, instru-
ments, and involved organisations (Birch et al., 2010; de Besi & McCormick, 
2015; Levidow et al., 2012). On the other hand, Bosman and Rotmans found 
that the governments that have adopted bioeconomy policies already have 
approached this policy area quite differently – with the Dutch government 
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acting as a “facilitator” and the Finnish government as a “director of trans-
ition” for the bioeconomy, for instance (Bosman & Rotmans, 2016). The 
novelty of the bioeconomy as a concept has also been stressed by Hilgartner 
(2007). In a critical analysis of the defnition of the bioeconomy promoted by 
the Organisation for Economic Co-operation and Development (OECD), he 
argues that this has created “a new policy-oriented machinery suited to the 
work of ongoing technoeconomic anticipation” (Hilgartner, 2007, p. 385). 
At the same time, he raises critical concerns for how the bioeconomy defni-
tion of the OECD takes “economic operations as its distinctive focus”, as this 
places other policy felds, such as the environment, health, and agro-food, in 
secondary positions. He therefore calls for a “refexive examination” of a 
highly political concept, as the bioeconomy as a policy feld has emerged to 
be (Hilgartner, 2007). In sum, this suggests that the notion of the bioecon-
omy has developed as a complex and highly contested policy feld. 

Although subject to increasing interest in the last decade, there is, thus, still 
little clarity in terms of what the notion of the bioeconomy implies and 
means. In an attempt to improve our understanding of the different perspec-
tives on the bioeconomy, Bugge et al. (2016) have distinguished between 
three visions of what the bioeconomy constitutes. These are (1) the bio-
technology vision; (2) the bio-resource vision; and (3) the bio-ecology vision. 

The bio-technology vision emphasises the importance of the application and 
commercialisation of bio-technology in different sectors. The objectives of 
the bio-technology vision relate to economic growth and job creation 
(Pollack, 2012; Staffas et al., 2013). Value creation is based on the applica-
tion of biotechnologies in various sectors, as well as on the commercialisa-
tion of research and technology within the framework of a globalised 
economy. As such, the bio-technology vision is in many ways similar to 
the so-called linear model of innovation, where a science push is seen as 
the primary driver of innovation and economic growth. Within this vision, 
close interaction between universities and industry is needed in order to 
commercialise relevant research (zilberman, Kim, Kirschner, Kaplan, & 
Reeves, 2013). 

The bio-resource vision focuses on the processing of bio-based resources as 
the primary driver and objective for innovation and economic growth. 
Whereas economic growth in the bio-technology vision is based on capitalis-
ing on biotechnologies, growth in the bio-resource vision is expected to 
come from capitalising on bio-resources. Value creation in the bio-resource 
vision emphasises the processing and conversion of bio-resources into new 
products. In addition to an optimisation of land use and existing value chains, 
waste management and the development of new value chains are also 
important in this vision. Moreover, the role of research, development, and 
demonstration (RD and D) is central. Whereas the bio-technology vision 
takes a point of departure in the potential applicability of science, the bio-
resource vision emphasises the potential of upgrading and converting the bio-
logical raw materials. 
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The bio-ecology vision highlights the importance of ecological processes that 
optimise the use of energy and nutrients, promote biodiversity and avoid 
monocultures and soil degradation. While the frst two visions are 
technology-focused and assign a central role to RD and D in globalised 
systems, this vision emphasises the potential for locally or regionally integ-
rated circular processes and systems. In contrast with the importance of exter-
nal linkages in the frst two visions, the bio-ecology vision calls for the 
development of locally embedded economies in the form of “place-based 
agri-ecological systems” (Marsden, 2012), as a central characteristic for ensur-
ing a sustainable bioeconomy. 

The three visions are seen as analytical categories, and should, thus, not be 
considered as completely distinct from each other, but rather as ideal-type 
visions of the bioeconomy. Similar analytical categories have also been used 
in previous studies of the national discourses and narratives of the emerging 
bioeconomy. Birch (2016), for instance, analyses policy visions and frame-
works in the Canadian bioeconomy by applying four distinct defnitions of 
the bioeconomy: (1) product based; (2) substitution; (3) renewable-versus-
sustainable; and (4) societal transition. Like the visions framework used in this 
chapter, Birch fnds that one of the defnitions (societal transitions) represents 
a competing alternative to the others, and this represents an example of the 
tensions and conficts that exist in developing the bioeconomy (Birch, 2016). 
In our case, this alternative is represented by the bio-ecology vision. 

In order to test the relevance of this conceptual framework, we wish to 
apply it to a number of submissions to a public hearing process that was part 
of the development of a national strategy for the bioeconomy in Norway. By 
doing so, we wish to see whether the different visions on the bioeconomy 
that were earlier identifed in a review of the research literature can also be 
found among other types of civic and business stakeholders in the bioecon-
omy. This exercise will, thus, test the analytical framework applied, as well as 
improving our understanding of the power struggles and politics in socio-
technical transitions. 

12.3 Materials and methods 

The method for the analysis is based on a discourse analysis of a recent 
national public inquiry process for a bioeconomy strategy in Norway. The 
public inquiry was initiated by the Ministry of Trade, Industry and Fisheries 
and the Ministry of Food and Agriculture in 2015. The inquiry was 
launched with the aim “to identify overall priorities for a national strategy 
within the feld and formulate goals and instruments in a long-term per-
spective”. Parties were invited to submit their opinions by sending in 
written submissions. The public inquiry material comprises 41 written sub-
missions made by as many different actors representing private companies, 
industry associations, universities and university colleges, research institutes, 
interest organisations, municipalities, and NGOs. Most of the written 
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submissions were about two pages long, whereas a few were detailed reports 
of up to 13 pages, with annexes. 

Although a considerable number of written statements were submitted, it 
remains an open question whether or not these statements refect the opinion 
of all the stakeholders in the bioeconomy. Some stakeholders might not have 
learned about the public inquiry process and others might not have felt suff-
ciently competent to express their opinion publicly. Nevertheless, we believe 
that both the variety of submissions and the extensive participation of interest 
organisations and NGOs suggest that the public inquiry process gathered a 
fairly broad and balanced selection of different stakeholders’ opinions. 

The text analysis was carried out in two main steps. First, the submissions 
were categorised by actor groups and sectors (Figure 12.1). Second, the text 
elements were coded according to the applied predefned bioeconomy visions 
(Bugge et al., 2016) and a corresponding set of sub-topics (Table 12.1). In 
this way, the text corpus was systematically analysed, allowing us to identify 
emerging discursive patterns. 

In sum, the discourse analysis was carried out through a bottom-up and 
iterative process of the identifcation, interpretation, and categorisation of 

Table 12.1 Key characteristics of the bioeconomy visions (Bugge, Hansen, & Klitkou, 
2016) 

The bio-technology The bio-resource vision The bio-ecology vision 
vision 

Aims and 
objectives 

Value 
creation 

Drivers and 
mediators of 
innovation 

Spatial 
implications 

Economic growth 
and job creation 

Application of 
biotechnology, 
commercialisation 
of research and 
technology 

R&D, patents, 
TTOs, research 
council funders 
(Science Push, 
linear model) 

Global clusters/ 
Central regions 

Economic growth and 
sustainability 

Conversion and upgrading 
of bio-resources (process 
oriented) 

Interdisciplinary, 
optimisation of land use, 
include degraded land in 
the production of biofuels, 
use and availability of bio-
resources, waste 
management, engineering 
science and market 
(interactive and 
networked production 
mode) 

Rural/Peripheral regions 

Sustainability, 
biodiversity, 
conservation of 
ecosystems, avoiding 
soil degradation 

Development of 
integrated production 
systems and high-
quality products with 
territorial identity 

Identifcation of 
favourable organic 
agro-ecological 
practices, ethics, risk, 
transdisciplinary, 
ecological 
interactions, re-use 
and recycling of 
waste, land use, 
(circular and self-
sustained mode) 

Rural/Peripheral 
regions 
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(a) actors; (b) their statements and advice; and (c) their visions on the bio-
economy. (At the time of writing, the Norwegian bioeconomy strategy was 
not yet published.) 

We use three ideal visions of the bioeconomy to identify the prevailing 
and potentially contending understandings of what the bioeconomy consti-
tutes, and the diverse bases and perspectives that actors may have on this feld. 
The ideal types are used as a method of interpretative analysis for under-
standing the way actors and organisations view a defned context, and to facil-
itate comparisons. In this sense, ideal types do not conform completely to 
reality, but are simplifed models of interpretation (Thornton & Ocasio, 
2008). Moreover, these visions should not be considered to be completely 
distinct from each other, but interrelated (Bugge et al., 2016). Table 12.1 
illustrates the key characteristics of the three bio-economy visions, with their 
respective implications in terms of overall aim, value creation, drivers and 
mediators of innovation, and spatial implications. Hence, we expect that these 
visions also co-exist across heterogeneous bioeconomy stakeholders. 

Although Bugge et al.’s (2016) bioeconomy visions constitute a useful tool 
for classifying the written submissions to the public inquiry process, there are 
also some methodological challenges related to applying these visions to new 
contexts. First, the visions were primarily created based on analysing academic 
articles, and these might not express ideas and ideals that are prevalent among 
NGOs, industry associations, and private companies. Second, the visions 
refect the scientifc discourse through the last decade and, thus, refer to ideas 
that were sometimes expressed many years ago, which might not be equally 
relevant for processes that are ongoing today. Nevertheless, we believe that 
these potential methodological challenges are minor, and that we were able 
to deal with them effectively by carefully reading and cataloguing the written 
inputs to the public hearing. 

12.4 Background 

Over the past century, Norway has developed a strong resource-based 
economy. It has established strong industries within forestry, aquaculture, and 
petroleum, and these resource-based industries have typically accounted for 
about 80%–90% of the country’s exports. Nevertheless, the relative import-
ance of these natural resource sectors has varied over time (Ville & Wicken, 
2012). In the early 1900s, the prominent export products were fsh and 
wood, in addition to relatively smaller quantities of paper and minerals 
(Ryggvig, 1996). Today, the most prominent export products are oil and gas 
and related petroleum products, in addition to relatively smaller quantities of 
fsh and metals (see Statistics Norway). If we look specifcally at bio-resources, 
fsh was already an important export product in the early 1900s and is, today, 
by far the largest bio-based export product. Wood products were important 
in the early 1900s, but have lost much of their market share in the past 
decade. Agricultural products, on the other hand, have never been exported 
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in large quantities. Seen together, this development path has created an imbal-
ance in the Norwegian bioeconomy, in which the seafood sector can be 
described as an export leader that is seeking to expand its markets abroad; the 
agricultural sector can be described as an export lightweight that is seeking to 
protect its domestic markets from foreign import; and the forestry sector can 
be seen as a struggling has-been that is seeking to fnd new ways of regaining 
some of its former glory. 

Although many resource-based economies have become victims of the 
“resource curse”, Norway has – along with a few other countries, such as 
Australia – been able to reach modern levels of development while relying 
extensively on the extraction and refnement of natural resources. Ville and 
Wicken argue that what distinguishes the successful from the less successful 
resource-based economies is their ability to diversify into new “resource 
products and industries”, through a dynamic interplay between the natural 
resource industries and the knowledge-producing and disseminating sectors 
within their societies (Ville & Wicken, 2012). Ville and Wicken describe 
these knowledge-producing and disseminating sectors as “enabling sectors” 
that are typically composed of capital goods suppliers and R and D institu-
tions, and they maintain that a healthy interplay between these enabling 
sectors and the natural resource industries leads to both improved productiv-
ity in old resource-based sectors and the development of new resource-based 
industries. For instance, they found that the development of a strong mech-
anical engineering industry played a crucial role in establishing a vibrant Nor-
wegian wood processing industry, and that Norwegian marine biologists 
helped the fsheries develop and make use of new fshing methods, thereby 
improving their productivity (Ville & Wicken, 2012). 

Today, this dynamic interplay between the enabling sectors and the natural 
resource industries defnes the working of Norway’s bioeconomy. In terms of 
R and D institutions, most of the Norwegian bio-industries rely on a range 
of well-developed scientifc institutions. The seafood industry benefts from 
research carried out in as many as 20 semi-public and private research insti-
tutes, of which some of the most important institutions include the Norwe-
gian Veterinary Institute and the Norwegian College of Fishery Science 
(Doloreux, Isaksen, Aslesen, & Melançon, 2009). The agriculture and forestry 
industries also rely on strong academic institutions – such as the Norwegian 
University of Life Sciences (NMBU) and the Norwegian University of 
Science and Technology (NTNU) – both of which carry out a considerable 
amount of relevant R and D (Klitkou, 2010). In terms of capital goods sup-
pliers, the seafood industry has a much more developed industrial base to 
draw upon nationally than the agriculture and forestry industries. The seafood 
industry – and in particular the aquaculture sector – can rely on a large group 
of mostly small- and medium-sized suppliers that carry out a substantial 
amount of R and D, and it is generally considered to be at the technological 
forefront of this area globally (Doloreux et al., 2009). The agricultural and 
forestry sectors, on the other hand, rely on national suppliers that import 
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much of the equipment from foreign companies and carry out a limited 
amount of development work at home (Klitkou, 2010). The natural resource 
industries and enabling sectors can be described as the prime carriers and pro-
moters of the three bioeconomy visions described above (Bugge et al., 2016). 
Together, they comprise the core of the Norwegian bioeconomy and the 
policy positions they advocate refect, to a large extent, their position within 
the wider Norwegian economy. 

12.5 Findings 

Based on the discourse analysis of the different texts submitted to the public 
inquiry on Norway’s bioeconomy strategy, we have been able to identify dis-
cursive patterns which relate to the three bioeconomy visions (Bugge et al., 
2016). The three bioeconomy visions are crucial elements in this analysis, as 
they reveal the tendency for both conficts and alignments between the par-
ticipating actors. As we discussed above, the various bioeconomy visions 
differ in terms of aims and objectives, as well as over which might or might 
not be compatible as guideposts for a future bioeconomy. It is, therefore, 
interesting to see to what extent the different actors commit themselves to 
these bioeconomy visions and how the visions become manifested in terms of 
specifc policy suggestions. It is also interesting to see whether certain actor 
groups commit themselves to specifc visions and if these groups are large and 
powerful enough to infuence the direction or pace of the transition process 
towards the bioeconomy. 

Regarding the participating actors, we fnd that more than half of the sub-
missions were from industry associations or private frms, followed by an even 
distribution of other actor groups representing public authorities, academia, 
and environmental and social NGOs. When further dissecting the private 
sector group, we fnd that they represent a multitude of industrial sectors 
ranging from forestry to bioenergy, agriculture, waste management and recyc-
ling, meat and poultry, marine, health, food, chemicals, and aquaculture 
(Figure 12.1). Among these sectors, the forestry sector clearly dominates, fol-
lowed by bioenergy and agriculture. 

Figure 12.2 shows that topics relating to the bio-resource vision, such as 
RD and D in agriculture, forestry, bioenergy, and new bio-based materials, 
the establishment of new value chains, resource management, and conversion 
technologies, all receive considerable attention (62% of the submissions in the 
public inquiry). While these issues are discussed across different actor groups, 
the industry actors and public authorities lead these discussions. The consider-
able involvement of private actors within the forest sector may refect the 
interests these stakeholders have in infuencing the direction of the bioecon-
omy discourse. This sector advocates increased harvesting and the exploita-
tion of biomass resources from the forests, and the expanded use of biomass 
resources to create, among others, bio-materials, bioenergy, and biofuels. This 
position can be interpreted as an outcome of the uncertainties associated with 
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Figure 12.1 Industrial sectors represented by private frms and industry associations in 
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the crisis in the Norwegian pulp and paper sector, a sector which has practi-
cally collapsed in recent years. The industry’s main interest is to fnd altern-
ative uses for timber and forest residuals, and to encourage policy-makers to 
support and foster investments in the sector. The submissions from the energy 
sector advocate the increased use of bioenergy, and public investments in 
biofuel development. Some exemplar quotes from the submission of an 
energy company illustrate the argument: 

Bioenergy will be part of the bioeconomy. A bioeconomy strategy hence 
needs to include a further development of those parts in the value chain 
that are already active and commercially available today. It is important 
that stationary bioenergy and 2G biofuels are among the building blocks 
in a Norwegian bioeconomy strategy.… Forest resources are the best raw 
material for biofuels.… Biofuels will increase value creation from the 
forest by inverting the export of timber and will strengthen the wood 
manufacturing industry in general. 

(Energy company) 

Biogas technology suppliers focus on competition and market structure and 
argue that the public authorities need to take a more active role in creating 
better market conditions for green and bio-based products. They, therefore, 
push for a more active and strategic use of demand-side policies, such as 
public procurement. 

There is a need for markets and cost levels which can compete with 
fossil-based solutions. In order to create new value chains based on 
biomass stable framework conditions, coordination and support from the 
public authorities are needed.… There is enormous potential to produce 
food and products from the sea.… We need to fnd alternative products 
that can exploit forest resources.… The solutions build on combining 
known technologies, but the challenges are related to both technology 
and proftability. 

(Industry association) 

In addition, public authorities, such as local and regional governments, 
promote issues associated with the bio-resource vision. Their main focus is 
on research and innovation, and on the capitalisation of a wide range of bio-
resources, which will presumably lead to economic growth and employment 
opportunities. In particular, they view their role as the promoters of cross-
sector collaboration amongst regional actors, typically between industry and 
universities and research institutes. While positive effects related to sustain-
ability and environment are portrayed implicitly, they are not emphasised as 
the main outcomes of the development of the bioeconomy. Thus, sustain-
ability aspects receive limited attention from the public policy actors. See the 
following exemplar quote: 
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The development of new value chains requires investments in research 
and innovation. A national strategy for research and innovation will 
create the basis for an innovative industrial sector based on national 
natural resources.… The role of the local municipality will be to connect 
existing competences within biomass utilisation (R&D, industrial pro-
duction, market) and other knowledge sectors/networks (e.g., oil, ship-
ping, fnance, defense, and ICT) with the objective to identify new 
opportunities for value creation and job creation. 

(Local government) 

The biotechnology vision is represented by 23% of the submissions, empha-
sising issues related to biotechnology research and the commercialisation of R 
and D within the life sciences and health. Unsurprisingly, it is essentially the 
academics (universities and research institutes) who are leading the biotech-
nology/science push discourse. Notably, the issue of life sciences and health-
related biotechnology is discussed as having the potential to become a 
growing feld. Their arguments clearly stress the need to develop biotechnol-
ogy to prevent and treat different diseases, and at the same time, they high-
light the many new business opportunities, which may come as a result of the 
commercialisation of biotechnology. It is assumed that the market for bio-
technology products is promising, and that it would be a missed opportunity 
to neglect this feld in a national bioeconomy strategy. A quote from the sub-
mission of an industry association illustrates this point: 

Medical and health-related biotechnology needs to be a part of the 
national bioeconomy strategy. New technology based on gene- and bio-
technology has the potential to bring us large opportunities for treatment 
and prevention of diseases, and at the same time create new business 
opportunities.… The market for biotechnology products is large and will 
become even larger in the years to come. 

(Industry association) 

Overall, these submissions express disappointment with the way the gov-
ernment at the outset has defned the scope of the bioeconomy, leaving 
health-related biotechnology and life sciences out of the defnition. An 
example quote in this regard can be traced back to the submission from a 
university, which states that: 

Microbal biotechnology is a decisive research feld if Norway is to 
develop economically sustainable and competitive bioprocesses based on 
Norwegian biomass in the future. Such investment will contribute to 
increased industrial activity and create new jobs within the bioeconomy. 

(University) 

While the two frst visions (i.e. the biotechnology vision and bio-resource 
vision) share many similar aspects (the focus on technology development, 
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R and D and economic growth, employment, market development, etc.), the 
bio-ecology vision has sustainability as the primary objective of the bio-
economy. The actors within this vision express strong concerns related to 
sustainability and environmental issues and, at the same time, criticise the cap-
italisation of public goods, warning about risks related to the over-extraction 
of biological resources. A quote from an environmental NGO illustrates this 
argument: 

It is important to have a realistic assessment of how much biomass can be 
harvested from forests.… If the forest is to contribute with biomass 
resources to more than a small part of the potential application areas, 
much more needs to be harvested than just the forest waste (GROT). 
And this fact must make us listen to the alarm signals: what implications 
will this have for biodiversity and recreation? What are the implications 
for the climate and carbon storage function of the forest? … We need to 
set strict requirements for the application of harvested forest biomass, so 
that it is used as effectively as possible and with the highest possible con-
version rates. From our viewpoint it is hence not interesting to produce 
liquid biofuels from forest biomass. 

(NGO) 

The analysis of the material shows that a minority of submissions (14%) 
emphasise questions such as environmental preservation, biodiversity, eco-
system services, and a circular approach to the bioeconomy. These issues are 
important predominantly for NGOs and a few industry associations. This per-
ception radically contrasts with arguments from actors that have vested inter-
ests in, for instance, forest resources. In this sense, the bio-ecology actors 
favour the need to protect forest resources and pursue a careful assessment of 
the actual available biomass resources. They argue against the utilisation of 
forest biomass resources for the purpose of energy use, and contend that 
estimates of biomass extraction from forests need to be carefully assessed and 
managed. Moreover, they argue for the need to preserve forest resources, 
which are seen as public goods, serving important functions in terms of pre-
venting further losses of biodiversity, preserving the essential ecosystem, and 
delivering recreational services: 

There are several opportunities for R&D and business development 
within an increased investment in the bioeconomy, but it requires a 
holistic perspective on the limitations that exist with regards to the 
exploitation of raw materials, the quantity of accessible raw material, the 
need to stop the loss of biodiversity, preservation of landscape qualities, 
recreational life and other interests in the same areas, and the real con-
sequences of climate change. 

(NGO) 
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In addition, we see that perspectives on a circular production mode are 
represented by new actors from the waste management and recycling indus-
try. This is linked to how the idea of waste has been transformed from a 
disposable pollutant to an important raw material in manufacturing and 
energy production. Concepts such as recycling and re-use are increasingly 
being redefned in terms of waste prevention, future material use, and 
opportunities for the circular economy. The point is illustrated by an indus-
try association: 

It is important from a resource and climate perspective that the food pro-
duction and waste from society is reintegrated in the life cycle through 
the reutilisation of bio-manure from biogas production in agriculture and 
the production of new food. The EU’s vision on a circular economy and 
our own bioeconomy strategy will be important drivers. 

(Industry Association) 

This last statement suggests that environmental sustainability may increasingly 
become integrated into new business models in the sector. However, the 
empirical material at hand is too limited to make any general conclusions on 
this aspect. 

12.6 Conclusions and refections 

The aim of this chapter has been to improve our understanding of the politics 
of socio-technical transitions. The study has been based on an analysis of the 
different visions and contending rationales of different actors shaping the 
policy discourse on the bioeconomy. The analysis has been accomplished by 
applying three visions on the bioeconomy to analyse the content of a recent 
public inquiry process that sought to inform the direction of a national policy 
strategy for the bioeconomy in Norway. Although the fndings have revealed 
a substantial diversity in visions and interpretations of the bioeconomy, they 
also show that the policy positions advocated by the stakeholders, to a large 
extent, refect their roles and positions within the dominant regimes of the 
wider national economy. 

Among the three bioeconomy visions, the bio-resource vision dominates 
the discourse. This fnding refects the traditionally important role of natural 
resource industries in the Norwegian economy and it is, hence, not very sur-
prising that these sectors’ positions on the bioeconomy are central in the 
material analysed. Still, this may serve as an illustration of how power struc-
tures are manifested in the existing socio-technical regime of the resource-
driven Norwegian economy, and how these actors actively try to position 
themselves within the emerging bioeconomy. 

It is primarily industry actors and public authorities that promote this 
vision. Overall, there seems to be a consensus among this group of actors 
regarding what needs to be prioritised and included in a national bioeconomy 
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strategy. These actors advocate policies enabling the bioeconomy with atten-
tion to creating new markets for bio-based products and hence rebalancing 
the playing feld between bio-based products and products based on fossil 
resources. They promote an increased use of policy instruments, such as the 
public procurement of bio-based products, in order to stimulate market 
demand. Their position often highlights the large unexploited potential for 
utilising biomass resources extracted and harvested nationally. In this context, 
biomass from forests is seen as having huge potential for the development of a 
national bioeconomy. According to this view, the state should take a more 
proactive role in developing new value chains based on biomass from for-
estry. As we have seen, the Norwegian forestry sector has been struggling in 
recent years and is seeking new ways of exploiting wood resources. In addi-
tion to the industrial players, regional governments seem to have a similar 
vision, focusing on the role of research and innovation and on the capitalisa-
tion of a wide range of bio-resources. This position emphasises the capitalisa-
tion of natural bio-resources in order to make Norwegian industries more 
competitive, and to create jobs nationally. 

Overall, this position dedicates limited attention towards issues related to 
sustainability. Sustainability is seen as an effect of the bioeconomy rather than 
as a main starting point for it or outcome from it. To some extent, these posi-
tions hence refect a “business as usual” approach to the bioeconomy, rather 
than presenting alternative ways to develop it, or counter-framings to con-
temporary industrial production practices. 

Interpreted through the lens of our conceptual framework, these fndings 
refect how the incumbent actors of existing socio-technical regimes often try 
to resist change (e.g. Geels, 2014). However, we do not only fnd that the 
incumbent actors try to resist change brought about by niche-level actors; we 
also fnd that some of the incumbents pro-actively take part in the shaping of 
the future socio-technical regime of the bioeconomy. 

The biotechnology vision, emphasising the application and commercialisa-
tion of science and technology, is most frequently advocated by the academic 
community. Similarly to the arguments put forward by the natural resource 
industries, they view the bioeconomy as an opportunity to create new busi-
nesses based on biotechnology products, and at the same time as an oppor-
tunity to make important advances within the treatment and prevention of 
diseases. 

However, these visions based on the development and application of tech-
nology and the industrial exploitation of biomass resources are contrasted by 
sustainability concerns from NGOs arguing for a more careful use of biomass 
resources. These perspectives, refecting the bio-ecology vision, highlight 
how the national bioeconomy strategy should take into account the relation-
ship between biomass utilisation and sustainability, and make sure that the 
activities within the bioeconomy minimise negative environmental impacts. 
This group of actors represents a minority of the submissions to the public 
inquiry. The bio-ecology vision, hence, represents a contending alternative to 
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the other two visions in how they portray and bring sustainability into the 
bioeconomy discourse. 

Overall, the analysis has shown that the conceptual framework consisting of 
the three visions of the bioeconomy, applied to the submissions in the national 
hearing process, has proved to be a relevant and appropriate tool. The study has 
categorised the different submissions into the three respective visions, and the 
conceptual framework has thereby helped clarify how the different submissions 
express and represent diverging perspectives on the bioeconomy. This said, 
there seems to be extensive agreement across the various submissions in terms 
of seeing the bioeconomy as an opportunity to address societal challenges such 
as climate change. The divergence of perspectives rather relates to the means by 
which these societal challenges should be addressed. 

The contending visions observed among the public submissions illustrate 
how socio-technical transitions often comprise competing points of view and 
values. The chapter has illustrated how the different responses to the public 
inquiry may contribute to a destabilisation of the existing (fossil) regime; 
whereas some of the actors in the existing regime oppose the new possibilities 
of the circular and sustainable bioeconomy, others embrace these and wish to 
contribute to the shaping of an alternative regime. This may cause a shift in the 
power balance between the various stakeholders involved. In particular, the 
policy strategy on the bioeconomy needs to deal with emerging tensions, such 
as the balance and relationship between economic growth and sustainability. 

In this sense, the chapter has illustrated the relevance of the transforma-
tional policy framework of Weber and Rohracher (Geels, 2004), in terms of 
how giving direction to a socio-technical transition can be complicated by 
coordinating and balancing the different interests and stakeholders involved. 
Still, it remains crucial to ensure broad and democratic involvement and 
refexivity across different stakeholders and interests in the process of shaping 
the bioeconomy of tomorrow. 
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13.1 Introduction 

While numerous political initiatives and civil society efforts have, for years, 
focused on undernourishment and hunger in vulnerable regions, an aston-
ishing one third of all edible food produced globally is wasted (FAO, 2011). 
Studies commissioned by the United Nations Food and Agriculture Organ-
ization (FAO) estimate annual global food loss and waste by quantity for root 
crops, fruits and vegetables (40–50%), fsh (35%), cereals (30%), oilseeds, and 
meat and dairy products (20%) (FAO, 2015, p. 2). Without a doubt, the 
alarming scale of food waste indicates a substantial market failure. Global food 
waste translated directly to economic terms has a value of US$1 trillion annu-
ally (FAO, 2015, p. 3). Another FAO study of total global costs of food waste 
estimated that apart from the direct economic loss, indirect environmental 
costs can be translated to some US$700 billion, and social costs of around 
US$900 billion per year (FAO, 2014). What is more, food waste is also a 
huge environmental challenge. Uneaten food is not only a loss within its own 
production chain, but squanders other valuable resources (land, water, energy 
and labour). It has a direct impact on the global climate – estimates suggest 
that global food loss and waste generate 4.4 Gt CO2eq annually, which is 
some 8% of total anthropogenic GHG emissions (FAO, 2015, p. 3). The 
European Commission’s analyses conclude that the food sector, together with 
housing and transport, has the largest environmental impacts in Europe, and 
that food waste has negative impacts due to the production burdens of 
uneaten food and waste treatment (Stenmarck, Hanssen, Silvennoinen, Kata-
jajuuri & Werge, 2011). Lastly, but no less importantly, the scale of food 
waste is a signifcant moral issue. All the starving and malnourished people 
around the world could be fed using only a portion of the food we see being 
wasted. 

Given the alarming scale of food waste, with edible food landing in com-
posts, landflls and incineration plants, it is somewhat surprising that the 
problem stayed below the radar of most politicians, scientists and civil society 
activists for a long time. Scholars note that ‘until recently, food waste has 
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been largely ignored’ (Halloran, Clement, Kornum, Bucatariu & Magid, 
2014, p. 295), and that the issue started to appear on political agendas and in 
public debates only in the 2010s. Although reducing food waste seems a win-
win situation for consumers, our planet and industries, it is a very complex 
issue, requiring diverse and well-tailored governance measures. It is known 
that the scale and occurrence of food waste in the value chain depend on the 
economic situation, climate, local culture and consumer habits. There are also 
signifcant tensions between the food security and resource effciency per-
spectives (Hartikainen, Mogensen, Svanes & Franke, 2018, p. 509). In 
medium- and high-income countries, food waste is mainly caused by con-
sumer behaviour and a lack of coordination between different actors in the 
supply chain. While the frst relates to poor purchase planning, food labelling 
(‘best-before dates’) and customers’ expectations regarding a wide range of 
fresh products and discounts for buying more, the latter is a systemic failure. 
This can be illustrated by farmer–buyer agreements that specify certain 
product characteristics related to appearance (FAO, 2011), retailer rights to 
return unsold products or a lack of knowledge on how to handle certain 
products (Stenmarck et al., 2011). 

In the last decade, many international, national and local initiatives were 
created in order to address the food waste problem. The UN’s Sustainable 
Development Goal 12, aiming to ‘ensure sustainable consumption and pro-
duction patterns’, lists several targets related to food waste. It foresees that by 
2030 we ought to be able to ‘halve per capita global food waste at the retail 
and consumer levels and reduce food losses along production and supply 
chains, including post-harvest losses’ and ‘substantially reduce waste genera-
tion through prevention, reduction, recycling and reuse’, but also ‘encourage 
companies, especially large and transnational companies, to adopt sustainable 
practices and to integrate sustainability information into their reporting cycle’ 
(SDG, 2015). 

Many initiatives exist on the supra-national level, e.g. the multi-
stakeholder Save Food Initiative (of FAO, UNEP, Messe Düsseldorf and 
Interpack packaging company), with their Think Eat Save campaign (Save-
Food, 2018). Different solutions for tackling waste are being explored 
upstream and downstream of the production chain, in high- and low-income 
countries. 

However, no single blueprint for tackling the problem exists, and this is 
especially visible on the national level, where a number of domestic political, 
economic and cultural factors infuence the way food waste is tackled. This 
chapter provides a comparative analysis of the governance and the resulting 
policies and tools introduced by three high-income Nordic countries: 
Denmark, Sweden and Norway. In all three cases, the food waste issue has 
been relatively high on the political agenda for almost a decade, and the 
different governance frameworks that have emerged to reduce food waste 
provide interesting insights into food waste reduction strategies. Even though 
the three share many similarities in terms of political, cultural and economic 
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features, such as a consensual parliamentary political culture, traditionally 
strong labour unions and social democratic parties, as well as a distinct 
regional identity, they also vary in some respects, and as our research fnds, 
governance of food waste is one of them. The chapter describes these national 
governance arrangements and explains this observed variation. We frst briefy 
discuss the theoretical and methodological foundation for our research, and 
then present food waste governance from a historical perspective, with a par-
ticular focus on the actors and milestones involved. We then move to a com-
parative analysis of the three countries, from which we draw conclusions and 
offer possible policy recommendations. We further categorise the observed 
governance systems and highlight important actors, who, in each of these 
cases, have proven particularly dedicated to food waste reduction. 

13.2 Theoretical approach and method 

We apply a multi-level governance framework to organise our comparative 
analysis of the three country case studies. Multi-level governance is a concept 
initially proposed to capture the changing nature of policymaking and policy 
implementation in the European Union (Hooghe & Marks, 1996). The 
approach builds on the growing complexity of tailoring accurate policy meas-
ures in modern states, especially in light of ‘subsidiarity’ and the emergence of 
sub-national authority levels as part of the European Union. Marks was one 
of the frst to introduce the phenomenon in the 1990s (Stephenson, 2013, 
p. 818), and the concept has picked up a great deal of academic currency 
since, mostly because it has been shown to best refect the nature of modern 
European politics. 

The diffusion of authorities and competences, the creation of transnational 
regimes and the proliferation of public–private partnerships are all trends 
observed in the last three decades, challenging traditional forms of hierarchi-
cal authority and undermining traditional centralised forms of government 
(Hooghe & Marks, 2010, p. 17). ‘Multi-level’ refers to different levels of 
‘governance’, i.e. ‘above’ national (European), national and sub-national, 
but it also implies the involvement of both public and private actors at these 
levels (Van Kersbergen & Van Waarden, 2004, pp. 149–150). Multi-level 

Table 13.1 Two types of multi-level governance arrangements 

Type I Type II 

General purpose 
Well ordered 
Clear lines of accountability 
‘Russian doll set’ 

Task specifc 
Fluid, intersecting memberships 
Accountabilities less clear 
Puzzle of many units, providing services, 

solving problems 

Sources: Bache, 2012; Marks & Hooghe, 2004; Smith, 2007; Stephenson, 2013. 
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governance studies investigate the move from centralised forms of authority 
to more fuid, problem-focused networks (Smith, 2007) and are well suited 
to comparative analyses (Stephenson, 2013, p. 830). Marks and Hooghe oper-
ationalise this term by distinguishing between two ideal types of multi-level 
governance: type I and type II (Marks & Hooghe, 2004). 

Scholars applying multi-level governance need to be careful and refective 
in the way they employ the approach. As already noted, it is both a descrip-
tive metaphor and an analytical framework for studying change in public 
policy making. At the same time, multi-level governance is simultaneously a 
framework for analysis, a solution for collaboration between stakeholders and 
a strategy for better policy implementation, improved information and 
consultation, and should improve the quality of decision-making and imple-
mentation (Gollata & Newig, 2017). Empirical evidence indicates that poly-
centric governance systems produce greater environmental outputs than 
monocentric ones (Newig & Fritsch, 2009). In the context of food waste, 
multi-stakeholder collaboration and public–private partnerships are necessary 
to fnd sustainable solutions to reducing food waste (Halloran et al., 2014). 

In this analysis, we try to provide an overview of existing food waste pol-
icies and governance arrangements, and so we employ multi-level governance 
as an analytical framework, operationalising the two ideal-typical arrange-
ments – type I and type II – in a comparative analysis. In the conclusion, 
drawing lessons and policy recommendations from our research, we refect 
on food waste multi-level governance as a strategy or benchmark for good 
governance and effective policy for tackling the problem. 

Multi-level governance gives us an effective tool with which to conduct a 
structured comparison of the three cases. We identify the relevant actors, i.e. 
all stakeholders and institutional actors who infuence the food issue area, and 
we look at their sectoral category (public, industry and third sector), as well as 
the levels of governance on which they operate. Further, we analyse the 
different policy outcomes, and categorise them according to the ideal-typical 
distinction proposed by Hooghe and Marks, identifying characteristic ele-
ments of type I and type II arrangements (Table 13.1). 

The empirical part of the chapter builds on a wide-ranging review of sec-
ondary scientifc literature, government documents, public and industry sta-
tistics and applied grey literature. This is combined with the data gathered at 
an expert workshop on food waste, hosted by the Nordic Institute for Studies 
in Innovation, Research and Education (NIFU) in Oslo on 23 November 
2017, and supported by ten expert interviews conducted by two of the 
authors in the spring of 2018 with food waste researchers, NGOs and indus-
try and policy representatives. 
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13.3 Background 

13.3.1 Defnitions 

The frst challenge in any food waste-related research and action is defning 
the problem, since no internationally agreed defnition of food waste exists 
(Hartikainen et al., 2018). Food waste can be edible and non-edible, avoidable, 
possibly avoidable and unavoidable. It can appear at different stages of the value 
chain (primary production, handling and storage, in processing and packag-
ing, distribution or at the consumption stage). It can be distinguished from 
food loss in primary production, e.g. during harvesting. It is also debatable 
whether goods produced for human consumption but used for animal feed or 
biogas production should also be considered food waste. 

Another important factor is the cultural defnition of edibility as only parts 
defned as edible can become food waste or food loss (Klitkou & Iversen, 
2016). This culturally constructed category (e.g. some parts of animals are 
considered inedible and discarded in certain societies while they are eaten 
elsewhere) may also change over time, infuencing the measured scale of food 
lost or wasted. Edibility is also an important category at the end of the chain, 
as certain volumes of food will be deemed inedible for health and safety 
reasons (e.g. due dates). Departing from this food input–food output per-
spective, a systemic approach to food chains allows us to introduce more 
nuanced categories relating to food quality loss or possible degradation of 
products (Klitkou & Iversen, 2016, pp. 9–10). 

Food waste data may be collected in tons, calories, economic values, etc. 
In Denmark and Sweden industrial food waste data is more confdential than 
in Norway1 and some European Union (EU) data is not available for 
Norway. For instance, Eurobarometer surveys for food waste are not con-
ducted in European Economic Area (EEA) states. All these questions translate 
to direct diffculties for research, including methodological challenges when 
comparing the three Scandinavian countries. In response to this problem, the 
Nordic Council of Ministers initiated a process aiming to develop common 
defnitions of food waste for all Nordic countries (Swedish EPA, 2013). 

To illustrate the different defnition types and their implications, we can 
refer to the Norwegian industry agreement on reduction of food waste, 
signed on 23 june 2017, which stated that 

food waste includes all edible parts of food produced for humans, but 
which is either disposed of or removed from the food chain for purposes 
other than human consumption, from the time when animals and plants 
are slaughtered or harvested. 

(Regjeringen, 2017) 

This is considered a ‘strict’ defnition of food waste because it also categorises 
food produced for humans but used for animal feed or biogas as food waste. 
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In comparison, FUSIONS (Food Use for Social Innovation by Optimizing 
Waste Prevention Strategies), a European project in which Norway is an 
active participant, used a different and notably less ‘strict’ defnition, under-
standing food waste as ‘any food, and inedible parts of food, removed from 
the food supply chain to be recovered or disposed (including composted, 
crops ploughed in/not harvested, anaerobic digestion, bio-energy production, 
co-generation, incineration, disposal to sewer, landfll or discarded in the 
ocean)’ (FUSIONS, 2014).2 

13.3.2 Food waste hierarchy 

The waste pyramid is a framework created to defne, prevent and manage 
waste (see also Chapter 3) which has since been adopted for surplus food and 
food waste concerns. Taking a combined sustainability perspective, it lists 
strategies for dealing with food waste from ‘best’ to ‘worst’ (Bugge, Dybdahl 
& Szulecka, 2018). According to the hierarchy, the best possible option is 
always to prevent food waste through minimising food surpluses and avoid-
able waste. The second best option is to re-use the food that would otherwise 
be wasted through redistribution, food banks and all possible forms of charity 
and redistributing organisations. This is followed by food waste recycling, as 
animal feed and through composting. The fourth option is energy recovery, 
while the least favourable option is waste disposal (Papargyropoulou, Lozano, 
Steinberger, Wright & Ujang, 2014). The pyramid is also useful when con-
sidering the defnition problem. The Norwegian defnition puts food waste as 
anything below re-use, while the FUSIONS defnition sets the boundary 
closer to the recycling stage (see Figure 13.1). 

Figure 13.1 The food waste hierarchy. 
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13.3.3 Comparative food waste assessments in Scandinavia 

The scale of food waste in the three analysed countries can be divided accord-
ing to position on the value chain. Food waste quantifcation in primary pro-
duction shows that Denmark is in the lead (288,000 tons), followed by Sweden 
(277,000 tons) and Norway (85,000 tons) (Hartikainen et al., 2018, p. 508). 
This might be explained by the fact that utilised agricultural areas cover only 
3.1% of Norway’s land territory, equalling one million hectares (EURO-
STAT, 2012b), while they cover 7% of land and three million hectares in 
Sweden (EUROSTAT, 2012c), and as much as 61% and 2.5 million hectares 
in Denmark (EUROSTAT, 2012a). Taking into account these agricultural 
areas, relative food waste from primary production is quite comparable, yet 
Denmark is still in the lead. 

Data from the retail sector shows that Sweden had double the amount of 
absolute food waste at this stage (83,500 tons per year in the retail sector) but 
considering the fact that Sweden has twice the population of Norway (43,000 
tons) and Denmark (40,000–46,000 tons), the data seems very comparable 
(Stenmarck et al., 2011). 

Some combined value-chain data on food waste from households, retailers 
and wholesalers, presented in kilograms of food waste per capita, shows that 
Denmark has the highest volume of food waste per citizen (above the EU 
average) and a very large share of food waste in groceries, while Norway and 
Sweden are more comparable, and are slightly under the EU food waste 
average (Figure 13.2) (Stensgård & Hanssen, 2018). However, the data is 
from different years, and the Norwegian data is most up-to-date, especially 
compared to EU data, making a direct comparison diffcult. This will be 
further discussed in the comparative analysis. In section 13.4, we present the 
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inedible parts, excluding primary production and waste that is used for 
animal feed (adapted from Stensgård & Hanssen, 2018). 
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most recent numbers for each country. Because of the differences in years and 
changing food waste defnitions and units of measurement, the numbers can 
differ slightly from the comparative synthesis in 13.3.3. 

13.4 Analysis 

13.4.1 Food waste governance in Norway 

Food waste has recently been identifed as a very signifcant and pressing 
problem in Norway. The ForMat project (2010–2015), a collaborative endeav-
our involving the food industry, research organisations and state agencies to 
prevent food waste, estimated that food was wasted at all four stages of the value 
chain (industry, wholesale, retail and households) and amounted to 355,000 
tons in 2015, worth about NOK 20 billion (Stensgård & Hanssen, 2016). Food 
wasted annually in Norway could potentially feed 900,000 people, and creates 
emissions equal to those of 375,000 cars (Lindahl, 2016), totalling 978,000 tons 
of CO2 (Boffey, 2017). The distribution of food waste in the value chain is very 
uneven, with 61% generated by households, 21% by producers, 1% by whole-
salers and 17% by retailers (Stensgård & Hanssen, 2016). 

The ForMat project reshaped the food waste debate in Norway with 
extensive surveys of food waste in the food chain. Matvett, a non-proft 
multi-stakeholder hub and the administrator of ForMat, worked with the 
business sector, fve ministries and østfold Research (østfoldforskning) to put 
food waste on the agenda in Norway. This was a very important frst step as 
no statistics on food waste existed in Norway prior to ForMat. Although the 
target of 25% reduction in food waste by the end of the project was not 
reached (food waste levels in the project period fell by 12% (Stensgård & 
Hanssen, 2016)), the ForMat project drew international interest, due to its 
openness, methodologies and strong public–private collaboration. The data 
collection was unique in the entire European context, with documented 
measuring methods, and details on food waste quantities in the different stages 
of the value chain. 

The work of the ForMat network led the industry to prepare an Agreement 
of Intent to reduce food waste, signed on 7 May 2015 (Regjeringen, 2015). The 
Agreement was further developed and fnalised on 23 june 2017 in the form 
of an Industry Agreement on the reduction of food waste between fve ministries 
and a dozen industry organisations. The agreement had a main reduction 
target of 50% by 2030, which was further subdivided into two sub-targets: 
15% by 2020 and 30% by 2025 (Regjeringen, 2017). In parallel, the narrower 
Cut Food Waste 2020 (KuttMatsvinn2020) is another initiative and result of 
the ForMat collaboration, targeting the hospitality sector. It aims to cut food 
waste by 20% by 2020 (NorgesGruppen, 2016). 

Alongside the Industry Agreement, a parallel law-making and governance 
design process with the aim of reducing food waste took place in the Norwe-
gian Parliament. In 2016, a parliamentary committee asked the government 
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to evaluate the introduction of a potential food waste law (similar laws had 
recently been introduced in France (Mourad, 2015) and Italy), meant to 
strengthen the bottom-up voluntary process with binding state regulation. 
The final evaluation issued in September 2017 by the Ministry of Agriculture 
and Food concluded that the Industry Agreement was a sufficient first step in 
emerging Norwegian food waste governance, putting the binding public 
regulation on hold. Because of the strong food waste reduction commitment 
of the opposition, a food waste law is still on the political agenda. The Parlia­
ment backed by the Labour Party (Ap), the agrarian Centre Party (Sp), the 
Socialist Left (SV), the Christian Democralli (KrF) and the Greens (MDG) 
asked the government to draft a proposal for a food waste law with emphasis 
on the food industry (NTB, 2018). The draft was expected at the end 
of2018. 

One Norwegian NGO was particularly active in food waste reduction 
campaigos and support for the state regulations: Future in our Hands (Framti­
den i vare hender) wrote many pre~s articles regarding food waste and delivered 
a petition to the Norwegian Parliament. It also recently started to work with 
municipalities and consumers through its 'MatVinn' project (Riise Jenssen, 
2017). 

A number of bottom-up initiatives appeared, e.g. a mobile app TooGood­
ToGo brought to Norway from Demnark. Online shopping websites and tra­
ditional shops started selling food that would be discarded in traditional 
supermarkets due to nearing best-before dates (e.g. the Best F0r supermarket, 
as well as Holdbart stores and online shopping, etc.). Another interesting 
initiative is a student restaurant concept offering gourmet lunches made from 
food that is approaching its expiration date. Since its start on the Blindem 
campus at the University of Oslo in 2015, it has further expanded to the Oslo 
Metropolitan University (in 2017). 

Summing up, it can be said that in Norway the main driver of food waste 
governance is the industry, collaborating with civil society actors and public 
administration. 

Box 13.1 Milestones in food waste governance in Norway 

2010: Launching of ForMat, a business-driven project involving the col­
laboration of supermarkets, food industry organisations and public authori­
ties (industry driven) 
Spring 2012: The NGO 'Future in our Hands' hunched a series offood 
waste reduction articles, events and campaigns (civil society driven) 
August 2013: Nonvay launched a national waste management strategy 
'From Waste to Resources' (public agency driven) 
Autumn 2013: First food bank in Oslo emerges, orchestrated by the 
Church Mission, the Blue Cross and the Salvation Army. The authorities, 
industry (NorgesGruppen) and the ForMat project all supported the idea 
(civil society driven) 



262 ]. Szulecka et al. 

• Spring 2015: First food waste restaur:mt (KUTT Gourmet) at the 
University of Oslo (civil society driven) 

• 7 May 2015: The 'Agreement of Intent to reduce food waste', signed by 
the food industry and authorities (industry driven) 
4 January 2017: 'KuttMatsvinn2020' cut food waste hy 20",b by 2020 
(industry driven) 
23 June 2017: Finalisation of 'Industry Agreement on reduction of food 
waste' (industry driven) 
22 September 2017: The evaluation of the food waste law was negative 
because of the Industry Agreement (public agency driven) 

13.4.2 Food waste governance in Sweden 

Food waste in Sweden is defined as 'avoidable food waste - food that is dis­
carded but could have been eaten bad it been handled properly' (N aturviirds­
verket, 2013, p. 29). Examples of avoidable food waste are bread, food 
leftovers, fruit and vegetables. Avoidable food waste was sometimes referred 
to as food wastage. In 2014, 1,278,000 tons (equivalent to 134kg/person3

) of 
food waste was generated in Sweden (see Table 13.1 in Elander, Stemmarck 
& Ostergren (2016)). The total volume of food waste was calculated along 
the food value chain from ptimary production, food producers, di•tributors, 
retailers and consumers. 

In the last few years, Sweden has paid increasing attention to the food 
waste issue. The EU Directive (2008/98/EC) on waste (the Waste Frame­
work Directive) required European Union member states to establish waste 
prevention programmes. As ofJune 2018, Sweden has not yet implemented a 
specific strategy or national plan for food waste management and reduction. 
Nevertheless, it embedded proposed milestone targets for food waste in 
several national plans such as the Swedish Waste Management Plan 
2012-2017 and the Swedish Waste Prevention Programme 2014-2017 
(Eiander et al., 2016). The fint bad important provisions on energy aod 
nutrient recovery from food waste as it assumed that by 2018, 50% of food 
waste from consumption would be collected separately and treated biologi­
cally (Naturviirdsverket, 2012). The other assumed a waste reduction by 
2020, at least 20% compared to 2010, throughout the entire food value chain 
(except for ptimary production) (Naturviirdsverket, 2014). A separate action 
plan has been developed for food wastage reduction in primary production. 
The Swedish Environmental Protection Agency (EPA) was commissioned by 
Sweden's government to create 'interim objectives for decreasing avoidable 
food waste, and to suggest measures for reaching the target' (Naturviirdsver­
ket, 2013, p. 31). 

Food waste reduction in Sweden was also targeted together with C02 

emission reductions at the municipal level, for example through the Klimats­
mart campaign, which aims to reduce food waste in school canteens (Klimats­
mart, 2018). 
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An important milestone in Swedish food waste reduction governance was 
the creation of SaMMa (Swedish Collaboration Group for Reduced Food 
Waste) in 2012. The Swedish EPA initiated SaMMa as a liaison group for 
food waste prevention, information exchange and to assist in reducing food 
waste. It includes the National Food Agency (Livsmedelsverket) and the Stock­
hohn Consumer Cooperative Society (Konsumen!foreningen Stockholm). It is 
coordinated by the Swedish EPA, Swedish Board of Agriculture and Swe­
den's National Food Agency, all taking turns to host meetings, which are 
held several times a year. The network was designed to help reduce food 
waste in Sweden by promoting collaboration throughout the food supply 
chain. By collaborating with political representatives, researchers, authorities, 
organisations and businesses can discuss issues and share experiences and 
koowledge (Naturvardsverket, 2013). 

In 2013 a public campaign called 'Stop food waste' (Stoppa matsvinnet) was 
launched by Sweden's National Food Agency, the Swedish EPA and the 
Swedish Board of Agriculture to inform and inspire people about how to 
reduce food waste (StoppaMatsviunet, 2018). 

Governmenral bodies such as Sweden's National Food Agency, the 
Swedish EPA and the Swedish Board of Agriculture played a key role in food 
waste governance in Sweden. These public agencies set up targets, launched 
prognunmes and initiated different campaigns and initiatives to fight food 
waste. 

Box 13.2 Milestones in food waste governance in Sweden 

2009: The Campaign 'Climate Smart' was first launched by Halmstad 
municipality. aiming to decrease food waste in school canteens to reduce 
carbon footprint (public agency driven) 
2012: A target to collect 50% of food waste from consumption separately 
and treat it biologically by 2018 was included in the Swedish Waste Man­
agement Plan 2012-2017 of the Swedish Environmental Protection 
Agency (public agency driven) 
2012: SaMMa Swedish Collaboration Group for Reduced Food Waste 
was founded as a broad network involving research bodies, businesses and 
civil society (public agency driven) 
2013: The public campaign 'Stop food waste' (Stoppa mat.winnet) was 
launched (public agency driven) 
2013: A target was set for reducing food wasre aloug the entire value chain 
hy 20"/o in 2020 compared to 2010 in the Swedish Waste Prevention Pro­
gramme 2014-2017 developed hy the Swedish EPA, Swedish Board of Agri­
culture and the National Food Agency of Sweden (public agency driven) 
2013-2015: The campaign Stop Food Waste Now - an initiative to 
inform and inspire people to reduce food waste - was launched by the 
National Food Agency, the Swedish EPA and the Board of Agriculture 
(public agency driven) 
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13.4.3 Food waste governance in Denmark 

According to the Danish Ministry of Environment, Danes throw away 
700,000 tons of edible food annually (Gadd, 2017). Danish retailers create 
45,676 tons offood waste per year (Halloran et al., 2014), while households 
are responsible for about half of the total aruount (Kj.,r & Werge, 2010). 

Actions aiming to reduce food waste in Deruuark started largely as a con­
sumer movement, led by the influential activist Selina Juul and the movement 
'Stop Wasting Food' (Stop Spild af Mad), established in 2008 (Stop Spild M 
Mad, 2018). It is considered the largest European non-profit consumer move­
ment against food waste, and is strongly supported by Danish citizens, as well 
as Members of the European Parliament, Members of the Danish Parliament, 
top Dartish chefS and food personalities (Halloran et al., 2014). 

Danish food waste figures were higher than the EU average (Figure 13.2) 
but have fhllen sharply in the last decade. The trade magazine Dansk Han­
delsblad reported that Demnark is the leading country in the EU regarding the 
number of initiatives to limit food waste (FUSIONS, 2015). NGOs, retailers, 
the hospitality sector, authorities, industry and consumers are all participating 
in various actions to cut food waste (FUSIONS, 2016). In response to this 
development, Denmark's Prime Minister put the food waste problem on the 
political agenda. In 2011 the Ministry of the Enviromnent established a pub­
lic--private partnership called 'Initiative Group Against Food Waste' to 
exchange information and work together on food waste reduction. In the 
sam.e year, a 'Charter on Less Food Waste' wa'\ signed by different ministries 
and industry representatives. This can be seen as an example of industry self­
regulation through a voluntary agreement on food waste. In 2013 the Danish 
Consumer Council initiated a consumer awareness campaign on food waste 
(Halloran et al., 2014). 

The civil movement's success was based on its wide societal resonance, 
partnerships and cooperation with both the authorities and the private sector. 
It also expanded its links with academia, with Selina Juul initiating the first 
think tank in the world dedicated to fuod waste prevention. Many public and 
industry initiatives were developed together with NGOs (ThinkEatSave, 
2015). In recent years, innovative applications have been developed in 
Denmark to fight food waste (including Y ourLocal, ReFood, Green Menu 
Planner, etc.). A Danish humanitarian NGO opened Wefood, the first food 
waste supermarket. 

Between 2010 and 2015, Denmark's food waste was reduced by 25% 
(translating to an economic saving ofDKK 4.4 billion). This was considered a 
European record, followed ouly by the United Kingdom's reduction of21% 
between the years 2008 and 2013 (FUS!ONS, 2016). 
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Box 13.3 Milestones in food waste governance in Denmark 

2008: Activist Selina Juul established the leading organisation 'Stop 
Wasting Food', the largest such movement in Europe, with the aim of 
raising awareness about food waste (civil society driven) 
2008: Major food store chain REMA 1000 stopped 'buy 2 get 3' sales and 
only sold by the piece to reduce consumer food waste (industry driven) 
2011: The Ministry of the Environment established a voluntary 'Initiative 
Group Against Food Waste' with stake holders representing the public and 
private sectors (public agency driven) 
2011: The 'Charter on Less Food Waste• created and signed by nineteen 
major stakeholders such as various supermarket chains, restaurants, minis­
tries and hotel chains (cross sectoral) 
2011: The Ministry of the Environment established the 'Initiative Group 
Against Food Waste' (public agency driven) 
2013: Ministry of Environment and Food introduced a strategy on growth 
and resource-efficiency on food and a fund to support food waste reduc­
tion actions (public agency driven) 
2013: The Zero Waste initiative was launched by municipalities with the 
aim of raising public awareness and making citizens the pivot of anti-waste 
initiatives (public and civil society driven) 
2013: The Danish Consumer Council initiated a campaign to increase 
awareness of food waste (civil society driven) 
2014: Launch of the Danish Government Resource Plan for Waste Man­
agement 2013-2018 (public agency driven) 
2015: YourLocal was the first mobile app to help small businesses and 
supennarkets fight food waste (civil society driven) 
2016: The ReFood initiative, in partnership with Stop Wasting Food, 
united 800 restaurants, cafes, food producers and institutions. Partners 
could use the ReFood label to show their commitment to reducing food 
waste (civil society driven) 
2016: The world's first food waste think tank - ThinkEatSave - was 
established to gather knowledge and develop action plans to combat food 
waste (civil society driven) 

13.4.4 Comparative analym of govemance pathways 

The country-level analysjs shows very dill"erent governance pathways that can 
be identified in the three countries with regard to food waste reduction. 
Although a variety of stakeholders take action to reduce food waste in each 
country, certain leaders can be highlighted. We identifY them as drivers for 
food waste action, establishing powerful collaborations between different 
actors, levels and sectors in all three countries. We notice a 'spill-over' effect 
of sorts: where food waste reduction initiatives and the leading acton should 
be given credit for shaping the agenda, pushing for action and proposing 
innovative solutions, but not for taking unilateral action. 
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Governance differences may also be linked to citizens’ expectations. The 
Eurobarometer report on food waste and date marking (unfortunately only 
available for Sweden and Denmark, not conducted in Norway) points to 
different actors that should take responsibility for preventing food waste. In 
Denmark and Sweden, consumers are indicated as being responsible (85% and 
88% respectively), followed by shops and retailers (68% and 75%), the hospi-
tality sector (59% and 66%), food manufacturers (51% and 58%), public 
authorities (44% and 58%) and farmers (27% and 28%) (EUROBAROME-
TER, 2015). This shows that the biggest difference is regarding the role of 
public authorities, where signifcantly more Swedes expect a state intervention 
compared to Danes. Interestingly, among the twenty-eight analysed countries 
in this report, the highest responsibility of shops and retailers is perceived in 
France (90%) and the highest responsibility of public authorities in Spain and 
France (77% and 74% respectively). Both these factors can explain France’s 
lead in European food waste legal regulation (EUROBAROMETER, 2015). 

13.4.5 Comparative analysis from a multi-level governance 
perspective 

It is worth noting that food waste governance in Sweden is closer to the tra-
ditional centralised forms of steering, with the Swedish EPA taking a clear 
lead in tackling the food waste problem. It is therefore in line with the type I 
multi-level governance characteristics presented in Table 13.1. Open collabo-
ration with industry and civic society partners also signals that the state is 
trying to coordinate all efforts to reduce food waste. 

While in Sweden, initiatives were worked out ‘mostly in the public 
sector’,4 in the Norwegian case, initiatives to prevent food waste ‘always came 
from the industry’. In many countries, food waste regulations started with e.g. 
food banks; in Norway ‘it started with the industry’.5 Voluntary self-
regulation occurred in the shadow of hierarchy (Héritier & Eckert, 2008; 
Newman & Bach, 2004) and the role of the traditional state authorities was 
limited in the early agenda setting and food waste policy formulation phase. It 
was, however, understood that if the industry tackled the problem ‘before the 
politicians’, it would ‘bring cheaper and more effective solutions’.6 It is never-
theless clear that public agencies are paying close attention to the tangible 
effects of self-regulation and a state-led food waste law proposal might cen-
tralise food waste governance in Norway in the future. Therefore, it can be 
stated that Norway initiated food waste governance with a type II multi-level 
governance framework with the industry taking the lead. The industry agree-
ments from 2015 and 2017 were very task specifc, but with quite open 
memberships and not very clearly defned accountability of the actors in the 
common goals. We also observe that the Norwegian ministries, having an 
observer status in the agreement of intent, and becoming full members in the 
fnal agreement, brought public type I legitimacy to business-driven type II 
activities. It can also be seen that the industry’s lead in food waste governance 
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created a counter proposal of a type I state-led hierarchical response in the 
form of a food waste law proposal debated by the Parliament. The Norwe-
gian case illustrates that there might be signifcant learning processes between 
type I and type II activities; the food waste law suggestions were built on 
solid experience from the industry collaboration and could even incorporate 
this learning process. 

The Danish case can also be seen as an illustration of type II multi-level 
governance of fuid, problem-focused networks but with the civic sector 
taking the lead. Here even more type I legitimacy was given to those type II 
activities as state actors began participating in various initiatives as observers, 
funders and project partners. This might be caused by a very strong collabora-
tion between the leading NGO and various public entities (municipalities, 
ministries and legislative bodies). The high effectiveness of the food waste 
reduction effort in Denmark (although Denmark could initially be seen as a 
laggard in the comparative analysis; see Figure 13.2) also increased the output 
of legitimacy to this particular governance arrangement. Another key aspect 
might be the strong ownership displayed towards this arrangement by Danish 
civil society, which seems to be a subject rather than an object of food waste 
reduction action. As consumers are responsible for most food waste, civic 
engagement might also be crucial for reaching more ambitious goals after the 
‘lowest-hanging fruits’ have been collected. 

The multi-level governance analysis shows that the three countries can be 
put on an axis with Sweden on one end, with a state regulations and type I 
arrangement, Norway stretched in between with some competition between 
type I and type II, and Denmark being the most liberal, with strong civic 
activism and fuid, public partnerships governance and a strong type II 
legitimacy. 

It is important to note that the state-centric approach is not enough to see 
the full food waste governance framework. All analysed countries are strongly 
infuenced by the UN Sustainable Development Goals on food waste and 
their incorporation into EU regulations. The goals are the same, but 
Denmark, Sweden and Norway illustrate that different governance pathways 
are possible. There is a great deal of information exchange between all the 
Scandinavian and other European countries (through the Nordic Council of 
Ministers in Scandinavia and through the FUSIONS project in Europe). 
Norway looks to Sweden and Finland for policy inspiration and lessons on 
food waste initiatives in the hospitality sector,7 while Danish innovative 
mobile phone applications and food waste supermarkets are replicated in 
many European countries. Similarly, the Norwegian industry’s self-regulation 
of food waste should also receive more scholarly and policy attention. 

13.5 Conclusions and policy implications 

In this chapter, we have presented the food waste governance efforts in 
Norway, Denmark and Sweden. We illustrate that three experimentalist 
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governance approaches emerged in the analysed countries: a civil society-
driven framework in Denmark, a public policy-driven one in Sweden and 
fnally an industry-driven arrangement in Norway. This shows the diverging 
origins of food waste regulations in the three countries, as all three sectors are 
in different ways involved in food waste reduction. 

Learning and collaboration between the three sectors (public policy, indus-
try and civil society initiatives), at various levels and between countries, is an 
important and necessary component for tackling the food waste challenge. 
This means a departure from the analytical mode of multi-level governance 
(with type I and type II arrangements) to the normative mode. Multi-level 
governance should also be seen as a solution for better policy implementa-
tion, public participation and involvement in decision-making, as a strategy 
or benchmark for good governance and effective policy for tackling food 
waste. Multi-stakeholder collaboration is particularly important in addressing 
complex social, economic and environmental problems that span across the 
value chains and particular ministerial competences. Our three national cases 
show how such collaboration might look in practice. 

Denmark, with its well-coordinated mass civil society engagement to 
reduce food waste, has been very successful in recent years: its reductions 
were the largest and exceeded the pre-set targets, but it also initially had 
higher food waste than the EU average. Now in all countries the ‘low-
hanging fruits’ have been collected, meaning the next targets might be more 
diffcult to meet. There is no one-size-fts-all solution to tackle the global 
food waste problem, but possibilities for learning between actors and coun-
tries, to overcome weaknesses and enhance their strengths, are very important 
for the next stages of food waste reduction. Further studies should concen-
trate on best practices and lessons that could be drawn from industry self-
regulation to reduce food waste in Norway, from the effectiveness of public 
food waste policies in Sweden, and from the successful engagement of civic 
society in the case of Denmark. 

Notes 

1 In Norway industry actors report food waste data but only aggregated numbers are 
made publicly available. In Denmark in 2016 Netto was the frst supermarket chain 
to disclose the amount of food waste it produced. See also: Stenmarck et al., 2011. 

2 FUSIONS was an EU-funded project with twenty-one partners in thirteen countries, 
running from 2012 to 2016, in which all the analysed countries actively participated. 
The project’s aim was to reduce food waste, and to harmonise food waste monitoring 
in Europe. It provided the frst detailed national statistics covering the entire value 
chain, accompanied by suggested methodology for data collection and analysis. 

3 Lower number in Figure 13.2 in the comparative analysis does not include food 
waste in primary production. 

4 Expert interview with a food waste research expert, 12 March 2018. 
5 Expert interview with a food industry representative, 13 February 2018. 
6 Expert interview with a food industry representative, 15 March 2018. 
7 Expert interview with a food waste research expert, 12 March 2018. 
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14.1 Introduction 

There is broad agreement that human activities should be sustainable. 
Although most activities have an impact on the environment, no human 
activity should restrict the possibility for other people to meet their needs. 
Sustainability is easy to agree upon on a general and abstract level, but it is 
harder to judge what it means in practice. When is an activity sustainable and 
when is it unsustainable? Which products are sustainable and which are not? 
While those are not easily answerable questions, policymakers must have a 
measure allowing them to grade sustainability, helping them develop long-
term strategies, current regulation or appropriate policy incentives. Similarly, 
companies need to know that the manufacturing of their products does not 
harm people or the environment unnecessarily and that they can sustainably 
create value for the company, its shareholders and the society at large. 

Life cycle assessment (LCA) is often referred to as a method or tool to 
answer questions about what is more or less sustainable, at least in relation to 
environmental sustainability (Finnveden et al., 2009). The International 
Organization for Standardization (ISO) defned LCA as “compilation and 
evaluation of the inputs, outputs and the potential environmental impacts of a 
product system throughout its life cycle” (ISO, 2006). Recent years have seen 
a development in both the breadth and depth of LCA, where dimensions of 
sustainability other than the direct impact on natural environment have been 
included and where impacts are modelled more specifcally. 

Already by the beginning of the 1970s, the Environmental Protection 
Agency in the USA was considering the use of LCA for all products as part of 
public policy (Reed, 2012). Following the United Nations Conference on 
the Human Environment held in Stockholm in 1972 and the 1973 oil crisis – 
both drawing attention to fnite resources, LCA – or Resource and Environ-
mental Profle Analysis as it was called – was seen as a way to understand 
different products’ impact on the environment. For a number of reasons, for 
instance the “cancellation” of “peak oil”, the interest in LCA declined during 
the second half of the 1970s and the method was deemed impractical as a 
regulatory tool (ibid.). At the end of the 1980s, a joint initiative by the 
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Society of Environmental Toxicology and Chemistry and the United Nations 
Environmental Programme led to the revival of LCA. The following decades 
have witnessed a large and growing inclusion of LCA in the governance and 
the testing of Product Environmental Footprint (PEF) in the European 
Union (EU). A possible transformation to a circular economy might call for 
even greater use of LCA. 

This chapter explores how LCA is currently employed in public policy 
and how its use can guide the governance of a transition towards a circular 
bioeconomy. In order to distinguish between different uses of LCA, the 
chapter presents LCA along three dimensions: (1) as results; (2) as a method; 
and (3) as a mindset. Existing legislation is used to exemplify each of the 
dimensions. The focus is to demonstrate the advantages and pitfalls of using 
LCA in governance and the consequences of choices of results, method and 
mindset. Throughout the chapter, most information is related to the use of 
LCA for assessment of environmental performance (also referred to as 
environmental LCA), and it will be emphasised whenever LCA as a term is 
applied in connection to other aspects of sustainability. 

14.2 Life cycle assessment as results 

Governance processes need access to information about the topics to be gov-
erned. LCA promises to bring results to include in governance processes, all 
the way from large processes of societal change to small processes such as the 
procurement of single items. This section describes the various results from 
LCAs and how they are used in governance. 

14.2.1 Being good from just performing life cycle assessment 

Historically, there are examples where performing an LCA has been a result in 
itself. Environmental Product Declarations (EPDs) are based on an LCA of a 
material or product and should give purchasers information about the environ-
mental performance of products. There has been a large increase in the number 
of EPDs available, especially relating to the built environment. The Building 
Research Establishment Environmental Assessment Method (BREEAM) certi-
fcation scheme awards points to buildings which have collected EPDs for 
important materials or components (Norwegian Green Building Council, 
2012). Similarly, public and private purchasers have used EPDs as a binary 
environmental criterion in projects. If an EPD is made, the manufacturer of a 
product can tick the appropriate box and be qualifed for a tender process. 

A result from an LCA is, however, not proof of something being environ-
mentally friendly. This is of course because an assessment of a product’s 
environmental profle alone says nothing about how it compares to the 
environmental profles of similar products or the usability of the product. 
This might seem obvious, but there is still a reason to stress this point. Since 
many eco-labels, such as the Green Dot or the Nordic Swan, are awarded to 
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environmentally preferable products or services, EPDs are easily confused as 
proof of a product being greener. The main merits of LCA and EPD results 
are not in the simple, binary answer that something is good or bad, but rather 
the ability to compare different products, services or product systems fulflling 
the same function. Whereas an environmental label can guide decision-
makers in the choice of environmentally friendlier products, it does not 
quantify the product’s environmental impact. If one wants to compare func-
tionally equivalent products or services by, for instance, calculating the total 
emissions from construction projects, LCAs and EPDs are needed. 

14.2.2 Product benchmarking 

An EPD contains results for a defned set of environmental impacts. Pres-
ently, the BREEAM scheme has included extra points if the EPDs that are 
actually used to choose among alternatives and tenders also start to include 
numerical benchmarks based on LCAs. The construction sector has been an 
early mover in applying environmental information in development and 
procurement processes (Frischknecht, Wyss, Knöpfel & Stolz, 2015), but the 
use of LCA for governance purposes is not confned to this sector. For 
instance, the Renewable Energy Directive states that biofuels’ greenhouse gas 
emissions are to be compared to fossil fuels’ emissions of 83.8 grams of CO2e 

per Mj throughout their life cycle – from extraction of raw materials to com-
bustion when used as a fuel (EU, 2009), or, if revised sustainability criteria are 
agreed upon, 94 grams of CO2e in 2021 (European Commission, 2017). Any 
biofuel producer or importer who wants to certify their fuel for a market in 
Europe must relate to these numbers, at least if they want their biofuel to be 
part of the targeted use of biofuel. 

The aforementioned Product Environmental Footprints (PEFs) (European 
Commission, 2013) take the comparison of product life cycles one step 
further. The European Union has initiated several pilot projects on PEFs for 
different product categories with a methodology based on LCA. Every 
product should have a label with information on the environmental impacts 
related to its manufacturing, much like a label on nutritional facts, to give 
consumers the possibility to demand environmentally friendlier products. 

Environmental Product Declarations, the sustainability criteria in the 
Renewable Energy Directive, and Product Environmental Footprints, are all 
examples of tools for informing on environmental performance for different 
product categories. There are also many examples of companies and govern-
ments commissioning LCAs for specifc areas to make environmental deci-
sions. The frst LCA was made for comparing different beverage containers 
for Coca Cola, and LCA has helped decisions on packaging alternatives for 
both companies and governments ever since. For instance, this includes the 
Danish Environmental Protection Agency commissioning an LCA on pack-
aging systems for beer and soft drinks in 1995 to support regulations on 
beverage containers. 
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Probably more than any other issue, LCA has been guiding governance on 
waste handling, also relating to organic material. Waste handling companies 
have used LCA results to aid decisions on which treatment methods to 
choose, where to place facilities or which vehicles to purchase for the trans-
port feet. In Norway, national authorities have used results from LCAs to 
support policies on source separation and recycling of organic waste (Raadal, 
Stensgård, Lyng & Hanssen, 2016; Syversen et al., 2018), and regulations on 
food waste or the proposed revision of Norwegian Fertiliser Ordinance which 
refers to two LCA studies (Hanserud, Lyng, Vries, øgaard & Brattebø, 2017; 
Modahl et al., 2016). Local authorities have used results from LCA to support 
overall strategies for waste handling as well as decisions on the construction of 
biogas facilities (Councilor of Vestfold, 2012). 

There are several easy-to-use models for waste management based on 
LCA, such as Orware and EaseTech (Gentil et al., 2010). These models are 
based on the decision-maker providing numbers for a few important para-
meters, such as transport distances, waste composition and amounts of waste, 
and getting results for various environmental impacts in return. 

14.2.3 Detailed insights from life cycle assessment as results 

The numerical results of the environmental impacts from a product, product 
system or service are the obvious outcomes of an LCA. In many instances, 
however, numbers themselves are not the most important results. The know-
ledge of the life cycle of a product or service is often sparse before the LCA is 
conducted. LCA commissioning parties suddenly learn how their suppliers 
are connected to global production systems and are often surprised to fnd out 
which energy or material inputs turn out to be the most challenging with 
respect to sustainability, or to fnd out that the real challenges in manufac-
turing are not part of their own product’s life cycle, but rather how other 
products’ life cycles are affected. Similarly, companies learn more about the 
use and the waste handling of their products. They may fnd out that by 
increasing the environmental load from their own production – for instance, 
through selecting a different material – other product life cycles may be 
positively affected to an even greater extent, resulting in an overall lower 
environmental load. 

LCAs as results give benchmarks on which to base policies and strategic 
targets. A single number gives a target or threshold that actors can agree upon 
and use to steer activities. There is, however, a danger that LCA results may 
conserve existing systems. For instance, results from LCAs comparing 
different waste treatment options can lead to waste prevention disappearing 
from sight. An even greater risk when presenting a number as an absolute 
value is that all the information about how the number has been produced 
gets lost. How the world is modelled determines the results, as we shall 
explore more thoroughly in the following section on LCA as a method. 
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14.3 Life cycle assessment as method 

LCA does not only bring ready-made results for decision-makers to compare 
alternatives. When speaking of LCA, one is normally referring to the method, 
or procedure, to understand the environmental impacts of products, product 
systems or services. Notwithstanding, speaking of “the method” may blur the 
issue, since LCA is rather an umbrella term for several methods needed to 
translate both the uses of natural resources and the emissions and wastes to the 
environment into information about potential environmental harm. This 
involves, on the one hand, multiple methods and models connecting elements 
in nature; such as wind, chemical composition, uptake of compounds in 
organisms and the effect of different compounds on various organisms and 
physical systems. On the other hand, it involves guidance on how to model 
societal systems such as industrial production, consumers’ use of products, 
waste handling after end-of-useful life and on what data are needed. In the 
following section, different method issues in LCA are presented, with an 
emphasis on those that are relevant to guide governance or that may infu-
ence governance if the actors are unaware of their consequences. 

14.3.1 The functional unit 

One of the frst methodological choices of the LCA practitioner is to defne a 
functional unit. Every LCA is based on an implicit or explicit comparison of 
the environmental performance of how a production system is able to fulfl a 
certain function. The functional unit should be quantifed and enable com-
parison of different ways to fulfl the same function. This might be diffcult 
when governing the use of natural resources. The Renewable Energy Direc-
tive, for instance, applies a unit of energy – Mj – to compare different fuels. 
On the one hand, this unit does not tell how the fuels are able to fulfl a 
function, as different engine technologies might need a different amount of 
energy in order to produce the same amount of work. On the other hand, 
the sole focus on using biomass for fuels does not provide any input on the 
ability of the same resources to be put to better use as a food or feed or input 
to the manufacture of a material. 

14.3.2 Comparability and standardisation 

An important aspect of a decision-informing tool is the comparability of 
different alternatives. From the great bargainings over selecting global path-
ways for the future, to the small everyday choices of purchasing an item, 
rightful comparison of alternatives is key to correct decisions. This explains 
why LCA development work has been intrinsically linked to development of 
standards, guidelines and handbooks such the ISO standards, the European 
International Reference Life Cycle Data System (ILCD) Handbook (Euro-
pean Commission – joint Research Centre – Institute for Environment and 
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Sustainability, 2010) and the Nordic guidelines on life cycle assessment 
(Finnveden & Lindfors, 1996). Comparability between LCAs has been an 
important issue as studies following different method rules and using different 
assumptions could suggest different, and even contradictory, conclusions for 
action. It also links to the development of two different types of LCA, namely 
attributional LCA and consequential LCA. 

14.3.3 Different life cycle assessments for stable systems and systems 
in change 

A standardised and harmonised method is not suffcient if the method is con-
sidered to produce unreliable results. Developers of regulations or business 
strategies, or purchasers of specifc items, are rightfully confused about the 
merits of LCA when results for the environmental performance of what seems 
to be the same product vary by several orders of magnitude. This has been 
shown within the waste community (Lazarevic, 2015), and, as another 
example, a signifcant stir was caused in the feld of bioenergy in 2008 when 
studies showed that the assumptions regarding land use change for corn 
ethanol completely overturned the idea of bioethanol as a climate-friendly 
fuel (Fargione, Hill, Tilman, Polasky & Hawthorne, 2008; Searchinger et al., 
2008). Still, there might be good reasons for different results for the same 
production system. In the frst stage of performing an LCA, the LCA practi-
tioner should clearly state the goal of the study. The goal affects the method 
choices and data to be used since an assessment of the environmental per-
formance of last year’s production of a well-known commodity requires a 
different set of assumptions and method tools than the assessment of the 
environmental performance of the transportation system in 2030. 

The LCA community has recognised the difference in assessing stable 
systems with few consequences for global economic markets and assessing 
systems that lead to changes in demand of products and, consequentially, 
changes in production systems. These two different approaches are coined 
attributional LCA and consequential LCA. There are heated debates in the 
LCA community as to which of these approaches are better, not least for 
policy applications (Bento & Klotz, 2014; McManus & Taylor, 2015; Plevin, 
Delucchi & Creutzig, 2014). While no consensus has been reached, the 
majority of practitioners adhere to the view that they are both useful, just for 
different purposes. 

One of the main characteristics speaking in favour of consequential LCA’s 
potential to inform policy is the focus on assessing impacts as a result of 
change, including indirect impacts (Bento & Klotz, 2014; McManus et al., 
2015). McManus and Taylor (2015) go so far as to say that consequential 
LCA “is essentially a policy tool, rather than a technology assessment tool”, 
while Suh and Yang (2014) criticise an overly optimistic view on consequen-
tial LCA and point out that the methodology is still developing and to a large 
extent untested within the policy feld. There is, however, little doubt that 
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consequential LCA is a useful tool for exploring alternative states of the 
world, while attributional LCA is a useful tool to assess the environmental (or 
sustainability) performance of different stable product systems. Thus, attribu-
tional LCA is used as a basis for the calculation method in the Renewable 
Energy Directive, although there might be controversies related to how stable 
the different production systems are. 

14.3.4 Dividing impacts on several inputs or outputs 

The chapter started by asking the question of how sustainable a product or 
service is and it has presented LCA as a useful tool to provide answers. 
However, whenever a process produces more than one output or a waste 
handling process transforms more than one input, there are diffculties in relat-
ing the environmental performance of the system to single inputs or outputs. 

As part of a strategy for a circular bioeconomy, the concept of biorefnery 
is often mentioned as a technical approach to making the most of organic 
resources and diversifying product portfolios. Whereas the idea of a biorefn-
ery is to diversify output and minimise waste, a much-debated attribute in 
LCA is how to deal with systems which involve more than one output. As 
examples, burning wood can result in both heat and power, and anaerobic 
digestion of food in both biogas and biofertiliser (digestate). In order to 
produce results for one output only, e.g. the environmental impacts of biogas, 
it is necessary to divide the impacts from anaerobic digestion between the 
biogas and the digestate. If possible, such divisions should be avoided, but in 
other cases the ISO standard 14044 prescribes two different method options: 
primarily to use system expansion, and secondarily to allocate impacts 
between the two outputs (biogas and biofertiliser). 

In the biogas system, system expansion could entail expanding the function 
studied to include both outputs, which makes it impossible to separate the 
environmental impacts of the biogas from those of the biofertiliser. An option 
which is often regarded as a case of system expansion (e.g. in the ILCD hand-
book) is to consider the biofertiliser as substituting another type of fertiliser, 
and therefore the impact of that fertiliser is subtracted from the anaerobic 
digestion system. The idea is that the biofertiliser is dealt with, and the result-
ing environmental impact can be attributed to the biogas. Such a subtraction 
requires two conditions to be met: (1) an alternative product can clearly be 
defned, and (2) life cycle inventory data for the alternative product exists. 
The choice of which product is substituted and how can be of high import-
ance to the fnal results, biogas included (Hanserud, Cherubini, øgaard, 
Müller & Brattebø, 2018; Lyng et al., 2015), and the approach of substitution 
is not undisputed (Heijungs & Guinee, 2007). With an increasing number of 
outputs, such as in a biorefnery, the complexity of the model and its results 
may increase. 

As an alternative, the total environmental impacts of the biogas system can 
be divided between, and allocated to, each co-product. The division can be 



  

  

 
 

 

 

  

 

Life cycle assessment 279 

based on mechanisms in the production process, or on different characteristics 
of the outputs, such as the mass of the different fows, their energetic or 
nutritional content or their economic market value. Choosing the most suit-
able approach to deal with multiple outputs is not necessarily easy, and since a 
division can be considered an artefact without equivalent in reality, the choice 
can be considered arbitrary or subjective (Heijungs & Guinee, 2007). To 
further complicate the picture, the choice often affects the LCA results, par-
ticularly in a system such as a biorefnery (Cherubini, Stromman & Ulgiati, 
2011; Sandin, Røyne, Berlin, Peters & Svanström, 2015). The ISO standards 
state a general prioritisation scheme, and, although widely used, it has also 
been criticised as incoherent (Schrijvers, Loubet & Sonnemann, 2016) and 
not providing enough guidance (Weidema, 2014). Since a universally correct 
and unproblematic approach is not likely to be agreed upon, the tailoring of 
methods to the study purpose is essential. Nevertheless, in order to function 
as a more direct policy instrument, the EU Renewable Energy Directive has 
set this type of parameter in order to minimise incomparability among results 
for biofuels. 

14.3.5 What data and data for what? 

Intrinsically connected to the method is the data used as input to perform an 
LCA. Standards specify how a life cycle inventory should be collected and 
provide example data sheets for practitioners to use. The methods for impact 
assessment defne the lists of components that must be studied. In a business 
perspective, the specifcity of the data used is an important aspect. The more 
data that can be collected from the specifc production, use and end of life of 
a product will affect how realistic the results are. The specifcity of the results 
is one of the possible strengths of LCA. 

When LCA is used for policy development, however, generalisation or use 
of average data is necessary. When using generalised or average data, the spe-
cifcity may be lost, resulting in non-representativeness for some producers. It 
can also lead to frontrunners not being identifed (Modahl, Askham, Lyng, 
Skjerve-Nielssen & Nereng, 2013). Challenges related to data also exist in 
dimensions other than the distinction between general and specifc data. The 
quality of data, including age, geographical location, representativeness and 
other aspects, will determine the results from assessments. 

14.3.6 From environment-only to “holistic” sustainability 

Within the framework of LCA, all sorts of impacts connected to a product 
life cycle can potentially be studied. In the environmental sphere, impact 
categories have grown from mainly including energy to waste and water 
quality in the 1990s, to greenhouse gases, land use and ecosystem services 
(Sala, Reale, Cristóbal & Pant, 2016).1 Adding to the scope is the develop-
ment of social LCA and attempts at coupling LCA and life cycle costing 
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which could potentially result in a life cycle sustainability assessment, where 
all aspects of sustainability are ideally covered (Sala et al., 2016, p. 9). 

In reality, however, social LCA (S-LCA) is in an early stage of develop-
ment and there is still a large need to defne the relevant impact categories 
and indicators to quantify the social dimension. There is also a question of 
whether all social issues should be quantifed, or if qualitative information is 
suffcient for governance. Still, the LCA framework can be useful to identify 
which people in which locations are affected by a decision. 

Life cycle costing has followed a different path of development than LCA 
and although many LCA practitioners are trying to merge the two, there are 
also other scientists and practitioners developing life cycle costing in other 
directions. This means that system boundaries and data might be incompatible 
and the two cannot be put in the same equation proposed by Kloepffer 
(2008). 

Here, the emphasis is placed on possible pitfalls related to social LCA and 
life cycle costing. One should be aware, however, that the models used to 
assess various environmental impacts in LCA are also in different stages of 
development. While the impact assessment models for climate change and 
acidifcation, for example, are mature and give results with small uncertain-
ties, other impact assessment models, for instance for toxicity from heavy 
metals or ocean acidifcation, are in an early stage of development. 

Scientifc communities will most likely continue to expand models to 
include more possible impacts, and public and private policymakers who, for 
instance, work with the UN Sustainable Development Goals (United 
Nations, 2015) back this trend. 

LCA as a method can provide a calculation procedure to give a result as an 
output. just as important in terms of governance are, however, the discussions 
relating to specifc methodological issues. These discussions reveal important 
aspects of society where science is unable to produce a clear-cut answer. 
There is, however, also the opportunity for life cycle principles to guide gov-
ernance on a more general level than as results and methods – namely as a 
mindset or worldview. 

There is, for instance, no single correct way to defne the functional unit, 
but one might learn something about what functions we ask for and how 
they can be fulflled when trying to put the functional unit into words. Sim-
ilarly, there is no correct way to perform allocation, but the attempt at allo-
cating displays features of the industrial system of relevance for governance. 
How much credit should the production of biofuels get for the simultaneous 
production of by-products? Furthermore, the choice between attributional 
and consequential LCA is not a choice between the better type of method to 
apply but rather the outcome of a conscious process towards defning the 
information one wants. 
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14.4 Life cycle assessment as a mindset 

There is a third dimension – in addition to results and method – connected 
to the use of LCA in governance. This is the underlying mindset or world-
view and how LCA depicts the function and connectedness of different 
elements in the world. 

14.4.1 Life cycle thinking and industrial ecology 

Constructs like extended producer responsibility, circular economy and 
product environmental footprint have all made their way into legislation and 
the everyday reality of companies. They are constructs with large infuence 
from life cycle thinking which can be defned as “going beyond the tradi-
tional focus on production site and manufacturing processes to include 
environmental, social and economic impacts of a product over its entire life 
cycle” (UNEP-SETAC, 2018). Life cycle thinking is an umbrella concept 
for various strategies rooted in the life cycle mindset. It contains both qual-
itative and quantitative approaches, such as life cycle assessment, life cycle 
costing, social LCA or life cycle sustainability assessment but also integrated 
analysis with combined tools (Petit-Boix et al., 2017), function-oriented 
assessment paradigms or simple considerations of up- and downstream 
impacts (Bidstrup, 2015). The frst policy promoting the life cycle thinking 
and Ecodesign arose from the waste management perspective and from the 
recognised relevance of consumers’ awareness (Sala et al., 2016). Life cycle 
thinking is visible in certain policy actions plans, as eco-labels and eco-
innovation strategies (Petit-Boix et al., 2017), and in the Communication on 
Sustainable Consumption and Production, the Communication on Circular 
Economy (Sala et al., 2016) and the EU waste hierarchy (Lazarevic, Buclet 
& Brandt, 2012). 

Life cycle thinking is connected to the scientifc feld of Industrial Ecology 
which depicts the industrial system as “a certain kind of ecosystem” (Erkman, 
1997) and tries to provide real solutions for sustainable development. It con-
stitutes a broad framework intended to guide the industrial system in its trans-
formation towards sustainability, shifting from linear industrial processes to 
closed loop systems (Saavedra, Iritani, Pavan & Ometto, 2018), and strives for 
an optimal circulation of materials and energy that limits damage in both 
industrial and ecological systems (Cohen-Rosenthal, 2004). One of the key 
concepts in Industrial Ecology is Industrial Metabolism. The term, partly bor-
rowed from biology, focuses on the environmental impact of natural 
resources’ use and how industrial systems can be organised to utilise all of 
companies’ (energy and material) waste streams by mimicking nature (Saave-
dra et al., 2018). 

Industrial ecology frameworks with LCA and ecological footprints are 
common methods for designing transitions from unsustainable to sustainable 
business models (Korhonen, 2003). Extended producers’ responsibility, 
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product stewardship and work with upstream and downstream chains become 
increasingly demanded by governments and accepted by industries (EEA, 
1997). 

Life cycle thinking and LCA as a mindset are more than just small cor-
rections to business as usual. If the concepts are taken seriously, they have 
widespread consequences for both private and public governance, especially 
related to how the world is viewed. This is presented in two sections; one 
that discusses the view of time, space and connectedness in LCA, and one on 
cyclic models in opposition to linear models. 

14.4.2 Time, space and connectedness 

Most national policies are related to processes taking place within the state’s 
boundaries and often they are also confned to a single sector. Whenever a 
product, product system or service is studied in an LCA, other sectors within 
other states are making their presence known immediately. 

The political implications of life cycle thinking are related to its spatial and 
temporal outlook. If the product is not only what exists in the here and now, 
but is also seen as an outcome, entangled in a long network of relationships 
and processes – from resource extraction, through manufacturing, the labour 
involved, the transport route, to its marketing, consumption and further 
recycling – it also implies that the circle of stakeholders and actors involved is 
much wider. There are two kinds of normative issues that LCA can help 
bring to the surface: moral and political ones. Life cycle thinking can make it 
possible to identify and incorporate many ethical issues such as equity (pos-
sible unequal and unsustainable features of international trade), futurity (taking 
the future generations and their access to the resources into account) and 
locality (inter-regional material and energy fows) (Korhonen, 2003). This 
becomes particularly important when the question of responsibility for 
environmental externalities is posed. Who is responsible for the water pollu-
tion involved in manufacturing Product X? Is it only the company owning 
the plant, or perhaps also the company marketing the product on the other 
side of the world, or the consumer choosing it over some alternative? The 
political implications of a broadened scope are currently very visible in global 
climate negotiations, where the focus on emissions at point-sources is being 
gradually replaced by a life cycle approach which tracks emissions along the 
value chains. 

Despite the problems with setting system boundaries and data require-
ments, space and time dimensions in LCA are potentially infnite. If resources 
circulate, a product can have a life cycle which starts in a distant past and 
theoretically never ends. The life cycle perspective revolutionised and 
extended the traditional approach in environmental management (Korhonen, 
2003). LCA applications in business, academia and by policy actors bring a 
broader philosophy and way of thinking that go beyond the particular calcu-
lations. LCA can be seen as a constant learning process between the sectors, 
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and for both practitioners and their audience. Therefore, LCA as a mindset 
provides a possibility to avoid the myopia of solely focusing on single sectors 
or nations. 

14.4.3 Circularity 

What are the implications of the expansion of life cycle thinking in different 
contexts? The results of the life cycle mindset’s mainstreaming may be new 
concepts and ideas formed in business, academia and policy. Industrial 
Ecology’s concepts and tools further evolving in life cycle thinking brought 
in applied concepts such as the circular economy (Saavedra et al., 2018, 
p. 1519) and the cascading use of biomass, functioning as autonomous and 
powerful social and political discourses. While LCA and circular economy 
share a view of the fow of the resources in the world as cyclic or circular, 
most LCAs are made for an industrial reality that is seen as linear, for instance 
as a supply or value chain. The recycling of materials from a product system is 
therefore often treated as a deviation from the normal operating system. In 
combination with the need to defne the life cycle and its system boundaries, 
similar issues of division and burden-partitioning between co-products 
emerge for recycled materials (Ekvall & Tillman, 1997). 

For instance, the environmental impacts from the recycling processes may 
be attributed to only one life cycle, or divided into multiple ones. Similarly, 
the benefts which arise from recycling and reuse of a material instead of 
relying on virgin production must be credited to either one or both life cycles 
– unless subsequent life cycles (and their functions) can be studied as an 
aggregate system. In theory, LCA always allows for expanding the studied 
system in order to avoid division issues, but the questions posed to LCA often 
require such division as they concern a single function, such as environ-
mentally preferable transportation, food, heat, etc. In systems where outputs 
fulfl fundamentally different functions, such as the use of slaughterhouse 
waste to produce transportation fuel, an aggregated study may not be con-
sidered helpful to the decisions at hand. 

Further challenges arise from the ideas of material loops and cascading 
material use, implying fuzzy borders between products, by-products and 
waste outputs. In 2008 some controversial papers relating to bioethanol 
pointed to residues as one safer option for biomass supply. But are organic 
residues per defnition better resources from an environmental point of view? 
Waste materials have often been considered “free” as resources in terms of 
environmental impact (Oldfeld, White & Holden, 2018; Pradel, Aissani, 
Villot, Baudez & Laforest, 2016), and such an assumption is currently imple-
mented in the EU Renewable Energy Directive calculation rules, where agri-
cultural and processing residues are to be considered burden-free at the point 
of collection (Annex V, part C, point 18). There is, however, no rule or 
defnitive logic in LCA which states that residual materials have zero environ-
mental impact, especially not when wastes are increasingly considered as 
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valuable resources (Olofsson & Börjesson, 2018). The role of residual mater-
ials in a circular economy calls for a full life cycle perspective for residues 
(Oldfeld et al., 2018), but the reasoning for how to include the environ-
mental impacts of residual materials can vary depending on the study scope 
and intended use (Olofsson & Börjesson, 2018; Pelletier, Ardente, Brandão, 
De Camillis & Pennington, 2015; Svanes, Vold & Hanssen, 2011). In order 
to study the most sustainable uses of residues, several pathways and alternative 
uses must also be considered (Tonini, Hamelin & Astrup, 2016). In this way, 
both new production systems and the mental shift of wastes as resources have 
implications as to method considerations in LCA. 

LCA as a mindset does not give direct input to governance as the specifc 
content of policies or regulations such as LCA as results or LCA as a method 
might do. Instead, LCA as a mindset provides a frame for governance at all 
levels. It challenges every decision-maker to broaden the perspective both in 
time and space and keep in mind that no material or energy fows will vanish 
but possibly change into something else. 

14.5 The different dimensions of life cycle assessment 
used in governance 

Viewing LCA as results, method and mindset has indicated that there are 
several possible dimensions for applying LCA in relation to governance – 
each with different possibilities and pitfalls, as displayed in Table 14.1. 

When performing LCA of a product or a service, the result is one or 
several numbers representing the quantifed environmental impacts of the 
system(s) under study. This represents the frst dimension of using LCA in 
governance, presented in Table 14.1. Results for different alternatives can be 
compared in order to evaluate which option is preferable, but they should 
not be used without keeping in mind the purpose of the study and the under-
lying assumptions. LCA results can also provide qualitative information about 
each life cycle step and which ones contribute the most to the total impact, as 
well as the function of the product and the kind of environmental problems 
of which one should be aware. LCA results may also reveal important trade-
offs between types of environmental impact, or between optimisation options 
in different life cycle stages. To develop effective policy, policymakers should 
be informed about possible trade-offs based on life cycle information. 

When using LCA as a method in governance (the second dimension pre-
sented in Table 14.1), it might be a ready-made procedure to produce results 
for a certain application such as the computational rules stated in the Renew-
able Energy Directive. It can also be the information stemming from discus-
sions about methodological issues, such as what the real function of the 
product is and whether there are other ways to fulfl the same function, or 
how to view by-products from a production system when allocation is dis-
cussed. These methodological discussions thus give input to how specifc pro-
duction systems should be governed. 
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Table 14.1 Three dimensions of life cycle assessments (LCAs) (own elaboration) 

LCA as results LCA as method LCA as a mindset 

Description Using the quantifed 
environmental impacts 
from life cycle assessment 
to determine which 
solution is the most 
environmentally 
benefcial 

Example Using Environmental 
Product Declarations in 
public procurement 

Sustainability criteria in 
renewable energy 
directive 

Opportunities Standardised results 
enable a quantitative 
comparison between 
products/services 

Pitfalls Complexity can be lost if 
only the fnal results are 
presented 

Policy makers can 
utilise life cycle 
assessment 
methodology when 
evaluating the 
consequence of 
different choices 

Assessment of 
impacts from 
implementing a 
certain policy 
instrument 

Enables a holistic 
perspective on the 
environmental 
effects 

Type of life cycle 
assessment and 
assumption can 
largely affect the 
results and may be 
a matter of value 
choice 

Value chain 
perspective and 
quantifcation of 
environmental 
impacts in relation to 
the function of the 
product or the 
service 

The philosophy of 
including the entire 
life cycle: circular 
economy 

Complex thinking, 
including larger time 
horizons, more 
geographical 
connections, 
circularity 

Mistrust towards 
data and results 
manipulation 

The third dimension of use of LCA in governance shown in Table 14.1 is 
LCA as a mindset. The philosophy behind LCA and life cycle thinking is that 
it is not suffcient to look at only one life cycle phase or to address only one 
environmental problem. Rather, to make informed decisions when it comes 
to reducing environmental impacts, a holistic approach is required. LCA 
represents the idea that the environmental impact of a product or a service 
can be quantifed, and that this should be quantifed in relation to the func-
tion that the product or service provides to the user. 

14.5.1 Cross-sectoral policy development 

While the national emissions reporting to the United Nations Framework 
Convention on Climate Change is sector based, applying LCA when devel-
oping policies enables policymakers to see across sectors to make more 
informed decisions. A measure implemented in one sector can lead to impact 
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reductions or increases in another sector. A high level of sector integration in 
the value chain (waste, agricultural and transport sectors) has been benefcial 
for biogas production in Norway in terms of reduction of greenhouse gas 
emissions (Lyng, Stensgård, Hanssen & Modahl, 2018). At the same time, the 
demand for biogas in the transport sector is limited (Sund, Utgård & Chris-
tensen, 2017) and biogas has lost in public tenders in competition with tradi-
tional diesel engines. Without targeted political instruments, the actors 
involved may lack incentives to choose the options that give the largest 
overall reduction of environmental impacts and instead focus on a single 
sector (see the case of liquefed biogas in Chapter 4). 

14.5.2 Pitfalls and possibilities 

LCA is particularly useful for regulation (Lowi, 1972), framing conditions and 
constraints for individual and collective behaviours (environmental or con-
sumer protection), and it can be applied at various stages of the policy cycle: 
agenda setting and problem defnition, policy formulation and impact assess-
ment, as well as implementation and evaluation (Sala et al., 2016, p. 11). 
With these opportunities, however, come certain pitfalls. LCA provides 
information on environmental impacts, but their prioritisation lies in the 
policy domain, including qualitative or quantitative weighting and prioritisa-
tion of impacts of higher societal importance (as climate change versus 
eutrophication). This division is not always clear-cut, with differing expecta-
tions for LCA to, on the one hand, deliver robust results (Wardenaar et al., 
2012) as input to policymaking in different forms, and, on the other, provide 
broader knowledge on trade-offs, uncertainties, risks, etc. (Herrmann, 
Hauschild, Sohn & McKone, 2014). 

As previously discussed, using LCA for policy without careful distinction and 
understanding of attributional and consequential LCA can cause various prob-
lems such as inappropriate method selections, unfair results, misinterpretation of 
results, etc. (Brander, Tipper, Hutchison & Davis, 2009). In addition, LCA 
studies can rely on different types of data and set different system boundaries 
which make them diffcult to compare and evaluate for policy purposes. Even 
considering solutions to such issues, LCA has proven unable to meet expecta-
tions in solving societal debates, for instance regarding environmental protec-
tion policies for chlorine substances (Bras-Klapwijk, 1998; Tukker, 2000), and 
the current disagreement on the environmental impacts of biofuels. 

It seems that one of the possible options for widening LCA applications in 
policymaking is expanding the method of LCA into other areas, and thus 
providing policymakers with larger frameworks for decisions. On this track, 
the ideal for sustainability assessment is to have a holistic view, building 
bridges between methodologies, much like the recent attempts to broaden 
the environmental pillar-focused LCA with social (Agyekum, Fortuin & van 
der Harst, 2017) and economic factors (Di Maria, Eyckmans & Van Acker, 
2018). Other ideas for furthering the scope of LCA include combinations 
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with other methodologies and types of information such as multi-criteria ana-
lysis (Koroneos, Nanaki, Dimitrios & Krokida, 2013) and geographic 
information systems (Hiloidhari et al., 2017). 

As an alternative to expanding the scope of LCA, a different approach to 
LCA in governance and policymaking is to treat different methodologies as 
complementary and allow a multiplicity of perspectives before making the 
decision. As an example, Mancini, Benini and Sala (2015) compared three 
approaches: material fow analysis (MFA), LCA and “resource critical”-based 
impact accounting for a better-informed and science-based decision-making. 
The future for LCA in governance could thus take different and perhaps mul-
tiple paths. 

14.6 Conclusions 

The role of LCA as a tool for indicating which activities are more or less sus-
tainable can be valuable in governing a transition towards a circular bioecon-
omy. It comes, however, with both opportunities and pitfalls. Viewing LCA 
as results, as a method and as a mindset has revealed different potential 
applications of LCA in relation to governance, and all three dimensions can 
be useful when applied to provide the right kind of support and to answer 
suitable questions. As LCA offers quantitative results, these can be used 
directly to benchmark products in order to choose less impacting alternatives. 
This dimension, however, blurs important methodological choices made, and 
more knowledge about the method applied can also provide broader know-
ledge on the issues, potential trade-offs and uncertainties at play. On a more 
general level, ideas based on life cycle thinking can guide governance towards 
certain patterns and priorities such as ideas of circular resource fows in a 
circular bioeconomy. Although LCA is based on life cycle thinking, follow-
ing up broad ideas such as a future circular economy with quantitative assess-
ments brings various methodological challenges to the method of LCA, 
which also refect on results. In addition to this, LCA in relation to govern-
ance faces the challenge of providing robust and holistic grounds for decision-
making while at the same time facing restrictions and uncertainties in terms of 
the data used, methodological choices made and challenges in broadening the 
scope to include several types of environmental impacts and both economic 
and social dimensions of sustainability. While it is clear that LCA for govern-
ance is not a simple project, it is also clear that the opportunities at hand can 
offer valuable guidance in transitions towards more sustainable modes of 
organising human activities, such as a circular bioeconomy. 

Note 

1 Although the number of environmental impact categories in general has grown, 
there has also been an increase in studies focusing on a single indicator, with climate 
change at the top of the list. Trends in impact categories’ selection follow the 
general societal focus on adverse environmental issues. 
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15.1 Introduction 

In the following sections we explain how the book has answered the raised 
expectations for the main thematic issues introduced in the frst chapter, such 
as circularity across established sectors, regional embedding and geographical 
context of waste valorisation, resource ownership and interfrm governance, 
and policy and regulations of waste valorisation. We also highlight possible 
future research perspectives for these themes. 

15.2 Circularity across established sectors and 
sustainability of valorisation 

The circularity and sustainability of valorisation of residues have been 
addressed on many occasions in this book. The sectoral case studies in Part II 
discuss circularity and sustainability of valorisation from different angles. 
Chapter 4 compares examples of industrial symbiosis at different stages of 
maturity: the emerging valorisation of residues from the pulp and paper 
industry and aquaculture for producing liquifed biogas and the diversifcation 
of value creation of a former pulp and paper company into an integrated 
biorefnery, exploiting wooden resources for producing chemicals, materials 
and food and feed ingredients, crossing the sectoral boundaries from forestry 
to chemical industry, food industry and feed industry. While in the frst 
example two companies collocate and integrate their streams of residues, the 
second example shows how the integrated biorefnery evolved over time and 
created many collocated and connected activities addressing the valorisation 
of residues and side-streams. The company even specifcally addressed the 
sustainability of its products and performed an LCA. In that way the company 
could exploit the whole feedstock and could become more energy effcient 
and sustainable. In Chapter 6 a comparison of different options for the 
valorisation of brewers’ spent grain shows that there are other options to gain 
more economic value out of this side-stream than just giving it away for free 
to local farmers, but that the sustainability of switching to such a pathway 
has to be carefully assessed when the use as feed for local husbandry is an 
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established practice and a lack of those feed resources would require the 
import of soya. The analysis of organic waste valorisation in land-based 
farming of salmon in Chapter 8 shows that the salmon-producing companies 
are not driving innovation in this direction and they do little to assess the 
most sustainable use for the sludge from an LCA perspective. Chapter 9 
addresses valorisation of acid whey and explicitly refects upon the sustain-
ability of valorisation of side-streams. The authors stress that the valorisation 
of by-products has to also consider the context of traditional usage of those 
side-streams. Usage for human food or medicines may then be less sustainable 
than less technologically advanced solutions because the replacement of the 
established usage of side-stream by imports of feed from other continents 
might lead to more damage. The sustainability of valorisation pathways in 
terms of environmental, economic and social impacts has to be assessed 
through an LCA. Chapter 9 has also shown that new sustainability challenges 
can occur when the size of production increases. 

The sectoral case studies have also shown that circularity and sustainable 
valorisation of residues are addressed differently in the private and the public 
realm. While in the public realm climate mitigation and sustainable develop-
ment goals stand central, for companies the focus is on corporate social 
responsibility, and for that reason closed cycles and sustainable sourcing are 
addressed. For future research it would be important to address sustainable 
business models for the valorisation of residues and side-streams and how to 
compare the sustainability of different business models. 

Part III showed us that quantitative studies can be an important source of 
insight into the bioeconomy, but that designing such studies is problematic 
and riddled with challenges. In Chapter 10, we learned that the CVs of 
researchers working on bioeconomy-focused research programmes under the 
Research Council of Norway can provide new insight into how knowledge 
production is organised in the bioeconomy and which knowledge bases are 
involved. A key fnding in this chapter is that research on the bioeconomy is 
based on a wide range of disciplines, including agricultural and life sciences, 
engineering and the physical sciences, and social sciences, humanities and 
professional felds such as business administration and law. Chapter 11 points 
out that the bioeconomy can also be studied using a wide range of different 
datasets such as R&D statistics, frm-level data and surveys. Nevertheless, all 
of these datasets have challenges related to defning the population of actors 
in the bioeconomy. Future research might study how the identifed bioecon-
omy companies collaborate with frms outside their sectors and how careers 
of researchers are evolving through to collaboration with different types of 
companies. 

Chapter 14 addresses LCAs as a tool for governance and, in this chapter, 
the diffculties in drawing the boundaries of an LCA are explained in more 
detail. They show that often LCAs are practised in a way that does not con-
sider the circularity of the fow of resources properly but is based on an 
understanding which is dominated by a model of linear value chains. 
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Environmental impacts of recycling and reuse of resources can be studied 
either on an aggregated system level or at a more detailed level for the 
different products and processes of valorisation. When keeping the level of 
analysis at the aggregated level, many sustainability issues will become invis-
ible and such analyses will not be useful for making the appropriate decisions. 
Therefore, future research avenues for addressing the circular and sustainable 
bioeconomy need to expand the scope of LCAs if they want to guide the 
governance of the bioeconomy. 

15.3 Regional embedding and geographies of 
innovation 

Geography is a recurrent theme in this book. Chapter 4 explores how spe-
cifc regional contexts affect the emergence of novel pathways for valorising 
forestry residues. In one of the Norwegian regions under analysis, in par-
ticular, forest-based value creation is reached by locating a biogas plant next 
to a pulp and paper plant, achieving a successful industrial symbiosis. The 
chapter also considers how regions can develop on the basis of their existing 
assets, including their endowment in terms of knowledge and institutions. 
Such a “path dependence” is theoretically framed in Chapter 3, together 
with the related concept of “lock-in”. The territorial embeddedness of insti-
tutions also emerges as a relevant element in value creation in Chapter 8, 
which suggests a socio-technical transition to valorise waste in salmon aqua-
culture through land-based farming. The same chapter also shows that the 
current distance between traditional coastal farming districts and inland waste 
processors may constitute a barrier to waste valorisation. A similar barrier is 
considered in Chapter 7, which describes how the small and scattered 
slaughterhouses in Norway face more diffculties in collecting and handling 
animal by-products in comparison to the fewer and much larger Danish 
slaughterhouses. Chapter 10 shows, in contrast, how geographic boundaries 
of the national knowledge base can be overcome by establishing international 
consortia, who apply for funding in Norway through a bioeconomy-focused 
research programme. The political interactions across different spatial scales 
are explored in Chapter 13, where a multi-level governance framework is 
applied to analyse policy efforts for food waste reduction. Finally, Chapter 
14, on life cycle analysis and governance, considers how political implications 
of life cycle thinking depend on the spatial boundaries imposed on the indus-
trial systems under analysis. 

The spatial boundaries considered for environmental systems vary depend-
ing on the specifc problem to be solved. In some cases, the concentration of 
activities in a small area can constitute a problem, as in the case of coastal 
aquaculture mentioned above. In other cases, the spatial boundaries for the 
analysis must be extended to enclose the whole world, as in the case of the 
consequences of greenhouse gas emissions on global warming. In the latter 
case, municipalities and counties can be asked to face global challenges, 
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possibly with the intermediation of national state authorities. The connection 
between small-scale actions with large-scale challenges – “think global, act 
local”, as the motto goes – can translate into the multi-level types of govern-
ance necessary to achieve the coordination of different geographic areas 
towards common goals. Actors able to take the appropriate actions, in order 
to promote waste valorisation in the face of global challenges, can indeed 
often be found by authorities through a small-scale search: in this way, the 
authorities can determine the potential for small-scale regions to develop spe-
cifc valorisation pathways. But private companies can also explore the possib-
ility of detecting and following leading actors located in their own region: 
they could connect to, establish partnerships with and provide intermediate 
goods for innovative leading frms in the region which have already imple-
mented valorisation processes. Many different types of relations can occur 
between frms at a municipal or regional scale. Input–output relations can be 
established within a region, to give rise to industrial symbiosis, or even to 
generate non-priced interactions for waste valorisation: the case of breweries 
giving spent grain free to local farmers may be an example. The extent and 
success of the interactions between regional actors will also depend on the 
institutional background of the region: formal and informal institutions will 
defne whether new interactions are possible, and whether old interactions 
can serve new functions towards environmental goals. Moreover, the skill-
base to which frms can resort when restructuring themselves towards waste 
valorisation may also be searched within their region: new valorisation path-
ways can then take place if the skills present in the region are suffciently fex-
ible to accommodate such evolution. However, competences not available at 
regional, or even at national, level can sometimes be reached by crossing 
national borders: R&D consortia may, for instance, help to create bridges 
towards different types of knowledge, while imports can contribute to the 
acquisition of foreign knowledge as embedded in machinery for waste trans-
formation. Exports, on the other hand, can increase a frm’s market size, 
which in turn would translate into frm revenues, to be used for investments 
in side-stream valorisation. 

Understanding how agreements on international trade affect the potential 
for waste valorisation, for the countries involved as well as for the world in 
general, constitutes an important line of future research. Tariffs, sanctions and 
other forms of trade restrictions have been shown, in this book, to have 
exerted a strong infuence of the frms’ choices towards valorisation. The 
compliance with EU regulations is another international element that has 
been mentioned and could be the topic of further study, together with the 
alignment of national and regional policies with supranational decisions. In 
order to tune environmental policies according to the regions and sectors 
involved, further research should be devoted to studying the institutional 
idiosyncrasies of regions and sectors, bringing institutional theory insights 
deeper into economic geography and industrial organisation subjects. At the 
same time, LCA, enriched with social elements and with insights from 
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welfare economics, can stimulate researchers to defne the correct spatial scale 
for answering questions on waste valorisation. 

Research must explore the geographic dimension in order to defne the 
opportunities for waste valorisation that are offered within specifc regions or 
countries. Some geographic areas may indeed be more fertile for particular 
types of waste valorisation, in connection with particular economic sectors. 
Moreover, research can point to ways to overcome the limitations encoun-
tered in specifc geographic areas, and show how economic actors, including 
frms and policymakers, can contribute to shaping new geographies of 
innovation which would favour waste valorisation. 

15.4 Resource ownership and interfrm governance 
structures 

In the introduction to this book, we suggested that the valorisation of waste 
streams often necessitates a high degree of coordination along and across value 
circles, but such coordination can be prevented by the intrinsic properties of 
waste. Indeed, both the amount and the production timing of waste depend 
on the needs of the value circle from which it originates, and are not usually 
planned on the basis of a potential waste valorisation. However, the book has 
shown several solutions that businesses can bring forward in order to avoid 
such a “waste puzzle”. Organisational solutions are, for instance, highlighted 
in Chapters 7 and 9, about the valorisation of, respectively, animal and dairy 
by-products. Both chapters witness the successful establishment, by a large 
frm dominant in the sector, of a subsidiary frm which would focus specif-
cally on the valorisation of by-products. Chapter 11, on actors and innova-
tors in the circular bioeconomy, confrms that frms who actively seek to 
realise value from organic waste streams often describe organic waste activities 
as core activities, which constitute a distinctive mark of the same frms. 
Moreover, Chapter 6 shows the dangers of considering waste activities as 
peripheral to the frm: breweries would, for instance, focus on a new bottling 
line rather than upgrading their brewing equipment for a more effcient use 
of spent grain. Waste valorisation could come back into focus when a main 
product is branded according to the frm’s corporate social responsibility, as 
described in both Chapters 3 and 6. A frm’s environmental reputation may 
indeed exert a strong push towards waste valorisation: environmental groups 
are currently playing an important role in the context of salmon farming 
(Chapter 8), a role which could later be taken over by national governments. 
Better coordination between public and private actors, as well as within the 
public sector, could also lead to improved waste valorisation, as suggested by 
Chapter 5 about the municipality’s management of urban waste in the city 
of Oslo. Within-frm coordination of different activities has instead been 
presented in Chapter 4, in the form of a Norwegian biorefnery which is 
able to optimise the cross-exploitation of side-streams from distinct frm 
activities. 
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If we put together results coming from the different sections of the book, 
two main suggestions can be brought to businesses. The frst is based on 
incorporating waste valorisation explicitly in the frms’ strategies. Without 
setting aside resources devoted to valorisation objectives, a frm will rarely 
improve the utilisation of current residues. By resources, we mean both 
human resources (for instance, in the form of R&D employees) and other 
physical resources (e.g. the equipment needed for waste transformation). 
Having one or more employees, within the frm, who explicitly take over the 
responsibility of waste valorisation, and get acquainted with themes that 
would not otherwise enter the frm’s strategic discourse, can be an essential 
step. Waste valorisation may result from different technologies and can lead 
to different markets: expertise in this cannot be developed overnight, nor can 
the related subjects enter the frm’s internal debates automatically. However, 
once expertise is developed within the frm, the subject is faced during 
regular meetings and investments take place as a consequence of long-term 
strategies, then waste valorisation can correspond to the promotion of the 
frm’s main product: corporate social responsibility can become an element 
for product branding, and the frm itself can become an exemplary case in the 
eyes of environmental groups and national authorities, possibly helping to 
shape state regulations. 

The second suggestion pertains to the cross-sectoral nature of waste valori-
sation. If a frm keeps a narrow view within its sectoral boundaries, it will 
rarely be exposed to the technical opportunities for waste transformation, or 
to the potential markets for future by-products. Keeping an innovative 
mindset within the frm, and letting incremental innovations shape the frm’s 
development over time, would help to detect opportunities which sit outside 
the frm’s comfort zone, and can lead to radical innovations in relation to 
new technologies and new markets. Once the opportunities have been 
explored, and cross-sectoral paths to waste valorisation have been established, 
the exploitation of those paths can be made stable by building organisational 
bridges between the sectors involved: for instance, entrepreneurs and man-
agers from other sectors, who can have a specifc interest in the waste valori-
sation processes of a frm, could be involved in the board or in the 
management of the same frm. Directorate interlinks or strategic partnerships 
could facilitate the connections needed for the valorisation of residues, and in 
particular contribute to ensure that resources can fow between sectors in a 
constant and effcient way. Such stability is often necessary to convince 
potential investors about the long-term proftability of waste valorisation. 

To refne the two suggestions above, further research could proceed along 
two directions. First, it is important to understand whether agency within a 
frm can play a role in initiating processes of waste valorisation. While we can 
easily imagine frms reacting to changes in regulations, or in general reacting 
to traceable external impulses, it is more diffcult to determine which forces 
can push a frm towards new valorisation pathways in the absence of a spe-
cifc external impulse. Are there particular types of frms, and particular types 
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of frm organisations, which constitute a fertile ground where an employee’s 
idea about waste valorisation can arise and develop? Systematic qualitative 
research on this subject could shed light on how to bring and keep side-
streams within the set of a frm’s core strategic resources. Second, a better 
understanding is needed of how inter-frm governance leads to waste valori-
sation. How do boards of directors change following waste valorisation strat-
egies? Can we identify recurrent patterns in the evolution of senior 
management and of ownership, as coupled with intersectoral fows of side-
streams? Given the usually public nature of data describing ownership and top 
management, quantitative analyses could provide precise answers to the ques-
tions above. 

Different solutions may be adopted in accordance with different types of 
frm management and of industry structure. The fact that the valorisation of 
waste from a frm often requires coordination with other activities that do not 
normally pertain to the frm’s industry makes it necessary to investigate spe-
cifc types of innovation, and in particular of organisational innovation. 
Moreover, research is needed to understand how the new value assigned to 
waste can be recognised by markets and be translated into frm profts. 

15.5 Policy and regulation of waste valorisation 

To improve the sustainability and economic viability of the bioeconomy, 
policymakers should try to both increase and improve the use of organic waste 
streams. We have seen in this book that waste streams in many sectors are put 
to poor use from both an economic and sustainability perspective. In Part II, 
we have, in contrast, seen that most organic waste streams were put to some 
sort of use: urban food waste was incinerated or turned into biogas, acid whey 
and farmers’ spent grain were used as animal feed and waste from on-shore 
aquaculture operations was used as fertiliser. Nevertheless, most of these waste 
streams could have been used more effectively still. Food waste could have 
been prevented or the food could have been reused, the acid whey and 
farmers’ spent grain could have been used in the production of food additives 
and pharmaceuticals and the sludge from aquaculture could have been used to 
produce omega-3 fatty acids (see Chapters 5, 6, 8 and 9). These alternative 
applications have the potential for greater economic returns and improved 
sustainability. Policymakers should therefore focus as much on improving as on 
increasing the utilisation of organic waste. Nevertheless, policymakers should 
also be aware that achieving greater economic returns on some residual 
streams can result in uses that are less sustainable. 

Policymakers should consider three main pitfalls when they attempt to 
govern and regulate the bioeconomy. First, they should be aware that lock-
ins can easily arise from investments in organisational capabilities and physical 
infrastructure and prevent further improvements in sustainability. The case 
study on urban organic waste, in Chapter 5, illustrated how investments in 
physical infrastructure – such as optical sorting plants, biogas facilities and 
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incineration plants – required a steady fow of organic waste and provided 
little incentive for the municipality of Oslo to pursue more sustainable option, 
such as reuse or prevention of food waste. Second, they should be aware that 
regulations can have a strong effect on the innovative activity within a sector. 
In Chapters 7 and 8, we have seen that environmental and health and safety 
regulation infuenced the innovative activity in the dairy and aquaculture 
sectors. The lesson is not that these types of regulations should be abolished. 
Rather, it is that these types of regulations should be implemented in a way 
that encourages rather than prevents innovation. Third, they should be aware 
that extensive outsourcing of services to private subcontractors can easily stife 
innovation. In Chapter 5, we saw that the tender system the Oslo muni-
cipality used when it outsourced waste collection neither allowed for any 
mutual learning or exchange of knowledge between the private contractor 
and the municipality nor provided any incentives for the private contractor to 
improve the sustainability of the waste treatment system. 

Policymakers should be aware that the bioeconomy consists of actors with 
varying and sometimes conficting agendas. In Chapter 2, we learned that 
three different visions of the bioeconomy exist – a bio-technology, a bio-
resource and a bio-ecology vision. We saw in Chapter 12 that these three 
visions were represented by different groups of actors and that their different 
visions resulted in both conficting and complementary interests and agendas. 
For policymakers it is important to note that if they try to introduce policies 
that run counter to one or more of these visions, they will meet considerable 
opposition. Conversely, if they can align these visions, they will receive 
support for their policies from the whole bioeconomy. Nevertheless, policy-
makers should be aware that regulating the bioeconomy will, in many cases, 
involve trade-offs between these visions and that they must balance the need 
for sustainability against demands for economic growth. 

There are many interesting avenues for future research on policy and regu-
lation of waste valorisation. There is a lack of systematic and comparative 
studies on how policymakers can increase and improve valorisation of waste, 
and studies that compare policies and regulations across different countries 
and across different waste resources should be very welcomed. Another inter-
esting research avenue relates to how different actors try to infuence waste 
valorisation policies. Do they attempt to form alliances with others of similar 
interests? Do they seek to affect policymakers through popular opinion or 
through concealed lobbying operations? Where and at what level are the 
most important policies developed – local, national or supranational? 

15.6 Final remarks 

This book has attempted to cover a broad range of issues related to the valori-
sation of organic residues and side-streams. It is situated within the wider 
scientifc discourse about a circular and sustainable bioeconomy and tries 
to bridge different disciplinary approaches such as case studies, quantitative 
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data-driven analyses, LCAs and policy analysis. We are convinced that this 
approach has helped to increase the relevance of the book and the scientifc 
soundness of its studies. A recurring topic in this book has been that valorisa-
tion of organic residues is not just about making more money out of waste, 
but also about improving sustainability and social cohesion. The sustainability 
of valorisation pathways must be carefully considered, and such consideration 
has to guide the actions of both private frms and public organisations in order 
to avoid lock-ins into unsustainable and ineffective solutions. Innovation will 
be needed for both public and private actors, according to a broadened view 
on valorisation possibilities which crosses sectoral, disciplinary and geographic 
borders. 
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