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Abstract

The sustainability transition towards bioeconomy concerns how firms innovate, especially in the
matter of the utilisation of bio-based resources. The food industry is often criticized for wasting raw
materials along the value chain. Those resources can be used in variety of applications and products
that confer much higher economic value. Nevertheless, food waste and by-product valorisation has
been under-explored in innovation studies. In view of this, the paper aims to study how incumbent
firms in a low-tech industry like food make use of technological developments to create higher value-
added for their by-products — examining the utilisation of enzymatic hydrolysis technology by using a
comparative analysis of a meat and a dairy firm in the Norwegian food industry. The theoretical
approach draws on the absorptive capacity of organizational learning literature and innovation
systems of transition studies. The study finds that firms in the same industry with quite similar
structures (i.e. the form of ownership) can nevertheless have divergent strategies — knowledge
development, entrepreneurial experimentation and resource mobilisation, as regards developing
innovations for by-product utilisation. The study notes the role of firms’ absorptive capacity in
acquiring external knowledge and mobilising necessary resources to adopt and develop technological

innovations during the transition process.
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1. Introduction

How do incumbent firms innovate in the face of (radical) technological innovations, especially in the
context of sustainability transitions towards bioeconomy? This question pertains to an ongoing
debate on how firms utilise their bio-based resources (Bugge et al. 2016, De Besi and McCormick
2015). Criticisms often direct at the food industry for wasting raw materials along the food value
chain (European Commission 2014); especially when those resources confer much higher economic
value in variety of applications and products though bioprocessing technologies (Henchion et al.
2016, Lynch et al. 2017, Toldra et al. 2016). Yet, there is no one formula for the valorisation of
organic waste and by-products since different technologies are used for different types of by-
products (Demirbas 2011). Thus the choice of technology depends on the type, quality and amount
of the materials, and on the local conditions where the raw materials are generated (Demirbas
2011). Nonetheless, the value chain of food waste and by-product valorisation (from by-product
sources and input to potentially commercial products) are under-addressed in innovation studies

(Reardon et al. 2017).

Regardless of increasing researches in the field of sustainability transitions, our understanding of the
dynamic role of actors involved in innovation and transition processes is limited (Farla et al. 2012).
More specifically, there is a paucity of studies looking into how strategies, resources, and capabilities
of firms and organizations impact and trigger the transformation processes (Farla et al. 2012).
Transition studies have not given much attention to layer of complexity inside firms (Geels 2014).
Thus, more micro-level studies on ‘what strategies ... actors adopt to shape sustainability transitions
and what resources ... they mobilise and deploy in the realization of these strategies’ (Farla et al.
2012, 992) are needed to untwist some of the complexities of transitions unfolding at the system

level.

To understand firms’ strategies and motivation in developing innovations, strategic management
literature emphasizes the role of knowledge development and transfer within and across firms
(Grant 1996, Leonard-Barton 1995, Nonaka 1994, Pisano 1994, Roy and Sarkar 2016, Spender and
Grant 1996, Tsai 2001). Absorptive capacity is one of the key management concepts that seeks to
understand how firms acquire and utilise external knowledge to generate innovations (Cohen and
Levinthal 1990, Easterby-Smith et al. 2008, Lane et al. 2006, Murovec and Prodan 2009, Todorova
and Durisin 2007, van den Bosch et al. 2003, Zahra and George 2002). Despite being one of the most
frequently cited concepts, absorptive capacity as a process or capability (Edmondson and McManus
2007) has limited empirical evidence with unverified assumptions (Patterson and Ambrosini 2015).

Further, few studies on absorptive capacity have attempted to operationalize and test ‘the
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assimilation or application of external knowledge’ in an empirical context (Lane et al. 2006, 852).
Consequently, this calls for qualitative work (Easterby-Smith et al. 2008, Volberda et al. 2010) to
expound the underlying process structures of dynamic nature of absorptive capacity (Jiménez-
Barrionuevo et al. 2011). Although few transition researches have benefited from the strategic
management literature to investigate organizations’ strategies towards technological innovations
during the transition process (for example, Hansen and Coenen 2017), our understanding of

incumbent firms in the face of technological changes remains limited.

In view of this, the paper strives to fill in such gaps by tackling the following research question: What
is the role of absorptive capacity in incumbent firms’ adoption and development of technological
innovations? The study aims to explore how incumbent firms make use of technological
developments to further develop innovations within the firms during the transition towards a
sustainable bioeconomy. | seek a better understanding of the interrelation between incumbents’
absorptive capacity and the way they build up their knowledge base of technological innovation
systems to create higher value for their by-product and side stream resources. In particular, the
paper carries out a comparative analysis of two empirical case studies — examining the utilisation of
enzymatic hydrolysis of protein technology® in a meat and a dairy firm in the Norwegian food

processing industry.

The theoretical approach of this paper draws on the absorptive capacity of management literature
and innovation systems of transition studies to understand incumbent firms’ strategies during
technological changes. The paper does not examine the enzymatic hydrolysis of protein technological
system per se but rather focuses on studying its agents — the firms’ strategies as regards adopting
and making use of the technological development. With understanding gleaned from the absorptive
capacity literature, the paper delves into the firms’ ability to capture external knowledge about the
enzymatic hydrolysis technology and investigates how they go about transforming the acquired
knowledge into innovation (i.e. new products and applications). Firms are seen as one of the key
structural components of an innovation system. In order to understand how the dairy and meat firm
develop the enzymatic hydrolysis innovation system, the paper explores the incumbents’ learning
process — exploratory, transformative and exploitative, in relation to such strategies as knowledge
development, entrepreneurial experimentation and resource mobilisation. By using the absorptive
capacity literature, the paper strives to contribute a better understanding of how actors at the micro-

level — the two food processing firms in this study — utilise technological innovations in the context of

! Enzymatic hydrolysis is a process in which enzymes are used to enhance the bond cleavage in molecules with
the addition of the elements of water. Enzymatic hydrolysis of protein is a process using enzymes to facilitate
the cleavage of peptide bonds for the development of protein hydrolysates (Tavano 2013)



sustainability transitions. The study attempts to inform policy-makers of the relevant policy aspects

of the bio-based economy.

To explore latent processes of absorptive capacity inside the firms, the paper employs a qualitative
research design with open-ended and semi-structured interviews. The method is chosen in order to
enable an in-depth analysis of the actors (the firms) with regard to dairy and animal by-product and
side stream valorisation. By undertaking a comparative analysis, the paper seeks to understand how
firms in the same industry with quite similar structures (i.e. the form of ownership) can nevertheless
have different strategies and motivations in respect of developing innovations for by-product

utilisation.

The choice of the case study — the food industry stands for several reasons. First, the rapid growth of
the world’s population entails an increased demand for food and food ingredients, which, in turn,
requires a resource efficient delivery and a better utilisation of raw materials in the food industry
(European Commission 2014). This appertains to the bio-resource vision of bioeconomy (Bugge et al.
2016) that promotes innovative, sustainable solutions for all bio-based resources. Second, the
significant volume of food wastes, by-products and side streams generated and the potential of
those resources for high value-added products and applications in various fields such as medicine,
pharmaceutics, cosmetics and foodstuff is large thanks to heterogeneous bioconversion technologies
(Lin et al. 2013, Mullen et al. 2017, Prazeres et al. 2012). This challenges the food industry to re-
examine all processing streams to increase value. However, despite those rationales, research on the
link between food system transformation to a more sustainable mode and technology adoption and
innovation is not received a sufficient attention (Reardon et al. 2017). The majority of researches on
food manufacturing wastes and by-products have been merely done on restricted research
examples, experiments, or pilot cases, not at an industrial scale as indicated by Mirabella et al. (2014)
in an extensive literature review of 111 papers. There is a lack of empirical research on specific types
of food wastes and by-products, quantity, geographical location and commercial feasibility for
outcome products (Demirbas 2011) and how industrial firms in the food industry innovate from this
aspect (Reardon et al. 2017). Therefore, this paper aims to gain more empirical knowledge by looking
into the Norwegian food processing industry and add to the restricted portfolio of empirical research

on incumbent firms in a low-tech industry like food.

The paper is structured as follows. Section 2 describes the theoretical framework. Section 3
introduces the methods and data and the case study — the Norwegian food processing industry and

the two incumbent firms. Section 4 presents the results while Section 5 turns to the discussion of the



analysis. Section 6 notes the conclusion and outlines the policy implications and potential for further

research in this field.

2. Setting the theoretical framework

2.1 Incumbent firms and (radical) technological innovations

The emergence of new technologies and socio-technical transformation affect the positions and
strategic interests of incumbents and newcomers to a great extent (Grin 2010). Nevertheless, being
one of the key structural components of a technological system, the agency of actors has not been
paid sufficient attention (Farla et al. 2012, Kern 2015, Markard et al. 2015, Smith et al. 2005). Despite
the role of firms and other actors as ‘the essential driver behind the generation, diffusion, and the
utilisation of technological innovation’ (Markard et al. 2012, 959), we lack an understanding of why
and how some incumbent firms embark on transitions as well as the underlying processes and the
mechanisms that drive firms’ motivation and strategies to engage in technological innovation
developments during the transition process (Safarzyriska et al. 2012). One central critique is that
transition studies on the meso level frameworks are descriptive and structural, which give little
weight to the importance of agency in this respect. Thus, Markard and Truffer (2008) put forward an
‘actor-oriented’ approach to better understand the micro-level foundation of innovation systems.
This approach devotes to systematically explore the gap between innovation strategies and
resources at the micro-level with system characteristics at the meso level (Markard and Truffer
2008). It is in line with the ‘agency of actors’ argument that has been propounded by Smith et al.
(2005).

The debate on incumbent firms in the face of (radical) technological innovation commonly discusses
the firms’ failure in embracing new technologies (see among others, Ansari and Krop 2012, Bergek et
al. 2013, Chandy and Tellis 2000, Dewald and Achternbosch 2015, Hill and Rothaermel 2003). The
explanation for this failure are forces of inertia within the firms, the embeddedness in an established
system (infrastructure and industry networks) and economic incentives, which make the incumbents
not initially value the new technology (Hill and Rothaermel 2003). Nevertheless, incumbents have
also advantage over new entrants or challengers in terms of better access to complementary assets,
which can ‘buffer incumbents from competition and enable them to profit from the innovation’
(Ansari and Krop 2012, 1365). Ehrnberg and Jacobsson (1997) discuss three main components that a
firm must change when responding to a technological discontinuity: (i) to realize that a new product

has the potential to substitute for the 'old' product, (ii) to get access to the new technology, and



hence change its technology base, and (iii) to change the way in which things are done - its

organizational routines.

In order to comprehend the underlying dynamics of actors in respect of technological innovation
adoption, development and diffusion, transition scholars have benefited, among others, from
concepts in the strategic management literature (Markard et al. 2015) by directing attention to
various micro-level processes underlying a technological innovation formation, including network
building and formation of coalitions, shaping expectations, or market creation (Dewald and Truffer
2011, Musiolik and Markard 2011, Musiolik et al. 2012). From a conceptual point of view, this
approach has the potential to explore the boundary area, where the two strands of literature might

be ‘fruitfully related to each other’ (Markard and Truffer 2008, 444)

There are few studies that seek to understand the link of the micro-meso level interaction (Markard
and Truffer 2008). For instance, the micro-level study of firms in the biomedical clusters in Ohio and
Sweden by Cetindamar and Laage-Hellman (2002) notes the importance of firms’ competence in
production and technology competencies, technology transfer capabilities, and commercialization
strength during technological transformations. Markard and Truffer (2008) signify the link of
innovation strategies and resource endowments to system performance and dynamics in the case of
stationary fuel cells. Smith et al. (2005) explore the degree to which resource interdependencies
(factor endowments, capabilities and knowledge) required for effective regime transformations.
These studies place emphasis on the role of resources and capabilities to firms’ innovation strategies.
To better understand the underlying dynamics of incumbent firms, the next section discusses the

absorptive capacity.
2.2 Absorptive capacity and organizational learning

Knowledge represents a vital resource for firms to create value, to develop innovations and to
sustain competitive advantages, especially in a dynamic and turbulent environment (Teece et al.
1997). Outside sources of knowledge are often crucial to the innovation process, thus ‘the ability of a
firm to recognize the value of new, external information, assimilate it, and apply it to commercial
ends is critical to its innovative capabilities’ (Cohen and Levinthal 1990, 128). The absorptive capacity
(hereafter ACAP) is a seminal concept originally developed by Cohen and Levinthal (1989), in which
the authors stress the ability to first acquire external knowledge, assimilate it and later exploit it is a
critical component of innovative capabilities for firms. Hence, the process for absorbing external
knowledge becomes a pivotal factor for firms’ innovation and adaption to changes in a competitive

environment (Camisén and Forés 2010). This process is referred to the recursive relationship of ACAP



and organizational learning, in which increased learning in a particular area enhances the
organization’s knowledge base in that area (Lane et al. 2006). Consequently, developing and
maintaining ACAP is crucial to firms’ enduring survival and success because ACAP can reinforce and

complement, or even re-focus the firm’s knowledge base (Lane et al. 2006).

However, the process nature of the relationship between ACAP and organizational learning, i.e. how
does ACAP affect knowledge creation within an organization, and help assimilate and integrate
external knowledge with existing knowledge in the firm, has not been studied extensively in
management literature (Lane et al. 2006). To develop further the ACAP constructs in relation with
organizational learning, Lane et al. (2006) expound a three-stage sequential process: exploratory
learning, transformative learning and exploitative learning. The exploratory learning is the ability of
recognizing and understanding potentially valuable new knowledge outside the firm. The
transformative learning is the ability of assimilating valuable newly explored knowledge. Lastly, the
exploitative learning refers to the ability of applying the assimilated knowledge to create new
knowledge and commercial outputs. In addition, learning allows firms to identify new production

opportunities (Levitt and March 1988).

The main resulting question regarding the organizational learning of firms is what do firms learn?
Through an extensive literature review of ACAP, Lane et al. (2006) summarize three major external
knowledge characteristics organizations acquire: knowledge content, knowledge tacitness and
knowledge complexity. Knowledge content or know-what refers to a specific type of knowledge such
as new technologies, customers, markets and common skills (Bierly and Chakrabarti 1999, Lane and
Lubatkin 1998). Similar culture and cognitive structures are likely to enhance knowledge absorption
and assimilation (Bhagat et al. 2002, Simonin 1999). Knowledge tacitness or know-how refers to the
extent to which the knowledge consists of implicit, ambiguous and noncodifiable skills (Kogut and
Zander 1992, Lam 1997, Nonaka 1994). This type of knowledge embeds in complex processes,
interactions and routines within the firm, it is thus difficult to transfer and absorb (Saviotti 1998,
Simonin 1999, Szulanski 1996), which consequently can create barriers to innovations (Reed and
DeFillippi 1990, Simonin 1999). Knowledge complexity refers to a variety of interdependent
technologies, routines, individuals, and resources associated with a particular knowledge or asset
(Simonin 1999). The complexity lies in the interlinkages between different knowledge content areas
(Garud and Nayyar 1994). The more complex the knowledge is, the harder it is for organizations to
understand and absorb. Additionally, the complexity of knowledge increases sharply in dynamic
environments (Lane et al. 2006). Thus, firms in such an environment need to exercise other
organizational policies, such as utilising research partnerships, to increase their ACAP (Goes and Park

1997, Powell et al. 1996, Steensma and Corley 2000).



In regard to radical technological innovations, all three dimensions of knowledge are likely to
present. Some scholars have suggested that radical innovations involve novel combination of existing
technologies and know-how (Kogut and Zander 1992, van den Bosch et al. 1999). However, the
underlying process that specifies explicit mechanisms for integration and exploiting such loosely
related domains, has relatively been examined (Lane et al. 2006). In other words, there has been
little attempt to study the relationship between ACAP and radical innovation (Lane et al. 2006). Since
the majority of ACAP researches has focused on R&D and IPR contexts (see among others, Cohen and
Levinthal 1990, Meeus et al. 2001, Mowery et al. 1996), this leads to an over-emphasis on being able
to understand the technological or scientific knowledge (i.e. the knowledge content) the firm needs
to acquire at the expense of the process knowledge needed to assimilate and apply it (Lane et al.
2006, Patterson and Ambrosini 2015). This points out the importance of future empirical studies for a
deeper analysis on intra- and inter-organizational aspects of ACAP at the micro-level (Volberda et al.
2010) to better understand such process and to fully understand firms’ innovation strategies.
Moreover, as ACAP strengthens the role of outside knowledge to firms’ innovation, it should not only
be studied by R&D spend or patents (Patterson and Ambrosini 2015). ACAP — as a dynamic capability,
is pertinent to any other external strategic factors, such as potential market, customer or technical
knowledge (Volberda et al. 2010) that can be assimilated and applied to commercial ends. This

invites further empirical research on ACAP in ‘non-R&D contexts’ (Lane et al. 2006, 858).

By doing an empirical case study, the paper strives to understand what are incumbent firms’
motivation and strategies for such a potential technology as the enzymatic hydrolysis of protein.
With insights of ACAP and through the lens of incumbent firms, the paper endeavours to explore
what are critical factors for their involvement in such a technological innovation. In other words, the
papers seeks to examine the ACAP process of exploratory, transformative and exploitative learning in
relation to firms’ knowledge development, entrepreneurial experimentation and resource
mobilisation. The study focuses on those organizational units that are involved in the utilisation,
diffusion and generation of the innovation under study. By zooming in micro-level factors at the firm
level and analysing the ACAP constructs, this study attempts to comprehend firms’ strategic
decisions in the face of (radical) technological innovations and to contribute to a better

understanding of innovation system dynamics at the meso level (Markard and Truffer 2008).



3. Methods, data and the case

3.1 Methods and data

This paper applied a qualitative research design and a comparative case study (George and Bennett
2005, Yin 2014). The main data input was interview data derived from 13 interviews in the period of
2016-2018 with the two food processing companies, i.e. the dairy and the meat firm, and other
stakeholders involved including research institutes, policymakers, rendering companies, experts,
industry federation and government officials from Norwegian ministries. The choice of qualitative
research design with semi-structured and open-ended interview method aimed at achieving an in-
depth and thorough understanding of the firms’ motivation and strategies in respect of developing
innovations for their dairy and animal by-product and side stream valorisation. Further, one central
point for this chosen approach was to respond specifically to the call of qualitative data to study
firms’ absorptive capacity by Patterson and Ambrosini (2015). The primary benefit of qualitative data
is that rich, qualitative data can help ‘expose evidence for the ACAP constructs in a way that “black
box” quantitative approaches cannot’ (Patterson and Ambrosini 2015, 80). The designed interview
guestions were based on the food value chain on various stages from raw materials input,

processing, transportation and distribution, to retail.

One important secondary source of data for this study was project data gathered from the project
bank of the Research Council of Norway. This quantitative data gave an overview of the research
projects that the two companies were involved, which was important in mapping the types of
knowledge and information the firms wanted to acquire. To supplement the analysis, other sources

of data were assembled including reports, artefacts and documents.

Based on the collected data, | carried out a comparative case study of the two firms. By undertaking
a comparative analysis, | sought to understand how firms in the same industry with quite similar
structures (i.e. the form of ownership) can nonetheless have divergent strategies and motivations in

respect of developing innovations for by-product utilisation.

3.2 Case: the Norwegian food industry

The Norwegian food industry plays a key role in the country’s economy as it is the largest mainland
manufacturing industry in Norway by turnover, value creation and number of employees (Prestegard
et al. 2017). The industry has 2 175 companies with total 50 650 employees and a turnover of USD
30.84 billion (2016 statistics in Prestegard et al. (2017)). The Norwegian food industry is organized by

a few big companies that account for about half of the turnover and by SMEs (Small and medium-



sized enterprises)” (Prestegard et al. 2017). The meat processing sector is the biggest sector by
employment (25%) and second largest sector by revenue (21%), while the dairy sector is the fourth
largest sector by revenue (11%) and employment (12%) in the Norwegian food industry (2016

statistics presented in Prestegard et al. (2017)).

The dairy firm is a big dairy firm, cooperatively owned by farmers in Norway with a turnover of USD 2
910 million and USD 221 million® in operating profit, 5 418 employees, which produces various dairy
products for the Norwegian and international market. The firm’s organic by-products and residues
include cheese whey, buttermilk, cheese dust, wasted milk and disqualified cheese products4. There
are two types of whey generated at the firm, i.e. sweet whey and acid whey, which are in high
volume in tons each year. Sweet whey comes from white hard cheese production with a volume of
25 000 tons a year whilst acid whey are by-products of cottage cheese production for Greek yoghurt
with a volume of 1 000 tons a year (but increasing rapidly due to the demand for Greek yoghurt

products).

The meat firm is a large meat and egg firm, cooperatively owned by farmers in Norway with a
turnover of USD 3 036 million® and a number of 5000 employees, which provides meat and egg
products for the Norwegian market. Animal by-products generated at the firm are hides and skins,
feather, organs, fats, bones, blood, intestines, internal parts etc. The volume of by-products
generated by the firm’s slaughterhouses is hundred and fifty thousand tons a year, accounting for

35% of the total raw materials at the whole firm.

Both dairy and meat by-products and side streams are great sources for potential bioconversions (Lin
et al. 2013). Bioconversion technologies are varied from conventional techniques such as anaerobic
digestion and composting to more advanced, combined technologies, which can be used to produce
biofuels, biochemicals and various high value-added products in medicine and pharmaceutical
industry (Lin et al. 2013). Cheese whey is one typical by-product in the dairy sector that is a valuable
source for value-added products (Mirabella et al. 2014). Cheese whey is rich of compounds such as
lactic acid, carbon, peptides and proteins, which can, for instance, be derived to produce
supplements in diet food, aroma stabilizers, sweetener and confectionary products (Galanakis 2012,

2015). Meat by-products’ compounds such as protein, gelatine, fat, phosphates and collagen can be

% SMESs are firms with less than 100 employees - a definition by Confederation of Norwegian Enterprise NHO
(Prestegard and Sgrbye 2016).

® From the firm’s annual report 2016

*These resources are organic by-products or residues left from the major dairy production (e.g., cheese, milk,
yoghurt etc.), in other words, they are the remains from the traditional dairy production process.

> The firm’s annual report 2017



extracted through bioprocessing (Mirabella et al. 2014, Mullen et al. 2017). The enzymatic hydrolysis
of protein (hereby PEH) is a technology that works well for the dairy and meat by-products since they
are both protein-rich (Krasnoshtanova 2010, Morais et al. 2013, Spotti et al. 2017, Tavano 2013). For
example, protease enzymes encourage pre-digestion of the protein, allowing for the release of the
full content of the essential amino acids for building muscle and improving muscle recovery (Deaton

2018). Protein hydrolysates (or hydrolysed proteins) are the outcome products of this process.
4. Incumbent firms and the process of learning

4.1 Exploratory learning — recognizing and acquiring valuable external knowledge

The exploratory learning phase of ACAP sets out the types of knowledge firms seek and through what
channels. As for the two firms under study, the enzymatic hydrolysis of protein was a radical
innovation, given that the technology involved methods and materials that were novel to them (Hill
and Rothaermel 2003). Thus the first type of knowledge they needed to acquire was technical
knowledge — knowledge content. However, by-product valorisation was new business area to the
incumbents, where the prior knowledge from the main production did not play a significant role. In
this case, utilising research partnerships was the key (Powell et al. 1996). As noted by an interviewee

from the meat firm:

We have to develop knowledge and know what technologies to invest, to seek knowledge
outside at research institutes. [...] We don’t have a very large research department, so we are

very dependent on the collaboration with research institutes.

It turned out that collaborating with research institutes and other industries through R&D projects
was a crucial factor for the firms to acquire the needed knowledge. Table 1 summarized the meat
firm’s research projects on the enzymatic hydrolysis technology. The meat firm acknowledged the
enzymatic hydrolysis development from the Norwegian fish industry (Liaset and Espe 2008, Liaset et
al. 2000). It actively searched® for more knowledge in the field by participating in the projects that

involved this industry partner. As one employee of the meat firm remarked in one of the projects:

There is very much expertise, knowledge in this project [lll], not least it has been done a lot
of good work on fish, which | think we can translate in principle into meat. The meat, as it is

known, is very good protein, completely at the height of fish protein.

® Active searching means firms know in advance what they look for and try to find it (Patterson and Ambrosini
2015).
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The meat firm got in contact with the technology provider who worked with the fish industry and
had earlier developed a continuous flow processing technology. This technology had an advantage
over the batch processing technology in terms of time, costs and energy saving. Through the
collaborative projects, the meat firm investigated different enzymes and how these enzymes
functioned. Further, it also learned about various mechanisms of the hydrolysis process and how it
worked on different types of rest raw materials as well as desired outcome products. The table 1
showed a continuous, vigorous effort of the meat firm on studying the PEH technology since 2012. In
the project IV and VIl where the meat firm played the main role as a coordinator, it focused
intensively on examining the potential of chicken by-products that were generated at the firm’s

slaughterhouses in a great volume.

For incumbent firms, developing knowledge about new markets is also crucial (Chang et al. 2012, Roy
and Sarkar 2016). However, it was challenging to identify new high value-added niche markets for
valorised products since those markets were disparate from the traditional ones, which required
consumer awareness and willingness to purchase. Although the meat incumbent acknowledged a
great potential of protein hydrolysates for various uses and applications, it had to determine which
markets (both demographic and geographical) to enter by seeking insights from those market
players, such as marketing and distributing companies. It must study carefully health trends,
consumer need and preference. Apart from proteins for the pet food market, the firm found a great
potential of protein hydrolysates for human consumption market such as infants and baby food, the
elderly, and sports nutrition. The US sports market was one of the targets due to its large market size
(Heitner 2016). The incumbent’s criteria for choosing a market was a good business case with

profitability prospect, specifically:

We [the firm] can offer a product that is unique and stands out from alternatives, which

fulfils a need, and has a long-term competitive advantage. (Interviewee statement)

The dairy firm, whereas, started the process of investigating the enzymatic hydrolysis of protein
technology not so long ago in 2017, when it joined the same project with the meat firm (project VIl
in the Table 1). The firm acknowledged the potential of protein hydrolysates from whey, however, it
did not have an urgent need to examine this earlier as it produced and sold common whey protein
(protein concentrates) through drying technology. Like the meat firm, the dairy firm valued the

collaboration with the research environment, as one interviewee noted:

Working with external research institutes/ research partners is very important strategy for us

as [the firm] has a need to develop and expand its knowledge base. [The firm] cannot do

11



everything on its own as we do not have competences in all fields. By using research projects,

[the firm] can access and develop knowledge and insights from our cooperative network.

Research projects were a pivotal channel where the two firms ‘explored’ the knowledge about the
PEH and its potential for by-product valorisation. Research institutes and industry played a role as
key partners. The exploratory learning of ACAP lays down the importance of collaboration capability
in acquiring external knowledge for developing innovations through networks (Blomqvist and Levy

2006).
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Table 1. Overview of the meat firm’s research projects on the enzymatic hydrolysis of protein technology’

Project Time frame  The firm’s role Type of by-products, Current Knowledge base, Potential outcome(s)/ product(s) / market(s)
number in the project residues solution(s) Research path(s)
and/or market(s)
1 2012-2015  Partner By-products derived from Low value Increase the knowledge of enzymatic hydrolysis of residues from Potential markets for industrial utilisation of protein
animal (e.g. chicken bone) products markets animal and marine industries through the development of rapid hydrolysates
and marine industries screening techniques for controlling and monitoring of processes Reduced production wastes and increased the sales value
Stable quality protein hydrolysates require good control over the of by-products
raw material variation
1} 2012-2018  Partner By-products from meat NA Develop competitive enzyme technology and identify the right, Increased value creation in Norwegian bio-based industries
and marine production promising enzymes better suited for industrial use, such as enzymes A good bio-economy based on sustainable, environmental-
and other Norwegian using bioinformatics, protein engineering and gene shuffling-based friendly and profitable processes
biomass directed evolution. Considerable synergies of the blue and green sector
Develop high-value hydrolysates from protein-rich by-products
through enzymatic conversion technology
Screen and character ization of candidate enzymes, enzyme
engineering and larger-scale production for industrial trials
11l 2013-2017  Partner Rest raw materials from NA Develop novel sensor and automation technology, bioprocessing Novel automated quality differentiation and sorting
fish, chicken and technology concepts that increase resource utilisation of food loss and
vegetables Conversion of raw meat materials using enzymes to prepare protein reduce wastes
powder and oil Ingredient in various foodstuffs
v 2013-2017  Coordinator Chicken by-products (e.g. Meat meal Explore the potential of chicken bones as the base raw material to Novel food and feed ingredients as peptides with bioactive
chicken bone) production and produce liquid or dried peptide hydrolysate with high quality and properties with potential obesity-reducing effects
low-value feed high value application
applications Identify, characterize and quantitate processed peptides through
the process of enzymatic breakdown of protein
\' 2014-2017  Partner Low value side-streams, NA Develop a liquid biodegradable mulch films to control weeds in row Environmental-friendly substitute for herbicides, as well as
e.g. potato peel starch, crop production by using potato starch and hydrolyzed chicken for petroleum- based polymer mulch films
chicken feather feather Enhanced knowledge and competence in development and
characterization of films
\Y/] 2015-2023  Partner Biomass unsuitable for NA Develop protocols for converting biomass to hydrolysates for use in Production of novel feed ingredients for farm animals and
direct human yeast production by applying enzyme technology fish
consumption, e.g. wood, Innovative feed processing technology, conversion of national Contribution to the growth and value creation in the
seaweed and by-products bioresources into feed for farm animals and fish Norwegian aquaculture and agriculture industries
from slaughterhouses
Vil 2017-2019  Coordinator 12,000 tons of chicken by- Low value feed Convert low-value plus products into high-value ingredients and Protein hydrolysates for the sport/ fitness market, and the
products from mechanical ingredients foods for higher-paying markets by using enzymatic hydrolysis of elderly market
deboning process protein Development of new ingredients for functional food and
innovative food products for consumers
Vil 2017-2020  Partner Chicken carcasses from NA Use Fourier-transform infrared (FTIR) spectroscopy based rapid Efficient and high quality screening program for bioactive

poultry and whey from
dairy processing

screening with ligand fishing technologies for facilitated discovery of
antidiabetic peptides in protein hydrolysates
Screen and identify bioactive principles in protein hydrolysates

constituents in complex food product

’ Data collected in the period of 2016-2018 from the Research Council of Norway’s project bank; NA = no information available
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4.2 Transformative learning — assimilating acquired external knowledge

The transformative learning of ACAP enables firms to assimilate and transform valuable newly
explored knowledge via experimentation. Firms may be advantaged through early experimentation
by being able to undertake interdivisional transfer of technical knowledge (Miller et al. 2007). This
phase of ACAP is particularly important in the sense that the focus on R&D and knowledge
acquisition overlooks the process needed to assimilate and apply the acquired knowledge (Lane et al.

2006). As a participant of the meat firm in the project lll (see Table 1) confirmed:

Useful values are to take the knowledge that exists and the processes that have already been

developed in other contexts, transfer them and adapt them to our raw materials.

Through the research projects on PEH on a pilot/ lab scale, the meat firm tested different types of
enzymes on various rest raw materials, possible outcome products which respond to different
market needs such as baby food, nutrition for the elderly and sports nutrition. These pilot research
projects required a lot of testing and documenting to show that the end products worked with good

results. As one interviewee explained:

We have products from test or lab production, and we can show that this is what we are
expecting to produce. We analyse [...] and find out if the application has effect in the body
[...] for example, metabolism. [...] We [also need] to find add-on value on this product

compared to other products in the market.

The transformative learning process of the dairy firm, however, was got under way, considered by
the fact that it began to look into the enzymatic hydrolysis not that long ago. Since whey was the
most abundant rest raw material of the firm, it was natural that it started experimenting with this by-
product in the first research project on enzymatic hydrolysis (project VIl in Table 1). This project was

launched in 2017, thus it would take some time before the firm got any pilot results.
4.3 Exploitative learning — applying assimilated external knowledge

The exploitative learning phase emphasizes firms’ ability to convert the assimilated knowledge into
new products and services (Cohen and Levinthal 1990). To do so, firms must mobilise necessary
resources. After the intensive transformative learning process about the enzymatic hydrolysis, the
meat firm made an important decision: to invest in this technology to produce protein hydrolysates
on an industrial scale. Nevertheless, the mobilisation of financial resources, especially the risk capital,

was troublesome. As noted by an interviewee:
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To develop and implement new innovative processes, technologies and applications takes
time, [...] is risky and requires a lot of resources — it requires ‘big muscles’. Even big
companies as ours have low margins and limited access to funding for taking the lead on
innovations. [...] More funding and access to risk capital will contribute to increase

innovation.

Furthermore, raising funds for internal R&D projects was difficult as the valorisation department had
to compete with others in the same firm to get a funding approval. The decision to invest in an
enzymatic hydrolysis plant was only made after the meat firm had received some public funding and
successfully invited a partner to share the financial burden and to reduce risks (Strgm-Andersen and
Tartiu 2018). The enzymatic hydrolysis project bore a new joint venture firm between the meat firm
and its partner. This partner, interestingly, had the same organizational structure (i.e. cooperatively
owned) as the meat firm. It was also a large firm selling feed ingredients. The plant was built in 2017
and expected to launch final products on the market early 2019. In addition to the importance of
capital resources mobilisation, the meat firm also invested in its human capital by hiring more people

for the research team on the by-product valorisation, as it recognized the great potential of this field.

As for the dairy firm, it was still in an early stage of investigating and learning more about the

enzymatic hydrolysis. Thus, it decided:

We [the firm] follow what happens in other countries, what are published and
communicated at seminars and conferences and so on. So we follow the development of the
field. [..] We wait and see. [If] the documentations are better, we should use them.

(Interviewee statement)

‘Wait and see’ did not mean the firm was static. However, it invested in human capital by increasing
personnel in the by-product valorisation department in order to be able to examine the potential of
this technology in particular and other potential technologies and possibilities for utilising its rich by-

product resources.

5. Discussion

5.1 Absorptive capacity and firms’ strategies

Through the lens of the 3-stage learning of ACAP process — exploratory, transformative and
exploitative learning, the paper discusses three important areas of firms’ strategies: knowledge
development, entrepreneurial experimentation and resource mobilisation in relation to the two case

studies:
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Knowledge development. In the modern economy, knowledge is considered as the most
fundamental resource and learning is the most important process (Lundvall and Johnson
1994). Knowledge and learning are intertwined where knowledge development involves the
learning process. Knowledge development is prerequisite for innovation systems, which is
placed at the centre of an innovation system (Bergek et al. 2008). Firms learn and develop
knowledge through ‘learning by search’ (Hekkert et al. 2007, 422). Firms involve in the
development or diffusion of new technologies by incorporating novel knowledge into their
activities; in order to do so, they must have absorptive capacity (Cohen and Levinthal 1990).
Both firms under study built up their knowledge base through an exploratory learning. This
absorptive capacity allowed the firms to explore potential knowledge from different learning
channels, especially through a research collaboration with research institutes. Further, the
knowledge and experience across industries for this specific technology — the enzymatic
hydrolysis, i.e. from the Norwegian fish industry, seemed to play a significant role in the
knowledge acquisition of the two food firms under study. The meat firm first acknowledged
about the enzymatic hydrolysis of protein process from the Norwegian fish industry 20 years
ago. But, it only started the exploratory process by involving in an enzymatic hydrolysis
research project for the first time in 2012 (project | in Table 1). The firm constantly developed
its knowledge base of this technology by actively participating in a number of research
projects. The dairy firm, however, started to explore the technology by engaging in a
research project in 2017, although it had earlier acknowledged the potential of protein

hydrolysates from its Danish partner who produced hydrolysed proteins in a large scale.

Entrepreneurial experimentation. Knowledge needs to be tested and turned into concrete
actions via entrepreneurial experimentation. Entrepreneurial experimentation is ‘the main
source of uncertainty® reduction’ (Bergek et al. 2008, 415), which suggests possible results
coming from trials and failures. Entrepreneurs are not only new entrants but also incumbent
companies who diversify their business strategy to take advantage of new developments
(Hekkert et al. 2007), which is the case of the firms under study. Experimentation in the form
of learning by doing and learning by using is vital for innovation to thrive (Carlsson and
Stankiewicz 1991, Dosi 1988). The transformative learning of ACAP allowed the meat firm to
experiment on the technology by testing different enzymes with different by-product types.
Good results from the pilot projects provided the meat firm with solid foundation for further

developing the enzymatic hydrolysis of protein technology. The dairy firm, nonetheless, was

® This uncertainty is a fundamental feature of technological and industrial development (Hekkert et al. 2007)
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still in an early phase of knowledge development of the technology, thus it did not come far

in experimenting the technology.

Resource mobilisation. For a specific technology, the allocation of sufficient resources is
indispensable to make knowledge exploitation possible (Hekkert et al. 2007). Resources are
human, financial capital and complementary assets such as complementary services,
products and network infrastructure (Bergek et al. 2008). Among them, financial
commitment is one of the most important resources, acting as a necessary condition of
innovative enterprises (Lazonick and Prencipe 2005). Resources are important input for the
knowledge development (about a specific technology) and entrepreneurial experimentation
to allow testing of new technologies in niche experiments (Hekkert et al. 2007). The
exploitative learning of ACAP required the firms’ dedication to turn the transformed external
knowledge into commercial outputs by mobilising necessary resources. Resources are
needed in any phase of the ACAP process; however, it is more decisive at the exploitative
phase, especially the financial capital, as shown in the case of the meat firm. The firm needed
a large amount of money to realize the enzymatic hydrolysis of protein project: build a plant
and prepare for production in an industrial scale. Mobilising resources from the partner and
public funding. The dairy firm devoted its human capital to explore the technology and other

technological possibilities in the valorisation field.

The analysis showed that the two firms practised different strategies in regard to the enzymatic
hydrolysis of protein technology. The meat firm was ahead and seemed to be more decisive and
active in knowledge development (by acquiring needed technical knowledge through a number of
collaborative research projects via the exploratory learning), in entrepreneurial experimentation (by
doing several pilot projects to transform the acquired knowledge via the transformative learning)
and resource mobilisation (by mobilising both financial and human capital to exploit the assimilated
and transformed knowledge via the exploitative learning). The dairy firm, however, was in an early
stage of exploring the technology and investing in human capital to investigate the potential of the

technology. The findings of the paper are illustrated in Fig. 1.

A possible explanation for the difference in innovation strategies of the two firms might lie in the by-
product characteristics and external factors such as demand, price fluctuations and competitiveness.
Animal by-products with inherent properties are more challenging to handle and face stricter
regulations of how they should be treated®. Furthermore, the meat firm used to sell its rest raw

materials to the international market, however; when this market experienced sharp decline and

% http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009R1069
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fluctuations (see Strem-Andersen and Tartiu 2018 for more details), the meat firm must find other
solutions. The dairy firm used to sell whey as common whey proteins (whey concentrates), despite
the acknowledgement of the potential of whey hydrolysates as higher value-added products. The
study showed that the meat firm was more resolute in investing and creating its ACAP than the dairy
firm to develop this particular technology. Thus, it created a certain competitive advantage over the

dairy firm as a result.

Our understanding of how ACAP exerts its influence on innovation and competitive advantage, and is
subsequently transformed in terms of individual action and interaction that is embedded in an
organizational context is restricted (Volberda et al. 2010, Watts and Hamilton 2013). The analysis of
this paper provided an empirical evidence on this link through the processing of organizational
learning, i.e. exploratory, transformative and exploitative, relating to knowledge development,
entrepreneurial experimentation and resource mobilisation strategies of the firms. More specifically,
the outcome of innovation of the meat firm was product innovation, i.e. protein hydrolysates in
various forms. The meat firm expected to launch the products on the market in 2019. The link is
presented by continuous arrows in Fig. 1. However, the dairy firm was still in an early process of
searching and investigating the technology, the direct innovation outcome was not yet visible, which
is presented by discontinuous arrows in Fig. 1. Thus, the paper sets out the importance of developing

absorptive capacity for innovation, value creation and competitive advantage.

Several researches lay stress on incumbent firms’ ability to combine existing, internal knowledge with
externally acquired knowledge to create new sources of knowledge or to develop innovations
(Bergek et al. 2013, Salvato 2003, Verona and Ravasi 2003, Woiceshyn and Daellenbach 2005).
However, given the by-product valorisation was a new business area to the incumbents under study,
prior knowledge seems not sufficient. In addition to the novelty of the technical knowledge, the
protein ingredient market was absolutely new to them where they could not use the traditional
market channels. When a firm wishes to expand into new industry or market in which it already has
considerable relevant knowledge, the firm may be able to do so independently (Lane et al. 2006).
However, when a firm lacks sufficient relevant prior knowledge and wishes to acquire and use
knowledge that is unrelated to its ongoing activity, then the firm must dedicate effort exclusively to
creating absorptive capacity (Cohen and Levinthal 1990), which are the case of the firms under study.
To meet this challenge, they have to engage in knowledge search and extended experimentation as a

basis for building in-house knowledge.

The analysis notes the importance of intra-organizational aspects, i.e. firms’ motivation and ability to

acquire external knowledge and transform it into innovations by mobilising necessary resources. Roy

18



and Sarkar (2016) posit that technological knowledge is likely to be more beneficial than market
knowledge for responding to radical technological changes. However, this study finds that both
sources of knowledge are equally important. The study supports the findings of Hansen and Coenen
(2017) that learning about new markets for new bioproducts is vital, but not enough to ensure
resource mobilisation. To unlock investment capital, firms must secure demand. By establishing a

joint venture, the meat firm was assured by suppling protein feed ingredients to its partner.

Intra- and inter-organizational aspects cannot be separated (Volberda et al. 2010). This study shows
such a close interlink through the analysis of ACAP in relation to firms’ knowledge development,
entrepreneurial experimentation and resource mobilisation. The ACAP model is not an inward
looking process; rather, it should be connected to external organizations (Patterson and Ambrosini
2015). This argument notes the significance of utilising research collaboration (Goes and Park 1997,
Steensma and Corley 2000), especially in the process of knowledge development and entrepreneurial
experimentation, where both firms acknowledged. Research collaboration is particularly important in
the context of dynamic environments where the expansion and complexity of knowledge increase
rapidly, making it more difficult for a single firm to capture and capitalize on all relevant knowledge

(Lane et al. 2006).

19



Entrepreneurial
experimentation

Entrepreneurial

experimentation

’
v
""""" pima l' 2 g T 1}
1 1 ; . 1 1 1 \
! 1 Assimi ! 1 Apply " 1R ! 1 Assimi ! 1 Apply 1 '
1 and 1 1 valuable 1 1assimiliated 1 Outcomes 1 and i 1 valuable 1 1assimiliated | 1 Outcomes
1 understand ! 1 external ! 1 external ! 1 understand ! 1 external ! 1 external ! 1
1 new L——»! knowledge I—)l knowledge ! Innovation 1 new L.l knowledge l.....3w! knowledge ! [=ereesessesunel ] Innovation
Knowled ! external ! I (trans- ! (exploitative ! Competitive advantage Knowlsd I external ! 1 (trans- ! ! (exploitative ' ! Competitive advantage
dec:lvt; emg:t ! knowledge ' I formative ' ! leaming) ' Valucoreation dec:r; emg:t ! knowledge ' I formative ! leaming) ! ! Valae oreation
2 ! exploratory | ! leaming) | ! : P !exploratory | ! leaming) | ! ! :
; learning) | ] i i i : learning) | ] ' ; I '
S e 7 R ' N ‘ ' ‘ '
]
\ / 1
\ K |
Resource Resource
mobilization mobilization
The case of the meat firm The case of the dairy firm
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5.2 The role of public policy

Apart from a common intention to analyse the underlying processes of technology development, a
major motivation of technological innovation studies is to inform policymaking (Markard et al. 2015,
Markard and Truffer 2008). There are several issues the paper draws attention of policymakers

through the actor-oriented analysis of the incumbent firms in the Norwegian food industry.

Despite the environmental and economic potential of organic by-product valorisation, it is a new
business area where the incumbents have a little prior knowledge (in comparison to the mainstream
production), which results in firms’ hesitance to invest. In addition, costly investment in new
technologies and machineries as well as challenges in building new knowledge base can be barriers.
Most importantly, the lack of funding creates a chasm between research and industrialisation. As

noted by one interviewee of the meat firm:

More funding and access to risk capital will contribute to increase innovation. We need more
funding to reduce the gap between science and industry so that science creates new

industry, for example, good funding to develop a pilot to industrial scale.

Besides the lack of funding to scale up pilot researches, the meat firm faced a challenge of finding

technology vendor who could provide needed equipment and machineries to an industrial scale:

It is a challenge that in the research project you don’t have the one [technology vendor]
actually can be able to develop it from the pilot to the industrial scale. [...] maybe have to

bring more of the industries' innovation networks or something. (Interviewee statement)

Unlike well-established businesses, the infrastructures and networks of the valorisation area has not

yet developed. This results in more challenges for firms to develop innovations.

Lastly, since the valorisation was a new field, the firms needed regulative and legislative guidance,
especially about animal by-products. To enter a new market, the firms had to prepare numerous

documentation to meet the approval:

The regulation can be immature or not yet developed on new areas when it comes to new
bioprocesses and new ingredients. It is difficult to get clarifications and help from Mattilsynet
(Norwegian Food Safety Authority). [...] We also need someone to advise us when it comes
to legislation and approvals when entering new international markets with new products.

(Interviewee statement)
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Since there are strict regulations concerning animal by-products, the meat firm needs to seek for
support in guidance of, e.g. how the by-products can be used in new applications, what is allowed
and what is not. However, it takes time to develop legislation, which sometimes slows down the
business development process. By responding to the firm’ needs, i.e. providing good and timely
support and sufficient policies, the authority can help firms cope with such challenges and might

push the transition process faster forward.

Further, these issues necessitate an attention of public policies in strengthening some of the system’s
weaknesses, especially the resource mobilisation. In addition, networks may fail to aid new

technology simply because of poor connectivity between actors (Bergek et al. 2008).

6. Conclusions and implications

The promotion of bioeconomy sets out the significance of utilising all bio-based resources(Bugge et
al. 2016)(Bugge et al. 2016), which requires an involvement of all actors throughout the economy in
order to transform our world for sustainable development (United Nations 2015). In this sense, this
study points out to the active engagement of Norwegian food processing firms in valorising their by-

product resources. In view of this, the contribution of the paper is twofold:

In regard to the transition studies, the paper contributes to the understudied topic of the role of
incumbents in transition processes (Geels 2014), especially firms in a low-tech sector like the food
industry. Despite the fact that actors are given the key role in innovation system, empirical findings
have made little effort to investigate the influence of strategic decisions of particular actors on
system transformations (Markard and Truffer 2008). This paper sheds light on how the incumbent
firms (with the same organizational structure) exercised different strategies for the by-product
valorisation, and how this helps to move forward the development of this particular technology and
its innovation system dynamics. Moreover, the paper highlights some of the system’s weaknesses in

resources mobilisation and networks that might hamper the technology development.

In respect of the management literature, the study notes the link of two intra-organizational aspects:
organizational strategies and organizational learning, and how the relationship affect the outcome of
innovation and competitive advantage. Additionally, the paper provides an empirical evidence of the
interaction of intra- and inter-organizational aspects (Volberda et al. 2010) in a non R&D context, in
which the firms interact with its network to develop the knowledge base through an organizational
learning process. Further, the study sheds light on firms’ decision processes on investing in
absorptive capacity (Cohen and Levinthal 1990) and presents evidence that investment is responsive

to the need to develop this capability.
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The study draws attention of policymakers to incumbent firms in the transition towards a sustainable
bioeconomy on three aspects: (i) support public funding to reduce the gap between R&D and
commercialisation, (ii) create a common platform and network to connect actors, and (iii) provide
timely new policies, new supportive guidance and regulations. These issues are particularly
important especially in the early phase of the transition process, given the fact that the valorisation is

a hew business area to the firms.

This study zooms in examining actors — two incumbent firms in the Norwegian food industry in
respect of the enzymatic hydrolysis of protein. Transition studies might benefit of future researches
looking into others structural components of the technology, i.e. networks and institutions to have a
better, overall understanding of this particular technological innovation system. Further, more
qualitative research studies needed to uncover various underlying processes of technological
developments towards sustainable innovations in the context of bioeconomy. Such analyses will
provide a means to more informed, deliberate and effective processes of system and regime

transformation.
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