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Abstract: Developing a future bioeconomy has become critical for three main reasons: (1) The need 
for sustainability of resource use; (2) The growing demand for both food and energy; and (3) The 
need to decouple economic growth from environmental degradation. As Zilberman observes, a 
transition to bioeconomy “is a continuing evolutionary process of transition from systems of mining 
non-renewable resources to farming renewable ones”. Hence, to meet the challenges created by a 
growing dependence on non-renewable resources, radical changes are needed that involve more 
than development of or changes within the individual bio-based sectors. In line with emerging 
attention to the bioeconomy in Europe and elsewhere, great expectations towards the bioeconomy 
have been launched in high level industry and policy fora, as well as in resource-based economies 
such as Norway's. Grounded in theories of transition and transition management, this paper 
discusses the Norwegian biosector's expectations regarding a bioeconomy. Analyses are based on 
empirical survey data from biosector representatives. Findings suggest that there are clear 
differences between sectors in motivation for a future bioeconomy. A transition into a complete 
bioeconomy will demand a system shift and more cross-sectoral integration between these regimes 
than currently exists. 
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1. Introduction 

Climate change, food security, health, industrial restructuring and energy security have all been 
conceptualized as the “grand” global policy challenges of our era (see e.g., Bugge et al. [1]). One 
solution developing over the last decade has been a suggestion of a paradigm shift towards a 
“globally integrated” bioeconomy [2], as a solution to particularly sustainable resource use, an 
increasing demand for food and energy, and the need to decouple economic growth from 
environmental degradation [3]. 

Norway has through a successful mining of North-sea oil built an economy dependent on fossil, 
non-renewable resources. Hence a green shift is necessary, and current policy makers see a national 
focus on the bioeconomy as part of this shift [4]. The Government’s bioeconomy strategy emphases 
increased value creation and employment, reduction in GHG emissions and more sustainable 
utilization of resources as its overall ambition for the future bioeconomy. Particular ambitions relate 
to increased biomass production from both marine resources (fisheries and aquaculture) and major 
forest resources, as well as better utilization of waste from all bio-based industries, agriculture 
included. There are expectations that research and innovation will assist the bio-industries’ ability in 
developing new knowledge and enhancing cooperation across sectors. 

It has been stressed that to successfully achieve a sustainable development of the bioeconomy, 
there is a need for integrated policy schemes and activities based on engaging a broad range of 
stakeholders in an open and informed dialogue that includes both government and industry and a 
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guarantee that they will support the innovation needed to advance the sustainable development of a 
bioeconomy [5]. Zilbermann et al. [6] however, state that a transition to a bioeconomy is not a quick 
fix but must be seen as “a continuing evolutionary process of transition from systems of mining non-
renewable resources to farming renewable ones”. 

Several countries and jurisdictions have established policy strategies in order to promote and 
support the development of a bioeconomy, exemplified by the European Union where the 
bioeconomy represents a key pillar in its broader Horizon 2020 strategy. Other countries, like Canada, 
do not yet have an overarching bioeconomy strategy, but several competing strategies on sub-policy-
frameworks [7]. When developing the Norwegian strategy, stakeholders were invited to participate 
[4]. Several reports have been requested to advise on this strategy, including from the Confederation 
of Norwegian Enterprise [8] and biosector organizations. The bioeconomy is argued to be part of a 
larger “green shift”, as for example in the “Strategy for Green Competitive power” [9], a report 
delivered to the Norwegian Government in 2016. There are no doubt major expectations amongst 
policy makers, as well as industry organizations, regarding value creation from biobased production. 
How does this translate to the practitioners working in the “field”, such as farmers, fishermen or 
owners of small companies producing or refining biomass? Are these just beautiful words on glossy 
paper or can they be operationalized for the transitions needed? 

As explained by the European commission “The bioeconomy’s cross-cutting nature offers a 
unique opportunity to comprehensively address inter-connected societal challenges such as food 
security, natural resource scarcity, fossil resource dependence and climate change, while achieving 
sustainable economic growth”[10] (p. 9). McCormick and Kautto argues that a strong commitment to 
sustainable development, that avoids the focus of short-term economic gains, is the key for a growing 
bioeconomy” [5]. However, a survey sent out by EC in 2011 [11], with over 200 submissions from 
organisations and individuals across most Members States, shows that a majority of respondents 
believe that there are a number of risks associated with the bioeconomy, including potential over-
exploitation of natural resources and impacts on food security (p. 5). The analysis of the bioeconomy 
strategies of various countries by Staffas et al. [12] revealed that strategies for securing a sustainable 
biomass supply are absent from most national strategies. The ability to produce enough biomass was 
also one of the major uncertainties identified in the foresight exercise by the European Standing 
Committee on Agricultural Research [13]. 

The bioeconomy-concept has received a lot of scrutiny and critique for having a neo-liberal profit 
agenda [14,15] and that the bioeconomy only entails a “weak” ecological modernization [16] (p. 14) 
[17–19]. In this paper, we argue that finding values of sustainability and consideration for the 
environment in correlation with a belief in the bioeconomy, will be of importance for long-term policy 
planning. The need for giving greater attention to agency, power and politics in system transitions in 
general is argued by several researchers [20–22]: “System-level change is, by definition, enacted 
through the coordination and steering of many actors and resources, whether these are intended or 
emergent features of transformation processes”[20] (p. 1492). Firms and those who develop policy, 
are constantly confronted by economic and technological promises, creating new decision-making 
demands based on the interpretation of expectations in different forms [23]. This makes it very useful 
with analytical perspectives of expectations with which to make sense of future-oriented properties 
of innovation networks, especially given the highly contested character of expectations and futures 
[24]. This also goes for making sense of the expectations of larger networks or socio-technical regimes. 
Exploring expectations can therefore be a driving element in decision-making in firms and policy-
settings by guiding or giving input to planning [25], but also for socioeconomic and advanced 
industrial change through transition management. Hence the research field of socio-technical 
transitions, together with the field of expectations, suggest that differing expectations towards a 
bioeconomy can cause challenges for a further transition.  

In this paper, we ask: What expectations do Norwegian biosectors have regarding the 
bioeconomy and do expectations differ between sectors? How are biological resources, cooperation 
and concern for sustainability associated with these expectations and the sectors? 
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Through studying the expectations and motivation in the biosectors regarding a future bioeconomy, 
we can show which sectors see themselves as more empowered. Using a survey questionnaire to 
engage stakeholders in the biosectors, we unveil different dynamics in expectations towards the 
bioeconomy and build knowledge of challenges and potentials in the management of a transition to 
a sector-integrated bioeconomy. The paper is grounded in a combination of transition theory and 
expectation studies and the following section develops the theoretical arguments informing the 
analysis. After the theoretical outline, the methodology is described, followed by a results section and 
finally discussion of expectations regarding a bioeconomy in Norway and the challenges a transition 
might face. 

1.1. Socio-Technical System Transitions and the Role of Expectations for Driving Change 

Change or transition processes can be studied from several perspectives [26–30], however the 
most commonly known is transition theory built on studies of system innovation processes [31], 
based on general insights on the connections between social and technical systems [32–34] (p. 176). 
Within such socio-technical systems [31] or industrial economies, sectors have developed separately. 
The result has been conceptualized as ‘siloed’, activity-based sectors such as e.g., science/expertise 
[35] agriculture [36] and forestry [37]. Each sector is engaged with separate problems, has different 
stakeholders and is governed by different policy-regimes.  

To succeed with a bioeconomic transition, integrated development is required [38] across 
sectors, between multiple actors and between institutions throughout society (see e.g., Kleinschmidt 
et al. 2014 [37]). A shift to a complete bioeconomy would therefore demand cross-sectoral integration, 
or rather, a system change into a new socio-technical regime. “The socio-technical regime forms the 
‘deep structure’ that accounts for the stability of an existing socio-technical system. It refers to the 
semi-coherent set of rules that orient and coordinate the activities of the social groups that reproduce 
the various elements of socio-technical systems” [39] (p. 5). These rules can consist of e.g., shared 
beliefs and values, routines and regulations [29] (p. 910). We argue that today’s biosectors in Norway 
represent parts of separate socio-technical regimes. A transition to the bioeconomy need to overcome 
the strict rule differences and path-dependencies of the already existing regimes [29] (p. 910) [28,40] 
and to find space for collaboration across sectors. 

The regime-concept in “socio-technical” introduces a structuralist element by assuming that 
actor behaviour is constrained by these rules, and that they are located at the collective level, which 
cannot easily be changed by micro-level activities such as individual action [41]. The regime concept 
can therefore help us pay attention to and investigate the “deep structures” behind present activities, 
such as trying to identify what are the shared beliefs and expectations, standardised ways of doing 
things and taken-for-granted rules of thumb [42,43]. As such, we are not applying the transition 
theory as a whole to our analysis, but rather applying the concept of socio-technical regimes to 
understand a segment of actor groups that is central to the bioeconomy: those working in the field of 
biosectors in Norway.  

1.2. Expectations Driving Transitions 

Whereas the theory of socio-technical transitions focuses on actual socio-technical and 
institutional path dynamics [26–30,44–46], transition management (TM) is about using the insights 
from transition dynamics for changing and governing problems in society. This can be done in several 
ways, but often involves creating a transition arena that includes all stakeholders in a field and trying 
to create visions and solutions together [47] (pp. 115–133). The TM literature places significant 
emphasis on the role of ‘guiding visions’ in affecting change, where ideas about how things might 
develop or what we wish for the future could serve as drivers for the future [20,30,48]. According to 
Smith, Stirling and Berkhout [20] visions or expectations about future system innovations can have 
several important functions: (1) giving a realm of plausible alternatives; (2) showing the problems 
that need to be solved; (3) providing a stable frame for thinking in the same manner or monitoring 
progress; (4) binding certain types of actors into networks, and excluding others; (5) and becoming a 
symbol used for attracting resources outside the core of a regime. We argue for the need for TM to 



Sustainability 2017, 9, 341  4 of 17 

include visions and expectations to a greater extent, reaching out to a broader set of stakeholders, 
before entering the smaller transition arena. 

Expectations are understood as means, both intentional and implicit, of individual or collective 
actors to refer to the future in real time in a way that has a resonance on how the future might look 
like [49]. More explicitly, Van Lente [50] (p. 772) describes expectations as “statements about the 
future”, which can be either be oral or written, and that circulate. They can take many forms, as 
positive promises or negative warnings and they might be concrete or rather abstract. The field of 
sociology of expectations explores how expectations in science and technology are structured, how 
they grow and change or disappear, and how they affect decision-makers and businesses 
[23,24,51,52]. Van Lente [51] has presented expectations as a key driver for current technological 
change. One of the explanations for such effects, lies in what Guice [53] calls the mechanism of self-
fulfilling prophecy: By talking about an issue in a certain way, because of the assumptions and latent 
ideas in arguments, support is given to a particular way of seeing an issue and also defines the issue 
in the first place [54,55]. This gives expectations their “performative” character [50]. 

Understanding the expectations of different members of a system or regime for a possible change 
in the future therefore becomes of utmost importance. In this paper, we do this by focusing 
particularly on expectations where we can identify vital parts of the different regimes of biosectors 
and their motivation for change towards a future bioeconomy.  

2. Methods 

2.1. Survey of the Bioeconomy 

To grasp the enormous complexity and number of stakeholders involved in a potential 
bioeconomy transition, we chose a survey-based exploratory approach as a feasible way to identify 
individual characteristics, resource availability and expectations towards the bioeconomy on the part 
of those working in “the field” of the biosectors, such as farmers, fishermen, and owners of industrial 
corporations or small biotechnological firms. The survey was sent out during Spring 2016 via e-mail 
to the owners of companies/businesses expected to be a part of the biosectors in Norway. As the 
bioeconomy is a concept under development in Norway, the population could be argued to be 
unknown. Hence we decided to send the survey to a broad sample. The questionnaire was designed, 
developed and sent out using the software MI Pro Research Studio 6 via e-mail. The web-format of 
the software made it possible for respondents to use their tablet, mobile or computer. 

The sectors were chosen according to what the main activity of their firm was, based on EU 
NACE-code (see e.g., [56]) standards for industries having a relationship with biomass production 
and/or using and/or refining biomass. The main sectors with respondents to the survey were the 
primary industries of agriculture, forestry and fisheries; electricity, gas, steam and hot water; water, 
sewer and renovation; building and construction; merchandising and repair of vehicles; commercial 
services; research and development and technical service. One caveat is that other stakeholders and 
actors related to the bioeconomy, such as policy-makers, consumers and a large part of the research 
community are not included. However, the scope of the project put limitations to this. This will also 
be part of a later stage of our project. We were nevertheless able to reach out to a very broad spectrum 
of the industry and primary sectors.  

The basic unit of the survey is the business/firm. The total population was 136,635 registered 
firms, where 25,027 had email addresses and these were chosen for the study. An analysis of this 
sample compared to the population revealed no evidence to assume that it was not representative. 
There was no random sampling, rather sending the survey to the total available population with valid 
e-mail addresses. Of these a sample of 1315 responded, which means a total response rate of 5.23 
percent. Here, we could observe possible non-response bias. This happens when some members of 
the intended study population fail to provide required data (the nonresponders), and when those 
who respond are not representative of the entire study population [57]. However, as we are actually 
working from a very explorative design, reaching out to a very broad group, it is more interesting to 
look at who actually did respond. Even with a low response rate the responses in each sector do 
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essentially mirror the proportion of firms in each sector of the total population. The sector-wise 
response rates ranged from approximately five percent for agriculture and forestry, to as low as 0.89 
in the commercial service sector. In addition, fisheries were somewhat lower represented with 2.83 
percent. However, the percentage representation of the different sectors in the gross sample (those 
with an e-mail address) and the net sample (those who answered) compared to the total population 
are generally consistent, except some sectors being somewhat overrepresented, like industry, and 
some underrepresented, like fisheries. As Table 1 below show, the net sample of agriculture is 
generally mirrored in the population sample. The same goes for forestry. 

Table 1. Distribution of the sectors, in the population, gross sample and net sample. 

Sector 
Population Gross Sample Net Sample

% (n) % (n) % (n) 
Agriculture 57 (78,546) 45 (14,059) 55 (724) 

Forestry 14 (19,670) 12 (3859) 15 (195) 
Fishery 8 (10,713) 6 (1880) 3 (33) 

Industry 9 (12,762) 17 (5195) 11 (147) 
Water/construction 3 (4560) 6 (1744) 6 (80) 

Merchandising and commercial services 5 (7236) 9 (2707) 5 (60) 
Research and development and technical service 2 (3148) 5 (1515) 6 (74) 

Total 100 (136,635) 100 (30,959) 100 (1313) 

Further considering the representativeness of the survey we are actually not working from a 
sample-based statistical theory. Sample-based statistical theory can be useful for generalization 
purposes if the intention is to map certain relationships in a population based on a probability sample. 
However, if the goal is to study relationships between variables, this prerequisite of a probability 
sample is not needed according to Aaberge og Laake [58]. Here, model-based statistical theory can 
be used instead. The only assumption here is that there has to be a certain degree of variation in the 
variables. Estimations and testing of structures (statistical relationships) are therefore not connected 
to the probability-sample theory. In other words, we cannot argue that the results of the survey 
represent the total population of the industries in Norway. However, we can argue that there is a 
likelihood of finding the same group-variation in the population. 

It is problematic to assume that the population of firms that we identified with a relationship to 
biomass would have a relationship with the bioeconomy. Only the firms themselves could know if 
they are at the given time of our survey relevant to the bioeconomy. We do assume that a large 
proportion of companies did not answer because of this. We got feedback from several who didn’t 
see themselves as relevant for the survey. This might be because they are too far down the value 
chain, or the categories for answers to the questions about biomass didn’t capture their activity. Other 
non-response issues include difficulties with attracting people engaged in seasonal work or who are 
fishing far out to sea without regular access to a computer. Through e-mail communication with non-
responders we learned that some of the firms that received the survey hadn’t even started up, or they 
had been closed down, or some of the owners had retired. 

Given the exploratory design of the study and the non-response issues related to the survey, 
whose visons are expressed in this study? Who then are the “bioeconomists”? We will argue that our 
sample of 1315 respondents can be seen as self-selected representatives of the future bioeconomy and 
hence they give the “best” estimate for our research questions on current expectations for the 
Norwegian bioeconomy. 

2.2. Descriptive Data Analysis Method 

Descriptive statistics were used to characterize the survey respondents and assess general trends 
among these representatives of the bioeconomy on owner/user and business characteristics, 
relationship to bio-resources, values and expectations. Because the factual sample sizes in the sectors 
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are roughly proportional to the number of bio-workers in each sector, the usual formulas for p-values 
and standard errors are valid. Cross tables and T-tests were conducted to explore how these 
representatives of the bioeconomy expect and evaluate future use of biomass and how their own 
company and activities will be part of future developments in the bioeconomy within and across the 
sectors explored. 

2.3. Business Characteristics 

The EU-NACE codes are not used in analysis. We have chosen to use the businesses own 
placement in sectors based on the following categories: (1) agriculture; (2) forestry; (3) fisheries; (4) 
aquaculture; (5) manufacturing and processing; (6) transport, retail and distribution; (7) 
biotechnology; (8) research and development; (9) public services; (10) other. The categories were in 
the survey developed out of bioeconomy-sectors listed by the European Commission’s Bioeconomy 
Panel (see EU 2012:16), and adding to this the two categories transport, retail and distribution and 
public services. Among the 3 first categories the majority of businesses are in primary production. 

Most of the respondents represent businesses organized as sole proprietorships (63%) and public 
limited companies (approximately 20%). Most respondents are CEO/Directors of the company (75%), 
while 8% are middle managers and 5% are employees with no managerial responsibility in the 
company. Almost 12% answered “other” about their role. This could perhaps be a secretary, someone 
outside who knows the firm well, a board member or a spouse. The average age was 51 years old, 
with a median of 52, showing that there were not any extreme values. The education level varied 
within sectors, with e.g., 37% of those from Agriculture listed with Secondary school as their highest 
level of education and 58% of them with university education. 

2.4. Business Resources, Cooperation and Concept of Sustainability 

Resources are measured asking the question of: “Which of the following biological raw materials 
or products, does the company have access to?” They could answer one or several of the following: 
Forest/timber, Plant/crops, Animals or animal products, Fish/seafood, Macroalgae 
(seaweed/seagrass), Microalgae, and/or other biological raw materials or products. The three last had 
too few respondents to be included. 

Cooperation with other sectors was measured with the following question: “Which sectors/ 
industries does your business cooperate with today? (e.g., product development, sharing 
equipment/services, utilization of residual raw materials/energy, research and development, etc.). 
(One, several or no answer is possible)”. Here each respondent could answer all of the sectors: 
agriculture, forestry, fisheries, etc., but also cooperation with investors. Both the resource variables 
and the cooperation-variables are dummy variables. 

Sustainability-attitude was measured through a combination of several statements, with the 
question starting like this: To what extent do you agree or disagree with the following statements 
about nature and people? The statements that were combined were: “Nature’s adaptability is so good 
that it can withstand the impact of industrial nations”, “The ecological crisis that afflicts us is greatly 
exaggerated,” “If the trend continues this way, we will soon experience ecological disaster”. The 
respondents could rate the answers from completely disagrees to completely agrees. The variable 
used in our analysis then measures a general attitude that nature can withstand anything—which 
then represents an unsustainable attitude.  

2.5. Measuring Expectations to the Bioeconomy 

Expectations towards the bioeconomy are measured through the question: “To what extent do 
you agree or disagree with the following statement: My business will continue to be an important 
contributor to the bioeconomy in the future”. This question is measured using a scale from 1 to 5 with 
completely disagree to completely agree. 

For exploring the respondent visions and expectations about the biomass potential in the future, 
four variables were developed. The phrasing on these were: “On a scale of 1 to 7, how do you think 
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the production of biomass will be in about 15 years, compared with today?” Respondents were asked 
to evaluate the question connected to (1) biomass for food; (2) biomass for energy; (3) biomass for 
purposes other than food and energy and (4) production of biomass in Norway (in general).  

In addition to these, a combined measure focusing on the supply and demand side of biomass 
in Norway using the (1) production of biomass in Norway (in general) and (2) demand for biomass 
in Norway (in general). These two questions were then put together for a joint measure of biomass 
potential in Norway. 

2.6. Outline of the Research Questions 

Based on survey results for the variables described above, two main research questions guide 
our analysis: (1) what expectations do our respondents from the biosectors have about the 
bioeconomy and do they differ between sectors?; and (2) how are biological resources, cooperation 
and concern for sustainability associated with these expectations and sectors? 

Are there converging beliefs/expectations about the future bioeconomy, and what are the 
motivations for the differences? Do the representatives of the biosectors see themselves as 
contributors in the future bioeconomy? What uses of biomass have more potential from the 
biosectors’ perspective: food, energy or alternative uses? When controlling for individual resource 
factors of age, education level and income, are high expectations to the bioeconomy determined by 
special types of resources and sector-collaboration today? 

We argue that each biosector in Norway represents its own regime, with its own rules and way 
of operating in “the field” of the sector. In this paper, we will measure the validity of this assumption 
through comparisons between sectors’ expectations of the bioeconomy. We argue that future 
development of the bioeconomy would entail a larger integration of shared beliefs and expectations 
across the biosectors, and represent a socio-technical system. Strong sector differences in expectations 
towards a bioeconomy might indicate potential lock-in that challenges development of the 
bioeconomy in Norway.  

To measure how different resources variously affect or generate expectations we ask: what 
resources give the highest expectations to the bioeconomy? Biomass consists of many types of 
resources that can be put to use for a broad spectrum of purposes. Measuring which of these has the 
most potential, according to our respondents, can help in long-term planning and knowledge 
building around the bioeconomy. Here it is especially interesting to compare how the different 
resources are used or seen as important across the different sectors. 

Through measuring which sectors cooperate today, and who they wish to cooperate with in the 
future, we can provide important indications of future challenges. Some sector-cooperation can be 
argued to have a greater impact on expectations for the bioeconomy. In addition, the lack of potential 
for cooperation could represent a possible bottle-neck, knowledge gap or path-dependency within 
the sectors. 

As shown above, while the bioeconomy concept has received a lot of scrutiny and been criticized 
as another way of exploiting resources for economic profit, others have major ambitions for the 
bioeconomy being part of a “green shift” in the economy. Finding that values of sustainability and 
consideration for the environment highly correlate with a belief in the bioeconomy will be of 
importance for the long-term policy planning the bioeconomy demands. 

The next section of the paper shows the results of our analysis. 

3. Results 

3.1. Expectations to the Bioeconomy and Level of Biomass Production within a Bioeconomy Development  

On the dependent variable of expectations regarding own contribution in the bioeconomy, the 
mean value is 3.55 (1 strongly disagree to 5 strongly agree). This means that the variable is positively 
skewed. The same pattern was found when checking the assumption if the residuals are normally 
distributed: a slight right skewness. We interpret this to be rather small and do not make any changes 
in the data to correct for this. 
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Figure 1 displays average scores on variables on expectations about the bioeconomy and 
biomass production. 

 
Figure 1. Expectations about future production of biomass. 

In general, we see a rather high mean for all questions, especially for biomass to energy use. 
Biomass used for other than food or energy has the lowest mean. 

When looking at the future expectations questions for each sector some more nuance appears. 
Table 2 shows how the means differ between the sectors. 

Table 2. Beliefs and expectations towards biomass and the bioeconomy by sector. 

Main Sector Means 
ContrFuture
Bioeconomy 

FutureProd
BioFood 

FutureProd
BioEnergy 

FutureProd
BioOther 

FutureProd
BioGenNor 

FutureBio
ProdDem 

Agriculture 3.66 5.21 5.48 4.88 5.20 5.27 
Forestry 3.68 5.37 5.78 5.33 5.46 5.43 
Fishery 3.70 5.56 5.26 4.26 5.30 5.28 

Aquaculture 4.12 6.29 5.25 4.62 6.06 6.00 
Manufacturing/processing 3.29 5.47 5.54 5.38 5.36 5.35 

Transport/retail/distribution 3.05 5.51 5.51 5.09 5.05 5.09 
Biotechnology 4.24 5.87 5.53 5.73 5.87 5.83 

Research and development 3.16 5.55 5.38 5.26 5.39 5.36 
Public services 3.57 5.48 5.69 4.88 5.41 5.48 

Other 2.93 5.28 5.23 4.95 5.08 5.10 
Total mean 3.55 5.32 5.52 5.02 5.28 5.31 

A bivariate regression with t-test of the different sectors against agriculture as reference category 
(table not shown) revealed some significant (p < 0.10) sector differences. Sectors such as 
manufacturing/processing, transport/retail, biotechnology, research and development, fisheries and 
others were significantly different. The other sectors do not significantly vary from the agriculture 
sector. The lack of statistical significance can for some of these sectors be explained by size or 
homogeneous expectations. On direction of difference the aquaculture (not significant) and 
biotechnology are more positive than agriculture, while all the other sectors are more reticent in their 
expectations for themselves in the future bioeconomy. The most negative beta coefficient is found for 
the transport sector. For expectations about future production of biomass to food 
(FutureProdBioFood) the highest mean is again found in the aquaculture and biotechnology sectors. 
The lowest is found in agriculture. In the bivariate regression with t-test of the different sectors 
against agriculture as the reference category we found that aquaculture, manufacturing and 
biotechnology sectors are positive and significantly different from agriculture.  

For expectations about future production of biomass to energy (FutureProdBioEnergy) the 
largest means are found in the forestry and public services sectors, and the lowest for other and 
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aquaculture sectors. However, no significant differences were found in the bivariate regression 
analysis. 

For expectations about future production of biomass to other uses (than food and energy) 
(FutureProdBioOther) we see the highest mean for the biotechnology sector and the lowest for the 
fishery sector. Like the previous question, no significant differences were found. 

On the question on biomass production in general (FutureProdBioGenNor) Table 1 shows more 
variation between the sectors. The mean of the aquaculture sector is the highest, and second is the 
biotechnology sector. The lowest means are found in the transport, retail and distribution sector and 
in the “others” sector. The bivariate regression analysis with t-test showed significant positive results 
for the forestry, aquaculture and biotechnology sectors when compared to the reference category 
Agriculture. 

For the combined variable on production and demand for biomass in the future 
(FutureBioProdDem), the highest mean is again found in the aquaculture sector, while the lowest is 
transport and “other”. With the bivariate regression with t-test, the aquaculture, biotechnology and 
forestry sectors are significantly more positive than agriculture. 

3.2. Identifying Drivers and Barriers to a Positive Outlook of the Bioeconomy—A Multivariate  
Regression Model 

What are the characteristics, or rather, the resources and attitudes that are associated with 
expectations about a bioeconomy, controlling for the sectors? In other words, what factors can seem 
to affect a potential sustainable transition towards a bioeconomy? To identify potential drivers and 
barriers to beliefs and expectations about a bioeconomy, we quantified the degree of association 
between several characteristics of the businesses from the biosectors. Among these are respondents’ 
age, level of education, what sectors they represent, what type of funding/capital they had access to 
for innovation, what biological resources they had access to, who they cooperate with today and their 
attitude towards nature and sustainability. 

The preliminary models testing for the effect of age, education, income and access to different 
types of funding showed no significant results, indicating that other factors are explaining variation 
across expectations to the bioeconomy. We will argue that these expectations are framed by certain 
combinations of resources, sector membership, cooperation and latent attitudes on sustainability. 

Table 3 shows the results and significance of adding blocks of variables in a stepwise regression 
of 4 models. The results with all variables are shown in Table 4. In model 1 the regression analysis 
contains a dummy set for which sector the business is from, described earlier in the bivariate 
regression. In model 2, access to biological resources has been added: forest/wood, plants, animals, 
fish and “other”. All except animals as a resource have statistically significant results with a positive 
effect. These variables are adding five percent explanation power to the model (Table 3). In model 3, 
different dichotomy variables measuring cooperation between sectors have been added. Cooperation 
with several sectors is positive on the expectation about the Bioeconomy: Cooperation with 
agriculture, forestry and research clearly have the strongest correlation with the dependent variable. 
The effect of wood/forest as a resource loses its effect when cooperation variables are added. In the 
final model (4 in Table 3, Table 4 full analysis), the variable measuring attitude towards nature has 
been added. Now the sectors transport, retail and manufacturing are no longer significantly different 
from agriculture when new variables are added, however the forestry sector is. The variable added, 
on nature values, is negative, meaning that a belief that nature can withstand anything is negatively 
correlated with expectation about the bioeconomy.  

However, when adding interaction variables to control for conditioned effects, we found some 
more nuance to our data. This will be further discussed below in relation to the theoretical approach.  
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Table 3. Results from the significant stepwise regression of associated variables on expectations. 

 Model 1 Model 2 Model 3 Model 4
Number of 

observations 
1099 1099 1099 1099 

Types of variables Sectors 
Access to resources: Wood, 
Plants, Animals, Fish, Other 

Cooperation 
with each sector 

Attitude 
towards nature 

Prob > F 0.00 0.00 0.00 0.00 
R-squared 0.0482 0.0987 0.1799 0.2014 

Adj R-squared 0.0404 0.0871 0.1616 0.1828 

Table 4. Multivariate regression analysis of associated variables on contribution to the future 
bioeconomy. 

Contribution to the Future Bioeconomy Coef. Std. Err. P > t Beta 
SectorForestry 0.3086641 0.1184941 0.009 0.0925478 
SectorFisheri 0.4601266 0.2785138 0.099 0.0592965 
SectorAqua 0.3595967 0.3579285 0.315 0.0353787 

SectorManufactProcessl 0.0562456 0.1399723 0.688 0.013466 
SectorTransport/Retail −0.2478919 0.1901758 0.193 −0.0384041 
SectorBiotechnology 0.7828823 0.2843118 0.006 0.0819219 
SectorResearch&Dev −0.3724596 0.2097966 0.076 −0.0562163 

SectorPublicServ 0.1411579 0,22511 0.531 0.0188601 
SectorOther −0.2463761 0.1420419 0.083 −0.0555056 
ResForWood 0.1090096 0.0871841 0.211 0.044567 

ResPlants 0.2918529 0.0926666 0.002 0.1220088 
ResAnimals −0.086282 0.0937744 0.358 −0.0307129 

ResFish 0.4463691 0.1793093 0.013 0.0846251 
ResOther 0.1798223 0.1535027 0.242 0.0329582 
CoopAgri 0.4175784 0.0917441 0.00 0.168511 

CoopForest 0.3392904 0.0796035 0.00 0.1434762 
CoopFishery 0.0653822 0.1826167 0.72 0.0134483 
CoopAqua 0.0011873 0.1895234 0.995 0.0002287 

CooManuProcessing 0.0602297 0.0775704 0.438 0.0244641 
CoopBiotech 0.2169488 0.138979 0.119 0.0475156 

CoopResearch 0,3270734 0.0931494 0.00 0.1173906 
CoopPubServ 0.2009068 0.0898073 0.025 0.0722051 

CoopInvest 0.1443567 0.1676242 0.389 0.0252636 
CoopTransport 0.1033049 0.0784455 0.188 0.040747 

NatureWithstands −0.1984905 0.0369048 0.00 −0.1513888 
_cons 3.155955 0.1354461 0.00  

4. Discussion 

4.1. Expectations to the Bioeconomy: Sector Differences 

Dynamics of socially shared expectations are argued to affect the emergence of new socio-
technical configurations or systems [24,59–63]). Conversely if relevant sectors have significantly 
different expectations for the future, this can be a potential obstacle to achieving wanted changes, as 
it can make policy planning more difficult. In this paper, we have empirically studied what 
expectations respondents from the biosectors have for the bioeconomy and how they differ in their 
expectations. 

The analysis revealed clear sector differences regarding expectations for the bioeconomy, 
strengthening the assumption that the current division of sectors with a relationship to biomass 
represents different socio-technical regimes. These differences challenge shared expectations at the 
system level, raising potential barriers for the management of a bioeconomy transition.  

Our analysis showed that the aquaculture sector has higher expectations for the bioeconomy, 
compared to agriculture. The same goes for biotechnology and forestry. In the final regression model 
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also fishery was significantly (p < 0.10) different. Aquaculture sees a high potential for large-scale 
food production, as the current Government has an aim to increase production in this sector [64]. 

Our findings on the expectations regarding biomass for food and in general for demand and 
supply in the future further suggest a clear tendency for the agriculture sector to be less positive than 
several of the other sectors and also more reluctant in their expectations for themselves compared to 
the primary sector such as forestry and aquaculture. This is a potential problem, as the agriculture 
sector is an important contributor to domestic food production, a fundamental product also in a 
bioeconomy. The transport sector seems to have low expectations for the bioeconomy as well. These 
findings lost significance, however, when other factors were controlled for in in the multivariate 
regression analysis. 

Agriculture is a political industry in Norway and, unlike other industries, it produces for a 
protected domestic market and is expected to achieve such policy goals as food security, food 
sovereignty, rural settlement and employment, and the maintenance of agricultural land and cultural 
landscapes. Farsund argues that the main reason for stability in this sector is because of the 
agricultural agreement, which serves as a robust and flexible institution [65]. However, the OECD 
argues for a greater exposure to market signals [66] (p. 112). Almås argues that the Norwegian 
agriculture model is under pressure, and with current policies the agriculture sector will not be able 
to deliver the increased food production that a united Storting wants [67] (pp. 68–71). It can be argued 
that the agriculture sector to a larger degree is “under the mercy” of the Government compared to 
the other biosectors. This could explain the lower expectations of the agriculture sector compared to 
the other sectors when it comes to involvement with the bioeconomy. 

Brandlistuen [68] argues that Norway has defensive interests regarding the agriculture sector, 
but offensive interests for the fishery-sector, which is visible in previous negotiations of WTO. There 
is therefore a lack of a unified actor for these two food-producing sectors. As the report of Falk-
Andersson et al. [64] has shown, the potential for increased production differs between the sectors, 
and as the bioeconomy is dependent on renewable resources, this shows the necessity of joint policy 
planning. 

The transport, retail and distribution sector is worth a further comment. This sector has low 
expectations for themselves as contributors to a future bioeconomy (however, not in the final 
regression model when controlling for all other variables mentioned). It could be argued that the 
transport, retail and distribution-sector differs from the other sectors, as it is not a producer of 
materials or biomass, and is also very diverse. It is, however, a potential large client of biomass-
products, or fossil fuel products (if transport). Not least, it intertwines with several sectors in Norway. 
The need of a stable and reliable policy-framework will be crucial for the ability of the transport sector 
to operate in an environmentally friendly way. The fight over the biodiesel-fee in the Norwegian 
Government and Parliament in 2009, created a lot of uncertainty and is not easily forgotten [69] (pp. 
4, 29). In addition, new research on the viability of different types of biomass keeps adding to our 
knowledge. e.g., a new report on biodiesel [70]) concludes that first generation biodiesel from plants, 
especially palm oil leads to much higher emissions than traditional (fossil) diesel. The biodiesel fee 
has been removed in Norway since 2015. However, there always looms a possibility that the 
Government can change the fees yet again, making the framework for the transport sector especially 
vulnerable. 

Research and development was a sector less positive than agriculture (p < 0.10). These are 
interesting findings, but one could also argue that it is a sector in need of clear coordination and one 
that further strategizing might contribute to.  

4.2. Resources as a Driving Factor 

By analysing the association between sectors’ different biological resources, sector cooperation 
and the expectation and motivation for being a contributor to the future bioeconomy, our findings 
suggest a transition potential particularly with access to some types of resources. At first glance all 
biological resources are contributing positively, giving those businesses with access to these a 
stronger correlation with positive expectations to the bioeconomy, than those who do not have access 
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to these resources. After controlling for several variables, including the sector of the business, some 
of the variables lose their effect and the results become more nuanced: having access to fish and plants 
have a higher association with the bioeconomy. Both of these resources in general represent food 
security [71]. However, their residues can also be used for other products, such as biogas (e.g., [72]) 
and fish/animal feed (e.g., [73]). The potential of access to fish and plants for furthering a bioeconomy 
we would argue lies in their dual-usage potential in a circular bioeconomy [74]. 

However, interestingly, access to wood did not have a significant effect. The forest and wood as 
a resource can represent high value products for the bioeconomy, as demonstrated by, among other 
things, the advanced biorefinery Borregaard [75]. Policies regarding the end-products from wood are 
still under a lot of debate, as e.g., bioethanol production (from among other things wood) has been 
argued not to be economically feasible [76,77]. However, with combined biogas and bioethanol 
production in a biorefinery there is great potential for improving the overall energy balance [75,76]. 
Concerns about extracting these resources are also an issue, relating to carbon storage in the soil and 
forest-based nature experiences [78–81]. However, another simpler explanation why access to wood 
is not significant might lie in the fact that the wood market is not as developed as the market for fish 
and plants. It is less mature, both as an input factor and in its current need for technological solutions 
for processing sustainable end-products. 

4.3. Cooperation as a Driving Factor 

To be able to achieve a system level shift, we need better integration between the sectors related 
to biomass. Our analysis showed that cooperation with agriculture was more positive for the 
transport sector, retail and distribution, and research, compared to the reference category agriculture 
when checking for interactions. This again shows the importance of the connection of the transport 
sector with other sectors. The sector alone is more negative to the bioeconomy than most of the other 
sectors, as seen before. Both transport and research sectors can be argued to be dependent on the 
primary sector agriculture for the future of the bioeconomy. Cooperation with the forestry sector had 
an especially strong effect if the business was from manufacturing/processing. However, this was the 
opposite for businesses from public services when running more regression models including 
interaction-variables. Here we might see a potential barrier between forestry and public service 
sector. The reason for this barrier might lie in the debate about ownership of the forestry. Based on 
research from Follo [82], among others, Norway is the country in Europe with the highest amount of 
privately owned productive forest [83]. The public service sector might feel too far distanced from 
the actual businesses of forestry. As we saw, the manufacturing sector was more positive to the 
bioeconomy when cooperating with forestry (regression with interaction-variables), one reason 
perhaps being their proximity, industry areas being at the outskirts of cities, while public services 
often lie at the heart of cities and towns. 

4.4. A Sustainable Transition? 

Some academic work accentuates the need to see the bioeconomy in a wider political framework. 
How is it answering the challenges facing the current neoliberal-capitalist accumulation regime, 
which it is also considered to reproduce [14,15]? This is part of a wider critique aimed at the 
“bioeconomic project”. Work by Sodano [84] accentuates the need to reveal the ideological stances 
behind the bioeconomy-discourses. After analysing several documents either pro or against the 
bioeconomy, he finds that the pro-documents, are driven by a form of techno-neo-liberalism, for 
forging new forms of capital accumulation. 

Our analysis showed a general tendency to be more concerned for nature if the business also 
was positive towards a future bioeconomy. The variable “naturewithstands” can be interpreted as 
nature values, and with this variable connected to sustainability of nature, sustainability concerns on 
nature’s final capacity are being positively correlated with expectations to own contribution to the 
bioeconomy. However, when checking if this effect was conditional on the sector the business is from, 
we found significant results that the industry sector was somewhat less concerned about nature 
vulnerability compared to the agriculture sector. 
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In summary we can conclude that there are different rationales in the different sectors, leading 
to differing expectations. The clear group or sector differences from the regressions analyses indicate 
that sectors share beliefs and “grammar” within their sector. This we argue strengthens an argument 
for currently different socio-technical regimes [29,39] between the biosectors in Norway.  

These socio-technical regimes also indicate potential path-dependencies and lock-in relating to 
the future and new solutions, like the bioeconomy would entail. While some sectors have positive 
views and expectations towards a future bioeconomy, others are more reluctant. One of the 
explanations as discussed above, is differing expectations from the government, and differing 
economic frameworks. We argue that especially the agriculture, research and development, and 
transport, retail and distribution regimes need particular coordination and attention in the further 
long-term planning and management towards a transition to a sustainable bioeconomy. 

Our analyses give some indications of how to overcome these path-dependencies. Cooperation, 
as an included variable, gave a very strong model improvement, together with attitudes towards 
nature. The need for cooperation across sectors is stressed in transition management theory and was 
also highlighted in the Government strategy for Bioeconomy [4]. 

5. Conclusions 

A system shift, like a transition to the bioeconomy requires, depends on collaboration across 
disciplines, sectors and actors. Common goals and expectations, ambitions and visions will help drive 
a transition; however, research acknowledges that sectors and their stakeholders might be 
constrained by both path dependencies and lock-ins. In this paper, we have explored the expectations 
of biosector representatives regarding a future bioeconomy in Norway. We have identified how these 
expectations differ between sectors and how biological resources, cooperation across sectors and 
concern for sustainability are associated with these expectations and the sectors. Our analysis 
suggests that there is a strong sector-wise variation in expectations about the bioeconomy. 
Aquaculture, forestry and biotechnology sectors see themselves as important players in the future 
bioeconomy while, interestingly, agriculture plays down its role. With major developments and 
growth in the biotechnology and aquaculture sectors over the past decades, this finding might be in 
line with policy, industry and research expectations. In addition, forestry has been launched as a 
potentially very interesting contributor in the bioeconomy, not only when it comes to production of 
volumes of biomass for energy production in substitution for fossil oil, but also as potential for feed 
and food products and medical use. Knowledge about sectors’ expectations at an early phase can be 
useful for policy planning and transition management, and also for the businesses themselves. In this 
study, we have reached out to known (NACE-Coded) sectors with connection to biomass, either 
through production, processing or use, in a study that to our knowledge never has been done to this 
extent. The particular group that responded can be assumed to identify themselves as part of the 
bioeconomic future. A total picture of the future “bioeconomists” is still to be drawn. Further research 
is needed to explore and identify the different elements of this new socio-technical regime, to 
understand barriers and potentials to the bioeconomy. A glimpse of the future has in this paper been 
identified through the expectations of some representatives of the current Norwegian biosectors to 
further assist policy planning and transition management regarding the bioeconomy. While possible 
futures can be accessed through more formal exercises as e.g., foresight scenario development, more 
informal studies of expectations can potentially inform these foresight exercises [50] (p. 779) 
regarding both types of stakeholders to be included in the planning and which topics need particular 
attention. More research, innovation and business activities in the forthcoming years will tell us how 
these expectations are part of the future transformations needed in a socio-technical transformation 
of the economy. 
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