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ABSTRACT 

 

Purpose:  The purpose of this study is to develop our understanding of Open Innovation, Innovation 

Intermediaries, the Triple-Helix model, the National System of Innovation model, establishing a link 

between the concepts within a new and emerging context.  

Design/Methodology/Approach:  This study adopted a Critical Realism philosophy.  Following a case 

study methodology, this study analysed the High-Value Manufacturing CATAPULT and the Offshore 

Renewable Energy CATAPULT as ‘observable events’.  Data was collected using a qualitative approach, 

in accordance with a concrete research design (Sayer, 1992), with data emerging from semi-structured 

interviews and was supported by the analysis of documentation.  Thematic techniques were employed in 

the analysis of this data, following a retroductive strategy. 

Findings: This study establishes a clear link between the concepts of Open Innovation, Innovation 

Intermediaries, the Triple-Helix model, and the National System of Innovation model.  In doing so, the 

findings of this study broaden the conceptualisation of Open Innovation.  Recognising a wider range of 

resources that permeate organisational boundaries during this process and expanding beyond a 

conceptualisation based on ‘knowledge’ exclusively.  The case study organisations (High-Value 

Manufacturing Catapult and Offshore Renewable Energy Catapult) are then shown to operate within a 

‘sectoral’ system of innovation, which in turn is part of a larger ‘national’ system of innovation.  With 

the primary ‘underlying mechanism’ of these ‘observable events’ being that of triple-helix interaction 

(i.e., interaction between industry, academia, and government).  This mode of interaction is shown to be 

structured in a way which is consistent with the empirical model proposed by Nakwa and Zawdie (2012).   

However, the roles that innovation intermediaries play in facilitating this interaction are shown to differ 

from those originally proposed.   Organisations from these spheres instead adopt revised roles in 

comparison to the traditional roles associated with firms.  Towards the end of the study, the findings 

illustrate that there are several factors underlying the outcomes of the open innovation activity within 

this system of interaction (e.g., underlying mechanisms of OI), and in doing so, positions Open 

Innovation as an ‘underlying mechanism’ of triple-helix interaction.   Finally, the study attempts to 

synthesise all the observed ‘real’ events and the ‘underlying mechanisms’ discussed as part of this study, 

presenting the findings in an empirical model which demonstrates the complex nature of interaction of 

‘observable events’ and the ‘underlying mechanisms’ discussed. 

Research Limitations:  There were only a limited number of case studies that were worthy of 

investigation.  At the time of publication only 9 CATAPULT centres were in existence.  This had a 

notable impact on the study, primarily regarding the limited sample size of respondents that were at the 

necessary managerial level to contribute to the outcomes of this study.  Consequently, this study was 

unable to substantiate previous research on all the outcome factors, during the empirical investigation. 

There was also weakness in the research design, in terms of its longitudinal limitations.  
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Originality/Value:  This research provides unique insights into our theoretical understanding of Open 

Innovation, Intermediaries, the Triple-Helix model, and the National System of Innovation model.  The 

study develops an empirical model demonstrating how previously siloed concepts overlap, to form a 

combined model and adopts a novel methodological approach (Critical Realism).  The study also 

increases understanding for/supports policymakers in the design of systems for supporting innovation 

within the UK.  Empowering managers within innovation intermediaries by highlighting several 

organizational, network and individual level factors influencing the outcome of projects displaying 

similar characteristics. 
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2 Introduction 

2.1 Motivation for the Research 

Through my undergraduate and postgraduate taught course, a growing awareness of 

how societal shifts were supporting more ‘open’ forms of collaboration between 

individuals, teams and organizations resulted in an interest in the research on ‘Open 

Innovation’.  Consequently, Open Innovation became the research topic of my 

dissertations for the MA (Hons) in Management and for the MRes in Research 

Methods, both obtained at Heriot-Watt University.  These dissertations, on ‘Open 

Innovation and Open Business Models in the Confectionery Industry: Creating and 

Capturing Value in the Development of Packaging for Thornton’s PLC’ and ‘Open 

Innovation in the Third Sector:  A Case Study Analysis of the Youth Hostels 

Association’ highlighted the vast number of contexts and theoretical extensions yet to 

be explored, analysed and discussed. Coupled with the lack of synthesis between 

research on Open Innovation and research on different but related streams (e.g. alternate 

innovation models, knowledge transfer, collaborative R&D, intermediary organisations 

and research regarding supporting Innovation through government policy) it quickly 

became apparent that there was considerable scope for further research.  Then, 

following the completion of my MA (Hons) in Management I was fortunate enough to 

be offered a scholarship at Heriot-Watt University, supporting the completion of a PhD 

in my chosen area - which I accepted at the earliest opportunity.  However, after several 

failed attempts to finalise both research topics and research contexts for my research I 

started to become frustrated with my lack of progress. I then attended a conference 

called ‘Innovate UK’ in London.  Here, I was introduced to CATAPULT centres for 

the first time. Through the course of the conference it became apparent that the 

CATAPULT centres could provide a ‘unique’ context that would highlight the 

interconnected nature of some of the concepts/theories outlined in Chapters 2 and 3.  

Thus upon returning to Heriot-Watt University I begun the process of developing this 

thesis. 
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2.2 Research Scope 

In 2011, the UK coalition government set out its revised innovation and research policy, 

putting it at the heart of their growth agenda.  Based upon an assumption that innovation 

stimulates growth and that the UK holds a competitive advantage with its knowledge 

base, their revised innovation policy focused on (UK Department for Business 

Innovation and Skills, 2011): 

• The funding of fundamental science and research, science capital 

projects, and e-infrastructure: through a £4.6bn science and research 

program fund. 

• The development of links between higher education and business: by 

developing an elite network of technology and innovation centres 

(CATAPULT centres), by supporting the development of multi-partner 

collaborations and clusters, and through the implementation of an 

innovation voucher scheme for small and medium sized enterprises 

(SMEs), working with Higher Education Institutions (HEIs) for the first 

time. 

• The transformation of the financial levers supporting innovation: 

increasing the R&D tax credit, providing the Technology Strategy Board 

with additional funding to support small businesses in developing 

innovative, technology-based products and services, and co-operating 

with the National Endowment for Science, Technology and the Arts 

(NESTA) in order to develop a prize centre for innovation around 

specific challenges. 

• The support of the key industries of the future; identifying life sciences, 

particularly the pharmaceutical and biotechnology sectors, high-value 

manufacturing sectors such as space technology, nanotechnologies, 

digital technologies, and creative industries such as music and the arts. 

• The development of open-data initiatives, public procurement and 

intellectual property law; increasing access to public data and 

knowledge, accepting the review of intellectual property rules and 
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regulations by professor Ian Hargreaves, and through the creation of an 

open data institute. 

CATAPULT centres emerged from this revised innovation agenda and are "a series of 

technology and innovation centres for the UK", backed by over £1bn worth of funding 

from both the public and private sectors (Andersen & Le Blanc, 2013). At the 

commencement of this study in 2013 there were seven centres in: Cell Therapy, the 

Connected Digital Economy, Future Cities, High Value Manufacturing, Offshore 

Renewable Energy, Satellite Applications and Transport Systems.  In 2015, two further 

centres were commissioned in Energy Systems and Precision Medicine.  In 2016, a 

tenth centre opened in Compound Semiconductor Applications. According to Andersen 

& Le Blanc (2013), CATAPULT centres aim to contribute to the delivery of national 

research and innovation policies for growth though operating at a critical mass of 

activity, people, and competencies.  Designed to act as enablers in the transfer of 

knowledge, resources, IP, and skills, between the private, public, educational and 

political sectors, all whilst providing an element of financial stability through a 

diversified funding strategy, CATAPULT centres also have several secondary 

objectives.  Headlined by closing the gap between concept and commercialisation, these 

include: "enhancing business access to cutting-edge technology, reaching into the 

research base for world leading science and engineering, undertaking collaborative 

applied research projects with business, undertaking contract research for business, 

strongly business focused with a highly professional delivery ethos, creating a critical 

mass of activity between business and research institutions [and] providing skills 

development at all levels" (Hauser, 2014, p7). 

However, CATAPULT centres remain under-researched within the academic literature 

and given their rise in prominence require further investigation. Consequently, this 

research focuses on the concepts of Open Innovation, Innovation Intermediaries, the 

Triple-Helix model and the National System of Innovation model within this context, 

providing an interesting lens with which to address the theoretical gap(s) presented 

within Chapters 2 and 3.  
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2.3 Research Aims and Objectives 

Based upon an identified gap in theoretical knowledge the overall aim of this thesis is 

to develop our understanding of Open Innovation, Innovation Intermediaries, the 

Triple-Helix model, the National System of Innovation model, establishing whether a 

link can be found between the concepts within a new and emerging context.  

To achieve this aim there are several objectives.  These are; 

• To develop a conceptual framework synthesizing research on Open Innovation, 

Intermediaries, the Triple-Helix model, the National System of Innovation 

model 

• To empirically investigate the activities of the Offshore Renewable Energy 

(ORE) CATAPULT and the High-Value Manufacturing (HVM) CATAPULT 

noting the impact on our understanding on these concepts. 

• To empirically investigate the role and impact of the ORE and HVM 

CATAPULT centres on innovation within their industries. 

• To empirically investigate the factors supporting and inhibiting innovation 

projects 

• To validate or amend the conceptual framework enabling us to better understand 

how innovation is supported by intermediary organisations, utilizing ‘open’ 

innovation to facilitate interaction between organisations from academia, 

government, and industry within a national system of innovation. 

 

The following research questions were formulated to achieve the aims requiring 

empirical investigation, and to support the validation and/or amendment of the 

conceptual framework developed via literature review. 

 

1. How do CATAPULT centres support and facilitate innovation? 

2. What roles are the OREC and HVMC and connected organisations playing 

within this system of innovation? 

3. What are the key factors influencing the outcome of projects involving the OREC 

and HVMC? 
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2.4 Research Contribution 

One of the key motivating factors behind the commencement of this study was to not 

only highlight how our findings impact our understanding of the theory behind 

innovation, but also to highlight the practical implications of this empirical 

investigation.  Doing so, will allow both managers and policymakers to better help the 

facilitation of innovation with the UK national system of innovation.  Several potential 

contributions of this research have been considered.  They can be divided into 

theoretical, methodological, and practical contributions. 

2.4.1 The Potential Theoretical Contribution 

The potential theoretical contribution of this research can be summarised as follows: 

• This research is expected to provide a greater theoretical understanding of Open 

Innovation, Intermediaries, the Triple-Helix model, and the National System of 

Innovation model.  

• This research is expected to develop an empirical model demonstrating how 

these concepts overlap to form a combined model. 

• This research provides a unique perspective on Open Innovation, 

Intermediaries, the Triple-Helix model, and the National System of Innovation 

within CATAPULT centres from the UK.	

2.4.2 The Potential Methodological Contribution 

• Adopts a novel methodological approach in studying Open Innovation, 

Intermediaries, the Triple-Helix model, and the National System of Innovation 

model by obtaining data from individuals working for, or with CATAPULT 

centres, and using supporting documentation. 	

• Adopts and provides insights on a Critical Realism approach to conducting 

research in the field of Innovation Management. 	

2.4.3 The Potential Practical Contribution 

• This research is expected to provide an increased understanding of Open 

Innovation, Intermediaries, the Triple-Helix model, and the National System of 

Innovation model within UK CATAPULT centres for policymakers.	
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• This research is expected to develop an empirical model that increases 

understanding and supports policymakers in the design of systems for 

supporting innovation within the UK.	

• This research is expected to support managers within the CATAPULT centres 

by highlighting several organizational, network and individual level factors 

influencing the outcome of projects displaying the characteristics displayed 

here. 	

2.5 Thesis Structure 

The thesis consists of 10 chapters organised as follows.  

The first chapter provides a background for the research. It presents the research 

motivation, gap in theoretical knowledge, aim and objectives, the potential 

contribution, and the scope of this study. 

The second chapter provides an overview of the Open Innovation literature.  It 

addresses the background behind the formulation of the Open Innovation concept and 

the nature of the concept.  It also addresses factors influencing innovation projects 

identified in previous literature from within the Innovation Management literature. 

The third chapter addresses the National Systems of Innovation literature and 

literature regarding the Triple-Helix model.    It discusses the importance of National 

Innovation systems and provides an overview of the concept.  In doing so, it addresses 

research regarding the function, the effectiveness, and the structure of such systems, 

highlighting the importance of context and the effect of/need to support Open 

Innovation within these systems.   

This chapter also highlights an alternative view to National Systems of Innovation, the 

Triple-Helix Model.  This section discusses the nature of the Triple-Helix model and 

the ongoing discussion on the debate between the Tripe-Helix model and the National 

Systems of Innovation model.  It then introduces the Innovation Intermediary concept, 

a revision to the original Triple-Helix model. 

Finally, this chapter summarises the identified research gap and presents a conceptual 

framework from the literature presented. 
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The fourth chapter presents the research philosophy and methodology.  The adoption 

of a Critical Realism orientation is highlighted as the underlying philosophy of this 

research. The implications of the choice of this philosophy on the choice of methods 

are then outlined.  In doing so, this chapter highlights the use of qualitative methods 

based on a comparative case study approach.  This chapter provides details on the data 

collection process, and choice of a retroductive approach for data reduction and 

analysis. 

The fifth and sixth chapters presents case study analyses of the ORE CATAPULT 

and the HVM CATAPULT.  It presents an analysis based upon the responses of the 

interviewees and information gathered through available documentation. Three central 

themes emerge: (i) regarding the activities of the ORE CATAPULT; (ii) regarding how 

these activities address market failures around different types of resources: funding; 

skills, knowledge, and ideas; equipment, and data; (iii) the factors impacting the success 

(outcome) of projects. 

The seventh chapter discusses the case study analysis of the OREC and HVMC, 

framing in the context of the literature on Open Innovation, National Systems of 

Innovation, the Triple-Helix model, and Innovation Intermediaries.  An empirical 

model is developed synthesizing these concepts and highlighting the roles of 

organisations within this system and the factors influencing the outcome of projects 

within this system. 

The eighth chapter addresses the research objectives and the potential contributions to 

knowledge, summarising the contribution of this thesis to theory, methodology and 

practice.  The final part of this thesis introduces the research limitations and directions 

for future research. 

The ninth chapter outlines the references used within this study.  These are presented 

using the Harvard format, in line with the requirements of the doctoral submission 

process at Heriot-Watt University 

The tenth chapter includes all the supporting appendices. 
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3 Open Innovation 

3.1 Chapter Introduction 

This chapter will review the current state of the literature on the concept known as Open 

Innovation.  It will begin by explaining the background behind the development of the 

concept.  After highlighting the links that the concept has with other research areas 

within the Innovation Management literature, this chapter will also explain how 

previous research has highlighted that firms are moving from a ‘closed’ model of 

innovation to a more ‘open’ one.   This chapter will then discuss current issues 

addressed within the Open Innovation literature, presenting the areas that are well 

researched and the areas that need further consideration.  Important schisms and areas 

of contention within the literature will be examined, before moving onto a deeper 

analysis of the theoretical roots of the concept.   

Having moved onto an analysis of the theory of Open Innovation, this section will then 

highlight the theoretical underpinnings of ‘Open’ and ‘Closed’ innovation, outlining 

the different processes that are involved, and their relationship with the concept of 

value.  Having done so, the chapter will then focus on the antecedent and success 

(outcome) factors of Open Innovation.  Here, key articles and typologies will be 

presented highlighting literature that emphasises several key factors. These factors will 

then be presented in a conceptual model under headings developed from these key 

articles and typologies. 

3.2 The Background Behind the Formation of the Open Innovation 

Concept 

Bar in areas where the industry structure mandates active technology transactions (e.g., 

chemicals), the traditional notion of industrial firm activity is one in which new 

technologies are developed in-house, limiting interaction with outside firms 

(Lichtenthaler, 2011). Yet in the current global marketplace organisations from a 

variety of settings are increasingly seeking to gain a competitive advantage by 

capitalising on resources that are beyond the boundary of the firm (Chesbrough, 2003; 

Lichtenthaler, 2011; Tödtling et al., 2011; Abuhamad & Shaltoni, 2013; West and 

Bogers, 2014; Brunswicker and Vanhaverbeke, 2015; Greco, Grimaldi, and Cricelli, 
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2016).  This is being driven by changes in the global social and economic background 

prompting developments in the wider innovation environment (Huizingh, 2011).  

Individual forces such as globalisation, improved market institutions, and the rise of 

new technologies in communications have acted as catalysts for the apparent 

acceleration of such change over recent years (Chesbrough, 2003; Huizingh, 2011).  

Whether it is through the sourcing and leveraging of geographically disperse scientific 

knowledge (Huston & Sakkab, 2006), the development of strategic partnerships around 

specific areas of expertise (Minshall & Mortara, 2011; Roper & Hewitt-Dundas, 2013), 

or even through the utilisation of user communities for new product ideas and 

innovations (Antorini & Muñiz Jr., 2013; Gobble, 2013), there have been a variety of 

different examples presented within the academic and practitioner literature that 

showcase how firms have begun to successfully exploit external knowledge in order to 

generate and capture value. 

This profound change from the previous closed model of innovation resulted in 

Chesbrough (2003) coining the term Open Innovation, which has now become the de 

facto term for activity which involves the innovation process of organisations 

interacting with their external environment through exploring, exploiting, and 

expanding knowledge (Lichtenthaler, 2011). The amount of Open Innovation research 

so far has been substantial, at the time of writing a simple keyword search of the 

ELSEVIER's ScienceDirect journal database resulted in over 160,000 articles linked to 

Open Innovation.  According to Chesbrough and Crowder (2006) this has been driven 

by many papers highlighting how employing ‘Open’ Innovation has provided 

substantial benefits for individual organisations leading to a desire amongst academics 

and practitioners to understand the concept in greater detail.  

The Open Innovation concept also benefits from aligning closely with many theories 

and concepts that are related to open and connected models of innovation.  For example, 

many of the advantages highlighted in research on strategic networks, 

interorganisational networks, and collaborative product development are also 

applicable to Open Innovation with the findings of authors from other research fields.  

With authors such as Büyüközkan and Arsenyan (2012), Tidd (1995) and Zaheer et al., 

(2000) tending to mirror what is being seen in more recent Open Innovation research.  

These authors highlight a range of topics that are synonymous with Open Innovation.  
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For example, they highlight how strategic networks allow firms to achieve strategic 

objectives they otherwise would not be able to.  Along with how the presence of 

networks and collaboration helps to facilitate the development of complex products and 

services. 

It is fair to say that publications on Open Innovation related areas have also risen rapidly 

in large part due to the catch-all nature of the concept, which in turn has led to various 

opportunities for development in areas such as application, measurement, and support.  

In truth by assigning a single label to a multitude of academic concepts Open Innovation 

has often become an umbrella term, coinciding with a booming interest in outsourcing, 

networks, collaboration, technology, and the internet (Huizingh, 2011). Topics such as 

collaborative product development, cross-industry partnerships, inter-organisational 

innovation, strategic networks, value networks, strategic alliances and joint ventures, 

virtual organizations, strategic licensing, and crowdsourcing all relate closely to Open 

Innovation.  However, it is in concepts such as innovation networks, technology 

transfer, and knowledge management where we see perhaps the strongest and most 

notable link with Open Innovation literature as it stands today.  Indeed, throughout the 

literature discussion, Open Innovation often overlaps with other concepts, and 

consequently, in some areas, it has been suggested that this, coupled with the notion 

that there has always been an appreciation of the need for organisations to have external 

linkages, means that Open Innovation simply represents a repackaging of accepted 

theory, or more eloquently, that it is simply 'old wine in new bottles'. (Trott & 

Hartmann, 2009). There is some merit to this proposition. For example, in the network 

theories of innovation published in the 1980s and the 1990s there was a common 

acceptance that organisations should be viewed as having semi-permeable membranes 

that allow knowledge and resources to pass through them (Rothwell & Zegveld, 1985), 

whilst organisations as far back as the 19th century have displayed open approaches to 

innovation.   

Edison's Innovation Factory collaborated with externally based scientists, engineers, 

financiers, and people in marketing, when developing electric lighting (Dahlander & 

Gann, 2010).  However, the consensus within the innovation management literature is 

that the concept provides a concerted way in which to develop managerial thinking in 

an increasingly wide variety of areas, and as such, is a concept that is still ripe for further 
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development (Gassmann et al., 2010; Lichtenthaler, 2011; Bianchi et al., 2011; 

Chesbrough, 2012; West and Bogers, 2014).  For example, many organisations still 

encounter significant difficulties in engaging with elements of Open Innovation, whilst 

academics and practitioners alike need to better understand and explain the 

phenomenon to abstract the benefits of this process and avoid its pitfalls (Lichtenthaler, 

2011; Van de Vrande et al., 2009).  There is also need for research that helps 

policymakers better support the Open Innovation phenomenon.   For example, as 

highlighted by Wang et al., (2012), governmental organisations must also begin to 

accept and embrace the principles of Open Innovation in their decision-making as 

research begins to highlight how the application of Open Innovation within firms relies 

on a number of external factors (e.g. personnel, legal and education factors), with 

further research required into how these are linked to the overall national system of 

innovation, the support and development of government funded organisations and on 

individual government policy decisions. 

This is not to say that some areas of the Open Innovation agenda aren’t well researched 

(Praest Knudsen & Bøtker Mortensen, 2011).  The ‘Open Innovation’ stream has 

provided extensive discussion on the theoretical underpinnings of the concept (e.g., 

Chesbrough, 2003; Vanhaverbeke and Cloodt, 2006; Enkel et al., 2009; West and 

Bogers, 2014), whilst many papers have also explored Open Innovation in action within 

various different contexts (e.g. Bianchi et al., 2011; Chesbrough and Crowther, 2006; 

Doloreux and Lord Tarte, 2012; Brunswicker and Wim Vanhaverbeke). 

However, during this time the definition of Open Innovation has broadened 

substantially, resulting in the introduction of parallel lines of enquiry, where there have 

been clear differences of opinion.  Whilst originating as a discussion focused on 

technology transfer and spin-out companies (Lichtenthaler & Lichtenthaler 2010; 

Chesbrough & Rosenbloom 2002), Open Innovation now encompasses research areas 

across the management sciences, engaging with disciplines such as economics, 

psychology, and sociology (Remneland-Wikhamn & Knights, 2012; Lichtenthaler & 

Ernst, 2009; Teirlinck & Spithoven, 2008).  In fact Open Innovation now has a far 

broader conceptualisation than Chesbrough initially proposed (Elmquist et al. 2009; di 

Benedetto 2010).  So much so, that the diversity of the work in the area suggests that 
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open innovation is a "rich concept that can be implemented in many different ways” 

(Huizingh, 2011:3). 

The consequence of this is that it has introduced several areas of contention, particularly 

on the limits of the concept. For example, Chesbrough (2012) has been at pains to 

suggest that his original synopsis of Open Innovation is still the one that should be 

adopted.  In doing so, he is suggesting that subsequent discussion of the concept has 

become fragmented and often betrays the paradigm.  Contrariwise, a crossover between 

the understanding and use of terms such as Open Innovation and Open Source 

(Software) has resulted in authors such as Von Hippel (2001) championing the 

democratisation of innovation through open and distributed innovation. This early 

debate was muddied further when prominent authors West and Gallagher (2006) 

suggested that if an organisation uses an open-source approach to develop products that 

are commercially viable then they are using an open innovation approach.  Yet 

Chesbrough argued that open-source activities themselves often do not constitute 

central activities according to an Open Innovation framework, and whilst open-source 

may well share a focus on value creation through an industry value chain, the 

importance of value capture in the process is often underplayed or ignored completely 

(Chesbrough et al. 2008; Lichtenthaler 2011).  Additionally, there has been an open 

debate on how intellectual property should be handled within an Open Innovation 

environment.  According to Chesbrough (2012), Von Hippel’s views on open and 

distributed innovation suggest that he believes that intellectual property rights should 

be viewed as unnecessary and unhelpful to Open Innovation, and that knowledge should 

instead be shared freely within communities.   Against this, Chesbrough supports the 

use of a business model that involves the protection of intellectual property to sustain 

investment and allow for scale effects.  IP protection, he says, enables companies to 

collaborate and coordinate confident in the knowledge that they will be able to enjoy 

some protection from direct imitation by others in the community.   

Given the rise of the field based predominantly on the research of Chesbrough and his 

associates, it appears for now, theoretically speaking, Chesbrough has gained the upper 

hand.  However, whilst Chesbrough’s views on the need to link Open Innovation 

activities with an overarching business model are understandable, he does perhaps over 

emphasise the need for legal regimes to be in place for open processes to be enabled.  
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Although it is true that authors such as Kline (2003) have echoed the words of 

Chesbrough, suggesting that governance structures such as licencing agreements can 

support intellectual property patents, and whilst in some regards Chesbrough is right to 

point out how Von Hippel’s strong conceptual views on freely distributed innovation 

are ironic given the difference of opinion within the Open-Source community itself, it 

is fair to say that increasingly authors such as Kinsella (2001) are calling for a radical 

rethink in the way in which we understand intellectual property.  However, such views 

have yet to trickle down into the research on Open Innovation.  Often IP protection is 

considered paramount before the numbers are even assessed.  For example, a report on 

UK CATAPULTS commissioned by the Big Innovation Centre spends considerable 

length arguing the importance of IP, only to state that IP accounts for 0% of revenue in 

60% of business cases that go through the centre (Andersen & Le Blanc 2013).  What 

this shows is that the debate on many facets of Open Innovation is far from settled, and 

that going forward contentious issues, as well as commonly accepted and heavily 

researched areas, must be revisited and reanalysed.   

Now the historical foundations of this concept have been addressed this thesis next aims 

to provide a comprehensive analysis of Open Innovation and innovation policy, around 

both the main areas of current research, but also specifically around any related areas 

that are relevant to the questions highlighted by this thesis.  However, before discussing 

these issues, it is essential that the concept of Open Innovation is clearly defined.  

Therefore, the next section of this chapter outlines the theoretical basis of the Open 

Innovation concept. 

3.3 So, what is Open Innovation? 

"Open	innovation	is	the	use	of	purposive	inflows	and	outflows	of	knowledge	to	

accelerate	 internal	 innovation	 and	 expand	 the	 markets	 for	 external	 use	 of	

innovation"	(Chesbrough,	2006:1)	

Whilst not being a clear-cut concept, the most referred to definition within the academic 

literature is that of Henry Chesbrough (2006:1).  Researchers have, however, tended to 

use a schism of definitions because of Open Innovation's variety of applications, 

resulting in it becoming much harder to highlight a coherent body of knowledge.  For 

example, Christiansen et al., (2013) highlight how Open Innovation has been discussed 
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as a management practice (Dahlander & Gann 2010), as a conceptual construct 

(Euchner 2010; Huizingh 2011), as a strategy (Igartua et al. 2010; Bowonder et al. 

2010), and as a research field (Elmquist et al. 2009). 

Operationally, open innovation is defined as "a distributed innovation process based on 

purposively managed knowledge flows across organizational boundaries, using 

pecuniary and non-pecuniary mechanisms in line with the organization's business 

model" (Chesbrough & Bogers, M. 2014), with Open Innovation said to originate from 

the experiences gained through open-source projects, where studies identified a number 

of different principles and structural approaches to innovation (Elmquist et al. 2009).   

Yet, in more general terms, according to Chesbrough (2003), an open innovation 

approach is said to represent an opposite to a closed approach to innovation, a view that 

successful innovation requires control. 

[In	a	closed	model]	companies	must	generate	their	own	ideas,	and	then	develop	

them,	build	them,	market	them,	distribute	them,	service	them,	finance	them,	and	

support	them	on	their	own”	(Chesbrough,	2003:20).			

The diagram below highlights this this conceptualisation, with ideas/knowledge 

(represented by circles) permeating across organisation boundaries during the 

innovation process of research and development. 

 

Figure 3-1: Model of Open Innovation (Chesbrough, 2003) 
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Closed innovation principles were at the core of innovation models throughout the 

1950s, 1960s, 1970s and the 1980s; particularly in the technology push and market pull 

models, but also in the coupling model and the interactive model.  Such models focused 

on the sequential research and development process, relying on internal R&D, and 

simply varied on whether innovation was driven by market or supply-side forces, or in 

some instances, a combination of both (Trott 2008).  Essentially a model of self-

reliance, at its very extreme closed innovation assumes that a firm must do everything 

by itself throughout the value chain.  The closed innovation concept is said to be 

underlined by the following principles (Trott and Hartmann,  in Tidd, 2014, p362): 

• That the smart people in the field work for us. 

• To profit from R&D, we must discover it, develop it, and ship it ourselves. 

• If we discover it ourselves, we will get it to the market first 

• If we create the most and the best ideas in the industry, we will win. 

• We should control our IP, so that our competitors don't profit from our ideas. 

As Herzog and Leker (2011) highlight, innovation projects under a closed model can 

only enter the innovation process at the very beginning of a development cycle, be 

developed using a firm’s internal resources and competencies, and then can only be 

commercialised via a firm’s own distribution channels.  Ideas or technologies or 

projects that are rejected or suspended are then stored and collected in databases, and 

often remain unused. 
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Figure 3-2: Model of Closed Innovation 

Figures 2-1 and 2-2, highlight the differences between a closed and open model of 

innovation.  In figure 2-1, external ideas/knowledge (represented by circles) can be seen 

to pass through the permeable boundary of a firm and become part of the innovation 

process.  Compared to figure 2-2, demonstrating closed innovation, where these ideas 

are developed solely within the firm. 

Authors interested in Open Innovation have highlighted that this often results in missed 

opportunities. Many business ideas and technologies that have potential are overlooked 

and are never exploited; firms often fear giving up their intellectual property, or simply 

don’t know how to utilise and execute what they have discovered (Chesbrough 2013; 

Herzog & Leker 2011; Wolpert 2002).  These concerns, coupled with some of the 

driving forces mentioned earlier, have resulted in the shift towards a more open 

approach.  Firms such as Cisco Systems, Intel, Microsoft, Nokia, Genentech, Amgen, 

and Genzyme have risen in prominence often doing little or no research of their own 

(Chesbrough, 2003). This, Chesbrough argues, is in large part due to a rise in the 

number and mobility of knowledge workers and the growing availability of private 

venture capital.  Additionally, he argues that firms are also increasingly finding it hard 

to control their resources, ideas, and expertise, with new firms better able to finance 

and commercialise their ideas, presenting additional options to innovators and 

knowledge holders.  For example, scientists and engineers are now said to have an 

outside option if the company that funded a discovery doesn't want to pursue it 
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internally.  They can look for additional financing, for example, through a stock 

offering, or by selling their intellectual property for an attractive price.  This has 

resulted in companies seeking new business models to protect and harness their 

intellectual property, increasingly their competitiveness in a shifting landscape 

(Chesbrough; 2006; Saebi and Foss; 2015). 

As a result of this shift over the last 20 years, and a by-product of an increased 

dynamicity and turbulence of markets, globalisation, and rapid advances in technology 

development, firms are now adapting their business models and abandoning the 

previously dominant linear model of innovation (Gupta & Wilemon 1996).  There is an 

increasing reliance on the network, focusing on the use of multiple channels for 

exploiting technology, and firms are increasingly internationalising their R&D and 

innovation efforts, essentially adopting an Open Innovation mantra (Bianchi et al., 

2011:22).  Instead of simply managing R&D through internal processes, companies 

now develop processes with external sources.  These processes, demonstrated in the 

Figure below according to Gassmann and Enkel (2004, p7), can be broken down into 

three core archetypes; “(1) the outside-in process – enriching the company’s own 

knowledge base through the integration of suppliers, customers and external knowledge 

sourcing can increase a company’s innovativeness, (2) The inside-out process: earning 

profits by bringing ideas to market, selling IP and multiplying technology by 

transferring ideas to the outside environment [and] (3) The coupled process – coupling 

the outside-in and inside-out processes by working in alliances with complementary 

partners in which give and take is crucial for success”.  



	 33	

 

Figure 3-3: Model of Core Archetypes (Gassman and Enkel, 2004) 

A common denominator between these Open Innovation processes and their 

accompanying strategies is that they are all an attempt to create or capture value for the 

participating firm, often in the form of profits. By increasing: (i) the variety of external 

innovation channels (search breadth) used by a firm, (ii) the extent to which a firm 

draws deeply from them (search depth) and (iii) the extent to which a firm collaborates 

through different external channels (coupled OI), firms curvilinearly improve 

innovation performance (Greco, Grimaldi and Cricelli, 2016). 

Thus, clearly Open Innovation has close links to the concept of value, a concept that 

appears throughout the Open Innovation discourse.  As a result, when attempting to 

understand the concept Open Innovation it is important to have an intimate 

understanding of how it aligns with value theory, and to appreciate that value creation 

and capture are central tenets of both theories.  According to Barney's (1991) Resource-

Based View of the Firm (RBV), value creation within firms is dependent on firms’ 

resources being valuable, rare, imperfectly imitable, and an absence of equivalent 

valuable resources that are also rare or imitable.  If we assume innovation to be a 

primary source of value, rarity becomes a key consideration.  Once the innovation is 

imitated the entrepreneurial firm loses the ability to extract the same amount of value 

from its resource combination. Yet in Open Innovation, sharing knowledge and 

innovating in collaboration with external actors is instead seen as a superior way of 

generating value (Torkkeli et al. 2009).  Firms forgo an element of rarity and instead 
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look at generating value in other ways.  According to Torkkeli et al (2009), this is often 

through the unique use of R&D knowledge, through the leveraging of brand equity, or 

through the development of unique distribution systems.   

This raises several questions.  For example, if rarity as a key consideration that can be 

- to some extent - forgone under ‘open’ conditions, does this undermine the RBV of the 

firm and therefore make intellectual property less important?  Importantly the RBV 

acknowledges that it may be possible for a small number of firms in an industry to 

possess a particularly valuable resource and still generate competitive advantage 

(Barney, 1991).  Under this scenario Barney suggests that the degree to which a 

resource is valuable is critical.  Resources that aren’t critical can be shared, whilst 

resources that are critical should be protected.  Other authors have echoed the sentiment, 

suggesting that, in outbound open innovation activity, rather than focusing on the rarity 

of a resource it may be reasonable for firms to simply limit the intellectual property that 

they make available for outward technology transfer (Davis & Harrison, 2002; Teece, 

2006; Fosfuri, 2006).  In other words, making available the ‘corporate crown jewels’ 

can often result in a weaker competitive position (Fosfuri, 2006).  From this perspective 

the only way the risks of over-sharing can be mitigated is to limit knowledge sharing 

activities to knowledge deemed non-essential.   Yet companies such as Procter and 

Gamble, IBM, and Motorola now flout this traditional assumption (Kline, 2003).  

According to Kline (2003) these companies have over the years systematically engaged 

in strategic licensing of key intellectual property that had once been considered as key, 

rare, and non-imitable resources.  Such agreements have often been with direct 

competitors.  However, in the case of IBM this has still managed to generate over $1.7 

billion in revenues, a 98% profit margin, and roughly 20% of net income.  Examples 

such as these rather than undermine the resource-based view of the firm, reinforce it.  

Kline (2003) also notes that in these cases, the key, rare, and non-imitable resources are 

not the pieces of intellectual property, but the underlying systems and knowledge of the 

original firm.  Suggesting that a determining factor behind whether Open Innovation 

initiatives are successful or not is down to not how important the shared knowledge is, 

but the appropriateness, efficiency and effectiveness of the process and systems behind 

Open Innovation. 
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3.4 Factors Influencing the ‘Outcome’ of ‘Open’ Innovation Projects 

In more established fields the identification of causation factors is a well-established 

research practice.  However, the identification of such actors (antecedent, moderators 

and outcome influencing factors) in the context of innovation, both open and closed, is 

far less well defined.  Indeed, in the context of ‘Open’ Innovation, only very recently 

has the literature focused firmly on these issues (see Popa, Soto-Acosta and Martinez-

Conesa, 2017), with a substantial amount of time and dedication of authors in the field 

having been on establishing the theoretical underpinnings of the concept. 

Given the dearth of synthesized research in this area it is best to first highlight the 

literature review of Van der Panne et al (2003), who produced a theoretical model on 

critical factors for successful innovation, in general terms (See Figure 2-4). 

 

Figure 3-4: Van der Panne et al's (2003) Success Factors of Innovation 

Examining 43 papers up until 2003, Van der Panne et al (2003) suggested that 

innovation management scholars were in general agreement that factors such as firm 

culture, experience with innovation, a multidisciplinary R&D team, and an explicit 

recognition of the collective character of the innovation process are needed for 

innovation process to be successful.  In doing so Van der Panne et al. (2003) presented 

a four part model based around technological viability factors and commercial viability 

factors.  These were divided into four individual sets of success and failure factors; 
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firm-related factors, project-related factors, product-related factors, and market-related 

factors.   

Besides being a seminal paper in the discussion of innovation-specific success factors, 

such categorisation is clearly useful for clarity of discussion.  Yet, when analysing 

current research on the success factors of innovation it is important to note that 

“innovation is inherently a multilevel phenomenon” (Gupta et al., 2007:888).  This 

notion is widely supported, most notably by Vanhaverbeke (2006) and Lichtenthaler 

(2011) who both outline that Open Innovation is also influenced by factors and/or 

drivers at multiple levels and best illustrated by examples of management mechanisms 

at one level (e.g., organisational routines at a firm level) often being inhibited by factors 

at other levels, (e.g., by attitudes at an individual level) (See; Lichtenthaler et al. 2010).  

As a result, this must be reflected in our analysis of the antecedent and success factors 

within innovation.  In deciding upon the levels used within such analysis, Lichtenthaler, 

(2011) propose that Open Innovation management literature should look to use three 

levels of analysis: at firm-level; at project level; and at an individual level.  

Vanhaverbeke (2006) meanwhile proposes five levels, namely intra-organizational 

networks, firm level, inter-firm level, inter-organizational networks and national or 

regional innovation systems.   

However, in terms of this analysis, and for clarity, it is the levels outlined by 

Lichtenthaler (2011) that offer the clearest and most concise method of investigation 

by noting that for the purposes of the following analysis that the inter-firm and inter-

organizational levels can be collapsed into one category (network), as they are both 

concerned with the transfer of knowledge and resources between different entities.   The 

firm and intra-firm level can also be collapsed into a single category 

(organisational/firm), albeit with a broader definition which includes any activity or 

factor present within the firm itself.   

This does present challenges.  For example, Van der Panne et al's., (2003) model does 

outline some of the factors required at a firm (including project) level; however, it 

neglects analysis at both network and individual levels.   Indeed, as this analysis of such 

factors developed it became clear that this held within innovation research, where due 

to the broad nature of the topic only single levels were analysed, and most commonly 
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at a firm-level.   Consequently, our literature search was often time-consuming, because 

of the broadening of analysis to identify factors that satisfy these levels. 

It is important to highlight another key piece of research in this area which guided the 

analysis of factors contributing to innovation.  De Rochemont (2010) looked at multi-

partner strategic alliance performances and how they are dependent on numerous 

antecedents between collaborating organisations. Citing Lavie et al. (2007) and 

Vanhaverbeke and Cloodt (2006), De Rochement (2010, p13) defines multi-partner 

alliances as: 

"a collective, voluntary organizational association with more than two 

members, with common objectives, joint decision-making and shared risks, 

who interactively engage in multilateral value chain activities, such as 

collaborative research, development, sourcing, production, marketing and 

commercialization of technologies, products and/or services".  

As can be seen from the definition above, the underlying characteristics of multi-partner 

alliances are synonymous with those of Open Innovation.  As a result, the research 

provides an interesting snapshot of some of the antecedent and success factors behind 

this in what could be deemed an Open Innovation approach or strategy.  Besides 

outlining several antecedents, including firm size, phase of development, and levels of 

financial resource dedication, De Rochemont (2010) also categorised individual factors 

into four distinct climates: the relational climate, the financial climate, the innovation 

and learning climate, and the management and organisational climate.   This 

categorisation is particularly useful for sub-categorising antecedent and/or success 

factors under the organisational, network and individual categories adopted from 

Lichtenthaler (2010).  According to De Rochement (2010) adopting a multi-

dimensional concept such as ‘climates’ enables scholars to use multiple theoretical 

perspectives, compared to transaction-cost and social exchange approaches which try 

to explain multi-partner alliances from isolated perspectives.  Adopting such a view is 

also said to allow researchers to evoke new adjectives to describe perceived social 

psychological environments and has the additional benefit from having been previously 

used to study antecedents of work group innovation.  Furthermore, Open Innovation 

activities, such as in multi-partner alliances, often involves teams of members from 

various settings and involves joint decision-making, common objectives and mutual 
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interaction between its members, making the climate approach particularly useful.  

Additionally, in cases such as these where teams consist of members from different 

organisations or from different groups of individuals, climates are said by De 

Rochement to be effective at measuring the social working environment of any group 

of persons, particularly when discussing performance-based issues.   

Consequently, the discussion section of the thesis will take into account these multiple 

levels of analysis, and in doing so recognise various climates outlined by De Rochement 

(2011) and Lichtenthaler (2011). 

3.4.1 Organisational (or Firm) Level Antecedent, Success (Outcome), and 

Contingency Factors 

Looking at success factors from an organisational-level perspective, according to Van 

der Panne et al (2003), authors such as Ekvall and Ryhammar (1998) and Lester (1998) 

have highlighted that ensuring there is a culture of innovation, particularly in the long 

term, is a crucial factor in developing technological viability for any given innovation 

project.  Such thinking has also gained traction in the Open Innovation discourse.  For 

example, it has been suggested that to fully benefit from engaging in open innovation 

activity firms must look to overcome Katz and Allen’s (1989) Not-Invented-Here (NIH) 

virus.  The Not-Invented-Here virus is said to negatively impact a firm’s culture and 

act as an inhibitor to successful Open Innovation, becoming prevalent when a firm’s 

assessment of external technology is biased and when those involved discount the 

ability of the external technology to overcome the limitations they are experiencing in 

the solutions they have already dedicated a great deal of time and effort towards 

(Lichtenthaler et al. 2010; Chesbrough 2003; Katz & Allen 1982; Chesbrough & 

Crowther 2006).  This results in some internal R&D organisations becoming ‘allergic’ 

to externally sourced technology (Chesbrough, 2003).  More recently, authors such as 

Martín-de Castro et al (2015) have also highlighted how having an innovative culture 

is a core prerequisite for innovation performance and that it builds upon values, beliefs 

and assumptions that are shared by firm members, facilitating innovation processes.  

The importance of innovative climate on Open Innovation has also been shown to be 

important in the context of SMEs, with authors such as Oke et al (2013) and Kmieciak 

et al. (2012) highlighting how such a climate encourages lateral thinking and risk 

taking. 
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Along these lines, it has also been said that there must be a degree of culture fit between 

involved partners, as often partners have different organizational cultures particularly 

when they come from different national cultures (De Rochement, 2010).  According to 

Das and Teng (2002) these differences can often result in negative consequences, 

limiting learning and decreasing trust.  These often reduce the effectiveness of the 

alliance.  Naturally the presence of misunderstandings and differences can also provide 

opportunities for those involved to resolve them and conversely increase learning and 

trust.  In fact, authors such as Douma et al (2000) have suggested that often successful 

alliances are those that ‘bridge’ these misfits, rather than an alliance being absence of 

any difference.  Common sense would dictate that the complexity and depth of even 

the smallest of organisations would suggest that a perfect fit between multiple partners 

is impossible to find, instead it is the mitigation of these differences that determines 

whether these relationships are successful or not.  In addition, authors have suggested 

that in order to have a climate for innovation at a firm-level, it is necessary to support 

knowledge sharing and collaboration across firms' functional areas (Adler and Kwon, 

2002; Subramaniam and Youndt, 2005; Jansen et al., 2006; Popa, Soto-Acosta and 

Martinez-Conesa, 2017). 

It has also been suggested that when implementing Open Innovation an organisation 

must embrace multi-phase organisational change processes, accepting the 

accompanying change in culture, which transforms the firms boundaries from being 

closed, to being semi-permeable.  In fact the process of getting an organisation to use 

the external environment rather than simply relying on a firm’s internal innovation 

process is often seen as the key stumbling block (Chiaroni et al. 2011).  Open 

Innovation authors often discuss such issues in conjunction with concepts such as 

knowledge management, knowledge management systems, and even an organisation’s 

business structure (organisational structures are also another firm-related factor 

highlighted by Van Der Penne et al., 2003).  For example, Lichtenthaler and 

Lichtenthaler (2010) have suggested that the ability of firms to capture the benefits of 

external knowledge are linked to whether the firm in question possesses absorptive 

capacity, i.e. the ability to recognize external information and to use such information 

internally.  The presence of absorptive capacity is said to differ from industry to 

industry.  Start-up firms in high-tech and emerging industries tend to build this 

capability into the core of their organisations. In contrast, firms in traditional industries 
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are said to rely on their own internal mechanisms for innovation, resulting in either 

these firms struggling to compete or having to employ third parties to build the 

capability into the firms’ existing organizational structure (Spithoven et al., 2010).   

Building this absorptive capacity, particularly in organisations that haven’t seen the 

need for it the past, or in organisations moving towards an open innovation strategy, 

often takes time, effort and resources.  

When making a change towards an more open approach, authors such as Chiaroni et al. 

(2011) have highlighted how organisations and their managers need to make use of 

some of the levers available to them in order to assist the transition to an Open 

Innovation environment.  These levers include: optimising the organisational structure; 

promoting the development of networks; and ensuring there are knowledge 

management systems, (See Figure 2-5). 

 

Figure 3-5: Organisational Change Levers for Open Innovation (Chiaroni et al, 2011) 

In the case of building knowledge management systems, such conclusions are 

supported by the increasingly substantial body of work around knowledge management 

systems in IT and Management research, with a company’s most valuable assets 

increasingly being touted as being knowledge and knowledge workers (Owlia 2010; 

Drucker 1999).   Much like the shift towards Open Innovation, the shift to a landscape 

requiring knowledge management systems is said to be driven by the volatility of the 

current business environment, the increasingly globalised nature of business, and the 
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rise of knowledge intensive products and services, thus becoming a crucial factor in the 

quest for creating new knowledge, disseminating it, and applying it to new products 

and services (Alavi & Leidner 2001; Owlia 2010; Tiwana 2002; Paulzen et al. 2002). 

Knowledge Management Systems facilitate knowledge flow between individuals and 

organisations, allowing knowledge to evolve and grow, and are increasingly being 

adopted by world-class organisations across industries, including but not limited to 

areas such as healthcare and manufacturing (Eldridge et al. 2006; Bose 2004; Bose 

2003; Yeh et al. 2006).  As such, when shifting towards an Open Innovation approach 

that introduces multi-partners outside the organisation, knowledge management 

systems help the firm organise, disseminate and apply its knowledge when appropriate.  

It is important to note that the development of effective Knowledge Management 

Systems has also been closely linked with technological competency and capabilities.  

In fact, authors as far back as Applegate et al (1988:44) have suggested” the information 

systems themselves -- not the people -- can become the stable structure of the 

organization.  People will be free to come and go, but the value of their experience will 

be incorporated in the systems that help them and their successors run the business”.  

This is important to recognise as knowledge management systems and broader 

technological capabilities are set to become increasingly important as firms pursue 

Open Innovation activities that rely on technology alliances and formal arrangements 

between independent firms dotted across the globe. This is especially significant as 

firms are increasingly looking to try and pool together technological resources that 

complement and supplement their internal innovation efforts (Faems et al., 2010).  Put 

another way, any firm looking to shift towards a more open approach may find it 

difficult to do so if their knowledge management systems and technological capabilities 

aren’t sufficient enough to cope with the accompanying complexity. 

Another prominent strand of research that fits into this category is research on Open 

Business Models.  Businesses, when attempting to adopt Open Innovation, are said to 

need to employ a business model that supports the accompanying activities that align 

with the strategy, rather than pursue with a model that inhibits them.  The need for 

businesses to have a relevant business model is nothing new within academic and 

management thinking.  For years, the management literature has discussed the need for 

organization to have an underlying business model (Johnson, Christensen and 

Kagermann, 2008; Magretta, 2002), with the basic underlying principles and the overall 
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role of a successful business model not differing substantially - whether an organisation 

adopts an open or closed innovation model.  Numerous authors have debated what a 

business model is, and what the key components of a business model are.  For example, 

Hamel (2000) was one of the first academics to devise several relevant components, 

highlighting that a business model consists of four major components: customer 

interface, core strategy, strategic resources, and the value network. Lecocq (2010:232) 

has highlighted three core components: resources and competences, organizational 

structure, and propositions for value delivery, with these three core components 

encompassing “several different elements (numerous kinds of resources, partnerships 

with different firms within the value network, various kinds of products offered to 

customers.), the structure and volume of the organization’s costs, and revenues follow 

from them”.  One of the most comprehensive and perhaps useful analyses however must 

be that of Shi and Manning (2009:50) who decompose a business model into 4 distinct 

sub-models, a financial model, an organizational model, a resource model, and an 

exchange model, “integrating the common substances and features of different business 

model definitions in the literature”.  Without going into greater detail on the merits of 

the various analysis, in doing so, Shi and Manning provide a good broad and basic 

framework and offer a useful conceptual backdrop for this discussion on Open Business 

Models (See Figure 2-6) and in particular their typologies in Figure 6. 
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Figure 3-6: What constitutes a Business Model (Shi and Manning, 1999) 

Whilst authors have gone into detail highlighting what a business model needs to 

consider, it is also commonly accepted that an efficient business model design is not a 

prerequisite to success or a prerequisite to establishing competitive advantage within 

the marketplace.  Organisations must also be differentiated from their competitors, must 

excel at product innovation, and must also be proficient at delivering a product to 

market (Teece, 2010).  However, if suitable business models are not found, less value 

will be extracted from the technologies that a business may possess (Magretta, 2002).  

Considering the modern competitive landscape, the key change that therefore needs to 

be considered for Open Innovation to be successful is that firms should consider 

‘opening’ their business models.  The rationale for doing so is like the rationale for 

adopting Open Innovation.  It helps to create increased value through the leveraging of 

more ideas by external sources; it increases the ability of the firm to capture value than 

would have traditionally been the case by keeping the knowledge in-house 

(Chesbrough, 2006).  Similarly, De Rochement (2010) argues that firms must also 

ensure there is a dynamic business plan in place, one that can react to changes in the 

business environment and one that clearly outlines the strategy of the alliance, 
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describing the markets, suppliers, competitors, and the financial planning involved.  He 

argues that emphasis needs to be placed on the need for this plan to be flexible, citing 

occurrences where new partners join/leave the project/alliance, or where the business 

priorities of those involved alters.  The ‘Open Business Model’ is essentially a bringing 

together of the Open Innovation (OI) and Business Model concepts, with an Open 

Business Model allowing firms to offset the rise in cost of technology development, 

offset shorter product lifestyles, allows firms to capitalize on the rise of the intermediate 

markets for technology, and also facilitates firms to exploit technology markets that 

exist in the current business environment (Chesbrough, 2006), substantially increasing 

the chance of OI being successful. 

Under the ‘financial climate’ moniker De Rochement (2010) identifies several other 

organisational level elements that positively influence multi-partner performance.  

Again, citing Vanhaverbeke (2006), De Rochement (2010) highlights how introducing 

multiple partners often results in the likelihood of freeloading and conflict rising, and 

how the success of any partnership is reliant on a healthy financial climate.   Following 

this rationale, De Rochement (2010) outlines how firm financial agreements are needed 

to ensure that value appropriation is divided to ensure a fair return for all parties, and 

for ensuring that resources that go into value creation activities are divided 

appropriately. A failure to do so results in members becoming dissatisfied, often leading 

to the failure of the alliance or, at best, acting as a source of conflict (Vanhaverbeke, 

2006).  De Rochement (2010) also highlights how a lack of firm agreement is said to 

often lead to differing expectations between those involved, and in some cases also 

promotes opportunistic behaviour by partners.  Stipulating clauses that are activated if 

or when negative behaviour occurs can often offset this.  However, those involved also 

need to demonstrate a degree of financial commitment to solving any financial 

problems if/when they occur, and especially if they are likely to prevent alliance 

objectives from being met (De Rochement, 2010).  According to De Rochement (2010) 

this often can be problematic due the changing and dynamic nature of the business 

environment meaning that a firm’s return on investment, sale cycles, and the bargaining 

power of customers can all ebb and flow during the lifetime of an alliance.  Firms can 

often become insecure during negative cycles, leading to reluctance to provide 

additional investment.  The levels of financial risk for all partners must also be 

acceptable to those involved.  If risks are too high then confidence in the alliance is 
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likely to be severely diminished, along with the commitment towards it (De Rochement, 

2010).  Conversely, where managers are satisfied with the levels of risk they are 

exposed to, the chances of success increase.  Furthermore, for there to a healthy 

financial climate, De Rochement (2010) concludes that the need for ensuring that there 

is a presence of clear financial goals for the alliance cannot be underestimated.  As with 

goals of any kind these need to be clear, concise, measurable, and achievable, removing 

ambiguity and providing a yard stick for the measurement of performance.  Creating 

such goals guides the alliance down similar paths; however, as with dynamic business 

plans these goals need to be revisited regularly to ensure that they accurately reflect the 

business environment at any given time. 

Yet despite all the above, perhaps most significant in terms of identifying firm-level 

factors contributing to the success of projects displaying open innovation has been the 

recent analysis of “antecedents, moderators, and outcomes of innovation climate and 

open innovation: An empirical study in SMEs” by Popa, Soto-Acosta and Martinez-

Conesa (2017) within Technological Forecasting & Social Change.  Within this paper, 

Popa, Soto-Acosta and Martinez-Conesa (2017) highlight several firm-level factors 

influencing the success (outcome) of Open Innovation.  Many of these have been 

highlighted above; however, they do highlight one unique factor that human resources 

(HR) practices can play a crucial role in developing a positive social climate that 

encourages employees to act in line with the firm's objectives by being enablers of a 

positive social climate for innovation (Soto-Acosta et al., 2016b), encouraging 

flexibility, teamwork, cooperation and knowledge exchange.  Perhaps most significant, 

however, is that they address these factors in a unique context (e.g. SMEs), which is 

encouraging given the nature of this study. 

3.4.2 Network/Market Level Antecedents, Success (Outcome), and Contingency 

Factors 

One of the key factors highlighted by Chiaroni et al. (2011) is the need for organisations 

to establish relationships with a variety of partners such as universities, suppliers and 

users.  Yet ‘networks’ do not appear in Van Der Panne et al’s (2003) analysis. He does, 

however, recognise the role of market-orientated factors; these will be discussed later 

in this section.  As studies on modern sociology have highlighted, the underlying 

infrastructure of markets and organizations is dominated with the presence of networks 
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(White 2002).  In fact, whether it be through informal ties between individuals, through 

links between organizations in formal agreements such as alliances and collaborative 

projects, or through inter-organizational afflictions such as trade union memberships, 

“networks are an essential component of markets because they channel and direct flows 

of information and resources from position to position within a social structure” (Owen-

Smith and Powell, 2004:5).  In fact as Owen-Smith and Powell (2004) highlighted, 

organizations have for years been said to collaborate within their own industries and 

across sectors for both strategic and social purposes (Eisenhardt & Schoonhoven 1996); 

so much so that a number of authors have suggested that networks are the defining 

feature of “innovative regions” such as Silicon Valley (Fleming & Frenken 2007; 

Saxenian 1996; Owen-Smith & Powell 2004) as well as being the locus of innovation 

in high-technology industries (Ahuja 2000).  They are also said to create trust and 

increase forbearance (Piore 1984), develop conformity in thought and action (Mizruchi 

1992), and facilitate positive relationships between the formation of technology 

partnerships and firm-level innovation (Eisenhardt & Schoonhoven 1996). 

Other network factors have also been explored by researchers in the field of innovation 

management.  Factors such as the concentration of potential purchasers in a single 

market within the overall network, have also been highlighted.  Which often eases 

communication, and significantly improves a product’s commercial viability (Van der 

Panne et al 2003).  This relationship doesn’t have to be linear, however.  Roure and 

Keeley (1990) have reported evidence of U-shaped relationships (Van der Panne et al 

2003).    Additionally, the state of the market can also influence the success of an 

innovation project.  For example, according to Hopkin’s (1981) and Maidique and 

Zirger (1984) the timing of a product’s market introduction is said to often result in 

huge competitive advantages (Van der Panne et al 2003) though this must be balanced 

against product quality concerns (See Hultink, 1998), particularly for design-based 

projects.   

Yet, the overriding consensus amongst innovators is that speed to market is often more 

important (Van der Panne et al 2003).   Interestingly Van der Panne et al. (2003) also 

highlight other market-orientated factors that currently split opinion within academic 

literature. One such argument is the discussion of the impact of market structure on 

innovation (See Van der Panne et al 2003).  For example, Yoon and Lilien (1985) have 
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argued that competition levels have negative correlation with innovation success, Link 

(1987) has associated competition with failure, whilst Roure and Keeley (1990) have 

argued that niche markets with low competition often provide the most fertile grounds 

for innovation products and services (Van der Panne et al 2003).  Additionally, the 

levels of market understanding can also impact upon the success of any given 

innovation project.  According to Hopkins (1981) a lack of market research can lead to 

overestimated forecasts of demand and problems with satisfying customer’s needs and 

desires.  However, the role customers should play in the innovation process is often 

contested; whilst some authors actively champion their involvement as the only way to 

deal with the volatility of their needs, others suggest that often leads to a bias towards 

imitative innovation, with customers often not fully understanding their future needs 

and preferences (Van der Panne et al 2003). 

Furthermore, in terms of the Open Innovation literature, as highlighted earlier, 

consistent with this are studies that focus on the external context characteristics of Open 

Innovation which have suggested that Open Innovation is most successful in business 

environments characterized by globalization, competitive intensity, and market and 

technological turbulence (Gassmann, 2006; Huizingh, 2011; Popa, Soto-Acosta and 

Martinez-Conesa, 2017). 

3.4.3 Individual Level Antecedents, Success (Outcome), and Contingency 

Factors 

In terms of Open Innovation, the least amount of attention has been paid to individual 

success (outcome) factors.  However, the study of De Rochement (2010) does outline 

several antecedent factors needed in individuals acting in multi-partner relationships, 

grouped under the ‘relational climate’ moniker.  Under this heading De Rochement 

(2010) identifies four key antecedents that come relevant to this section: trust, faith, 

social commitment, and an acceptance of joint problem solving.  These stem from the 

actions and beliefs held by the individual, albeit often resulting in some sort of group 

norm.   Using definitions derived from social exchange theory, De Rochement (2010) 

sees trust as multiple partners working together with an absence of fear from the 

possibility of each other acting disingenuously, from opportunistic behaviour, and from 

exploiting each other’s vulnerabilities.  Underlining this, he argues, is a belief in each 

other’s competence, derived from some sort of ‘faith’ or what is labelled competence-
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based trust.   Without levels of trust between individuals and partners, then, projects 

suffer from a lack of buy-in, with individuals unable or unwilling to pass on 

information, take the necessary risks and or dedicate the adequate resources to any 

given project.  Such a view is also supported by Martín-de Castro et al. (2013) who 

outline how an innovative culture within firms is underpinned by shared individual 

beliefs and views, ultimately contributing to innovation performance. 

Individuals do, however, also need to be open-minded, a factor which Roffe (1999) 

suggests as key to creativity and innovation, particularly when present within 

management (De Rochement, 2010).  Without it, a phenomenon called groupthink is 

likely to occur. 

Groupthink	is	premature	consensus	seeking,	which	leads	to	the	seven	symptoms	

of	 defective	 decision-making:	 poor	 information	 search,	 selective	 bias	 in	

processing	information,	 incomplete	survey	of	objectives,	 incomplete	survey	of	

alternatives,	 failure	 to	 re-examine	 preferred	 choice,	 failure	 to	 re-examine	

rejected	alternatives	and	failure	to	develop	contingency	plans	(Janis,	1982).	

The groupthink phenomenon is becoming increasingly well known amongst 

practitioners and academics alike, in the light of the technological age allowing for 

team-based projects to become more effective and easier to manage.  Preventing 

groupthink is challenging, however; according to McCauley (1998) there are numerous 

strategies that can be employed to minimise and/or prevent it.  These include ensuring 

that leadership/management encourages those with doubts and objections within the 

group to make these public, encouraging the group to search for information and 

evaluation from sources outside of their sphere of influence.  There should also be in 

place a structure for ensuring that alternatives to the championed strategy are 

considered, with the ability for previous ideas to be re-explored through “second-

chance” meetings.  Also, the motives and communications of threatening competitors 

should also be acknowledged.  Underlying this, their needs to be a proficient level of 

communication skills present within individuals involved in innovation projects, 

particularly those involving multiple partners, with successful alliances often 

demonstrating high quality levels of communication and information sharing (Mohr et 

al. 1994).  According to De Rochement (2010) communication is essential for 

knowledge sharing, ensuring that there is formal and informal sharing of meaningful 
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and timely information between firms, enabling goal adjustment, task coordination, 

transparency, minimising misunderstandings and reducing uncertainty and providing 

inter-firm learning opportunities. Additionally, De Rochement (2010) outlines research 

by Kelly et al. (2002) that shows how poor communication in an alliance can 

significantly undermine its performance, fuelling an atmosphere of mistrust and 

suspicion that can negatively influences its legitimacy, ultimately leading to the death 

of the alliance.  Fundamentally, this highlights how communication skills are critical to 

the success of any project; firms may demonstrate several other antecedent and success 

factors, but without the ability to communicate then projects are likely to end in failure. 

Finally, for innovation projects to be deemed successful, De Rochement (2010) outlines 

how individuals and partners need to display a level of learning intent.  According to 

De Rochement (2010) authors such as Ghosal (1987), Hamel (1991), Doz (1996), and 

Tsang (2002) have gone to great lengths outlining the importance learning intent plays 

in alliance performance, highlighting how organisations must place learning at the heart 

of their strategy and build mechanisms and systems around it.  Both partners must 

display learning intent for collaboration to be successful, with De Rochement (2010) 

highlighting how partnerships between Japanese firms and Western firms have often 

resulted in different outcomes for each partner because of the unwillingness of Western 

partners to learn, whereas Japanese partners have often have had a clear intent to acquire 

specific competencies from collaboration.  A strong learning intent not only helps 

reduce organisational barriers, but also helps firms go through the multiple cycles of 

re-evaluating expectations and learning, which is crucial in today’s dynamic business 

environment. 

3.5 Chapter Summary 

This chapter has reviewed the literature on Open Innovation.  The chapter began by 

outlining the historical development of the Open Innovation concept, before exploring 

the nature of the concept.  In doing so, the chapter introduced models of core archetypes 

(Gassman and Enkel, 2004) and outlines of Open Innovation as a concept with a schism 

of definitions, but one that is recognised as representing the purposeful transfer of 

knowledge across organisational membranes.  The literature also recognises Open 

Innovation as a concept that is ripe for further research, with authors of the original 

conceptualisation holding dearly to their own perspective on the theoretical roots of the 
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concept.  Open Innovation is the main lens through which this research investigates the 

HVMC and OREC CATAPULT.  However, the aims and objectives of this thesis also 

require a review of literature in other fields, including innovation policy.  The next 

chapter will outline and discuss relevant literature within this field, introducing the 

concepts of National Systems of Innovation, and the Triple-Helix model.  Having done 

so, the developed theoretical framework will be outlined. 
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4 Innovation Policy and the Developed Theoretical 

Framework 

4.1 Chapter Introduction 

This chapter addresses some of the key areas, theories, and concepts that arise from the 

literature regarding the Innovation Policy taxonomy highlighted by Radosevic (2012).  

In doing so the chapter will discuss the underlying rationale behind innovation policy 

and focus on two major strands of research that exist within innovation policy theory: 

National Innovation Systems and the Triple-Helix model. 

4.2 Theory behind innovation policy 

The study of innovation as whole is rapidly expanding, with the topic becoming a fully-

fledged academic field.  Despite this the study of innovation policy remains largely 

unscrutinised.  This has been influenced by there being no obvious objective measure 

of the impact of innovation studies on policy, and also by disciplinary structures and 

university funding systems traditionally inhibiting work in the area (Martin et al. 2012).  

It has also been influenced by the slippery nature of innovation policy studies as a whole 

(Radosevic 2012).   As a result, there isn’t an accepted definition of ‘innovation policy’.  

When synthesizing work in the area it quickly became clear that the research agenda is 

clearly scattered across a multitude of disciplines, often seeing an overlap with 

technology policy studies.   This, Pavitt and Walker (1976) argued, was because in the 

past there was a lack of a theory, particularly in regards to technology innovation, that 

helped predict ways in which governments could influence innovation processes. 

However, over the last 30-40 years there has been a substantial improvement in our 

understanding of the innovation process, in large part because of the shift in focus of 

academia and practitioners in understanding the phenomenon, but also because 

“evolutionary based theories of economic and technological change are better suited to 

illuminate stylized facts of technological innovation” (Radosevic, 2012:7).  As a result, 

it is now possible to start the process of understanding ‘innovation policy’ and how 

policy instruments can be used to positively influence the various facets of innovation. 

The changing nature of innovation means that often the business landscape changes 

drastically over increasingly short periods of time. As a result, our understanding of 
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innovation drivers must too be constantly reassessed.  Examples of this can often be 

seen in changing innovation models, which often serve as a first indicator of the 

conquering basic pattern of innovation (Johnson et al., 2004; Lundvall, 2007).  In fact, 

our understanding of these changes best represents our increasing knowledge of the 

innovation process.  This does introduce public policy issues, such as how to address 

policy drivers that are no longer relevant.  This is of specific relevance to this research 

area, due in large part to the underlying principles of innovation being ones of renewal 

and change.  

As the literature review of Radosevic (2012) highlights, current research on innovation 

policy is widely dispersed, lacking a coherent body of work under a single conceptual 

term or theory.  However, innovation policy clearly can become an established 

discipline. In fact, as the rest of this chapter shall highlight, there is already a 

considerable body of literature that can be synthesised.  Whilst there are differences of 

opinion, theoretical errors, and large, often fundamental areas needing further research, 

it is no different to the vast numbers of established academic disciplines that suffer 

similar misgivings.  Whilst “we should remember that innovation is an entrepreneurial 

and evolutionary process [and that] our ambition to canonize some of its determinants 

(including innovation policy) may represent a bad utopia. [Indeed,] if innovation policy 

ever develops a coherent research agenda, it may be the end of innovation policy as we 

know it today” (Radosevic, 2012:8).  It is important not to lose sight of the fact that this 

would be substantial progress, enhancing our understanding of our economic and social 

landscape.   

4.2.1 The Importance of National Systems of Innovation 

"the	network	of	institutions	in	the	public	and	private	sectors	whose	activities	

and	 interactions	 initiate,	 import,	 modify	 and	 diffuse	 new	 technologies."	

(Freeman,	1987:1)	

A major strand of work involving issues of innovation policy has emerged under the 

National Systems of Innovation (NIS) umbrella, with the recognition and development 

of NIS being seen as a major contributor towards the success of innovation and as a 

driver behind economic growth (Freeman 2002).  As a result, within the academic 

literature there has been a healthy debate on the theoretical rigidity of the concept, 
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leading to a steadily increasing emphasis and support of the role of the state in driving 

innovation.   

Systems of innovation literature is heavily rooted in evolutionary theory, as the 

individual and collective innovative activities in a system of innovation (i.e., the use of 

open innovation, the engagement in triple-helix interaction or the activities of 

innovation intermediaries, as well as the underlying outcome factors underpinning 

these), give rise to an evolutionary pattern of technical change (McKelvey, 1997).  

Evolutionary theories typically have three characteristics: (i) explanation is of change 

over time; (ii). discussions include the renewal of variety and the systematic selection 

processes and (iii) there are some elements of continuity, or historical inertia.  These 

are more commonly defined in a socio-economic context as three principles and one 

assumption (I.e., that SI’s lead to the retention and transmission of information, the 

generation of novelty, leading to diversity) and assume that agents (people) engage in 

an ongoing process of trial and error to propose and select among alternatives and to 

learn more about changing innovation opportunities and environmental conditions 

(Nelson, 1987, Dosi et at., 1990).  The decisions and actions of various agents are 

enabled as well as limited by what other agents in their SI do and know (Lundvall, 

1992). 

The literature itself on National Systems of Innovation has spanned over two decades, 

with the topic at its height of prominence during the turn of the century.  Authors as far 

back as Edquist and Johnson (1997) have reviewed the topic, highlighting how at the 

early stages of the concept there was huge ambiguity in the way in which the term 

innovation was used in discussions involving national systems of innovation.  Over the 

years it is fair to say that no single definition has emerged.  To this day, Freeman’s 

general definition is still the most used.  Additionally, the clear distinction between 

broad and narrow definitions of National Systems of Innovation provided by Lundvall 

(1992) have also been widely adopted by academics in the area. A narrow definition of 

systems of innovation is said to take into consideration R&D departments, 

technological institutes and universities, whilst a broader definition would take into 

account all parts of the economic structure and the instructions that impact learning and 

searching/exploring, particularly in production, marketing, and finance (Lundvall, 

1992:12). The use of a narrow or broad definition has been explicitly linked to the 
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source of research, with authors from the US preferring a narrow approach in 

comparison to the broader approach adopted by such as Freeman, and the ‘Aalborg’ 

studies which will be discussed later (Johnson et al. 2004).   According to Lundvall 

(2007:3),  this is far from trivial, as understanding National Systems of Innovation in a 

narrow sense leads to “policies aiming almost exclusively at stimulating R&D efforts 

in high-technology sectors” which is reflected “in a focus on science-based innovation, 

on formal technological infrastructure, and in policies aimed exclusively at stimulating 

R&D efforts in high-technology sectors”. Indeed, “without a broad definition of the 

national innovation system encompassing individual, organizational and inter-

organizational learning, it is impossible to establish the link from innovation to 

economic growth” (Lundvall, 2007:3).  The scope of innovation policies within the 

‘real’ world often differs depending upon which view is taken, best highlighted by the 

World Bank who consider National Systems of Innovation in a narrow sense in their 

Knowledge Assessment Methodology (Radosevic, 2012).  Such ambiguity has led to a 

lack of agreement on what should be included or excluded in a system of innovation 

(Sharif 2006).  This in turn has led to a variety of approaches to studies on the concept 

(Radosevic 2012).  In fact this often generates a variety of approaches towards what is 

included in any given study of National Systems of Innovation; for example, some 

studies are confined to the public R&D system whilst there are those that include a 

variety of non-technological factors in the analysis (Radosevic 2012).  Whether this is 

a strength of the concept (Lundvall & Tomlinson 2002), or a reflection of the concept 

being scrutinised (Sharif 2006) is open to interpretation.  However, in order to avoid 

the inevitable abuses, distortions and misinterpretations of National Innovation Systems 

as a concept that come with its use as a low-level theory (Radosevic 2012), the 

following section will look to provide a comprehensive background and understanding 

of the concept. In doing so the study as a whole will take into consideration the common 

analytical approach to National Systems of Innovation proposed by Lundvall (2007). 

4.2.2 National Systems of Innovation: An overview 

In their overview of National Systems of Production, Innovation, and Competence 

building Lundvall et al (2002) provide a comprehensive historical background of the 

concept.  Lundvall et al (2002) have suggested that the national system of innovation 

concept has its roots in the work of Adam Smith and Friedrich List, with direct 
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inspiration coming from Burenstam Linder. List, although not rigorously pursuing 

academic credibility of his ideas for production and learning systems, is said to have 

appreciated the role of a wide set of national institutions from a variety of areas 

including education and transport whilst Smith's division of labour theories too (whilst 

not fully appreciating the role of systemic innovation and competence building, 

favouring a more relaxed approach) are said to have acknowledged the role of 

knowledge creation in relation to directly productive activities.  The real driver, they 

argue, came in the 1960s and 1970s, when an interest in national growth rates and the 

differences between them emerged, along with an interest in how research systems 

differed from country to country.  This interest led to studies that combined economics 

with innovation from which it became apparent that the source of knowledge that had 

driven projects came from production engineers, customers, and marketing, rather than 

from universities, technical research, and research and development activities.  This 

represented a shift in the understanding of the innovation process, stimulating a desire 

amongst various academics for a conceptual construct of the innovation process and a 

reinterpretation of the ‘structural economics’ of Dahmen, Hirschman, Perroux and their 

followers.  Much of the early research in this area came from the IKE (Innovation, 

Knowledge and Economic Dynamics) Group at Aalborg University.  The group paid 

particular attention to not only shifting the rhetoric from one of systems of production 

towards systems of innovation, but also highlighting the importance of the home 

market, promoting the interactivity of the innovation process, and highlighting the 

importance of institutions and interactive learning, endeavouring to order national 

systems of innovation (Lundvall et al., 2002).  As part of this focus, Lundvall formally 

introduced the ‘innovation system’ concept in 1985, a concept that has steadily evolved 

into the ‘national systems of innovation’ that we see today. 

According to Lundvall et al. (2002) early empirical work in Aalborg by Dalum (1981) 

and Andersen et al. (1981) highlighted the strength of Danish exports of machinery in 

agriculture, confirming the role of the home-market in export specialisation and 

establishing that trade statistics can allow production systems to be compared and 

characterised.  This focus accelerated studies that analysed uniqueness and stability of 

national systems, that explored the theoretical assumptions behind the approach, and 

studies that highlighted the importance of relationships and interactions between 

agents.  So much so, that research on the competitiveness of different systems, the 
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importance of home markets, and the importance of government and related industries 

in providing competitive advantage really started to hit mainstream consciousness in 

the early 1990s as a result of Porter's (1990) diamond model, which outlined why 

particular industries become particularly competitive in certain locations.   

That being said, 'national systems of innovation' has proven to be far harder to 

conceptualise than first thought, particularly around the issue of what exactly 

constitutes a ‘national’ system. Initially national systems were seen as having two 

dimensions, a national-cultural element and an étatist-political dimension (Archibugi et 

al., 1999).  Yet, according to Archibugi et al. (1999), such an abstract nation is 

realistically difficult to find.  As a result, the conceptualisation of national systems of 

innovation has since been widened to include systems of innovation that are sectoral 

and ones at different geographical scales, such as local, regional and continental levels 

(Freeman, 1995). Authors such as Bo Carlsson (1997) and Franco Malerba (2002) (have 

also coined concepts such as 'technological systems' and 'sectoral systems of 

innovation' respectively, whilst Asheim and Isaksen (2002) has suggested that 

‘regional’ innovation systems should differ depending on whether knowledge is sticky 

or ubiquitous.   

More recently, the importance of local/meso or ‘place’ based systems have risen in 

prominence in response due to the paradoxical consequences of globalisation.  As Peck 

(2013) notes increasingly governments are adapting their larger policymaking 

initiatives, focusing more attention on ‘place-based’ policies that are sensitive to, or 

even constructed upon, the nature of geographic differences (e.g., through the 

development of local enterprise partnerships in the UK).  However, significant 

attention/resources are still being directed towards nationally focused organisations 

(i.e., the context of this study - Catapult centres) with significant support for these 

national types of system and whilst initially developed in European, American and 

Scandinavian economies, national systems of innovation are have gained significant 

traction in Latin America, Africa and Asia. (Lundvall et al., 2002).  

Indeed the ‘national’ systems approach is now adopted within major institutional policy 

making.  For example, in Europe, the European Commission’s ‘Europe 2020’ strategy 

has not only put innovation at the heart of its agenda, but specifically has highlighted 

how “EU and national research & innovation systems need to be better linked up with 
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each other and their performance improved” (European Commission, 2010).  

Meanwhile globally the OECD (The Organisation for Economic Co-operation and 

Development), in their mission to promote policies that will improve the economic and 

social well-being of people around the world, actively champion the development of 

National Systems of Innovation through their three-phase National Innovation System 

project (The Organisation for Economic Co-operation and Development, 2014).  Also, 

as part of their report on Managing National Innovation Systems in 1999 that is still 

used today, they stress that dealing with systematic failures and enhancing the 

innovative capacity of firms by promoting networking, joint-research activities and 

other technical collaborations are all achieved by putting in place and developing an 

innovation system (The Organisation for Economic Co-operation and Development 

1999).  Lundvall et al. (2002) argue that this diffusion of understanding and 

interpretation of systems of innovation is welcome and legitimate, allowing a deeper 

and more realistic understanding of innovation systems, in understanding the policy 

restraints of government around innovation, as well as identifying the effectiveness of 

policy decisions of government at various levels.  However, this diffusion of knowledge 

has introduced issues of clarity, overlap and misinterpretation, particularly around what 

constitutes a national innovation system, what the critical factors are of successful 

innovation systems and the difference between a national system of innovation and a 

triple-helix model of innovation.  The following sections attempt to clarify such issues. 

4.2.3 The Functional Approach to analysing National Systems of Innovation 

Since its inception scholars involved in national systems of innovation research have 

acknowledged that at the heart of all work on innovation systems is the notion that 

knowledge and learning is critical to an innovation system approach (Archibugi et al., 

1999).  Despite this, Wang et al. (2012), have noted three different approaches that have 

emerged in national systems of innovation research: the functional approach, the 

structural approach, and the effectiveness approach.  This section will focus on research 

adopting a functional approach.   

The functional approach is said to focus on the activities or sets of activities that the 

main actors within any system of innovation promote to generate, disseminate or apply 

knowledge.  Following this approach, Bergek et al. (2008) not only place technological 

change at the forefront of any given innovation system, but focus “on what is actually 
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achieved in the system, rather than on the structure of the system".  According to Bergek 

et al. (2008) there are seven functions of a technological innovation system.  These are: 

(i) to develop and diffuse knowledge; (ii) to influence the direction of search in terms 

of competing technologies, markets, applications and business models, ensuring that 

enough organisations enter the technological innovation system; (iii) to foster 

entrepreneurial experimentation, probing into new technologies and applications, 

allowing some to fail and some to succeed, but ultimately developing a social learning 

process: "A technological innovation system without vibrant experimentation will 

stagnate"; (iv) to nurse markets, bridge markets, or form markets depending on what a 

technological innovation system requires; (v) to provide legitimacy for technology and 

its proponents: legitimacy is a prerequisite for market formation and all new 

technological innovation systems; (vi) to help the facilitation of resource mobility, 

particularly human capital and competence, financial assets, and complementary assets; 

and finally, (vii) to help develop positive pecuniary and nonpecuniary externalities, 

such as: political and environmental developments, and the development of specialised 

supporting industries that contribute to economic growth.   

In addition to Bergek et al. (2008) authors such as Johnson, (2001), McKelvey (in 

Edquist and Johnson, 1997)  and Hekkert et al. (2007) have also analysed the functions 

of innovation systems from a holistic viewpoint.  Hekkert et al. (2007) in some ways 

echo the conclusions of Bergek et al. (2008), placing an emphasis on how innovation 

systems determine technological change and how innovation systems are created and 

changed in-line with the process of technological change.  Perhaps more importantly 

however Hekkert et al. (2007) also outline how it is the functions of any given 

innovation system that influence its success rather than the overall structure of the 

system.  During their analysis, Hekkert et al. (2007) highlight how the complexity of 

national systems of innovation has led to authors focusing on the structure of actors, 

network relations and institutions rather than system dynamics, using R&D efforts, 

patents, education systems, university-industry collaborations and venture capital flows 

as indicators.  Instead Hekkert et al. (2007:415) argue that “the analysis of technological 

change should focus on systematically mapping the activities that take place in 

innovation systems resulting in technological change. Since these activities have the 

function to contribute to the goal of the innovation system, which is the generation and 

diffusion of innovations, the activities are often called functions of innovation 
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systems”.  Illustrating why it is important to analyse system dynamics in comparison to 

purely analysis system structure, Hekkert et al. (2007) provide the example of Germany 

and the Netherlands who both employ policy attempting to stimulate the development 

of renewable energy industries.  According to Hekkert et al. (2007), despite relatively 

similar strategies, a structural review would only highlight how German producers are 

able to extract higher prices and negotiate longer-term contracts.  Whilst this illustrates 

a large part of the success Germany has been able to achieve it wouldn’t be able to 

highlight what a dynamic analysis would be able to.  For example, how the renewable 

energy lobby, opposition, and external events influenced the emergence of renewable 

energy regulation, how a co-evolutionary process of regulations adaptation and learning 

experiences from previous institutional arrangements helped develop the system, and 

how the interactive relation between government actions and increasing or decreasing 

entrepreneurial activities, the availability of resources for innovation projects, and the 

legitimization of renewable energy in society all impacted the process of technological 

change.  That being said, Hekkert et al. (2007) note that in many cases the sheer 

complexity of mapping any given systems dynamics isn’t feasible.  Therefore, when 

following a functional approach, they suggest that it is important to be clear on the 

activities that are relevant to the innovation system. As the goal of an innovation system 

is to develop, apply, and diffuse new technological knowledge, when determining 

functions that impact an innovation system only functions that meet such criteria should 

be included.  

Other authors, such as Edquist and Johnson (1997), Breschi and Lissoni (2001), Fritsch, 

(2002), and Muller and Zenker, (2001) follow a more individualised approach to 

mapping functions of an innovation system. Edquist and Johnson (1997) look at 

innovation systems from an institutional perspective, noting how national institutions 

play a vital role in the success of a national innovation system, reducing uncertainty by 

providing information, managing conflicts and co-operation, and providing incentives 

for innovation. Breschi and Lissoni (2001), Fritsch, (2002), and Muller and Zenker, 

(2001) look at the functions of innovation systems from a purely knowledge-based 

perspective, highlighting how knowledge spill overs (e.g. “the unintentional 

transmission of knowledge to others beyond the intended boundary” – Fallah and 

Ibrahim, 2004). and knowledge-focused business can all help foster a productive and 

innovative national system.  In doing so, Breschi and Lissoni (2001), Fritsch, (2002), 
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and Muller and Zenker, (2001) along with numerous others have adopted multi-level 

perspectives, analysing national innovation systems from not only a national 

perspective but also from local, sectoral, regional perspectives. 

Interestingly, despite the varied parameters used within these bodies of research, there 

are numerous overlaps that point to several functions that should be present within a 

national system of innovation.   Demonstrated in the next section, and as Hekkert et al. 

(2007) indirectly allude to in their discussion on the merits of a functional approach to 

mapping national systems of innovation over a structural approach, the use of a holistic, 

or individualised perspective, or the use of a sectoral, local, regional, or national 

perspective is not a zero-sum game.  There are various benefits and pitfalls to each, 

with different approaches not only able to work together, but able to provide a more 

extensive and exhaustive analysis, whilst more-defined analyses can often uncover the 

smaller more intimate details that a more generalised perspective can overlook.  

Equally, a more generalised analysis can outline the bigger picture, considering factors 

that are often deemed irrelevant in more defined research projects.  As a result, the rest 

of this section with continue to outline and incorporate other approaches to national 

systems of innovation, providing an inclusive analysis that considers a variety of 

opinions and perspectives. 

4.2.4 The Structural Approach to analysing National Systems of Innovation. 

Following a different approach, academic authors such as Lundvall (2007, 1992), Segal 

(2008) and governmental organisations such as the UK government have all considered 

how the structural elements of innovation systems, activities and process differ between 

nation states.   Not only that, but they have also analysed how these structural elements 

have impacted upon the generation and application of knowledge and the innovative 

performance of any given system.  For instance, Segal (2008) has noted how the United 

States, China and India have benefited substantially from the rise in the 

internationalisation of innovation, often offsetting weaknesses in their own innovation 

systems.  From this perspective, any research on national systems of innovation focuses 

on identifying the main influences on the production, use and dissemination of new 

technologies in any given country or region (Wang et al. 2012)  Examples include: the 

reduction of tariffs on exported goods and the relaxation of foreign ownership rules in 

India, and the introduction of market pressures, rationalization of the government-led 
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research institutes, and creation of spin-off high-technology companies in China (Segal, 

2008). Chesbrough et al. (2011) meanwhile have identified how the United States is 

particularly adept at facilitating funding mechanisms through the development of an 

entrepreneurial spirit, resulting in an eagerness within venture capitalists to support 

early-stage research.  In addition to this, in their most recent governmental overhaul of 

their national innovation and research strategy, the UK government published a report 

that identified the United States, the Japanese, and EU countries such as the German 

and the Swedish innovation systems as being “global innovation leaders”, providing 

several different frameworks which can be used for comparison when building a system 

of innovation and growth.  For example, within the report they noted that the United 

States funds exclusively challenge-led schemes in high risk, high reward areas of life 

sciences, physical sciences and engineering through the hugely successful Defence 

Advanced Research Projects Agency which determines spending decisions.  

Additionally, in the United States research governmental departments and agencies 

allocate funding.  Alternatively, the report also highlighted that Germany has focused 

on ensuring there are decentralised structures in place and prioritises national 

technologies and infrastructure development.  German Federal states have their own 

innovation programs, and they are heavily involved in joint policy co-ordination 

processes, co-funding research and university infrastructure with organisations such as 

the Max Planck institutes and the Fraunhofer institutes.  Chesbrough et al. (2011) have 

also highlighted the success of the smaller Swedish innovation system, a system based 

upon fostering collaboration between large multinational companies, industrial policy, 

university research and dynamic public organisations.   

Crucially, what quickly becomes apparent is that there is no ‘one size fits all’ strategy 

that can be adopted by all nation states when looking to implement an effective national 

system of innovation.  However, much like research following a functional approach, 

what this suggests is that there are numerous underlying similarities between national 

structures, and their activities and processes.  

4.2.5 The Effectiveness Approach to analysing National Systems of Innovation 

The effectiveness approach is one that focuses on the outcomes of actors, elements and 

the co-ordinating mechanisms used in promoting innovation activity within any given 

system (Wang et al., 2012). A particularly prominent piece of research in this area has 
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been conducted by Niosi (2002) who highlights a number of contributory factors to 

institutional and system inefficiencies in his journal article, "National systems of 

innovations are 'x-efficient' and (x-effective)". Niosi (2002) outlines how most of the 

inefficiencies and ineffectiveness of national innovation systems are related to path 

dependence (e.g., processes and systems whose outcomes evolve as a consequence of 

of the process’s or system’s own history) and lock-in situations (e.g. where patterns of 

activity form a ‘groove’ from which it becomes difficult to deviate) (See Martin and 

Sunley, 2006).  According to Niosi 2002), there are often also inadequate system rules, 

a lack or limited number of key institutions, weak coordination amongst units, and a 

lack of information flows, all of which result in national system of innovation 

inefficiencies.  Yet perhaps Niosi most important contribution comes in the form of 

their pioneering discussion on benchmarking indicators for measuring the performance 

of national systems of innovation.  Examples of performance indicators include 

effectiveness indicators across industries, universities, and government policy.  These 

include: the number of university graduates as percentage of new enrolment, the 

number of industry patents per industrial researcher, and the number of firms 

conducting R&D.   Whilst non-performance indicators highlighted by Niosi (2002) 

were around efficiency, quality of output, flows/synergy and ratios and indexes such as 

GDP and macroeconomic data; these are illustrated in Figure 3.1. 
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Figure 4-1: Examples of indicators of National System of Innovation performance (Niosi, 2002) 

4.2.6 The Importance of Context for National Innovation Systems 

It is important to emphasise that systems of innovation must work in harmony with 

systems designed for a particular technology (Archibugi et al., 1999). Some sectors and 

technologies have a particular dynamic that can't be regulated in the same way as others 

(Carlsson 1995). Innovation systems themselves can include R&D departments, 

technological institutes and universities but also all parts and aspects of the economic 

structure and institutional setup affecting learning as well as searching and exploring – 

the production system, the marketing system, and finance systems (Archibugi et al., 

1999).  Therefore, it is important that government ensures that these systems are 

optimally designed in order to provide the environment necessary in order for 

innovation to flourish depending on the particular conditions present (Archibugi et al., 

1999).  A widely touted example of the deployment of this strategy can be found in the 

Swedish innovation department VINNOVA.   VINNOVA works closely with specific 

sectors in order to ensure that decisions reflect their current and future needs, and is 
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used by the Department of Business for Innovation and Skills as justification for their 

current strategy (UK Department for Business Innovation and Skills, 2011).  

Systems of innovation must also reflect changes in developed economies (Lundvall: in 

Archibugi, 1999).  Lundvall (in Archibugi, 1999) outlines new trends and structures in 

labour and production markets, which reflect a shift towards knowledge-based 

economies with the competitiveness of individuals, firms and entire systems of 

innovation reflecting their ability to learn and absorb knowledge. Driven by 

globalisation and the advances in technology, the changing nature of work can be seen 

in the rise in demand for employees with skills and qualifications, rapid employment 

growth figures in sectors requiring skilled workers, and the rise of knowledge and 

information as an output of production.  More recently, Hekkert et al. (2007) have noted 

that the emergence of new innovation systems along with changes in existing 

innovation systems has co-evolved with the process of technological change.  Key and 

succeeding innovation systems reinforce and apply the positive externalities of 

technological change.  Yet this landscape change continues to force further questions 

on how economies and innovation systems should be adjusted.  It has introduced new 

problems around private ownership of knowledge, and the ability of individuals to 

prevent unauthorised re-selling of knowledge, introducing a social dimension to policy 

making (Lundvall, in Archibugi, 1999). Additionally, it has also led to economists 

seeking to re-understand the demise of centrally planned economies, and the woes of 

the pure market through the lens of ‘learning and knowledge’, more specifically how 

learning and technology development is hampered under both scenarios.  

According to Lundvall (in Archibugi, 1999) issues such as the increased potential for 

social inequality also must be addressed.  Driven by the increased demand and capacity 

of the individual to learn about these issues, they must become central to industrial and 

technology policy making.  He argues that industrial and technology policy must also 

form a part of an overall economic strategy, connecting with education policy, 

macroeconomic policy, and promoting learning and interaction between sub-systems, 

organisations and individuals. Along similar lines, Dosi (in Archibugi, 1999) has 

highlighted several antecedents to effective national systems as well as some basic 

tenets of national systems of innovation.  Dosi notes that national institutions and their 

policies must also support innovation, diffusion, and skills accumulation.  He argues 
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that it is important that user-producer relations are emphasised, along with the resultant 

development of collective knowledge bases and commonly shared behavioural rules 

and expectations.  Furthermore, based on various studies, the presence of national 

companies is linked by Dosi to national patterns of technological accumulation and the 

development of competencies. Dosi (in Archibugi, 1999) has also called for the national 

systems of innovation view to consider the ‘technological black box’ in future research, 

highlighting the need for a better understanding of how organisations ‘learn to do 

things’ and how they improve and modify them over time.  In doing so, the fundamental 

process of the distribution of knowledge within firms and how it varies in different 

cultures and settings must be addressed, as well as the social embeddedness of routines 

– which are impacted by local markets, workforce, and finance institutions.  Finally, 

there is, according to Dosi, also a need for a greater understanding of how 

organisational capabilities are impacted by the idiosyncratic and tacit nature of 

knowledge (Foss et al, 2003; Brannback, 2003).  

4.2.7 Supporting Open Innovation within a National System of Innovation 

The changing political, economic and technological landscape (particularly the shift 

towards Open Innovation within innovative organisations) is resulting in an impact on 

national systems of innovation (Wang et al., 2012).  Acknowledging that industrial 

innovation processes are becoming more open, providing numerous benefits to 

organisations whether private or public, suggests that innovation policy makers must 

support open innovation activities and initiatives by recognising this evolution. The 

work of Chesbrough et al. (2011) along with Wang et al. (2012) is at the forefront of 

how the move towards an Open Innovation landscape should influence innovation 

policy.  For instance, in a recent report Open Innovation leader Henry Chesbrough and 

Wim Vanhaverbeke have highlighted where European innovation policy makers should 

focus their efforts in the near future, promoting a climate conducive for Open 

Innovation.  Proposing five key areas for consideration, they aimed to outline a clear 

vision for future decision-making: 

1. Improving education and human capital development 

According to Chesbrough and Vanhaverbeke, meritocracy should prevail in the 

designation of funding; helping to ensure that available capital is used optimally.  There 
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is also support for enhancing mobility of graduate students and researchers by aligning 

incentives of researchers and industry, providing knowledge diffusion benefits between 

higher education institutions and private organisations. 

2. Improved financing for Open Innovation 

According to Chesbrough and Vanhaverbeke, over the years academics have suggested 

that governments across the globe should increase the funds available for venture 

capitalists (VC) rather than provide direct funds for R&D, which they claim has been 

ill-advised as they require public managers to make judgements on project viability at 

private companies.  VC companies should instead compete to supply capital to ideas 

and opportunities. They can also provide long-term support for complex developments 

where the innovation cycle is 5-10 years. The formation of university spin-offs should 

also be facilitated to commercialise research. 

3. A balanced approach to intellectual property 

Chesbrough and Vanhaverbeke also argue that governments should seek to reduce 

transaction costs around the European intellectual property system as they currently 

hamper Open Innovation.  They also argue for increased support for IP intermediaries 

that help facilitate the transference of ideas and knowledge between organisations.  

Meanwhile universities IP policies need to broaden the diffusion of publicly funded 

research results (Chesbrough et al., 2011). 

4. Promotion of co-operation and competition 

Additionally, Chesbrough and Vanhaverbeke suggest that there is a need for support to 

be shifted from large, often multi-national, national champions towards SMEs and start-

up companies.  Spin-offs from larger companies and universities need to be provided 

with advice and funding.  Innovation networks also require fostering and facilitation 

(Chesbrough et al., 2011). 

5. The expansion of open governments 

Finally, according to Chesbrough and Vanhaverbeke the publication of government 

data should be accelerated, making publicly funded research available to those who 

could benefit from it (Chesbrough et al., 2011).  Government procurement the suggest 
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should support open innovation processes through purchasing innovative products and 

services, encouraging private commercialisation of top technologies developed from 

publicly funded projects. 

Wang et al. (2012) meanwhile have championed national systems of innovation as a 

potential driving force behind the adoption of Open Innovation.  They argue that a 

national system of innovation should look to develop technology markets, foster 

linkages between organisations, develop regimes for knowledge appropriation around 

intellectual property protection, support basic research, and increase the supply of high 

quality labour.  They claim that, by implementing an Open Innovation strategy at the 

core of any given national system of innovation, systems efficiency can be greatly 

improved. In fact Open Innovation is said to reinforce the importance of National 

Systems of Innovation as external knowledge is determined by a well-equipped, 

functional and effective system (Wang et al., 2012). For example, as outlined in the 

discussion on National Systems of Innovation, numerous studies have highlighted the 

factors and mechanisms influencing the effectiveness of systems. Authors such as Den 

Hertog et al. (1996) have noted that knowledge transfer mechanisms are critical, whilst 

Open innovation practices are also said to be positively affected by: a continuous supply 

of outside knowledge; highly educated personnel; financial resources and effective 

legal systems (Wang et al., 2012).   

What is clear is that an effective system of innovation requires public bodies to fully 

support activities that foster the preconditions of OI, and to support activities that 

activate and maintain the purposeful inflows and outflows of knowledge between 

various actors (Chesbrough et al., 2011; Levy & Reid, 2011; Westergren & Holmström, 

2008). Pre-conditions of open innovation include ensuring that both organisations and 

networks are aware of the importance of openness, that they thoroughly examine 

external ties and trust constructs, that they ensure that there is mutual trust between 

organisations, containing risk and managing co-dependencies, and also that they ensure 

that information technology is fully enabled within organisations as it is a fundamental 

part of the communication and exchange landscape (Westergren & Holmström, 2008). 

OI practices however are most dependent on the availability of external knowledge and 

resources. Therefore, a functional national system of innovation is essential in order to 
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continue provide the supply of knowledge that it is largely responsible for (Wang et al., 

2012). 

4.3 Triple-Helix: An alternative view to National Systems of Innovation? 

The system of innovation view has highlighted the firm and the promotion of 

competition through the re-organisation of industrial sectors and nation state as primary 

drivers at the local, regional and national levels. Yet running parallel to the literature 

on systems of innovation, the triple-helix view of innovation has also been gaining 

considerable traction amongst academics.   

"a	set	of:	(i)	components	(the	institutional	spheres	of	University,	Industry	and	

Government),	 with	 a	 wide	 array	 of	 actors;	 (ii)	 relationships	 between	

components	(collaboration	and	conflict	moderation,	collaborative	leadership,	

substitution	and	networking);	and	(iii)	functions,	described	as	processes	taking	

place	 in	 what	 we	 label	 the	 ‘Knowledge,	 Innovation	 and	 Consensus	 Spaces’	

(Ranga	&	Etzkowitz,	2013)	

According to Etzkowitz and Leydesdorff (2000) the triple-helix model supports the 

view that reorganizations across industrial sectors and nation states are induced by new 

technologies, with university research acting as the locus of knowledge-intensive 

network transitions and evolutions.  The Triple-Helix model used today has itself 

emerged from a debate between competing models of university–industry–government 

relations which stemmed from the multitude of different innovation systems and the 

difference of opinion in which path should be taken in university-industry relations 

(Etzkowitz & Leydesdorff, 2000).  This stems from the work of Gibbons et al. (1994) 

who outlined different modes of knowledge production, traditional disciplinary 

knowledge production by universities, labelled “Mode 1”, and the newly emerging 

cross-organizational knowledge production paradigm, labelled “Mode 2”. The 

competing models are illustrated in Figure 3.2. 

 



	 69	

 

Figure 4-2: Triple-Helix Model Variations (Etzkowitz and Leydesdorff, 2000) 

A contestable but common view is that the etatistic model stems from the cold war, 

where a number of governments strictly controlled economic markets, but ultimately 

failed as stagflation, oil crises and global competition made the model unsustainable 

(Nishizawa, in Taplin 2006).  According to Etzkowitz and Leydesdorff (2000) 

examples of this model in action are to be found in the economic histories of former 

Soviet Union and Eastern European countries, in many Latin American countries and 

to some extent in European countries such as Norway. The Laissez-Faire model 

meanwhile consists of separate institutional spheres with divisive and strong borders 

with highly confined relations among them individually, developed in response to the 

common failure of the ecstatic model (Etzkowitz & Leydesdorff 2000).  Alternatively, 

the triple-helix model sees an overlap of these institutional spheres, with each sphere 

taking the role of the other resulting in hybrid/intermediary organizations emerging at 

the interfaces.  It is generally seen as the most common and aspirational model of 

innovation, one of close university-industry-government relations (Etzkowitz & 

Leydesdorff, 2000). 

“The	Triple-Helix	model	describes	interaction	among	three	institutional	actors	

Science	 (S),	 Industry	 or	 Business	 (B),	 and	 Government	 (G).	 These	 three	 sub	

dynamics,	reflecting	three	selection	mechanisms,	exchange	among	themselves	

functions	of	knowledge	production,	wealth	creation,	and	normative	 control”.	

(Ivanova	2014:359)	

According to Ivanova (2014) the rise of the knowledge economy and its requirement 

for innovation is one of the driving forces behind the emergence of the triple-helix 
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model.  Previously independent institutional actors from the spheres of Science, 

Business and Government have had to react to changing societal boundaries, by 

ensuring different institutional spheres acquire interpenetrative characteristics, forming 

overlapping areas within which the functions of each actor participating in the 

intersection become interchangeable, so that each institutional sphere obtains additional 

features, in addition to its basic feature. According to Ivanova (2014), this has led to 

overlapping areas SG, SB, and BG in which bilateral interaction occurs (see Figure 3-

3). 

 

Figure 4-3: Overlaps in the Triple-Helix Model (Ivanova, 2014) 

According to Etzkowitz and Ranga (in Rickne et al., 2012) three major functions: 

novelty production, normative control, and wealth generation (See: Leydesdorff and 

Meyer 2006) are driven by interactions and evolution from knowledge, consensus, and 

innovation spaces.  Yet Ivanova (2014) highlights that, whilst each of the spaces 

involves activity of all three actors, the weights of the actors in each of the spaces are 

unequal.  She goes on to highlight that this is dependent on local conditions, and often 

occurs in different ways.  For example, Ivanova (2014:360) highlights that “in 

Norrkoping (Sweden), the sequence of space generation was 

Consensus→Innovation→Knowledge, while in New England (United States), it was 

Knowledge→Consensus→Innovation (Etzkowitz and Ranga ,2010)”.  
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Indeed, the complex nature of the triple-helix model tends to lend itself to constant 

extension, revision and interpretation.  This has resulted in a substantial amount of 

research on the topic, numerous adjustments, and many competing arguments.  As a 

result the triple-helix concept has constantly evolved over time.  Leydesdorff (2012) 

himself has argued that the metaphoric nature of the triple-helix concept lends itself to 

being expanded to the ‘n’th degree.  In response to a notion in some quarters that the 

triple-helix concept could be expanded to a ‘quadruple’ or even a fifth helix model, for 

example, by bringing society and the public back into the model (e.g. Rieu 2011), 

Leydesdorff (2012:30) argues that the model could be extended to include 20+ helices 

that represent “the specialization and codification in function systems which evolve 

from and within civil society”.  Additionally, Leydesdorff (2012) also argued that the 

model could be expanded to reflect differing dimensions, i.e. the public and private 

dimension, however he states that any such adjustment may want to be done on a step 

by step basis in order to gain explanatory power. Authors such as Baber (2001) first 

discussed the extension of the triple-helix model in his analysis of Singapore in the 

1980s noting a triple-helix structure, but also the presence of external scientific experts 

who advised the government during this time. Whilst Mehta (2005), who first presented 

his paper back at a Triple-Helix conference in 2003, argued that the growth of certain 

scientific and technical areas leads to re-imagining of the Triple-Helix concept to 

include the ‘public’.  This in part led to Leydesdorff & Etzkowitz (2003) arguing that 

“the ‘public’ can hardly be considered as a fourth dimension, because the Triple-Helix 

model represents three specialized functional spheres that interact among variously 

coded communications and evolve within civil society” (Ivanova 2014). In fact 

according to Carayannis & Rakhmatullin (2014) in such a model citizens would be 

involved in development work, but would also have the power to propose new types of 

innovation, connecting users with their stakeholders across industry, academia and 

government (Arnkil et al., 2010).  Yet authors have persisted in looking for additional 

dimensions. Carayannis & Campbell (2009) proposed a model with media-based and 

culture-based components.  This research has ultimately led to Leydesdorff's (2012) 

own interpretation of how the model can be extended, a change from his original stance.  

Subsequently, authors have gone further by highlighting quintuple-helix models in 

greater detail (Carayannis & Rakhmatullin 2014), with Ivanova (2014) incorporating 

Media (M) in a model that resembles the original Triple-Helix model, but substantially 
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more complex (See Figure 3-4, where S=science, B=business, G=government, 

M=media; and Figure 3-5).  

 

Figure 4-4: Quintuple Helix Model (Ivanova, 2014) 

 

Figure 4-5: Public-centred Helix Model (See Carayannis and Rakhmatullin, 2014) 
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Intriguingly, recently the links between the Triple-Helix and Open Innovation have 

started to be explored by authors in the area.  For example, Leydesdorff and Ivanova 

(2016) have suggested that the principles of Open Innovation, although firm-centred, 

support attempts to find surplus value in bringing industrial innovation closer to public 

R&D.  Feedback loops, developed because of Open Innovation feedback loops, can be 

turned into feedforward ones that drive innovation eco-systems towards self-

organization and the auto-catalytic generation of new options. 

However, despite this discussion of the theoretical underpinnings of the Triple-Helix 

model and its revisions, an area that is still hugely under-developed is how the Triple-

Helix model aligns and interacts with other related research strands.  One such research 

strand that is pertinent to this study is that of the previously explored National Systems 

of Innovation model.  The next section will highlight existing discussion regarding this 

area of the literature. 

4.3.1 The Triple-Helix model and the National Systems of Innovation model 

Arguments for and against the competing models of innovation have been at the heart 

of the innovation debate for several years, with the supporters of models vehemently 

defending the theoretical merits of each.  For example, Etzkowitz and Leydesdorff 

(2000) have argued that the Triple-Helix model is analytically at odds to the systems of 

innovation view as it places institutions, such as universities and intermediaries, at the 

forefront of innovation activity within knowledge-based societies, rather than the firm 

itself.  Yet, the national systems of innovation view does acknowledge the role of states 

and universities, essentially arguing the same thing  (See: Lundvall, 1992; Archibugi et 

al., 1999).   As Lundvall (2007) points out, the issue is the distortion of the national 

system of innovation view.  A narrow understanding of the concept from academics 

and policy makers has often led to large areas of economic performance being 

unexplained, giving rise to alternative concepts that attempt to explain the oversight, 

resulting in policy that is skewed towards certain sectors and disciplines.  Rather than 

simply outlining infrastructure, the national systems of innovation approach has a 

double focus that incorporates learning, competence building, and all the organisations 

and institutions that support them.  According to Lundvall (2007) alternatives such as 

the Mode 2 knowledge production model (Gibbons et al., 1994) and the Triple-Helix 

approach contribute to this distortion.  These perspectives place significant emphasis 
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on outlining the role science and technology play in learning and development.  Science 

and technology is indeed playing an increasingly significant role for many firms in a 

variety of industries, including those that could be deemed low-technology; however, 

this has not come at the expense of other types of knowledge and learning such as 

experienced based learning or tacit knowledge (Lundvall, 2007).  In fact, as Lundvall 

(2007:4) points out, “to bring innovations, including science-based innovations, to the 

market organisational learning, industrial networks as well as employee participation 

and competence building are more important than ever”.   

Over the years there have been other perspectives.  Porter’s analysis of national 

competitive advantage is said to have close connections to innovation system traditions, 

highlighting the importance of the domestic user and domestic demand in product 

innovation and adding to our understanding by demonstrating the role and impact of 

competition and clusters in the innovation network (Lundvall, 2007).  Meanwhile 

Whitley's (1992) analysis of national business systems, and the concept Social Systems 

of innovation (Amable et al., 1997) have both looked to identify taxonomical 

differences, whether it be in national characteristics or micro-organisational traits under 

the basic premise that it possible to match and mismatch different elements of a given 

system and how they affect performance.   Nevertheless, these too all have a distinctly 

national system flavour, unintentionally extending the concept, rather than 

revolutionising it.  Yet this hasn’t stopped authors questioning the validity and integrity 

of the national systems of innovation concept.  Asides from Etzkowitz and Leydesdorff 

(2000), Edquist (2005) has also been a much cited critic of the concept in its current 

form, arguing that the concept lacks rigour and a systematic underpinning.  Unlike 

Etzkowitz and Leydesdorff (2000) however, Edquist’s (2005) misgivings are more 

centred on theoretical analysis, rather than an attempt to champion an alternative model. 

To find authors such as Etzkowitz and Leydesdorff (2000) proposing that the triple-

helix view as fundamentally different at theoretical level to the work of people like 

Freeman (1995), Lundvall (1997), and Nelson (1993) is neither surprising nor radical. 

For years various disciplines across the sciences have produced schisms in research.  

However, as Lundvall (2007) argues in his paper on National Systems of Innovation, it 

is in the conceptual overlaps where academic theory can build theoretical consensus, 

broaden understanding and provide progress. One overlap not considered by Lundvall 

(2007) can be seen in one of the key cornerstones of the triple-helix literature, that 
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hybrid/intermediary organisations act as facilitators of innovation by connecting 

industry, university and government spheres.  As highlighted earlier, the systems of 

innovation approach acknowledges the role that universities and governments play in 

driving innovation, so making a schism in research unnecessary.  Therefore, rather than 

needlessly discussing, comparing, and arguing the theoretical merits of each individual 

model, progress would be better served by focusing on the overlaps in greater detail, 

bringing the models together rather than pushing them apart.  Such a philosophy is best 

illustrated by the work of Nakwa & Zawdie (2012), who highlight the important 

distinction between Triple-Helix as a knowledge network and Triple-Helix as a system 

of innovation, and how the former is an evolving phenomenon that is primarily 

concerned with developed countries such as the United Kingdom, rather than in 

developing or third world countries that focus on other models.  By doing so, they 

highlight the importance of intermediary organisations for innovation.   

4.3.2 The role of Innovation Intermediaries in National Innovation Systems and 

in the Triple-Helix model 

The innovation intermediary model (See Figure 3-6) of Nakwa and Zawdie represents 

revision to the original Triple-Helix model proposed by authors such as Etzkowitz & 

Leydesdorff (2000) showing the overlap of all three of the Science, Business and 

Government institutional spheres.  They are often overlooked in studies of national (See 

Lundvall, 1992; Nelson, 1993), regional (See Cooke, 2004), or sectoral (See Malerba, 

2002) systems of innovation and by conceptual models such as the Triple-Helix model 

(See Etzkowitz & Leydesdorff, 2000), although recent revisions do acknowledge their 

existence, for example, Ivanova, 2014).    

Essentially, as Ahuja (2000) highlights, intermediaries are created when structural holes 

exist, bridging and closing the gap between disconnected actors and stimulating 

network dynamics.  These structural holes arise when actors neglect information flow 

outside their groups creating gaps in information and knowledge flows, consequently 

creating a ‘moral hazard’ problem and making the system dysfunctional.  By closing 

these structural holes opportunistic behaviour is minimised and opportunities for social 

capital formation arise through the potential for brokerage (Burt, 2004).  
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They occur within science and industrial sectors that are predominantly science-based, 

non-profit organizations (Kirkels & Duysters, 2010), facilitating interorganizational 

collaboration between firms, governments, and universities to address long-term, multi-

dimensional problems (Dalziel, 2010). They also support economic development 

through entrepreneurship and technology catch-up in developing countries (Dalziel, 

2010; Mazzoleni & Nelson, 2007).   

Recent research has identified the different traditional roles of intermediary 

organisations, academic, governmental and industrial organisations.  As Nakwa & 

Zawdie (2012) highlight: 

"the roles that intermediaries play as sponsors, brokers and boundary 

spanners result not only in the expansion of the domain of activities in the 

three institutional spheres of the Triple-Helix system, but also in the 

blurring of boundaries following interactions between actors across the 

three spheres.  At the strategic level, networks of innovators are formed by 

brokering intermediaries; and so brokering intermediaries play an 

important role in forging linkages between universities, industry and 

government agencies through engagement in collaborative schemes" (see 

Figure 3-6).  
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Figure 4-6: Intermediaries in the Triple-Helix Model (Nakwa and Zawdie, 2012) 

As demonstrated in Figure 3-6 according to Nakwa and Zawdie (2012) innovation 

intermediaries are primarily concerned with sponsoring, brokering and facilitating 

boundary spanning between organisations from different backgrounds. Nakwa and 

Zawdie (2012) developed this model in response to most of the studies conducted on 

innovation intermediaries showing the sponsoring role of intermediaries as playing 

second fiddle to the brokering and boundary spanning roles.   

Sponsoring is when the innovation intermediary provides knowledge and technological 

infrastructure (Johnson, 2008; Nakwa and Zawdie, 2012), and is crucial for the creation 

of a Triple-Helix culture that provides a fertile ground for innovation to emerge and 

thrive.  Brokering is when the Innovation Intermediary assumes the role of a 

coordinator, a gatekeeper or even as a representative depending on the nature of its 

organization, its resources and the environment the intermediary finds it in (Fernandez 

and Gould, 1994; Nakwa and Zawdie, 2012). They affirm that boundary-spanning 

intermediaries: 

“gather and access resources from diverse sources and provide 

operational services to promote knowledge circulation between 



	 78	

universities, government agencies and industry, thereby enhancing the 

blurring of organizational, institutional and technical boundaries (Aldrich 

and Herker 1977)” (Nakwa and Zawdie, 2012:270).  

During this interaction with the innovation intermediary, universities are said to be 

responsible for teaching and R&D, industry is responsible for production and service 

provision, whilst government is responsible for setting rules and regulations and for 

providing funding. 

However, research on innovation intermediaries in a variety of contexts is sadly 

missing, with the nature of the literature fragmented and non-cumulative (Dalziel, 

2010).  For example, confirmation of these roles is based upon a single case-study of 

multinational companies in Thailand.  Consequently, further research is needed to better 

understand the concept, specifically whether the roles highlighted by Nakwa and 

Zawdie (2012) are representative of other intermediaries facilitating triple-helix 

interactions. 

In terms of linking the concept Open Innovation with Innovation Intermediaries, Katzy 

et al. (2013) did analyse seven innovation projects with collaborative partnerships in 

inter-organisational networks that are facilitated by innovation intermediaries.  And in 

doing so, focused on the impact of their findings in the context of the process of Open 

Innovation.  Clearly here, given the analysis provided above, a broader discussion is 

needed that incorporates not only Open Innovation, but National Innovation Systems 

and Triple-Helix models as well.  There is also scope for a discussion on the factors 

that influence the success (outcomes) of these activities.  The next section will discuss 

this, in the context of a conceptual framework. 

4.4 Summary of Identified Research Gap (Conceptual Framework) 

Currently the three major strands of research that were discussed above can all be said 

to have strong theoretical roots, yet none is without limitations.  Despite their 

overlapping nature, there currently is no published research that explicitly links the 

three.  As has been argued, these models can and need to be synthesised; outlining and 

explaining how all these concepts should influence innovation and analysing/discussing 
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the overlaps between the concepts should reveal how differences can be overcome or 

used to enlighten the analyses. 

As highlighted by the above, over the years the importance of developing national 

innovation systems to generate economic growth has gained considerable traction in 

academic and policy making circles. To this end, the recent emphasis of the UK 

government’s policy initiatives has been on assisting activities that generate innovation 

through the formation of publicly funded technology and innovation centres. 

These intermediary organizations represent a concerted effort to bring together the three 

helixes of science, industry and government (Etzkowitz and Leydesdorff, 1995), 

creating an infrastructure that bridges the spectrum of activities between research and 

commercialization of technology. They have been created for UK industries that have 

global markets, world leading research capabilities and the ability to exploit technology 

and finance investment (Huaser, 2014).  Such links – between science, industry and 

government – have been widely discussed in relation to systems of innovation, 

performance and development within the UK (e.g., Audretsch et al., 2012; Hewitt-

Dundas and Roper, 2011; Lawton Smith and Bagchi-Sen, 2010). 

In doing so, as presented previously, Nakwa and Zawdie (2012) highlight how these 

intermediary organizations traditionally act as brokers and boundary-spanners in the 

Triple-Helix model, forging linkages between universities, industry and government 

agencies through fostering engagement in collaborative schemes.  Given that Open 

Innovation is the use of purposive inflows and outflows of knowledge to accelerate 

internal innovation and expand the markets for external use of innovation (Chesbrough, 

2006), from the review of the literature, and conceptually speaking, it can be presumed 

that intermediary organizations can facilitate this Triple-Helix interaction in ways 

synonymous with the principles of ‘Open Innovation’. 

Consequently, the review of the literature posits that there is a considerable theoretical 

overlap between literature on the Triple-Helix model, the Systems of Innovation 

literature, and the literature on Open Innovation.  In doing so, this study proposes that 

the systems of innovation research stream and the Triple-Helix stream are rooted in 

open innovation thinking, and that these concepts operate cohesively (see Figure 3-7 

below).  
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Figure 4-7 Conceptual Framework of NIS, 3H and OI Interaction 

In addition to the above, it is also clear from the review of the literature that, due to its 

relatively youthful nature, the theoretical roots of the Open Innovation literature need 

to continue to be validated, particularly in today’s ever-changing and evolving business 

environment. Clearly, one of the main issues that needs to be addressed includes the 

identification and classification of Open Innovation activities using real world 

examples in the UK.   However, further research is also clearly needed into the 

identification of factors that contribute to the success (outcome) of projects in this 

context.  This is especially important given that Van der Panne et al's. (2003), De 

Rochement (2010), Papa, Soco-Acosta and Martinez-Canesa (2017) are the only 

previous studies that addresses factors contributing to the success (outcome) of 

innovation projects cohesively, albeit in different contexts. 

As highlighted earlier, to date, the academic literature (Lichenthaler, 2011) would 

suggest that these factors can be categorised into three typologies: (i) organisational-

level success factors, (ii) network-level success factors, and (iii) individual-level 

success factors. 
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Organisational-level factors include: (i) a culture of innovation (Ekvall and 

Ryhammer, 1998; Lester, 1998; Van Der Panne et al., 2003; Martín-de Castro, et al. 

2013), which is (ii) devoid of the Not-Invented-Here syndrome (Lichtenthaler et al., 

2010; Chesbrough, 2003; Katz & Allen, 1982; Chesbrough & Crowther, 2006).  There 

must also be a degree of (iii) cultural fit between involved partners (Das and Teng, 

2002; De Rochement, 2010), or the (iv) ability to bridge divides in cultural fit (Douma 

et al., 2000).  (v) Human Resources must also support the social climate for 

innovation (Soto-Acosta et al., 2016).  When implementing Open Innovation an 

organization must also (vi) be able to accept the accompanying change in culture that 

transforms the firm’s boundaries from being closed, to being semi-permeable (Chiaroni 

et al., 2011).  Furthermore, in doing so, Chiaroni et al. (2011) suggest that firms need 

to make use of the managerial levers available to them when adopting Open Innovation, 

such as (vii) the adoption of Knowledge Management Systems (also see, Eldridge et 

al., 2006; Bose, 2004; Bose 2003; Yeh et al., 2006; Faems et al., 2010), (viii) the use 

of evaluation processes (Faems et al., 2010), (viiii) the use of organizational 

structures that facilitate Open Innovation across functional areas (Adler and Kwon, 

2002; Subramaniam and Youndt, 2005; Jansen et al., 2006; Popa, Soto-Acosta and 

Martinez-Conesa, 2017), and a firm must also have the (x) absorptive capacity to 

recognize external information and to use such information internally (Lichtenthaler 

and Lichtenthaler, 2010; Spithoven et al., 2010).    

Firms involved in the Open Innovation process must also (xi) employ an ‘open’ 

business model that supports Open Innovation activities (Chesbrough, 2006), (xii) and 

a business model that is dynamic (De Rochement, 2010).  De Rochement (2010) also 

outlines that firms (xiii) need clear financial agreements, (xiiii) a level of financial 

risk acceptable to all of those involved, and (xv) need to avoid ‘groupthink’. 

These organisational-level factors are captured in Figure 3-8: 
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Figure 4-8 Conceptual Framework of Organisational Level Outcome Factors 

Network-level success factors were far less clear, but included: (i) the presence of a 

globalized network (Ahuja, 2000; White, 2002; Owen-Smith and Powell, 2004; 

Fleming and Frenken, 2007; Huizingh, 2011), (ii) an appropriate market structure 

(Van Der Panne, 2003), which allows (iii) flow of information from position to 

position within a social structure (Owen-Smith and Powell, 2004), which has low but 

intense levels of competition rivalry (Yoon and Lilien, 1985; Link 1987; Roure and 

Keeley, 1990; Van Der Panne, 2003; Gassmann, 2006; Huizingh, 2011; Popa, Soto-

Acosta and Martinez-Conesa, 2017), market transparency (Hopkins, 1981; Van Der 

Panne, 2003), allows partnership arrangements (Eisenhardt and Schoonhove, 1996) 

and which facilitates speed of entry (Van der Panne, 2003). Figure 3-9 shows these 

network-level factors: 
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Figure 4-9 Conceptual Framework of Network Level Outcome Factors 

Individual-level success factors include: antecedent factors such as (i) trust (ii) faith 

(iii) social commitment (iv) acceptance of joint problem solving (De Rochement, 

2010).  Individuals need to be (v) open-minded ensuring firms avoid groupthink (Roffe, 

1999; De Rochement, 2010) (vi) have communication skills (Mohr et al, 1994; Kelly 

et al, 2002; De Rochement, 2010 (vii) and have strong learning intent (Ghosal, 1987; 

Hamel, 1991; Doz, 1996; Tsang, 2002; De Rochement, 2010). Figure 3-10 illustrates 

these factors: 
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Figure 4-10 Conceptual Framework of Individual Level Outcome Factors 

The conceptual framework of NIS, 3H and OI interaction (see Figure 3-7) posits that 

the national system of innovation is underpinned by facilitation of interaction of 

academia, industry and government by innovation intermediaries, and that this 

interaction is underpinned by open innovation.  Based upon the review of the academic 

literature, it can, at this stage, be presumed that the ‘success’ of such projects is 

dependent on the presence of these organisational-level success factors, (ii) individual-

level success factors, and (iii) network-level success factors.  Furthermore, we would 

expect these factors to align with the ‘climates’ outlined by De Rochement (2010).  

Namely, that these success (outcome) factors be categorised as financial, relational, 

learning, or management and organization factors (see Figure 3-11). 
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Figure 4-11 Conceptual framework of factors contributing to activities displaying NIS, 3H and OI 
interaction  

However, given the nature of these factors is still under debate, particularly in the 

context of innovation, they clearly warrant further investigation.  This study provides a 

unique context with which to explore these factors, particularly in projects displaying 

3H interaction, facilitated by an innovation intermediary within a National System of 

Innovation. 

Consequently, this study based upon the above literature review has five main 

objectives: 

• To develop a conceptual framework synthesizing research on Open Innovation, 

Intermediaries, the Triple-Helix model, the National System of Innovation 

model 

• To empirically investigate the activities of the Offshore Renewable Energy 

CATAPULT and the High-Value Manufacturing CATAPULT noting the 

impact on our understanding on these concepts. 

• To empirically investigate the role and impact of the ORE and HVM 

CATAPULT centres on innovation within their industries. 
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• To empirically investigate the factors supporting and inhibiting innovation 

projects 

• To validate or amend the conceptual framework to better understand how 

innovation is supported by intermediary organisations, utilizing ‘open’ 

innovation to facilitate interaction between organisations from academia, 

government and industry within a national system of innovation. 

In addressing these objectives, the following chapter presents the research philosophy 

underpinning this study.  In doing so, the adoption of a Critical Realism orientation is 

highlighted as the underlying philosophy of this research.  The research questions of 

this study are then outlined, followed by a discussion on the implications of the choice 

of philosophy on the selection of methodology, and methods are then outlined.  The 

chapter then proceeds to detail the data collection process, and the choice of approach 

for data reduction and analysis.  It concludes by outlining other methodological 

considerations that the study addressed, including any ethical concerns. 

4.5 Chapter Summary 

Within this chapter the emergence of innovation policy as a research field was outlined, 

before a discussion of the research on innovation systems literature.  The detailed 

review of the literature outlined ‘national systems of innovation’ as a concept that can 

be defined in a variety of ways, from a functional perspective, a structural perspective, 

and an effectiveness perspective, and that Open Innovation can be supported within a 

system of innovation.  However, this chapter then recognised competing research in 

triple-helix model interaction, which has been running parallel to research on systems 

of innovation.  However, after outlining the nature of this concept and the theoretical 

debate between the two fields, a conceptual framework was proposed which suggests 

that, rather than competing models, the two concepts have considerable theoretical 

overlaps that need to be explored.   Thus, this chapter proposes that in combination with 

an emerging concept known as innovation intermediaries, the OI, 3H and NIS can be 

used to explain activity and interaction of UK CATAPULT centres and external 

organisations during the process of innovation.  A conceptual framework is outlined 

which illustrates this in visual form.  The next chapter will present the philosophy and 

methods that will be used for conducting the empirical investigation.   
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5 Research Philosophy and Methodology 

5.1 Chapter Introduction 

This chapter aims to rationalise the choice of method and methodology that guide this 

study.  In doing so, the chapter first highlights how this study adopts a Critical Realist 

philosophy that rejects the distinction between ontology and epistemology, an approach 

that finds a compromise between positivism and interpretivism. 

5.2 Research Philosophy 

Traditionally the general assumptions that we make about the nature of reality 

(ontology) and the best ways of inquiring into the nature of the world (epistemology) 

have been viewed as distinct and different issues that need to be addressed and 

acknowledged by the researcher, for each individual piece of research.  Understanding 

these is said to be important to both describe the reality under investigation and to 

understand how knowledge about our reality is sought.  The selection of ontology and 

epistemology has subsequently then guided the selection of techniques used to enquire 

into a given situation (methodology) and the selection of individual techniques for data 

collection and analysis (methods).   

There have been numerous attempts at outlining and describing this process.  Some 

outline that the general choice of ontological and epistemological perspective affects 

the way that the study is approached, and the research methods chosen (See Easterby-

Smith et al., 2002; Saunders et al., 2009).   Guba and Lincoln (1994:105) have gone so 

far as to state that “questions of method are secondary to questions of paradigm”.   

Others are more specific about their interaction.  For example, Crotty (1998:2) outlines 

four basic questions that the research process needs to consider, four basic elements, 

which inform each other and direct the researcher in the appropriate way.  These are: 

“(a) what methods do we propose to use; (b) what methodology governs our choice and 

use of method; (c) what theoretical perspective lies behind the methodology in question; 

and (d) what epistemology informs this theoretical perspective”?  

 



	 88	

Yet issues of ontology and epistemology have led to several competing research 

paradigms.  Most commonly understood are the two fundamental research paradigms, 

Positivism and Interpretivism.  According to Saunders et al. (2009:118), a paradigm is 

“a way of examining social phenomena from which particular understandings of these 

phenomena can be gained and explanations attempted”.  The positivism paradigm 

suggests that research can be objective, with knowledge obtained through direct 

observation and measurement.  Thus, a positivist would argue that the world operates 

by laws of cause and effect and that the researcher can remain independent of the object 

of investigation.  As a result, the social world should be measured through objective 

methods rather than through sensation, reflection, or intuition.  The interpretivist 

paradigm meanwhile posits that “reality is socially constructed rather than objectively 

determined” (Easterby-Smith et al., 1991:24).  Interpretivism advocates that “it is 

necessary for the researcher to understand differences between humans in our role as 

social actors” (Saunders et al, 2007:106) as conducting research of humans and their 

actions is substantially different than conducting research on objects such as computers, 

as above anything else, humans act in accordance with their interpretation of any given 

circumstance.   Easterby-Smith, Thorpe and Lowe (1991:27) epitomize the differences 

between key features of the two paradigms in Table 4.1. 

Table 5-1: Key Features of Positivist and Interpretist paradigms (Adapted from Easterby-Smith, Thorpe 
and Lowe, 1991:27) 

 Positivist paradigm Interpretist paradigm 

Basic beliefs: • The world is external and 
objective 

• Observer is independent 
• Science is value-free 

• The world is socially 
constructed and subjective 

• Observer is part of what is 
observed 

• Science is driven by human 
interests 

Researcher 

should: 
• Focus on facts 
• Look for causality and 

fundamental laws 
• Reduce phenomena to 

simplest elements 
• Formulate hypothesis and 

then test them 

• Focus on meanings 
• Try to understand what is 

happening 
• Look at the totality of each 

situation 
• Develop ideas through 

induction of data 

Preferred 

methods include: 
• Operationalising concepts 

so that they can be 
measured 

• Taking large samples 

• Using multiple methods to 
establish different views of 
phenomena 

• Small samples investigated 
over time 
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However, many inter-paradigms have developed in the social sciences in response to 

the supposed shortcomings of the broad dichotomy provided by the positivism vs 

interpretivism debate.  These will now be discussed in further detail: 

5.2.1 Post Positivism 

During the twentieth century Positivism dominated the philosophy of science.  

However, in the second half of the century it came under attack from various sources.  

In the post-war era of the 1960s, criticisms of positivism, from the Marxist left, and 

alternate views emerging from a positivist environment such as Kuhn’s ideas of 

paradigms and paradigmatic revolutions as well as the work of Feyerabend (1975) and  

Hanson (1958) which fuelled a shift from long-established traditions and understanding 

(Alvesson and Skoldberg, 2009). 

It has been said that post positivism is neither a rejection nor continuation of positivism; 

rather it is an attempt to ‘upgrade’ positivism by harnessing quantitative methodologies 

within a more complex research design, championing more nuanced interpretation of 

findings that avoid being overly strong or one-sided and too reliant on often excessive 

use of quantitative data and methods (Adam, 2014).  This tempered view differentiates 

itself from other views of positivism, noting that whilst statistical methods and 

mathematical models are often valuable research tools, they do not guarantee empirical 

evidence within the social sciences.  There is still a need for theoretical elaboration, 

with a need for a more integrated approach that considers the often complex and 

comprehensive nature of any given phenomenon (Adam, 2014).  Emphasis is placed on 

understanding the observed reality as an expression for, or a sign of, deeper lying 

processes as opposed to the statistical putting together of observed ‘surface’ 

phenomenon and presenting some form of objective reality (Alvesson and Skoldberg, 

2009).  According to Alvesson and Skoldberg (2009:18) this, “in the school of post 

positivism, took the form of studies (see Hanson, 1958) attempting to identify law-like 

‘patterns’ lying behind and explaining the manifestations of observed reality”.  In doing 

so, the post-positivists of the time accepted that the observed reality is not all that there 

is – a fundamental shift from positivism that believed in empirical reality and suggested 

that anything else was a subjective construction - and that it is possible for the 
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researcher to understand phenomena behind this observed reality.  Consequently, post-

positivists accept to some degree the impact of the researcher on a studied phenomenon, 

particularly the impact of the researcher’s own knowledge and values (Robson, 2002).  

This translates into an acceptance among many post-positivists that understanding 

reality often cannot be done through any one study; instead other studies should be 

examined to reduce the possibility of bias (Robson, 2002; Lincoln et al., 2011).  That 

being said, it is important to reiterate that post positivists do follow many positivist 

principles, such as the use of scientific methods, theories and laws to discover reality 

in social research (Robson, 2002).  

5.2.2 Post Modernism 

A later orientation of post-positivism and a direct reaction to modernism, from a 

language-based perspective post-modernism rejects the notion that there are deep 

structures or underlying patterns, instead suggesting there are indeed only ‘surfaces’.  

Many post-modernists therefore deny any existence of anything real outside of 

language; texts refer to other texts and not anything observable, choosing instead to 

focus on deconstructing studied texts for hidden cracks (Alvesson and Skoldberg, 

2009). As a result, a post-modernist’s focus is on deconstructing our understanding of 

‘truth’, ‘reason’ and our ideas of reality, and it is more generally seen as describing a 

movement that presents a sceptical reaction/departure from established 

tendencies/norms in areas such as culture, architecture, art, and philosophy (Hicks, 

2004).  According to Crotty (1998:185), post-modernism is a rejection of the totalising 

and essentialist orientations of modernist thought, abandoning generalised, indubitable 

truths and abandoning any epistemology espousing such claims.  Instead it is 

committing itself to ambiguity, relativity, fragmentation and discontinuity. 

Commonly associated with the work of the French intellectuals: the philosopher 

Jacques Derrida, the philosopher and historian Michel Foucault and the psychoanalyst 

Jacques Lacan; a characteristic of post-modernism is that it often means different things 

to different people.  Yet it is probably best characterised as a movement that 

progressively deconstructs and dissolves distinctions, particularly those between art and 

everyday life, and the collapse of the hierarchical distinction between elite and popular 

culture (Crotty, 1998). 



	 91	

5.2.3 Post Structuralism 

There is often a close link between post modernism and post structuralism literature.  

According to Crotty (1998), authors such as Sarup (1993), Blackburn (1994) and 

Marcus (1994) espouse the role of post-structuralism in post-modernist thinking.  

Others, according to Crotty (1998) are keen to distinguish them. For example Fink-Eitel 

(1992) suggests that identifying Foucault as a post-modernist would be too generalised, 

whilst Pattil Lather (1991) suggests that post-modern refers to the large cultural shifts 

of a post-industrial, post-colonial era whereas post-structural refers to the working out 

of those shifts within the arenas of academic theory.  Indeed, there are many post-

structuralists who don’t subscribe to post modernism and vice versa; much of the 

literature instead focuses on the differences between structuralism and post-

structuralism.  According to Milner (1991:61) structuralism is:  

“an approach to the study of human culture, centred on the search for 

constraining patterns, or structures, which claims that individual 

phenomenon have meaning only by the virtue of their relation to other 

phenomenon as elements within a systematic structure”. 

According to Milner (1991) this structure is in language, with the meaning of words 

deriving from their relationship with one another and not from any postulated 

relationship to non-linguistic reality.  Structuralists study these underlying structures 

using analytical concepts to emphasise the logical and scientific nature of its results. 

Post structuralism places a more intense focus on the origins of language, particularly 

that which is situated within societal relationships of power and within the unconscious 

(Crotty, 1998).  It offers a way of studying how knowledge is produced and often 

critiques structuralist premises. Post-structuralists argue that history and culture 

condition the study of these underlying structures, meaning that they are subject to 

biases and misinterpretations.  As a result, they focus their efforts on understanding 

how the author understood those concepts during the time they were produced. 

5.2.4 Social Constructivism 

Social-constructivism is born from a belief that knowledge is socially constructed, and 

that people construct their own understanding of reality.  Individuals construct meaning 
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based on interactions with their surroundings, and they construct knowledge though 

lived experiences and through interactions with other members of society (Lincoln et 

al., 2011:103).  Clearly that is not to say that individuals encounter phenomena and 

make sense of them one by one.  We see the world through lenses bestowed upon us by 

culture, bringing some items into focus and others not, based upon what Crotty (1998) 

calls a system of ‘intelligibility’, based upon an inherited set of symbols that influence 

not only our thoughts but also our emotions.  What differentiates social-constructivism 

from objectivism is it understands that all meaningful reality is socially constructed.  

As Crotty (1988:55) explains “The chair may exist as a phenomenal object regardless 

of whether any consciousness is aware of its existence.  It exists as a chair, however, 

only if conscious brings construe it as a chair.  As a chair, it too is constructed, sustained 

and reproduced through social life”.  Findings are therefore a direct result of the 

interaction between researcher and the object of investigation (Morgan and Smircich, 

1980). It is important to note that the object under investigation in ‘social’ 

constructivism does need to be a person and is therefore not ‘social’ in that sense; it 

could indeed be something in the natural world (Crotty, 1998).  And whilst Giddens 

(1984) and Blaikie (2004) postulate otherwise, suggesting that natural science can do 

what social science cannot, ignoring ordinary popular language and using its own 

scientific language instead, as Crotty (1998) rightly points out, the natural world is as 

socially constructed as the social world, a result of our upbringing, education, and 

childhood, and neither does the natural scientist come to any study with a perfectly 

clean slate.  Consequently, the researcher when studying any phenomenon using a 

social constructivist methodology must take into consideration both social setting and 

culture before drawing any firm conclusions (Lincoln et al., 2011). 

5.2.5 Critical Realism 

Critical Realism, although a relatively new paradigm, has been adopted by many 

disciplines including economics, sociology, geography and management (Easton, 

2010).   To some, Critical Realism (CR) rejects the distinction between ontological and 

epistemological issues and is said to occupy “the intellectual ‘space’ between 

positivism, with an ontology of observable events, and postmodernism and post 

structuralism, often with a strong social constructionist ontology” (Fleetwood, 2008).  

Others suggest that critical realism assumes transcendental realist ontology, consisting 
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of an eclectic realist/interpretivist epistemology and a generally emancipatory axiology 

(Easton, 2010).   A philosophical approach associated with Roy Bhaskar, CR was 

preceded by realist developments in the philosophy of science during the 1960s and 

early 1970s.   Bhaskar (1977) initially developed his ideas drawing from scientific 

realism to critique and provide an alternative to positivist and hermeneutical modes of 

social sciences, noting his conclusions in his books ‘A Realist Theory of Science’ and 

‘The Possibility of Naturalism’.  ‘Critical Realism’ was the term subsequently adopted 

from these attempts in the 1980s by other leading authors, and Bhasker (1998) has since 

embraced this terminology, editing a book along with Margaret Archer, Andrew 

Collier, Tony Lawson and Alan Norrie, entitled ‘Critical Realism: Essential Readings’, 

which compiles key readings around the philosophy.   

There have, however, been numerous different views and approaches to realism since 

Bhaskar’s initial conception back in the 1960s (Hunt, 2016).  One particularly useful 

overview of Critical Realism is by Houston (2001), who, in his study of social work, 

addressed the rise of CR in response to the shortcomings of social constructivism.  

According to Houston (2001), Bhaskar’s Critical Realism displays three main 

characteristics.  It displays a conviction that there does exist a reality independent of 

our mind and that there are unseen mechanisms that result in action occurring; however, 

this action may not be open to direct perception.    It assumes that the natural world 

consists of unique heterogeneous systems, which means that a universal prediction of 

any outcome is not possible.  As a result, CR posits that only tendencies can be 

understood and explained, rejecting the notion that the natural world is based upon 

universal cause and effect relationships, such as those often investigated by individuals 

from an objectivist/positivist standpoint.  Thirdly, CR approaches the structure vs. 

agency debate by acknowledging that, whilst psychological and social mechanisms 

influence a subject, the subject is also to some extent independent of these mechanisms 

and is not simply an automation of the system which the person finds himself or herself 

in, as the person can influence the system they are a part of. 

It is the work of Sayer (1992) that has received perhaps most attention, widely seen as 

a key figure in the critical realism movement (Hunt, 2000; Easton, 2010).  He like 

Houston, tries to reduce CR into key assumptions.  Sayer (1992), like the majority (if 
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not all) of Critical Realist scholars posits, “the world exists independently of our 

knowledge of it”. 

5.3 Justification of Paradigm Selection: Critical Realism 

Initially this study explored whether to adopt a positivist or interpretivist methodology.  

The nature of this study means that positivism could be discounted.  Direct 

measurement of ‘soft’ phenomenon such as culture, attitudes and beliefs are 

inappropriate, as investigative methods such as experimentation and direct observation 

cannot be completely objective or hope to understand the entirety of their makeup due 

to their internal nature.  Equally, interpretivism in its simplest form fails to justifiably 

explain replicable patterns and similarities between studies and phenomenon, with the 

premise that our understanding of a phenomenon is based on a reality that is socially 

constructed, seemingly unable (in the eyes of this researcher) to adequately integrate 

issues such as unseen mechanisms or phenomenon we do not yet understand. 

This led to an exploration of alternative paradigms for this research.  Post-positivism 

was considered.  Adam’s (2014) suggestion of the need for theoretical elaboration using 

an integrated approach considering the often complex and comprehensive nature of any 

given phenomenon is valid and implemented here.  Equally, as highlighted earlier, 

many post positivists accept that the observed reality is not all that there is – a 

fundamental shift from positivism that believed in empirical reality and suggested that 

anything else was a subjective construction.  However, it is still firmly rooted in a 

positivist mind-set, particularly on identifying ‘law-like’ conclusions on phenomenon.   

Post-modernism was discounted due to its rejection of deep-lying phenomenon and 

reliance on language.  This study aims to add to our understanding of a phenomenon 

rather that deconstruct ‘truth’ through the deconstruction of text.  Also, as it often means 

different things to different people there is no universal understanding of the paradigm, 

thus making it impractical to adopt.  Post-structuralism was also discounted along 

similar ‘language’ lines.  The nature of this study is not one that is overly concerned 

with the origins of language and its impact on our understanding of our observed 

phenomenon. 

Social Constructivism is right to highlight concerns over the impact of the researcher 

has on a study, particularly the likely impact of the way they see the world.  This 
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resulted in the discounting of a positivist approach, due to its inability to acknowledge 

such issues.  Meaning is said to be often constructed because of upbringing, culture, 

and education (Crotty, 1998).  However, as Houston (2001) highlights, Critical Realism 

notes that individuals can, to some extent, be independent of the mechanisms and 

systems that they are a part of.  This is true of individuals under investigation but can 

also be extended to the researcher.  As individuals we are not simply an automation of 

the system that we find ourselves in, as we can influence the system that we are part of.   

This is reminiscent of Giddens’ (1984) Theory of Structuration, which argues that 

(Whalen, 2017; 101):  

“agency and structure are in a relationship with each other, and it is the 

repetition of the acts of individual agents which reproduces the structure, 

[meaning] that there is a social structure – traditions, institutions, moral 

code, and established ways of doing things; but it means that these can be 

changed when people start to ignore them, replace them, or reproduce them 

differently”.   

This acceptance of the role of human agency, whilst different from constructivist’s 

approach of all interpretations being valid, means that critical realism accepts that views 

are open to distortion can never be truly objective, and can never hold a complete view 

of the world. 

The critical realist acknowledges that their view of the world may be tainted and may 

only come closer to the truth over a period of time (Houston, 2001).  Critical realists do 

not claim a comprehensive understanding of any given situation and instead note that 

all knowledge is fallible (Mir and Watson, 2001).  Any account of a phenomenon is 

only a partial account.  In short, CR claims there is only one reality, but usually with 

multiple interpretations of it.  Similarities and replications are a product of overlapping 

tendencies of our interpretation of these individual systems rather than a direct result of 

universal cause and effect outcomes.  Therefore, knowledge claims can be contrasted 

and discussed. 

Meaningfully, CR also addresses concerns over whether a phenomenon is open to direct 

perception/measure or whether our understanding is socially constructed.  As 

highlighted earlier it does so by rejecting distinctions between ontology and 
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epistemology, suggesting that reality exists independent of our mind, but that there are 

unseen mechanisms driving action.  It acknowledges that action may not be open to 

direct perception.  Therefore, it is fair to say that knowledge claims are often 

constructed in as much as they are devoid of complete understanding of a given 

phenomenon.  By acknowledging this, this study accepts that the results of this research 

can understandably be challenged as our understanding of a phenomenon, the 

heterogeneous systems and/or mechanisms driving it become more apparent or better 

understood.  However, that is not to say that, at the time of writing, any individual study 

cannot contribute to our understanding of a given phenomenon, or present conclusions 

based upon ‘the best of our knowledge’ at any given time.  Subsequently, CR as a 

research methodology more than adequately guides and supports the theoretical 

underpinnings of this study. 

5.4 Implications of Critical Realism on Research Design 

Critical Realism is commonly accepted as a philosophy that rejects the use of a ‘one 

size fits all’ methodology, advocating the use and selecting of research methods 

and techniques according to the nature of the phenomena under investigation.   The 

following sections will address the study’s research design.  In doing so, this section 

will begin by acknowledging how the implementation of a Critical Realist methodology 

impacts the nature of the research questions. 

5.4.1 Research Questions 

Under a critical realist methodology, the nature of the research questions must centre 

on ensuring the identification of “what caused the events associated with the 

phenomenon to occur” (Easton, 2010:123). 

Taking this into consideration, and based upon the identified research gaps, the 

following research questions helped guide this research: 

1. How do CATAPULT centres support and facilitate innovation? 

2. What roles are the OREC and HVMC and connected organisations playing 

within this system of innovation? 
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3. What are the key factors influencing the outcome of projects involving the 

OREC and HVMC? 

Addressing these research questions will help address the aims and objectives outlined 

in Chapter 1 (see page19).   In doing so, this study will present the empirical 

investigation in chapters 6 and 7 and discuss these findings within Chapter 8 (revising 

the conceptual frameworks presented within Chapter 4, if necessary).  We will then 

revisit these questions along with the aims and objectives of the study within the 

conclusion chapter (see Chapter 9)   

Before we do so however, it is important to note that both the aims/objectives of this 

study along with the specific research questions outlined above have impacted the 

research design of this study.  This will now be analysed in more detail. 

5.4.2 Selection of Research Methods and Techniques 

When designing a study, Sayer (2000) argues critical realism is tolerant of the different 

research methods and techniques, suggesting their selection depends on what one wants 

to learn about such phenomenon.  In ‘Method of Social Science: A Realist Approach’, 

Sayer (1992) outlines a critical realist perspective of categorizing research that 

ultimately informs the choice of research design and underlines the focus on 

scientific/methodological coherence, emphasising the relevance of different methods 

of data collection for different types of projects.  Sayer (1992) suggests that research 

can be: intensive; abstract; generalised; or synthesised.  According to Danermark et al 

(2015), Intensive/concrete research involves looking at a problem from a theoretical 

and empirical perspective.  It entails considering phenomena, such as the weather, 

machinery, people, and organisations, that constitute several different elements, powers 

and influences that we seek to explain by isolating the different mechanisms involved.  

Abstract research is where a phenomenon is something that is formed in thought and is 

separate or isolated from concrete objects or phenomena, leading to theoretical 

conclusions.  Generalization research looks at a problem merely from an empirical 

standpoint, while synthesis research is interdisciplinary, bringing together a variety of 

different perspectives and fields.  
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It is fair to say that concrete and abstract research dominates the realism literature and 

the nature of this study means that it too aligns with this concrete categorisation of 

research outlined by Sayer (1992).  CATAPULT centres are organisations that this 

study is attempting to better understand by identifying the underlying mechanisms, 

influences, and elements that drive their operation, success and/or failure. 

Having established a ‘concrete’ research categorisation, following Sayer’s logic, the 

research design must also be categorised into one of two distinct research designs, an 

intensive research design or an extensive research design (Sayer, 1992; Sayer, 2000; 

Danermark et al 2005; Easton, 2010).  The ‘intensive research design’ is used in 

research where we want to obtain in-depth knowledge of a phenomenon and/or for 

illustrating motives, intentions and rationales, introducing questions of how and why 

into the research design (Sayer, 1992).  Intensive research designs often focus on 

individual agents in context.  They use research instruments such as interviews, 

ethnography and qualitative analysis and produce causal explanations that are tested by 

corroboration from multiple interviewees (Easton, 2010).  An ‘extensive research 

design’ is used when we are looking to establish an overview or for identifying features 

of situations looking for regularities, patterns, and similarities across broad samples 

(Sayer, 1992).  They employ research instruments such as large-scale surveys, formal 

questionnaires and statistical analysis, privileging replication but suffering from a 

restricted ability to generalise to other populations and explain the underlying reasons 

behind the results obtained (Easton, 2010).  Table 4-2 outlines several considerations 

for each research design.  

Table 5-2: Intensive and extensive research: a summary (Adapted from Sayer (1992) Method in Social 
Science, Routledge, p. 243.) 

 Intensive Extensive 
Research question(s) How does a process work in 

a particular case or small 
number of cases? 
What produces a certain 
change? 
What did the agents actually 
do? 

What are the regularities, 
common patterns, 
distinguishing features of a 
population? 
How widely are certain 
characteristics or processes 
distributed or represented. 

Relations Substantial relations of 
connection. 

Formal relations of 
similarity. 

Type of groups studied Causal groups. Taxonomic groups. 
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Type of account produced Causal explanation of the 
production of certain objects 
or events, though not 
necessarily representative 
ones. 

Descriptive ‘representative’ 
generalizations, lacking in 
explanatory penetration. 

Typical methods Study of individual agents in 
their causal contexts, 
interviews, ethnography, 
qualitative analysis. 

Large-scale survey of 
population or representative 
sample, formal 
questionnaires, standardized 
interviews, statistical 
analysis. 

Limitations Actual concrete patterns and 
contingent relations are 
unlikely to be 
‘representative’, ‘average’, 
or ‘generalizable’. 
Necessary relations 
discovered will exist 
wherever they are presented, 
for example, causal powers 
of objects are generalizable 
to other contexts as they are 
necessary features of these 
objects. 

Although representative of a 
whole population, they are 
unlikely to be generalizable 
to other populations at 
different times and places.  
Problem of ecological 
fallacy in making inferences 
about individuals.  Limited 
explanatory power. 

Appropriate tests Corroboration.  Replication 

 

The research questions of this study focus on developing our understanding of how 

innovation is supported by CATAPULT centres and understanding what the 

CATAPULT centres do whilst doing so.  Due to the nature of this study an intensive 

research design was adopted as it satisfied the criteria on research questions set above 

in Table 4-2.   Furthermore, the nature of the CATAPULT centres (there are only 9 

within the UK) is also consistent with the conditions of an intensive design as this piece 

of research is the first of its kind within this setting, thus there is a need to obtain in-

depth knowledge of this phenomenon.  Consequently, Sayer (2000) suggests studying 

individual agents in their causal contexts, through qualitative research methods.   

5.4.3 Qualitative Research Method 

Traditionally, research methods have been divided into two main types: qualitative and 

quantitative.  Quantitative research is an approach that seeks to numerically 

understand phenomena, properties and their relationships using mathematical models, 

theories and hypothesis (Blaikie, 2004).  Examples of quantitative methods include 

survey methods, laboratory experiments, formal methods (e.g. econometrics) and 
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numerical methods, such as mathematical modelling (Myers et al, 2008).  Those who 

adopt quantitative research often stress the measurement and analysis of causal 

relationships between variables rather than determine the process underlying them 

(Denzin and Lincoln, 2011).  Grounded in scientific approaches and the positivist 

paradigm, they seek determination, prediction and generalisation of any findings 

(Golafshani, 2003; Denzin and Lincoln, 2011). 

Quantitative is an approach that collects data using non-mathematical procedures, 

usually in the form of descriptions, seeking a deeper understanding of factors that 

influence a phenomenon (White, 2000; Chisnall, 2001).  Examples of qualitative 

methods are: action research, case study research and ethnography, with quantitative 

data sources including observation and participant observation (fieldwork), interviews 

and questionnaires, documents and texts, and the researcher’s impressions and reactions 

(Myers, 2008).  Whilst quantitative methods are said to be able to allow for the 

“messiness” and “openness” of social life, they do so by encouraging social scientists 

to formulate generalisations based on limited theories of causality that only explore the 

epistemological questions about the observable actions of an object and thus (Roberts, 

2014).  

According to Roberts (2014) Critical realists are acutely aware of some of the common 

errors associated with this underlying rationale of quantitative methods.  Whilst falling 

short of rejecting empiricism, critical realists ensure that any investigations using these 

methods examine deeper casual processes by abstracting the underlying causal powers, 

or causal mechanisms, of an object under investigation, and therefore thinking 

conceptually about how they operate.  In this context, qualitative research methods 

assist critical realists in constructing models of potential mechanisms through analogies 

that help to explain sets of observable patterns (Roberts, 2014).   When this occurs, such 

cases are referred to as mixed-method research designs (e.g. the use of both 

quantitative and qualitative research methods) and a relatively common sight in some 

areas of critical realist research, for example, in supply chain research (Adamides et al., 

2012). 

Qualitative research methods are a naturalistic approach developed in the social 

sciences to enable researchers to study social and cultural phenomena in context 

(Morgan and Smircich, 1980; Eisenhardt and Graebner, 2007; Myers, 2008). Such 
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research stems from a belief that social scientists need to understand human actions and 

meanings that individuals and groups attach to their everyday lives, objects, and social 

relations, allowing us to decipher how they evaluate their experiences and interpret 

them appropriately (Roberts, 2014).  This ‘insider’ view of society is, therefore, said to 

assist the qualitative researcher in gaining in-depth contextual information about a 

phenomenon.  Qualitative techniques (e.g. interviews) often encourage respondents to 

talk freely around topics, allowing the investigation to better understand how people 

feel and think about areas related to the research topic under investigation (Roberts, 

2014).  Consequently, some authors have argued that qualitative methods are more 

attuned to the complex nature of social life and its impact on the outlook and responses 

of individuals under investigation than quantitative studies (Oakley, in Patton, 

Carbaugh and Hastings, 1981; Alvesson, 2002; Roberts, 2014). 

For critical realists, besides remedying issues with quantitative research, qualitative 

research is particularly useful as a research design.  For example, when the phenomenon 

is a single or small number of cases, when the researcher is attempting to understand 

what produces a certain change or outcome, or when the researcher is trying to ascertain 

what the object under investigation does (Sayer, 1992).  Quantitative research 

techniques allow the researcher to probe in more depth than standardised quantitative 

techniques, particularly in settings such as the interview (Silverman, 1989; Oppenheim, 

1992; Roberts, 2014).  As Roberts (2014) outlines, empiricists tend to be concerned 

with questions of how we know something to be true, rather than what that something 

is.  Limiting our understanding what we know, and subjecting results to revisionism.  

Qualitative research is, therefore, essential to understand how causal mechanisms 

operate and under what conditions they are activated (Sayer, 2000).  Hence, due to the 

theoretical nature of the concepts used here, the conceptual framework proposed, the 

need for contextual understanding, and the need for consistency with critical realist 

thinking (the research design framework proposed by Sayer, 1992), qualitative research 

methods will be adopted to achieve the research aims and objectives. 

5.4.4 Case Study Research Strategy 

There are a number of research methodologies available for use in business research 

(See Table 4-3), and these have been documented by a variety of authors (See Hussey 
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and Hussey, 1997, Saunders, Lewis and Thornhill, 2007; Easterby-Smith, Thorpe and 

Lowe, 1991) 

Table 5-3 Summary of Research Alternatives (Adapted from Easterby-Smith, Thorpe and Lowe, 1991) 

Research Alternative: Description: 
Experimental Studies: The manipulation of independent variables to observe the effect 

on a dependent variable. 

Surveys: The collection of data through a sample of respondents, often 
done through a questionnaire when large amounts of data are 
involved. 

Grounded Theory: A systematic set of procedures to derive a theory about a 
phenomenon, creating a theoretical framework. 

Ethnography: The use of socially acquired and shared knowledge to understand 
patterns of human behaviour. 

Action Research: An approach where the researcher and the research are part of the 
constantly changing social world. 

Case Studies: The examination of a single instance of a phenomenon within a 
single setting. 

For this study, the research questions posed are dominated by questions of “how” and 

“what”.  As highlighted previously, it is composed of descriptive and exploratory 

elements and requires an ‘intensive’ / ‘concrete’ research design.  This is due to the 

need for in-depth knowledge of a phenomenon, illustrating motives, intentions and 

rationales (see Sayer, 1992).  Consequently, a case study approach was the preferred 

choice of this study.   

The case study method can be defined as an empirical inquiry that investigates a 

contemporary phenomenon within a real-life context; when the boundaries between 

phenomenon and context are not clear; and in which multiple sources of evidence are 

used (Yin, 1994).  Jensen and Rodgers (2001:237-239) provide a useful typology of 

case-study research types.  They include: 

• Snapshot case studies: Detailed, objective study of one research entity at one 

point in time. 

• Longitudinal case studies: Quantitative and/or qualitative study of one research 

entity at multiple time points. 
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• Pre-post case studies: Study of one research entity at two-time points separated 

by a critical event. A critical event is one that is based on a theory under study 

that would be expected to impact case observations significantly. 

• Patchwork case studies: A set of multiple case studies of the same research 

entity, using snapshot, longitudinal, and/or pre-post designs. This multi-design 

approach is intended to provide a more holistic view of the dynamics of the 

research subject. 

• Comparative case studies: A set of multiple case studies of multiple research 

entities for cross-unit comparison. Both qualitative and quantitative 

comparisons are generally made. 

Various authors suggest that case study methods are particularly tolerant to the differing 

nature of investigations.  For example: Yin (2003) suggests questions of “how” and 

“what” lend themselves to case studies as a preferred research strategy.  Meanwhile 

Hussey and Hussey (1997) have suggested that case studies are often used for 

exploratory research when there is a deficiency in the body of knowledge within a 

subject area, or when there are few developed theories.  Some authors, such as Scapens 

(1990), have gone as far as arguing that case studies are applicable to all the various 

types of research, whether it descriptive, illustrative, experimental or explanatory. 

Traditionally the selection of single or multiple case study strategies is said to depend 

upon the nature of the topic under investigation (Yin, 2003).  Single case research often 

involves investigation into unusual, rare, critical or revelatory cases, whereas multiple 

case studies are based upon trying to establish replication across a variety of cases.  In 

addition to the widely used work of Yin, extracts from “Building Theories from Case 

Study Research” (Eisenhardt, 1989) are commonly used for justifying and advising the 

number of case studies studied in each project (Easton, 2010).  Eisenhardt (1989) 

suggests that when trying to find theoretical closure using case studies, (i.e. knowing 

when to stop adding cases and to stop iterating between theory and data), whilst there 

are no ideal number of cases, a number between 4 and 10 cases usually works well.  

Furthermore, he notes that “with fewer than 4 cases, it is often difficult to generate 

theory with much complexity, and its empirical grounding is likely to be unconvincing, 

unless the case has several mini-cases within it..., [whereas] with more than 10 cases, 

it quickly becomes difficult to cope with the complexity and volume of the data”.   
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Table 3.3 Overview of the advantages and disadvantages of a single and multiple case study research 
designs 

 Single Case Study Multiple Case Studies 
Advantages • Often a more 

complex or 
embedded design is 
developed (Yin, 
2003) 

• Opportunity for 
extensive analysis 
and enhancement of 
insights gained from 
the research process 
(Yin, 2003) 

• Evidence collated is 
often considered 
more robust and 
compelling (Herriot 
and Firestone, 1983) 

Disadvantages • The holistic nature 
of a case can be 
ignored (Yin, 2003) 

• Too much attention 
can be focused upon 
the subunits of 
evidence found 
specific to an 
individual case (Yin, 
2003) 

• Often costly and 
time-consuming 
(Yin, 2003). 

 

However, as Easton (2010) highlights, this approach is heavily grounded in a 

positivistic attitude towards academic research, no sample size in any case study 

research project is likely to be large enough to achieve statistical inference.  Indeed, 

this widespread use of Eisenhardt’s paper has allowed many authors, according to 

Easton (2010), to avoid any formal defence of their choice of case study method.  

Instead Easton (2010) argues that, when identifying ‘entities/objects’, Critical Realists, 

rather than focusing on the number of entities/objects that characterise the study, should 

focus on the quality of their abstractions (Sayer, 2000).  This should ensure that the 

focus of the critical realist instead lies on guaranteeing that the entity is studied in its 

entirety and that we do not ‘divide what is indivisible’ or conflate what are different 

and inseparable components (Easton, 2010).   

5.4.4.1 Comparing Case Studies: The ORE CATAPULT and the HVM CATAPULT 

Noting Easton’s (2010) observations on case study selection, a comparative case study 

approach based upon two established CATAPULT centres was deemed the most 
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appropriate type of case study approach given the context and phenomenon under 

investigation. 

 “Comparison is inherent in all science, including the social sciences, where 

comparative research has historically played a significant role in their development as 

scientific disciplines. And whilst there is little agreement in the social sciences on the 

question whether the comparative method should be considered a distinct subfield (as 

suggested by terms such as comparative education or comparative politics) or as a 

methodology.” 

5.4.4.1.1 Selection of Case Study Organisations 

When choosing case study organisations four factors were considered (Yin, 1993), the 

suitability of the organisation, the viability of the organization, the level to which the 

organization operates, and calibre or reputational standing of the organization.   Both 

the OREC and HVMC were considered to meet all four criteria.   

Firstly, these centres were deemed to be appropriate organisations for illuminating the 

phenomenon under investigation, based upon early discussions with academics and 

practitioners in the field.  These individuals indicated that these organisations helped to 

facilitate innovation between other organisations.  This was confirmed after the initial 

interview with each centre. 

Initial meetings were held with senior management within both centres to ensure that 

access would be granted, and that they would help facilitate discussions with other 

relevant organisations/individuals.  Although limited, these managers indicated a level 

of access that would allow theoretical saturation to be reached. 

As a national centre, these organisations were deemed to be operating at a level where 

meaningful insight could be deduced, and subsequently that their reputational standing 

would make the findings of this research significant. 

5.4.5 Collecting Evidence from Case Study Research 

The data collection methods chosen under a critical realist methodology should also be 

specific to the tasks, the research questions posed, and the research philosophy adopted 

(Sayer; 1992).  Six data collection methods can be utilised in case research.  These are: 
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the analysis of documentation, the analysis of archival records, the use of interviews, 

direct observations, participant observations, and the examination of physical artefacts 

(Yin, 2003).   The use of more than once source of evidence is said to increase the 

validity and reliability of case study findings, a result of the positive effects drawn from 

one form of triangulation (Eisenhardt, 1989).  Consequently, this study used 

documentation and the semi-structured interview technique to attain data saturation.  

The nature and implications of these choices shall now be detailed. 

5.4.5.1 Semi-structured interviews 

Interviews are an important source of data in case study research (Yin, 2003; Eisenhardt 

and Graebner, 2007; Saunders, Lewis and Thornhill, 2007).  The objective of any 

interview is to gather data and information from the interviewee (Kvale, 1996), and to 

attain a first-person description of specified areas of experience (Thompson et al., 

1989).  Unlike most other techniques, interviews require serious interpersonal skills, 

such as putting the respondent at ease, asking questions in an interested manner, noting 

down the responses without affecting the natural conversational flow and support 

without introducing bias (Oppenheim, 1997).  Their success depends on being able to 

establish a complex interrelationship between the interviewer and interviewee, ensuring 

that there is a deeper level of disclosure of information. 

There are different interview methods.  The most common typography is the distinction 

between unstructured interviews, semi-structured interviews and structured interviews.  

When selecting the interview method, according to Saunders, Lewis and Thornhill 

(2007) the research type (i.e. exploratory, descriptive, analytical, or predictive research) 

determines the appropriate choice.  

Semi-structured interviews are said to be particularly appropriate for exploratory and 

analytical studies.  Easterby-Smith, Thorpe and Lowe (1991) advocate the use of 

unstructured and semi-structured interviews when (i) there is an aim of understanding 

the respondents ‘world’ so that the researcher might influence it, (ii) when there is a 

need to understand the construct that underpins an interviewees opinions and beliefs, 

(iii) when logic is not clear, (iv) when the subject matter is highly confidential or 

commercially sensitive, or (v) when the interviewee may be reluctant to be truthful 

about this issue other than confidentiality in a one-to-one situation. 
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5.4.5.1.1 Telephone Interviews 

It was initially anticipated that some interviews would take place over the telephone 

while others would be conducted face-to-face.  However, it quickly became apparent 

that due to the nature of the interviewee (professional commitments, geographical 

dispersion, personal preference) the interviews would have to be done via 

telecommunication protocols.   

Clearly there were implications for these cases; however, there is a large amount of 

support for telephone interviews as a legitimate data collection method (Barribal et al, 

1996; Law, 1997; Carr and Worth 2001).  Indeed, authors such as Marcus and Crane 

(1986), Lavarakas (1987) Carr and Worth (2001) and Stokes and Bergin (2006) have 

suggested that there are several advantages over face-to-face interviews (e.g. increased 

safety, lower cost, lower interviewer effect, lower tendency to socially desirable 

responses). 

Nevertheless, others, such as Herzog and Rodgers (1988), Einarson et al (1999), and 

Carr and Worth (2001), have also highlighted limitations of the method (e.g. level of 

disclosure, less detailed responses, difficulty with recording the interview). 

Given the semi-structured nature of the interview process, the researcher played an 

active role within these interviews, posing several follow-up questions, re-wording 

questions in alternative formats, answering queries regarding the question(s) posed, and 

by reassuring participants of the anonymized nature of the study.  This limited the 

impact of the potential for less detailed responses and lower levels of disclosure.  Also 

given the improvement in telecommunication protocols, recording of the interviews 

was not a problem throughout the data collection process.  Interviews were recorded on 

two separate devices (e.g. phone, and digital recorder). 

5.4.5.2 Analysis of Documentation 

In addition to the semi-structured interviews, various forms of documentation were 

analysed to support and illuminate the analysis phase of this study.  These included 

annual reports, project summary reports, information sheets, presentations, in-house 

magazines and documents provided by employees, from their company website.  These 

have been included as, according to Bowen (2009), these are types of documents that 
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are appropriate for documental analysis; Bowen (2009, p27) suggests a range of 

materials: “advertisements, agendas, attendance registers, minutes of meetings, 

manuals, background papers; books and brochures; diaries and journals; event 

programs; letters and memoranda; maps and charts; newspapers; press releases; 

program proposals; application forms; summaries; radio and televisions program 

scripts; organizational or institutional reports; survey data, and [crucially] public 

records”.  Given information posted on the internet by its nature is public record, for 

the purposes of this study such information has been classified as worthy of being 

classed for documentation analysis.   Furthermore, the author acknowledges there is a 

debate regarding whether these forms of data (particularly in the case of website 

documents) are considered as documents that should be included as part of the prior 

review of literature. As Bowen (2009, p28) highlights, “the analytic procedure entails 

finding, selecting, appraising (making sense of) and synthesizing data contained in 

documents”.  Thus, in the case of this study, the information gleaned forms part of a 

broader content analysis (Labuschagne, 2003), in particular as part of a broader 

thematic analysis (see Section 4.4.8.4).  Consequently, these forms of documents play 

a part in the triangulation process, rather than being the sole source of critical analysis 

and discussion, and have thus been used when appropriate (Denzin, 2011). 

5.4.6 Ensuring Quality of Case Study Research 

The most commonly used metrics for establishing quality in social research are 

construct validity, internal validity, external validity and reliability (Yin, 2009).  

Despite rejecting the positivistic approach to the number of case studies selected, this 

framework still provides a useful tool for ensuring quality of research outputs and 

therefore was taken into consideration during the relevant research phases.  Common 

to all social science methods including case study research, construct validity is 

concerned with identifying correct operational measures for the concepts being studied. 

Internal validity means seeking to establish a causal relationship, whereby certain 

conditions are believed to lead to other conditions, distinguishing them from spurious 

relationships.  External validity is concerned with defining the domain to which a 

study’s findings can be generalized, whilst reliability refers to demonstrating that the 

operations of a study (such as the data collection procedures) can be repeated, with the 

same results (Yin, 2009).  Table 4-4 shows several tactics for ensuring each type of 
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metric is accounted for with the research design and was applied to this research as 

proposed in the table. 

Table 5-4: Case Study Tactics for Four Design Tests from Yin (2009:41) 

Test Case Study Tactic Phase of research in which 
tactic occurs 

Construct validity • use multiple sources 
of evidence 

• establish chain of 
evidence 

• have key informants 
review draft case 
study report 

• data collection 
 

• data collection 
 

• composition 

Internal validity • do pattern matching 
• do explanation 

building 
• address rival 

explanations 
• use logic models 

• data analysis 

External validity • use theory in single-
case studies 

• use replication logic 
in multiple-case 
studies 

• research design 

Reliability • use case study 
protocol 

• develop case study 
database 

• data collection 

 

5.4.7 Ensuring Quality of Data Collection 

5.4.7.1 Selection of Appropriate Interviewees 

To satisfy the above reliability and validity issues, this study attempted to enforce 

source triangulation principles when selecting case study respondents (See, Stake, 

1995).  A total of 18 interviews were conducted in the initial phase of data collection.  

These were mostly connected to the two CATAPULT centres at the heart of this study, 

CAT.A (OREC) and CAT.B (HVMC) and interviewees from these centres were given 

these codes as part of the data analysis process.  Interviews connected to these 

CATAPULT centres were given separate codes, EXT.A for the OREC.  And EXT.B, 

for the HVMC. 
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During the formulation of the case study protocol, potential interviews were categorised 

depending upon if they were CATAPULT employees or employees of external 

organisations.  This altered the wording of how the questions were posed.  However, 

the overall structure of the interview remained consistent for both. 

Of the 18 interviews initially conducted, 10 of these interviews involved persons that 

were at the time of the interview working in an official capacity for the CATAPULT 

centres.  The other 8 interviewees were connected to the CATAPULT centres through 

ongoing/past projects.  Interviewees were also given individual codes, which paired 

with the relevant CATAPULT centre.  For example, interviewees from OREC (CAT.A) 

were give codes of CAT.A1, CAT.A2, CAT.A3 etc).  Whilst interviewees from the 

HVMC (CAT.B) were given codes of CAT.B1, CAT.B2, CAT.B3 etc). 

The profile of potential interviewees was of paramount importance to this study.  Of 

the 18 interviewees, 5 interviewees were at senior management level or above. The 

remaining 11 interviewees all operated at upper-management level.  This focus had 

numerous repercussions on the availability of data: firstly, by reducing the scope of 

identifiable respondents, and secondly, by having a severe impact on the response rate 

to correspondence.  Unlike quantitative methods where sample sizes are determined in 

consideration of statistical power, the number of cases in qualitative studies is largely 

a matter of judgement on the part of the researcher (Pare, 2004; Yin, 2009).   

Following the 18th interview of this study, the researcher felt as though sufficient 

information had been gathered to fulfil the aims and objectives of the study.   The 

inclusion of additional case studies or individual participants may have provided 

additional value to the findings; however, the researcher judged that the point of 

theoretical saturation (Eisenhardt, 1989) had been crossed, and that the cases of the 

OREC and HVMC provided rich insights that addressed the aims and objectives of this 

study, with a convergence of common themes arising from the data.   

The use of 18 interviews as a sample size is somewhat consistent with other PhD 

studies.  Mason (2010), for example, found that most common sample sizes within PhD 

submissions were 20.  However, Mason (2010) did note that for most research where 

the aim is to understand common perceptions and experiences among a group of 

relatively homogeneous individuals, 12 interviews would suffice. 
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5.4.7.1.1 The ORE CATAPULT (CAT.A) 

• 5 semi-structured interviews were conducted with employees of the ORE 

CATAPULT.   

• 3 interviews were conducted with individuals who had worked closely with the 

ORE CATAPULT during their employment at governmental and industrial 

organisations.   

5.4.7.1.2 The HVM CATAPULT (CAT.B) 

• 4 of these interviews involved persons that were working directly with these 

CATAPULT centres.  

• 4 interviews were conducted with individuals who had worked closely with the 

ORE CATAPULT during their employment at governmental and industrial 

organisations.   

5.4.7.1.3 Other Interviewees 

• The use of data sources concerning other CATAPULT centres (CAT.C) added 

significant breadth to the analysis, adding an extra dimension to the data 

acquired by providing a valuable lens with which to analyse CAT.A and CAT.B 

and the more general CATAPULT system. 

5.4.7.2 Management of Interviewees 

A brief explanation of the purpose and format of the interview was given to potential 

interviewees during the initial contact phase.  The semi-structured interview durations 

varied from 30 minutes to 75 minutes.   

They aimed to be on average around the 45-minute mark due to the professional 

commitments of those involved.  This was clearly articulated in both the initial 

correspondence and at the beginning of the interview.   

The interviews were also conducted on a “one-on-one” basis to ensure confidentiality 

and to provide the author with the best chance of achieving a full set of interview notes 

and relationships with the interviewees. 
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5.4.7.3 Interview Guide / Case Study Protocol 

In addition to the above, to help guide the research process and to address reliability 

issues (see Section 4.4.6) an interview guide/case study protocol was created.  During 

the construction of the case study protocol previous theses were analysed looking for 

examples of interview questions used in similar studies.  Analysis focused on theses 

across a variety of disciplines that were investigating success and failure factors or 

using a case study methodology (e.g. Irvine et al, 2013; Savory, 2009; Saraph et al. 

1989).   Unfortunately, there weren’t previous studies from an Open Innovation 

perspective.  However, theses based on related concepts were also explored in other 

areas, such as the analysis of antecedent factors and development of competence 

profiles (e.g. De Rochement, 2010; du Chatenier, 2009).  What became apparent was 

that these studies adopted a whole range of methodologies from questionnaires to 

interviews based solely on one or two interview questions (see Irvine et al, 2013).  As 

a result, a general rule of thumb was not identifiable.   

Additionally, there was also no common approach to the formulation of research 

questions.  There is a broad discussion on the use of different types of questions during 

the interview process, but little or no discussion on the generation of these questions.  

There were theses that had minor similarities with this study, such as Buddelmeyer and 

Jensen (2010).  Consequently, whilst not directing this study, these theses supported 

the author during their formulation.  

From a methodological point of view this has had no effect on the effectiveness of this 

research project.  By nature, the interview is reflective and responsive; questions 

evolved or were reframed depending on experience of previous interviews or the 

competency of the interviewee.  As a result, this study bases the interview questions 

upon identified research gaps and group under each research question.  Questions were 

worded differently to best suit the type of interviewee, grouping interviewees into three 

broad categories; policymakers, policy influencers and policy implementers.  Whilst in 

instances where the interview guide was providing incomplete data, follow up 

correspondence aimed to provide additional clarification. 
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5.4.8 Ensuring Quality of Data Analysis:  Interpretation of Results 

It is important to note that Critical Realists accept that, having collected the data, any 

interpretations are fundamentally interpretivist in nature and that it is easy to make 

mistakes when attributing causation given the complexity of the systems under 

investigation (Easton, 2010).  Consequently, ‘judgemental rationality’ has been 

employed, positing that any findings made are the best given the circumstances.  The 

results of this study will be made public, allowing arguments made to be discussed, 

replicated and/or criticised.  This study has also evaluated existing literature/arguments 

allowing us to arrive at a reasoned judgement of what reality is objectively like. 

Nevertheless, a crucial aspect of critical realism for dealing with issues of research 

quality is the implementation of an abductive and/or retroductive technique to data 

interpretation.  These concepts will now be explored in greater detail and their impact 

on the research design noted. 

5.4.8.1 The Different Research Strategies for Data Interpretation 

According to Blaikie (2004), there are four basic research strategies for dealing with 

issues of reasoning during data interpretation: an inductive strategy aimed at deriving 

theories from data and patterns; a deductive strategy aimed at testing hypothesis about 

identified phenomena; a retroductive strategy aimed at identifying underlying 

principles; and an abductive strategy, aimed at discovering the motivation underpinning 

social situations and an abductive strategy, moving from observing actors to depicting 

the abstract concepts that define the social phenomenon (Stewart et al., 2011).   

Traditionally various authors have stressed the importance of understanding the logic 

behind whether research is to be inductive or deductive (Saunders, Lewis and Thornhill, 

2007; Hussey and Hussey, 1997).  Easterby-Smith et al. (1991) suggest that when 

utilizing an inductive strategy all preconceptions about the research question, the data 

and its relationships should be set aside, implying that research outcomes are not 

anticipated. By doing so the researcher’s main task is to analyse the data collected by 

using inductive logic to draw generalisations and regularities.  Alternatively, when 

using a deductive strategy, the author should test pre-established philosophies using the 

available data only, creating hypotheses based upon these philosophies, and explicitly 

stating the relationship between constructs and concepts (Blaikie, 2007).  However, 
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despite the popularity and importance of these two approaches they have been criticised 

for failing to understand how theory is generated (Robson, 2002). Deductive inference 

is commonly used in the analysis of qualitative theory-driven research and requires the 

researcher to compare data back to the initial theoretical framework (Mayer and 

Lunnay, 2012).  

However, there are other approaches.  One of these is abduction reasoning, an ongoing 

process that neither follows a pattern of pure deduction or pure induction (Spens and 

Kovacs, 2006). Abduction aims at understanding a phenomenon by going through 

cycles, an induction stage of inference followed by a deductive stage (Robson, 2002).  

It can involve the collection of qualitative and/or quantitative data, leading to 

conclusions that can be applied (usually in action research) by testing ‘new’ theory in 

an empirical setting (Robson, 2002; Spens and Kovacs, 2006).   

5.4.8.2 The Retroductive Approach 

However, for this study a retroductive approach was adopted.  According to Danermark 

et al. (1997), retroduction is one of the main analytical tools used in critical realism but 

can also be used by other methodologies.   Much like deduction, retroduction requires 

the researcher to move between theory and data. It is built on the premise that social 

reality consists of structures and internally related objects, and that we can only attain 

knowledge of these by going beyond what is empirically observable through asking 

questions about/developing concepts that are fundamental to the phenomena under 

study (Mayer and Lunnay, 2012).   

These forms of inference can lead to the formation of conceptual frameworks or theory 

based upon the perspectives of research participants (Danermark et al. 1997), making 

it possible to explain events and the social processes that cause events.  Further, a 

retroductive approach allows the researcher to describe and conceptualise the properties 

and mechanisms that make an 'event' happen, but also allows us to investigate whether 

or not different mechanisms are apparent under different conditions (Danermark et al., 

2002).  This combination makes it an appropriate choice for this comparative case study 

approach.  This study, therefore, goes through a process of: (i) framing the concepts 

that underpin this study (leading to a broad framing of a conceptual model); (ii) testing 

(data collection and analysis); and, (iii) evaluation (discussion). 
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Finally, under this approach and a critical realist methodology it is important to note 

that CR acknowledges that, whilst the perspectives of research participants are often 

fallible, it does not mean that they are incorrect. Rather, it is up to the researcher to 

understand and interpret their accounts and unveil a distinction between the lie and 

sociological misunderstandings (Mayer and Lunnay, 2012).  In doing so it is 

acknowledged that the adoption of a retroductive approach means that the analysis and 

discussion presented here draws heavily on the perspective, beliefs and experience of 

the investigator under a logic of analogy or metaphor (Lawson, 1998). 

5.4.8.3 Implications of a Retroductive Strategy on the Research Design 

Clearly the adoption of CR and thus a retroductive strategy has implications on the 

importance of triangulation, given that it places significant emphasis on the investigator 

regarding the interpretation of results and determining the validity of the findings. 

To minimize these issues, and in line with a retroductive approach, Danermark et al. 

(1997) outlined a six-stage explanatory research model that helped guide (in 

conjunction with Sayer’s research method framework for critical realists) the 

design/implementation of this study.  This process was followed as closely as possible 

during the study, due to its ability to help drive and direct the analysis of results obtained 

by the research methods chosen (semi-structured interviews and use of available 

documentation). 

Table 5-5: Stage Model for Retroductive Approach (Adapted from Danermark et al, 1997) 

Stage: Description of Stage: 

1: Description • An explanatory social science analysis usually starts by identifying the 

event or situation that needs to be empirically researched.  This stage 

involves describing and consequently designing the research, as well as, 

interpreting the findings.  An important part of this description is the 

interpretations of the persons involved and their way of describing the 

current situation. 

2: Analytical 
Resolution 

• In this stage it is important to separate or dissolve the composite and the 

complex by distinguishing the various components, aspects or 
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dimensions.  It is never possible to study anything in all its different 

components. Therefore, we must in practice confine ourselves to 

studying certain components but not others. 

3: Abduction / 
theoretical 
redesciption 

• Here we interpret and redescribe the different components/aspects from 

hypothetical conceptual frameworks and theories about structures and 

relations.  The original ideas of the objects of study are developed when 

we place them in new contexts of ideas. Here, several different 

theoretical interpretations and explanations can and should be presented, 

compared and possibly integrated with one another. 

4: Retroduction • Here the different methodological strategies described during this 

chapter are employed. The purpose is for each one of the different 

components/aspects we have decided to focus on; to try to find the 

answers to appropriate research questions (e.g. what properties must 

exist for X to be what X is? What causal mechanisms are related to X?)  

In the concrete research process, we have of course in many cases access 

to already established concepts supplying satisfactory answers to 

questions of this type. Note:  In research practice, stages 3 and 4 are 

closely related. 

5: Comparison 
between different 
theories and 
abstractions 

• In this stage one elaborates and estimates the relative explanatory power 

of the mechanisms and structures, which have been described by means 

retroduction.  In some cases, one might conclude that one theory – unlike 

competitive theories – describes the necessary conditions for what is to 

be explained, and therefore has greater explanatory power.  In other 

cases, the theories are rather complementary, as they focus on partly 

different but nevertheless necessary conditions. 

6: Concretization 
and 
contextualization 

• Concretization involves examining how different structures and 

mechanisms manifest themselves in concrete situations. Here one 

stresses the importance of studying the manner in which mechanisms 

interact with other mechanisms at different levels, under specific 

conditions. The aim of these studies is twofold: first, to interpret the 

meanings of these mechanisms as they come into view in a certain 

context; second, to contribute to explanations of concrete events and 
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processes. In these explanations it is essential to distinguish between the 

more structural conditions and the accidental circumstances. This stage 

of the research process is of particular importance in an applied science. 

5.4.8.4 Use of Themes for Organising Data (Thematic Analysis) 

In addition to the above, the investigator systematically coded responses using thematic 

analysis, which organised the data collected, making it easier to explain the 

phenomenon under investigation.  Thematic analysis is the most common form of 

analysis in qualitative research, emphasising, pinpointing, examining, and recording 

patterns within data (Braun and Clarke, 2006). It is useful for qualitative analysis as it 

goes beyond simply counting phrases or words in a text and moves on to identifying 

implicit and explicit ideas within the data (Guest and MacQueen, 2012). 

This method was chosen appropriate as it can be used in a variety of methodological 

perspectives.  It can follow an essentialist (or realist) method, which reports 

experiences, meanings and the reality of participants, or it can be a constructionist 

method, which examines the ways in which events, realities, meanings, experiences and 

so on are the effects of a range of discourses operating within society (Braun, 2006).  

And crucially, it can also be used by ‘contextualist’ methods, sitting between the two 

poles of essentialism and constructionism, and characterised by theories such as critical 

realism (Braun and Clarke, 2006).  Therefore, thematic analysis can be a method that 

works both to reflect ‘reality’, and to unpick or unravel the surface of ‘reality’, making 

it an ideal method of data reduction for this study. 

According to Braun et al. (2014, p9) “thematic analysis involves several choices which 

are often not made explicit (or are certainly typically not discussed in the method 

section of papers), but which need explicitly to be considered and discussed”.  These 

choices include: 

• Deciding what counts as a theme 

• Deciding whether to give a rich description of the data set, or a detailed account 

of one particular aspect 

• Deciding whether to do an inductive or theoretical thematic analysis 

• Deciding whether to have semantic or latent themes 
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• Deciding how Critical Realism impacts analysis, particularly the outcomes and 

focus 

• Deciding how to organise qualitative research in order to avoid common pitfalls 

associated with thematic analysis 

Yin (2009) highlighted that there are several computer-assisted tools (e.g. NVivo, 

Atlas.ti and HyperRESEARCH) that are available to aid with the coding and 

categorisation of data that was acquired during the use of appropriate research 

instruments for qualitative case study research. 

However, upon asking and observing members of staff and PhD candidates at Heriot-

Watt University, learning, and experimenting with the NVivo software the use of such 

software was abandoned as it did not create the needed confidence in conducting the 

data analysis.   Therefore, within this study, the investigator listened to the interviews 

and summarised the responses of interviewees with a Microsoft Word document under 

appropriate themes, which developed as the analysis process moved forward. 

5.4.8.5 Other Considerations regarding the Analysis of Data 

In addition to the above, several other components of the research design were 

considered to ensure the findings were as reliable and valid as possible.  One such issue 

was the nature of the case study analysis.  Eisenhart (1989) proposed two key steps for 

the analysis of case study research:  within case and cross-case analysis.  A within-case 

analysis allows the researcher to familiarize themselves and create insights into each 

case study as an independent entity allowing the unique patterns of each case to emerge 

(Barratt et al., 2011).  A cross-case analysis compares and contrasts the different data 

across the different case studies, allowing the presentation of findings that go beyond 

their initial interpretation (Barratt et al., 2011; Ketokivi and Choi, 2014).  Here, a cross-

case analysis was used to highlight the common and unique features of each case, 

providing a broader understanding of the phenomenon under investigation. 

In addition, consistent with the retroductive approach discussed above, this thesis used 

existing theoretical knowledge on Open Innovation, National Systems of Innovation, 

and the Triple-Helix model to guide the empirical investigation. The analyses of data 

collected from real-life observations were then developed into synthesized models, 
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shown in Chapter 6 below. The empirical investigation resulted in several findings that 

were developed into conclusions as shown in Chapter 7. 

Finally, it is also worth noting that the data analysis process occurred simultaneously 

with the data collection process. This was useful to capture reality as it emerged from 

data (Barratt et al., 2011). 

5.4.9 Other Considerations: Ethical Approval of Research Design and 

Presentation of Thesis 

5.4.9.1 Ethical Considerations  

There were also several ethical questions pertinent to this investigation.  The most 

identifiable issue was preventing the disclosure of identities (Saunders, et al., 2007).  

This was done through the anonymization of interviewees and was aided by ensuring 

the protection of data using encrypted networks.  For example, in this study, due to the 

commercially sensitive nature of the data obtained through semi-structured interviews, 

all confidential information was stored on the University networks.  Such networks 

store information securely minimizing the risk of loss, theft or unauthorized use and 

backup the data regularly.  The author also attempted to minimize the sending of data 

via email and minimize the use of unencrypted files on personal computer equipment. 

Other key issues surrounding the use of human participants include: ensuring that 

“inquiries involving human subjects should be based as far as practicable on the freely 

given informed consent of subject” (SRA, 2003:27).  They also note that standard 

approaches often require participants to have a reasonable level of literacy and 

linguistic ability. Finally, “social researchers are bound by a professional obligation to 

resist approaches to problem formulation, data collection or analysis, interpretation and 

publication of results that are likely (explicitly or implicitly) to misinform or to mislead 

rather than to advance knowledge” (SRA, 2003; 18).   

In terms of data collection and analysis, an attempt was made to ensure that 

interviewees had a thorough understanding of the nature of this study and were 

comfortable engaging with the interviewee.  For example, initial communication 

included an invitation to participate, the purpose of the research, a clear statement why 

the participant is appropriate for the study, the study procedures, an assurance of 

confidentiality, an offer to answer questions and a non-coercive disclosure (Sales and 
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Folkman, 2000). Due to the target informants being of mid to high-level employees 

within a business organization, literacy and linguistic ability wasn’t deemed a major 

concern, with such requirements often imposed in the recruiting practices of the said 

organizations. Meanwhile, this study tried to ensure objectivity in the results and 

discussion stage of the research by returning the thesis to the participants, allowing 

them to voice any objections to the interpretation of findings.  

Finally, potential interviewees were identified using sources such as LinkedIn, 

company websites and recommendations from interviewees, with the selection of these 

participants reliant on their capability to answer questions regarding the nature of this 

topic.  Every effort was made to enable full participation as “social researchers have a 

responsibility to ensure inclusion in research projects of relevant individuals of groups 

who might otherwise be excluded for reasons of communication, disability, 

comprehension or expense (SRA, 2003; 37).  

Consequently, ethical consent was obtained from Heriot-Watt University following the 

completion of a questionnaire that asked the author of this study to provide details 

regarding the nature of this study. 

5.4.9.2 Presentation of Thesis 

The presentation of this thesis followed the guidelines provided by Heriot-Watt 

University.  The guidelines presented for a higher degree of the University conform 

whenever appropriate to the British Standards Institution's recommendations for 

'Presentation of Theses'.  Although there are, in the case of Heriot-Watt University, 

slight variations in terms of paper size and typographical detail, and binding.  If further 

information is required, then please contact the administrative office of the University.  

Documents attached as appendices were presented in order of the associated 

CATAPULT centre (e.g. CAT.A, then CAT.B). 

5.5 Chapter Summary 

This chapter has reported on the philosophical and methodological issues related to this 

study.  After outlining the philosophical position of the author, the nature of the research 

design based upon Critical Realist principles was described.  Rejecting distinction 

between ontology and epistemology, this chapter then highlighted the adoption of an 

‘concrete’ research design, based on ‘intensive’ design principles (See Sayer, 1992).  
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The chapter then continued to introduce the use of a multiple-case study strategy, in an 

attempt to generalise the findings and increase research validity and credibility.  Semi-

structured interviews and documentation were then identified as the primary data 

collection techniques, with a thematic approach to data analysis.  The ethical 

considerations of this study were analysed finally.  The next chapter discusses the main 

findings of the study, from the case of the Offshore Renewable Energy CATAPULT. 
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6 Analysis of Findings from the Case of the Offshore 

Renewable Energy CATAPULT 

6.1 Chapter Introduction 

The primary function of this chapter is to illuminate the unique case of the HVMC.  In 

doing so, the role and activities of the Offshore Renewable Energy CATAPULT centre, 

a CATAPULT centre that aims to improve the UK’s innovation capabilities will be 

analysed.  The OREC is concerned with the UK’s offshore wind, wave and tidal energy 

sectors, which are sectors within the Offshore Renewable Energy industry. 

Therefore, this chapter provides a thick description (Ponteretto, 2006; Geertz 2008) of 

the social action (or behaviour) within this context: accurately describing the social 

behaviour of the CATAPULT centres and assigning purpose and intentionality to these 

actions (their role), by way of the researcher’s understanding of the context under which 

the social actions took place.  Given the aim of this study (one of highlighting the 

theoretical implications of these rare and unique cases) and its exploratory nature, it is 

planned that this thick description will allow how the HVMC operates to be visualised, 

and thus permit better understanding of how the conclusions are drawn.  The theoretical 

significance of these findings is then discussed within the following chapter. 

These findings were collected from semi-structured interviews and through the analysis 

of supporting documentation. A more detailed discussion of the research participants 

has been provided in Chapter 4, and codified reference numbers used for anonymisation 

purposes. These research instruments were chosen in-line with the methodological 

considerations also outlined within chapter 4. 

The findings are presented around three central themes: (i) an outline of the activities 

of the OREC centre and other organisations within the industry (ii) the role the OREC 

centre is playing within this system of innovation, and (iii) the impact of the centre on 

the Offshore Renewable Energy industry. 

6.2 The Activities of the OREC 

During this analysis it quickly became apparent that the OREC is involved in many 

different projects.  In this section addressing those activities, I highlight the key 
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activities/projects involving the OREC and other organisations within the industry.  

These can be grouped into two types:  activities involving their test and demonstration 

facilities, and activities concerned with R&D and knowledge transfer.  These will now 

be discussed in turn, providing an overview to inform and support later findings and 

analysis. 

6.2.1 Test and Demonstration Facilities 

According to Manager CAT.A4 the OREC is split into several separate departments.  

There is a strategy department that is responsible for the overall business plan and 

overall direction of the centre, an engineering department that is responsible for project 

delivery, a commercialisation team that is manages the assets at the National Renewable 

Energy centre in Blyth, and an innovation research department that focuses on research 

and development activities. 

These departments operate from two locations.  One location (in Glasgow) houses 

senior managers, directors, business development and administration staff.  This 

location is based in an office facility in the centre of the city and was visited by the 

author of this study.  The second location, the National Renewable Energy Centre (in 

Blyth) hosts a variety of test and demonstration facilities.  Document CATA.1 

outlines five major areas of operational capabilities at the National Renewable Energy 

Centre.  These are summarised in Table 5-1: 

Table 6-1 Operational Capabilities of the NAREC 

Operational 
Capability: 

Description: 

Wind turbine motor 
blades:   

These facilities provide product certification, verification and 
investigations capabilities for offshore wind turbines 

Power train and 
components: 

These provide an independent testing facility for complete 
power train systems and components. 

High voltage electrical 
systems: 

These provide test and certification facilities for electrical, 
materials, mechanical and environmental testing 

Subsea trials and 
demonstrations:  

These provide shallow water testing facilities for testing subsea 
equipment. They also work in conjunction with the HV 
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electrical laboratory, allowing electrical testing of both 
individual subsea components as well as whole systems. 

Resource measurement 
and assessment:  

These provide open-access facilities for testing, calibrating and 
verifying remote sensor technologies enabling developers and 
manufacturers to compare and validate new remote sensing 
techniques against traditional methods. 

 

The National Renewable Energy Centre’s (NAREC) testing facilities are primarily used 

by industrial organisations to certify technologies for use in the offshore environment, 

providing a large percentage of the revenue generated by the OREC.  The facilities in 

Blyth are used for technology development projects supported by R&D development 

funding.  As Document CAT.A.11 indicates, there are currently several national/EU 

innovation projects utilising the facilities in Blyth.  These are centred around seven key 

knowledge areas: (i) Wind & Ocean Conditions, (ii) Blades (iii) Drive Train (iv) 

Electrical Infrastructure, (v) Operations & Maintenance, (vi) Foundations & 

Substructures and (vii) Installation & Decommissioning.  The following matrix, taken 

from Document CAT.A.11 shows the current projects involving the assets in Blyth 

aligned with these knowledge areas, as well as past future projects. 

 

Figure 6-1 Current Projects involving the Test and Demonstration facilities at the NAREC 

For example, the test and demonstration facilities were used during a drive-train project 

developing ‘Novel Condition Monitoring Systems’. As Document CAT.A13 

highlights, during this development project the OREC designed a suitable fatigue blade 

testing programme, which involved using the centre’s 100m Blade Test facility, testing 



	 125	

the acoustic emission monitoring system on a blade both before and after a seeded fault 

was introduced to obtain comparative measurements. The trial also investigated the 

optimal position for the placement of the sensors to ensure the areas of the structure 

that are under scrutiny are within detection range.    Project partners included Newcastle 

University, CMR, Applied Inspection, TBG Solutions and Narec Capital. 

The Renewable Energy Technology Accelerator (RETA) also uses these facilities, 

supported by funding from the European Regional Development Fund (EDRF) and set 

up by NAREC before their integration into the OREC.  As Document CAT.A.10 

indicates, the test and demonstration facilities in Blyth are used to support two major 

innovation projects: (i) the design of a purpose built inter-array cable trencher and (ii) 

an investigation into cable design for electrical system requirements, taking into 

consideration inter-array cable voltages and installation techniques which expose the 

cable to greater dynamic loads. 

According to Manager CAT.A4 these facilities are often used for ‘demonstration days’.  

For example, TEKMAR, a company who design and supply of Cable Protection 

Systems in the Offshore Wind industry used the wet docks in Blyth to do a mock-up of 

a foundation that simulated how their technology would work offshore.  Here 

representatives from industrial and academic organisations were invited to examine the 

technology and speak to employees at TEKMAR about potential collaborative 

opportunities. 

Furthermore, through the Regional Growth Fund Wind Innovation Project (RGFWIP) 

the NAREC (The OREC) provided funding, technical support and administration help 

to the ROMAX R&D centre.  According to Document CAT.A17, the centre focuses on 

the development of tools such as the company's flagship product, Designer, for wind, 

and new products, as well as CAD FUSION, Dynamic FUSION and CONCEPT which 

offer further design, development, optimisation and analysis of drivetrains.  The 

creation of the ROMAX technical R&D centre hoped to expand and deepen its 

knowledge and understanding of the complete electro-mechanical system, developing 

a long-term strategy to increase this capability. 
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6.2.2 R&D and Knowledge Transfer Projects 

During data collection it also became clear the OREC has engaged in many R&D and 

knowledge transfer projects involving the centre and other external organisations.  

Responses tended to gravitate towards examples based on two projects: the SPARTA 

project and the BLEEP project.  However, in addition to these, it became apparent that 

OREC was involved in several other ‘innovation’ projects within the sector, with 

various levels of commitment.  These are presented both here, and as part of the 

following sub-section that highlights other alternative organisations within the sector. 

6.2.2.1 The SPARTA Project 

It quickly became apparent that the SPARTA program was a major project involving 

the OREC that had required a significant dedication of resources.  The program 

provides an ideal opportunity to understand the OREC in greater detail.  Multiple 

interviewees referred to the SPARTA project as a powerful example of a project 

involving the OREC and external organisations.  The SPARTA (System Performance, 

Availability and Reliability Trend Analysis) project is a collaborative project between 

the OREC, The Crown Estate and offshore wind farm owner/operators.  Senior 

Manager CAT.A1 explained: 

“SPARTA is collecting performance and reliability data for operational 

wind farms and it’s about providing (companies) eco data with insights into 

how it’s performing against the rest of the market without releasing 

commercially sensitive information.” 

As Document CAT.A.2 outlines, organizations that held an initial interest in the 

SPARTA project initially formed a steering group to oversee the project’s development.  

There were nine multi-million-pound turnover owner/operators, Statoil, EDF Energy, 

Centrica, SSE, RWE, Statkraft, Vattenfall, Scottish Power and Dong Energy. There 

were also two executive members, the OREC and the Crown Estate (a semi-

independent, incorporated public body which manages an extensive property portfolio) 

overseeing the project.   Two organizations were involved as advisory members, 

DNV.GL and Fraunhofer.  E.ON, the tenth UK offshore wind farm owner/operator, was 

designated observer status.  Initially as Document CAT.A.4 shows, all ten of the UK’s 
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offshore wind farm owner/operators signed an agreement committing to SPARTA 

following a yearlong pilot program. 

In contrast to the activities of the test and demonstration facilities the SPARTA program 

is a predominantly desk-based project.  The SPARTA project collects wind farm 

performance and maintenance data that can be benchmarked and shared across 

anonymously between the owner/operators of the UK offshore wind turbines.  At the 

time of writing a comprehensive list of all the performance and maintenance metrics 

was not available.  However, Document CAT.A.5 does provide several examples of the 

different metrics that are recorded in the SPARTA database.  These include metrics 

covering the number of repairs, turbine availability, the number of days of cable and 

grid outages, and the use of heavy-lifting vessels. 

During the program organisations have worked with the OREC by feeding in raw data 

to a bespoke software platform.  The employees of the OREC then turn this from raw 

data to meaningful data, which is then made available to the owner/operators.  Access 

to this anonymous data is made available to the owner/operators and is available 

remotely through an online portal, aiming to help reduce the cost of offshore wind farms 

by aggregating and reducing the opacity of this data. 

6.2.2.2 The Blade Leading Edge Erosion Programme (BLEEP) 

The OREC also manages a joint industry programme, the Blade Leading Edge Erosion 

Programme (BLEEP).  BLEEP assesses the impact on aerodynamic performance and 

structural integrity of leading-edge erosion on offshore wind turbine blades, utilising 

its expertise in this area to accelerate the development of solutions for this problem.   In 

doing so, the programme aims to help minimise operation and maintenance activities 

whilst maximising the reliability and availability of turbines, ultimately cutting the cost 

of electricity generated from offshore wind.  BLEEP is a collaborative project between 

the OREC, the wind farm owner/operators, wind turbine manufacturers and academics 

at several research institutes.    According to Manager CAT.A3, the BLEEP program 

developed as a direct result of the OREC’s participation in Industry Advisory Groups.  

These groups have facilitated the development of working relationships between the 

centre, owner operators and OEMs resulting in more detailed conversations around 

aspects of the value chain, resulting in the development of specific steering and/or 
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working groups to discuss common issues, areas for collaboration, and unearthing 

innovation challenges.   

In the case of the BLEEP program, a steering group was formulated around blade 

technology.  This steering group identified areas such as leading-edge erosion as an 

area that required further research and development.  Various technical working groups 

were then developed, which, according to Manager EXT.A1, are projects managed by 

the OREC who controls the financial side of the program and the overall direction/focus 

of the BLEEP program. The technical working groups then determine the scope of 

projects in the areas of interest identified by this steering group, during which the 

working group then analyses the results of these projects and determines how best to 

make use of them. 

As Document CAT.A.6 highlights, from these technical working groups the offshore 

wind farm owner/operators and the turbine and blade manufacturers have subsequently 

identified 6 joint industry work packages, summarised below in Table 5.2.  These work 

packages have been designed to develop quantifiable measurement tools, develop 

cross-industry standards informing operational decisions and identifying innovative 

concepts for blade, inspection, repair and protection. 

Table 6-2: Overview of BLEEP work packages (Sourced from Document CAT.A.6) 

 WP Title Description Deliverables 

WP1 Measurement 
Campaign 

Measurement campaign on offshore 
wind turbine before and after 
leading edge repair. 

Technical report - 
Quantification of the 
impact of leading-edge 
erosion on yield. 

WP2 Wind Farm 
Analysis and 
Decision Tool 
Development 

Analysis from WP1 combined with 
further interrogation of SCADA, 
environmental, turbine location and 
blade data from multiple wind 
farms experiencing erosion issues. 

Technical report - 
Characterisation of 
erosion progression over 
time. 

Tool to inform 
operational decisions on 
blade inspection and 
repair. 
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WP3 Offshore 
Environment 
Characterisation 

Environmental data from 
operational wind farms will be 
combined with ocean and wind data 
to characterise site conditions that 
are related to leading edge erosion. 

Technical report - 
Definition of 
environmental input 
parameters for erosion 
testing and monitoring. 

WP4 Damage 
Measurement 
and 
Quantification 

A systematic approach will be 
taken to the measurement and 
quantification of erosion damage, 
both in the field and in the test 
environment. 

Procedures for measuring 
and quantifying erosion 
damage.  

Methodology for 
correlating test to in-field 
erosion damage.  

WP5 Representative 
Erosion Test 
Method 

Outputs from WP3 and WP4 
combined to develop repeatable, 
accurate and representative test 
methodologies that reflect realistic 
environmental conditions and 
erosion damage mechanisms.  

Test methodologies to 
inform and improve 
relevance of standards for 
erosion testing. 

WP6 Repair and 
Protection 
Innovation 
Challenges 

OREC will utilise its expertise, 
testing facilities and market reach 
to support the development, testing 
and commercialising of novel blade 
inspection, repair and protection 
solutions. 

Identification of 
innovative concepts for 
blade inspection, repair 
and protection. 

 

Both the BLEEP project and the SPARTA program before it are the most prominent 

examples of the OREC working with external organisations and using its position as an 

independent body to bring together organisations from the sector to try to solve an 

industry-wide problem.  Participant organisations (the owner/operators and the wind 

turbine manufacturers) of the BLEEP are predominantly the same as those involved in 

the SPARTA project.  However, respondents did indicate that the level of involvement 

from company to company varies.  According to Manager EXT.A1 some organisations 

such as IND.A1 were involved in both the overall steering group and then subsequently 

engaged with the relevant technical working groups when appropriate. Others, he 

suggested, had a far deeper integration with the activities of the centre. 

Manager CAT.A3 indicated that during the BLEEP project the OREC takes 

responsibility for the research and development activities, with external organisations 

providing support and technical knowledge when required.  The centre uses their own 
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resources to do this R&D but do also commission some areas of R&D from the relevant 

university research departments.   

6.2.2.3 Innovation Challenges 

In 2014, the OREC launched several specific technology innovation challenges to the 

offshore wind, wave and tidal sector, aiming to support the reduction of the cost of 

offshore renewable energy. These are aligned with the OREC’s ‘Knowledge Areas’.  

As Document CAT.A.12 indicates these include innovation challenges in blades, drive 

trains, electrical infrastructure, wind and ocean currents, foundations and substructures, 

operations and maintenance, installation and decommissioning. 

According to Manager CAT.A4 these innovation challenges help to define specific 

innovation challenges that the industry is experiencing.  Industrial organisations 

examine these innovation challenges and then contact the OREC if they feel as though 

they have the technical solutions and/or expertise to address those issues.  This is done 

through an ‘Innovation Challenges Expression of Interest Form’ (See Document 

CAT.A12) that asks potential partners to address several key questions.  For example: 

Table 6-3: Innovation Challenge Questions 

Question Type: Description 

OREC challenge • Which OREC challenge does your proposal address? 

Innovation Proposal • Describe the key features and functionality of your 
proposal? 

• What value do you add to your customer? 
• What are the advantages to your product over the leading 

competitors? 
• Have you, or do you intend to, protect Intellectual 

Property associated with your technology? 

Development Stage • Describe how developed your proposal is and what the 
key next steps are for you in its development? 

Development Resources • Can you outline the estimated development cost for each 
stage of development as you take the product to market? 

• Can you outline what proportion of this you have in 
place/or expect to secure? 
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• What additional resources do you require to take your 
product to market? 

Project Impact • Describe what impact this product will have on the 
growth of your business and your UK supply chain? 

• Describe what impact you think your product will make 
upon the cost of offshore renewable energy and why? 

OREC support • Where do you think the OREC could add most value to 
you through collaboration? 

Manager CAT.A4 describes this as a gated innovation process.  Following the 

submission of the ‘Innovation Challenges Expression of Interest Form’ the responses 

are examined by both management and technical personnel from related areas.  If the 

centre believes that the proposal may add value (Gate 1) they then approach the 

applicant and set aside 2 days to work with them more closely on the solution (Gate 2).  

Following this, there is a detail planning phase (Gate 3) that involves the centre 

performing market assessments, assessing whether the test and demonstration facilities 

need to be used to help technological development and/or whether other access to other 

research and development assets across the UK need to be procured.  Before finally 

helping the applicant demonstrate their technology to organisations from the industry / 

or helping them with further technology development by facilitating the development 

of working relationships with other partners (Gate 4). 

According to Manager CAT.A4, only a small number of projects have been developed 

because of the ‘innovation challenges’ process.  Several projects are currently in the 

early stages (gate 1 and 2) of development, whilst 7 projects are currently in the detailed 

planning phase.  However, both Senior Manager CAT.A1 and Manager CAT.A4 noted 

that this is something that the OREC is looking to develop significantly in the future. 

6.2.2.4 Cost Reduction Monitoring Framework 

During the interview process Manager CAT.A3 alluded to the involvement of the 

OREC in a project regarding the development of monitoring criteria for cost reduction, 

a key aim of the centre.  Further analysis highlighted that the OREC was commissioned 

by the Offshore Wind Programme Board (OWPB) and sponsored by the members of 

the Offshore Wind Industry Council (OWIC) to develop a cost reduction monitoring 

framework (CRMF) for the offshore wind industry. 
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Document CAT.A14 highlights that the CRMF was set up to develop a qualitative 

forecasting approach to track industry progress against a framework of pre-agreed 

milestones and a quantitative tracking approach using a broad enough selection 

standardised project data that allowed for industrial averages to be generated whilst 

preserving the anonymity of contributors. For the qualitative assessment, according to 

Document CAT.A14 data regarding a total of 66 indicators were identified, gathered 

from consultation with companies actively engaged in the sector, by a literature review, 

and from the experience of the assessment teams from third party consultants DNV GL 

and PWC. The indicators were then grouped into three areas (technology, supply chain 

and finance) and were weighted in terms of cost reduction potential. The qualitative 

workstream concluded that in 2014 the offshore wind industry is on target to achieve 

an Levilised Cost of Energy of £100/MWh for projects reaching FID in 2020.  

Meanwhile, for the quantitative assessment, according to Document CAT.A14, 

developers submitted project data to the CRMF.  A calculator was used to process the 

data entry sections from all inputs and a questionnaire was developed focusing on the 

qualitative factors that were material for the quantitative assessment of average 

Levelised Cost of Energy (LCoE). The project team also carried out reviews of the 

completed calculators to ensure that data input was accurate.  The qualitative 

assessment concluded that LCoE has reduced from £136/MWh for 2010-2011 projects 

to £131/MWh for 2012-2014 projects.  According to Document CAT.A14, the CMRF 

is structured as follows: 
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Figure 6-2 Structure of the CMRF (Sourced from Document CAT.A14) 

6.2.2.5 Industry and Research Advisory Groups 

The OREC has also formulated a research advisory group that shapes the detailed 

project and programme briefs the centre can progress to achieve cost reduction in 

offshore renewable energy.  According to Manager CAT.A3, the group also provides 

strategic and logistical support for collaborative developments with industry, as well as 

working with government and key industry stakeholders to support the growth of 

offshore renewable energy in the UK. The research advisory group also acts as the 

centre’s primary vehicle to present industry's demands for innovation, providing a filter 

process to prioritise the best academic ideas for commercialisation. Current members 

of the RAG include: the University of Strathclyde, Imperial College, Cranfield 

University, the University of Sheffield, the University of Edinburgh, Loughborough 

University, University of Oxford, the University of Exeter, Queen's University Belfast 

and Swansea University.  Furthermore, according to Senior Manager CAT.A1, the 

centre has also set-up an industry advisory group. As Document CAT.A16 highlights, 

this Industry Advisory Group is “made up of senior representation drawn from across 
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the offshore renewables sector, provides us with clear, consistent and representative 

industry advice, helping to identify critical areas where innovative approaches and 

technological development can accelerate industry to deliver solutions at a lower risk 

and cost”.  Industrial organisations within the group include: SSE, EDF Energy, EDP 

Renewables, Dong Energy, RWE, Areva, Siemens, Adwen, Alstrom, Atlantis 

Resources, FAB, Global Energy Group, Andritz Hydro, MHI VESTAS Offshore Wind, 

Ricardo, Scottish Power Renewables, Subsea 7 and the TATA group. 

6.2.3 Other Projects and Organizations 

It is important to note that there are several other organisations delivering numerous 

services required by the sector.  These organisations also deliver a variety of projects.  

Some of which do involve the OREC.  An exhaustive list of every organisation within 

the sector was not possible due to the time and resource constraints of this project.  

However, the most prominent examples highlighted through the responses of 

interviewees and the analyses of supporting documentation have been presented below. 

6.2.3.1 The Offshore Wind Accelerator (OWA) 

There is also the Carbon Trust, a similarly independent organisation.  The Carbon 

Trust aims to help organisations reduce their carbon emissions and become more 

resource efficient. They have often been involved in specific projects within the 

offshore wind sector such as the OWA highlighted earlier. 

During the interview process several respondents from external organisations spoke 

positively regarding another Joint Industry Project not managed by the OREC, the 

OWA.  According to Document CAT.A.8, the OWA is a collaborative RD&D 

programme headed by The Carbon Trust. A joint industry project set up in 1998, the 

OWA involves nine offshore wind developers as well as several government 

organisations.  These are: Dong Energy, E.On, Mainstream Renewable Power, RWE, 

Scottish Renewables, SSE, Statkraft, Statoil, Vattenfall, The Scottish Government and 

the Department for Energy and Climate Change.  The OWA aims to reduce the cost of 

offshore wind by 10% through innovation, using technology challenges that are 

identified and prioritised by the OWA members based on the likely savings and the 

potential for the OWA to influence the outcomes. It is two-thirds funded by industry 

and one-third by the UK Department of Energy and Climate Change (DECC) and the 
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Scottish Government and according to Manager EXT.A1 concentrates on projects in 

five areas: offshore wind farm wake, cables, electrical systems, access and 

foundations1. 

 

 

Figure 6-3 Structure of Working Groups within the OWA 

Manager EXT.A1 highlighted that organisation IND.A1 believed that the Carbon 

Trust’s OWA Program had a number of benefits over the OREC model due to 

 
1 The OREC was a consortium partner in a discretionary project under the OWA; a joint 

industry project which aimed to develop reliable industry-wide design guidelines for 

the design of large leg-pile connections for jacket substructures used in offshore wind 

applications.  However, this was only loosely linked to the OWA and didn’t warrant 

further analysis. 
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fundamental differences in the way the project managed industrial resources, 

particularly the way it managed the industrial skills base and personnel. 

One of these benefits and a major difference between the OWA project and the OREC’s 

joint industry projects is that, according to Manager EXT.A1, the Carbon Trust acts as 

project managers, with most of the technical expertise and funding coming from the 

industry partners.  Thereby, the Carbon Trust provides project management expertise 

rather than technical expertise, a stark contrast from the OREC model of providing both. 

According to Manager EXT.A1 organisation IND.A1 and the other offshore wind 

developers have received this structure positively: 

“This set-up has worked pretty well on a collaborative basis.  There has 

been a lot of knowledge sharing and we’ve had a lot of success at bringing 

down the cost of energy.” 

Several respondents from the OREC acknowledged the existence of the OWA.  

Manager CAT.A2 suggested the OWA was trying to do similar things as the OREC, 

but that their focus was on subsidising research and development activity rather than 

developing their own capabilities.  According to Manager CAT.A2 this put the OREC 

in direct competition with the OWA as owner/operators for industry funding. 

Document CAT.A.8 indicates how the OWA has also explored the utilisation 

innovation challenges to foster innovation in developing access solutions (i.e. safely 

transferring personnel and equipment from in-field vessels to and from the wind 

turbines for the purpose of carrying out operations and maintenance (O&M) activities). 

The Carbon Trust then aims to develop, de-risk, and commercialise these ideas by 

working closely with the supply chain.  According to Document CAT.A.9 competition 

entries for novel designs needed to address specific technology needs: 

1. Transfer systems – systems designed for transferring personnel, with an acceptable 

level of risk, their tools and equipment to and from an in-field vessel or platform to and 

from an offshore wind turbine structure; 

2. Vessels – in-field vessels for the transfer of personnel and equipment to and from a 

fixed or floating in-field platform (offshore platform, jack-up vessel and/or mother-

ship) to and from a wind turbine foundation; 



	 137	

3. Launch and recovery systems – systems which will allow daughter craft to be safely 

launched and recovered from the sea, from a fixed in-field platform or mothership. 

Submissions were incentivised by offering prizes that the successful applicants to the 

competition benefitted from.  For example: (i) access to funding of up to 100,000 GBP 

per concept to support the design and development of the successful concepts, (ii) 

potential for funding to take the concepts to full-scale demonstration and (iii) the 

opportunity to work with eight leading offshore wind developers with licences to 

develop 30 GW of offshore wind capacity in UK waters (representing 60% of current 

licensed UK capacity).  

6.2.3.2 The Marine Data Exchange 

The Crown Estate also engages in several activities relevant to the sector. They are an 

important stakeholder and are owners of the majority of the UK’s seabed, which is 

leased to owner/operators of offshore wind farms.  According to Manager EXT.A2, the 

Crown Estate works with the OREC through several external bodies, but most notably 

through the Offshore Wind Program Board (OWPB).  It aims to ensure the 

implementation of recommendations of senior representatives from industry (including 

developers and supply chain), UK and Scottish governments, The Crown Estate and 

Statutory Nature Conservation, driving cost reduction.  Funding for the board comes 

from the Crown Estate as well as several offshore wind developers and manufacturers 

of turbine technology, which then gets allocated across the eight different working 

groups. 

One of the most notable activities in terms of this thesis is their facilitation of the Marine 

Data Exchange Program.  There was a common perception amongst interviewees from 

the OREC that the SPARTA program was a first of its kind project in the Offshore 

Renewable Energy industry.  For example, when asked about the uniqueness of the 

SPARTA project Senior Manager CAT.A1 suggested that: 

“Nobody	else	does	that,	it	would	be	very	difficult	to	do	that.		The	Crown	Estate	

potentially	 could,	 but	 the	 Crown	 Estate	 again	 has	 vested	 interests.	 It	 has	 a	

particular	take	on	what	it’s	trying	to	do	and	therefore	is	there	the	same	element	

of	trust	there?”	
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However, Manager EXT.A2 highlighted how the Crown Estate operates a similar 

program called the Marine Data Exchange Program (MDEP), as Document CAT.A 

provides access to survey data and reports collated during the planning, building, and 

operating of offshore renewable energy projects. The data exchange is mainly 

concerned with two types of data: wind data and aggregates data.  24 data sets form the 

backbone of the wind data project. These consist of raw, cleaned, and modelled wind 

data from various meteorological masts, LiDAR systems and meteorological buoys 

around the UK.   The wind data sets vary in both timeframe and the year of recording, 

the earliest of which is meteorological mast data recorded in 1999, near the sight of the 

Lincs Offshore Wind Farm.  The most recent, the UK Offshore Wind Resource Dataset 

2015 is based on 30 years of modelled data (December 1984 - November 2014). 

Document CAT.A.3 shows an overview of the wind data exchange project.  

Geographically, data is gathered from masts as far south as Rampion, Sussex, a 

proposed offshore wind farm development by E.ON with a target capacity of 400 MW 

scheduled for completion by 2018.  At its most northerly, data from LIDAR wind 

measurement facility in the Moray Firth, a part of Offshore Wind Energy project 

awarded to Moray Offshore Renewables (a joint venture between EDPR UK and 

Repsol) is pending release.  Interestingly, wind data is also recorded from an onshore 

wind LIDAR facility in Blyth, a facility operated by the OREC. 

6.2.3.3 The Technology Innovation Centre 

As Document CAT.A.10 indicates, another organisation that contributes to R&D in the 

offshore wind sector is the Technology Innovation Centre at the University of 

Strathclyde.  The centre is concerned with research, teaching, and knowledge exchange, 

aiming to deliver useful learning for the technological age.  Bringing together academia 

and industry, the centre has four main ‘research sectors’, in Energy, Future Cities, 

Health and Manufacturing.  The ‘Energy Research Sector’ works in several areas, from 

advanced renewable energy technologies and smart grids to leading edge design for 

marine and aerospace electrical networks.  This is performed from several research 

centres, including the Advanced Forming Research Centre (part of the High Value 

Manufacturing CATAPULT), the Institute for Energy and Environment, the Power 

Networks Demonstration Centre, and the Weir Advance Research Centre.   It currently 
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works with several well-known industrial organisations: EDF, SSE, Scottish Power, 

Babcock and Weir. 

6.2.3.4 Commercial Consultancies 

There are several consultancy organisations that operate within the network, such as 

SgurrEnergy, Interlek and the Xodus Group.  There was no evidence to suggest that the 

OREC had worked with these organisations directly, other than through certain cross-

industry steering and working groups.  However, responses from Director EXT.A3 

highlighted that the OREC is beginning to consider expanding their relationship with 

these kinds of organisations. 

6.2.3.5 Other Initiatives with the ORE Industry 

According to Manager EXT.A1, there are several other collaborative projects related to 

the development of wind technology besides those already addressed.  These are 

developing new offshore wind farms and have government funding attached through 

joint-industry projects and consortiums funded by mechanisms such as Horizon 2020.   

The OREC is also beginning to engage in a few knowledge transfer partnerships.  For 

example, as highlighted by Document CAT.A17, the OREC also works with existing 

Knowledge Transfer Networks (KTNs) to encourage communication throughout the 

sector. Further, with the University of Warwick, as part of a Knowledge Transfer 

Partnership (KTP), the centre is helping to develop condition-monitoring techniques 

for power electronic offshore renewable energy applications, monitoring the 

degradation of power semiconductor devices that are subject to temperature cycling 

which leads to fatigue.  Manager CAT.A2 and Manager CAT.A3 also highlighted 

several other centres across Europe and North America that perform similar roles to the 

OREC centre, and which are supported by their respective governments.  These 

included: (i) the Technical University of Denmark (DTU), (ii) the Energy Research 

Centre of the Netherlands (ECN), (iii) the U.S. Naval Research Laboratory (NRL), (iv) 

the Franhofer Society – upon which the CATAPULT centre project was based. 

6.3 Understanding the role, purpose, and impact of the OREC 

In public facing documentation the OREC centre appears to have a clear understanding 

of its overall aim/purpose.  For example, on the main website it states that it looks to: 
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“combine	 world-class	 research,	 development,	 demonstration	 and	 testing	

facilities	 with	 leadership,	 industrial	 reach	 and	 engineering	 expertise	 to	

accelerate	the	design,	deployment	and	commercialisation	of	renewable	energy	

technology	innovation”	(Catapult.org.uk,	2015)	

However, during the interview process a common theme that emerged from the 

responses of interviewees was that there was a variety of individual interpretations of 

the overall purpose of the centre and its role within the national system of innovation. 

Amongst OREC employees a broad consensus emerged on the theoretical contribution 

of the centre to the Offshore Renewable Energy industry.   The OREC centre’s role 

emerged as being one of providing expertise and facilities to support industrial projects 

that had a direct impact on cost reduction drivers in the Offshore Renewable Energy 

industry.   For example, respondent CAT.A1, a senior manager at the OREC, 

summarised the general model of the centre as being one where the OREC is looking 

for access to data and funding.  In return Senior Manager CAT.A1 indicated that the 

OREC provides skills and access to test and demonstration facilities, facilitating 

innovation rather than driving it.   Meanwhile Manager CAT.A4 noted that the overall 

CATAPULT model was designed to help develop projects in areas where the UK has 

world leading intellectual property into commercial reality, supporting industry and 

acting as a catalyst for innovation.  The nature of the offshore renewable energy 

industry had resulted in the centre focusing on the facilitation of data sharing and 

knowledge transfer across industry stakeholders. Technology in the industry still 

requires development.  For example, wind turbines within the UK are yet to have been 

in operation for a full lifespan of 25 years.  Therefore, stakeholders in the industry are 

still learning and yet to fully understand the full extent of issues and innovation 

challenges that the industry faces. 

Employees of the OREC also noted that to deliver value to the industry in these areas 

the centre must play a supporting role to established industry organisations.  For 

example, Manager CAT.A2 noted how the centre aims to drive economic growth in the 

UK by ensuring that UK-based organisations and academia are given support to deliver 

world class services and academic research, resulting in the UK being viewed as a 

centre of excellence in the delivery of commercially relevant products and services.  
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Responses also indicated that maintaining and utilising their independence is central to 

the role of the centre.  For example, Senior Manager CAT.A1 specifically highlighted 

the need for the centre to be independent to be able to facilitate knowledge exchange 

across private industrial organisations.  Consistent with this, external respondents such 

as Manager EXT.A2 also highlighted how the independence of the OREC was crucial 

for the industry, particularly given the political nature of policy and regulatory 

concerns. 

“(Employees	 from)	 Energy	 companies	 will	 lobby	 government	 for	 their	 own	

particular	agenda,	quite	rightly	because	that’s	what	they	are	there	to	do.		It’s	

helpful	to	be	able	to	take	more	of	an	impartial	view.	The	OREC	is	not	an	energy	

company	so	they	can	have	that	dialogue	that	is	not	tainted	by	the	particular	

interests	of	an	energy	company.	

Indeed, it was clear from a number of responses that the OREC centre placed significant 

value on demonstrating this ‘uniqueness’.  For instance, Manager CAT.A3 was 

particularly vehement in his belief that the centre was the only organisation of its kind 

within the United Kingdom, noting that whilst other bodies may do elements of the 

CATAPULT activities, no single organisation brings together these elements in the way 

that this centre does. 

However, during the interview process it became clear the role of the CATAPULT 

centre was still unclear to some industrial organisations working within the sector.  

Evidence of the centre’s belief in their ‘uniqueness’ was at times overshadowed by 

external organisations’ inability to understand it.  Some were unsure on how the centre 

was to differentiate itself and add value beyond what was already being done in the 

industry.  Manager EXT.A1 explained: 

“One	of	the	things	we	highlighted	as	soon	as	they	started	to	talk	about	setting	

up	 the	Offshore	Renewable	Energy	CATAPULT	was	 that	 there	was	already	a	

number	of	funding	bodies	to	push	offshore	wind.		The	TSB	(Technology	Strategy	

Board),	now	InnovateUK	grants	through	Horizon	2020	and	there	were	grants	

from	 DECC	 and	 BIS.	 	 Alongside	 that	 you	 had	 a	 number	 of	 successful	 Joint	

Industry	Projects	such	as	the	OWA	managed	by	the	Carbon	Trust.”	
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Furthermore, Manager EXT.A2 noted how the recently announced formation of a new 

CATAPULT centre had raised eyebrows within industry and there was a common sense 

that there is a risk of having too many of these independent organisations, duplicating 

resources.  This would be adding to their inability to fully understand how best to 

approach the centre.   

Some within the OREC centre acknowledged this ambiguity.  For example, Manager 

CAT.A4 revealed that it has been difficult for the OREC to communicate clearly their 

role as result of the organisation having only been existence in its current form for 

around 3 years and due to the sheer number of stakeholders across the sector.  Manager 

CAT.A2 made similar statements, suggesting that many of the issues the OREC has 

encountered have in some form or another been related to the organisation only having 

had a short period of time to effectively communicate how they can add value to the 

industry. Manager CAT.A3 meanwhile highlighted that the number of industrial 

organisations but also the number of other similar organisations within the UK and 

across Europe and North America had negatively impacted the ability of the centre to 

communicate where it adds value. 

These issues weren’t helped by the lack of a clear development path making it difficult 

for the OREC to respond to these concerns.  According to Manager CAT.A2 there are 

currently discussions being held amongst key stakeholders on whether the remit of the 

OREC should be broadened.  Manager CAT.A2 indicated that the centre had heard 

from a few external organisations who wished to work on projects not limited to the 

specific remit of ‘offshore’ renewable energy that accounts for 70-80% of the work the 

centre currently is engaged with.  

During the interview process such issues raised in the responses of interviewees 

indicated that this was clearly coupled with a sense of surprise amongst actors with the 

industry that similar sectoral projects run by other organisations were being overlooked 

(putting the OREC in direct competition with them). Indeed, Manager CAT.A2 

confirmed that a major challenge for the OREC was in articulating to external 

organisations what the centre was doing and why it was in their interests to engage with 

the centre, noting that engagement varied from organisation to organisation.   
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Furthermore, it became apparent that some organisations had initially misunderstood 

the centre, contributing to this variation in engagement.  As Manager EXT.A1 

explained, the OREC was initially seen as a way for IND.A1 to engage with funding 

bodies, acting as a ‘one-stop shop’ for accessing funding. To illustrate, Manager 

EXT.A1 highlighted how his organisation identifies the OREC as a government funded 

consultancy. 

“Our	 way	 of	 thinking	 is	 that	 what	 has	 ended	 up	 happening	 is	 that	 they’ve	

effectively	set	up	a	government	funded	consultancy	that	is	trying	to	go	out	and	

offer	value	to	the	industry	to	generate	revenue	to	become	self-sustaining	over	

the	next	3-5	years.”	

According to Manager EXT.A1 and CAT.A2 this confusion wasn’t helped by the way 

in which the OREC was formulated.  After initial support from Scottish Enterprise that 

resulted in the appointment of a CEO and a small workforce, the OREC formally 

merged with the National Renewable Energy Facility (NAREC) in Blyth.  As Manager 

CAT.A2 explained: 

“NAREC	was	a	much	larger	organisation	that	had	about	80	people	employed	at	

the	 time	 that	we	merged	with	 them	and	 it	 had	already	been	 established	 for	

about	10	years.		It	has	had	a	number	of	various	models,	all	of	them	quasi-state	

funded.	 	 But	 upon	merging	with	 the	OREC	 it	 became	part	 of	 the	 CATAPULT	

model	and	everybody	in	that	legacy	organisation	became	a	member	of	staff	with	

the	CATAPULT.		All	the	strategy	and	technical	work	that	they	were	doing	was	

revised	in	line	with	this	new	operational	model.		There	was	a	merger	of	senior	

management	too,	whereby	a	couple	of	directors	that	we	had	here	were	joined	

by	a	couple	of	directors	from	NAREC.”	

According to Manager CAT.A2 this initially heavily influenced the role and activities 

of the centre: 

“That	 (merger)	has	been	a	huge	 factor	 in	how	the	model	has	developed	and	

we’ve	not	as	an	organisation	started	from	a	blank	piece	of	paper.		We	did	at	the	

beginning,	but	bringing	this	other	organisation	meant	that	quite	a	lot	of	that	

(early	strategy)	went	out	of	the	window.		We	had	quite	a	major	rethink	in	terms	
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of	strategy	when	we	merged	with	them	and	that	still	dominates	a	lot	of	what	

we	do	at	the	moment.	

Consequently, according to Manager EXT.A1, the OREC acknowledges that industrial 

organisations within the sector relate the OREC with the project portfolio of NAREC 

rather than with the expanded role that had been devised as part of the broader 

CATAPULT program.   The centre is working hard to alter these preconceptions. 

6.3.1 Addressing Market Failure 

A common theme emerging from the responses of interviewees was the emergence of 

the OREC’s role as being one of addressing issues related to specific market failures 

relevant to the offshore renewable energy industry.   

According to Senior Manager CAT.A1, the OREC has helped to fill voids created by 

failures of the market that other independent organizations (such as consultancy 

services) that could have perhaps filled this void have failed to address.  These 

organisations, Senior Manager CAT.A1 highlighted, have failed because either they 

lack the capability and desire to financially support aspects of technology development, 

or are unable to provide independent access to skills, personnel, data and equipment. 

6.3.1.1 Market Failure 1:  Responses Regarding the Lack of Financial Backing for 

Technology Development within the Industry 

Respondents indicated that the OREC’s funding model allows the centre the scope and 

means to help support the improvement of the sector, developing capabilities during 

projects such as SPARTA that can then be used to target other areas requiring 

innovation. 

6.3.1.1.1 The Funding Structure 

A prominent theme emerging from the responses of interviewees was the importance 

of finance to the sector.   From these, it became apparent that the centre aims to run an 

independent, not-for-profit business operating a (1/3rd)/(1/3rd)/(1/3rd) leveraged funding 

model.   Under this model, 1/3rd of funding should come from core InnovateUK 

funding, a 1/3rd through joint funding from collaborative R&D projects, and a 1/3rd 

through income generated by business.  The largest proportion of financial support for 
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the OREC comes through core InnovateUK funding, government allocated resources 

that are distributed between the CATAPULT centres.  However, the CATAPULT 

currently also acquires funding from governmental sources through several 

collaborative R&D projects.  Document CAT.A.11 highlights a number of these 

funding sources.  For example, financial support has been received through 

organisations such as: (i) the Regional Growth Fund (RGF), a competitive government 

fund operating within the UK, (ii) the European Regional Development Fund (EDRF) 

2007-2013, (iii) the Department of Energy Climate Change, and (iv) Framework 

Programme 7, a European Union research and development funding programme. 

According to Manager CAT.A2, financing of the OREC activities also comes from 

charging fees for industry involvement in these collaborative R&D activities and the 

use of the test and demonstration facilities in Blyth.  Whilst not being provided access 

to the financial accounts of the centre, from the responses of Manager CAT.A2 it 

appears this currently accounts for the clear majority of the OREC’s commercial 

revenue.  

Nevertheless, as Document CAT.A.6 indicates, the OREC also generates revenue 

through programs such as the BLEEP project, charging eight participants £125,000 to 

enter a steering group of all the Joint Industry Project (JIP) participant organisations.  

Only once the £1m cost of the BLEEP JIP is confirmed does the programme begin 

delivery.  These fees go towards covering the costs of the JIP, with the costs of the early 

stages of the investigation and the measurement campaign covered by the OREC itself.   

Additionally, according to Senior Manager CAT.A1 several research organisations 

(such as universities) provide small amounts of funding for research projects 

commissioned by the OREC.  Whilst the centre is also willing to accept other non-

traditional contributions, as Senior Manager CAT.A1 explained: 

“We	commission	the	R&D	ourselves;	we	commission	some	to	universities.		Would	

we	 accept	 contributions	 in	 kind?	 	 Potentially.	 	 For	 example,	 access	 to	 wind	

turbines	is	valuable.		So,	if	companies	came	to	us	and	said	that	no,	we	wouldn’t	

like	to	put	any	money	in,	but	you	can	have	access	to	three	of	our	turbines	for	six	

months	and	put	measurement	equipment	on,	then	that’s	probably	a	reasonable	

contribution.	
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From the interviewees, it also became apparent that the OREC has not only helped to 

generate funding for these projects but has also provided funding directly.  For example, 

the centre identified issues with the funding of capital-intensive technology projects 

within the Offshore Renewable Energy industry. According to Senior Manager 

CAT.A1, in the industry projects are often not commercially profitable in the early 

stages of development despite potentially providing solutions and technologies that are 

beneficial to the offshore renewable energy industry. As Senior Manager CAT.A1 

explained: 

“For	example,	the	15MW	drive	train	we	have,	industry	wouldn’t	build	that	itself	

as	it’s	too	large	a	capital	project	and	no	one	company	would	use	it	enough	to	be	

of	benefit	for	themselves.”	

The centre felt that it needed to provide financial support to several joint industry 

projects to foster innovation and technology development.  One such case was the 

SPARTA project, a collaboration between the OREC, The Crown Estate and offshore 

wind farm owner/operators facilitating data sharing in several key areas.  Explaining 

why the OREC fully supported the financing of initial piloting of this program Senior 

Manager CAT.A1 outlined that there were no clear income models for such projects.  

Industrial organisations and other consultancies that could have potentially facilitated 

the program were reluctant to dedicate their limited financial resources to the project.  

Therefore, the OREC either financially supported the venture or it was abandoned, as 

internally it was felt that the SPARTA program had the potential to reduce the cost of 

offshore wind; they then made the decision that it required their support. 

Another example of the OREC providing financial support to the industry was through 

their support of the improvement and development of the internal test and 

demonstration facilities at the National Renewable Energy Centre (NAREC) in Blyth. 

According to Manager CAT.A3, this support has been critical as this is an area that the 

Offshore Renewable Energy industry within the United Kingdom that has traditionally 

suffered from a lack of national capability. Having developed prototypes, external 

organisations have often been unable to access and/or afford to use such facilities.  

Therefore, and as a direct consequence of the funding model, according to Manager 

CAT.A3 the OREC has been able to allow (and in some cases subsidise) external 

organisations to use these developed facilities.   
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This, Manager CAT.A3 noted, has resulted in several technology development outputs 

that have been useful for organisations within the industry as well as for other ongoing 

projects within the centre. A prominent example of this was a project concerned with 

developing ‘Novel Condition Monitoring Systems’. As highlighted by Document 

CAT.A13, the OREC funded an R&D centre that resulted in collaborative partnerships 

between the University of Sheffield and Romax Technologies, addressing a key 

technical issue within the offshore wind industry. Through the Government’s Regional 

Growth Fund, a consortium was also formed to conduct a programme of research aimed 

at: Offshore Wind Turbine Fabrication and Condition Monitoring – Knowledge 

Generation and Transfer to Industry. 

6.3.1.2 Market Failure 2:  Responses regarding the Lack of Access to Knowledge, 

Ideas, Expertise, Equipment and Data 

Another theme emerging from the responses of interviewees about market failure were 

comments regarding how the centre facilitated exchange of Knowledge, Ideas, 

Expertise, Equipment and Data.  That is, the formation of the OREC not only aimed to 

provide financial resources to areas of technology development that have lacked such 

support, the centre also aimed to address issues around the lack of industry-wide access 

to skills, personnel, equipment and data.  These themes will now be explored in further 

detail. 

6.3.1.2.1 Knowledge, Ideas and Expertise 

Respondents indicated that the OREC since its formation has placed an emphasis on 

talent acquisition.  For example, Senior Manager CAT.A1, Manager EXT.A1 and 

EXT.A2 confirmed that the centre has hired a number of industry experts over the last 

couple of years resulting in the centre acquiring a skills portfolio consisting of a wide 

variety of different skills, from technical skills regarding specific technologies to 

broader project management skills.   

These skills have then been utilised by several organisations within the offshore 

renewable energy industry during the cross-industry projects. For instance, responses 

from Manager EXT.A2 highlighted how the OREC and the wider industry have utilised 

these skills by selecting the centre to act as the project manager of working groups 

related to the Offshore Wind Program Board.  Here, the centre has provided project 



	 148	

management expertise and technical support through transition specialists to specific 

working groups around complex technical issues that cannot be named due to 

confidentiality reasons.   

According to Manager EXT.A2, more generally this has resulted in the centre being 

responsible for the arrangement of meetings and the actions agreed upon at these 

meetings being followed up.  However, the centre has also provided substantial 

technical and contract management expertise to projects such as the CRMF and the 

SPARTA program.  

Employees from the OREC generally viewed this development as being a positive one 

for the both the centre and the wider industry.  Senior Manager CAT.A1 noted the 

OREC centre has benefited from hiring/employing staffs that have experience in 

working with both industry and academic organisations.   For example, Senior Manager 

CAT.A1 emphasised that the reputation and expertise of two members of staff had 

directly resulted in the continuation of engagement between the owner/operators and 

the OREC around issues connected to the BLEEP project.   

External respondents such as Manager EXT.A2 stressed how the OREC working in 

conjunction with organisation IND.A2 and other members significantly improved the 

focus and operational processes underlying the CRMF.  They were also central to 

relationship development.  Consequently, as Manager CAT.A3 noted, the OREC has 

recognised that it is essential that they hire industry experts that are happy to collaborate 

and willing to share information internally and with external partners. 

It became apparent that having these experts also impacted with the wider industry 

‘buying in’ to what the centre was trying to achieve.  According to Senior Manager 

CAT.A1, the centre’s recruitment policy and subsequent development of human 

resources capabilities has resulted in the OREC quickly accumulating credibility within 

the industry.  This interviewee also noted that this credibility has developed as a direct 

result of their ability to ‘kick off’ projects, due to the nature of their resources, and 

because of this knowledge and expertise.   

“They’re	 happy	 to	 speak	 to	 us	 because	 we’ve	 got	 people	 that	 are	 materials	

engineers,	know	what	they	are	talking	about,	and	have	put	together	a	strong	

programme	of	research	that	addresses	industrial	outputs	that	they	need.	



	 149	

According to Senior Manager CAT.A1, because these experts are given the space and 

time to work on cross-industry issues, the OREC has become an attractive proposition 

to external organisations as internally they are often under tighter time and financial 

constraints. 

“Whilst	you	could	argue	that	the	skills	are	available	in	the	commercial	sector,	

they	are	not	given	the	space	or	time	to	work	on	cross-industry	issues.		It’s	not	

necessarily	the	people	but	the	environment	and	the	thinking	time.	 	So	[Name	

Deleted]	who	drove	the	BLEEP	project	through,	if	he	was	working	for	[Company	

Name	Deleted]	he	wouldn’t	have	the	time	to	look	at	this	in	the	detail	that	he	is	

doing	because	each	individual	company	just	can’t	justify	the	costs	of	it.	

However, others held either different or more nuanced views. For example, Manager 

EXT.A1 believed that the OREC hadn’t yet built up this credibility within the industry. 

“Part	of	the	trouble	is	that	in	our	eyes	(IND.A1)	they	don’t	have	the	credibility	

or	the	impact	to	convince	the	industry	that	they	are	bringing	project	delivery.		

A	part	of	it	is	that	they	are	just	really	starting	up	and	the	trouble	is	that	start-

up	has	been	relatively	slow	as	they’ve	been	recruiting	industry	people	over	the	

last	two	years.”	

Furthermore, Manager EXT.A1 noted concerns over the consequences of acquiring this 

knowledge and expertise on the wider industry.  These included the negative impact of 

the OREC acquiring human resources on other organisations within the sector.  

Manager EXT.A1 revealed how, during the formation of the OREC in order be self-

sustaining, their hiring practices had resulted in a ‘brain drain’ effect on organisations 

that the centre is aiming to assist: 

“To	do	that	they’ve	actually	recruited	a	lot	of	the	industry	experts	and	skills,	so	

they’ve	taken	out	a	lot	of	the	skills	resource	from	the	industry	to	then	try	and	

sell	it	back	to	the	industry.”	

However, this wasn’t a widely held view within the industry. Typically, when asked 

about whether this had been the case Manager EXT.A2 stated that during his time at 

IND.A2 and working with various partners of the OREC he hadn’t heard any such 
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concerns.  Meanwhile, other respondents failed to stress such issues when discussing 

any of the questions developed as part of this research design.   

Manager EXT.A2 did state that he believed that if the OREC continued expanding at 

the rate that it has done to date then this could pose such problems for the industry.  

And in fairness to Manager EXT.A1 he did acknowledge that the OREC had a role to 

play in providing expertise and knowledge to organisations within the offshore wind 

sector, but in areas that are currently underserved rather than in areas already served by 

other organisations and consortiums.  Referring to current grant proposals to Horizon 

2020, Manager EXT.A1 explained: 

“There	are	a	number	of	grant	proposals	already	and	the	only	way	I	think	the	

CATAPULT	can	contribute	is	in	the	form	of	projects	that	are	too	big	for	that	kind	

of	consortium.	Or	for	example,	where	they	bring	specific	industry	knowledge	or	

expertise.	

However, the duplication of effort and resources within the industry was a concern for 

OREC employees and industrial organisations.  Internally, for example, Manager 

CAT.A3 highlighted that complex contractual agreement made collaboration in some 

areas difficult, and therefore activities often had to be repeated.  Meanwhile, the wider 

industry Manager EXT.A2 noted that: 

“A	 risk	 of	 the	 CATAPULT	 model	 is	 how	 they	 interact	 with	 other	 similar	

organisations	such	as	the	Carbon	Trust	and	the	OWA.	 	What	 it	seems	 is	 that	

when	you	understand	what	the	accelerator	is	doing,	what	the	Carbon	Trust	and	

what	 the	CATAPULT	 is	 doing	 then	 you	become	acutely	aware	of	 the	 risks	 of	

duplication	across	the	industry.		Whilst	I’ve	not	seen	any	evidence	of	it	yet,	there	

is	clearly	the	potential	for	this	to	occur	and	for	industry	resources	to	be	spread	

too	thinly.”	

Indeed, Manager CAT.A4 highlighted this as a key concern of the strategy department 

of the OREC at the time of the interview, noting that it would be a challenge to implant 

itself into the industry in a sensible and competitive way, without displacing other 

enablers whom the centre has identified as providing significant value to the industry. 
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6.3.1.2.2 Equipment and Data 

As well as providing access to knowledge, ideas and expertise, the responses of 

interviewees indicated that the OREC has also been able to leverage its unique position 

as an independent actor in the sector by providing access to certain equipment and data 

that would otherwise not be available.  Questions related to the activities of the OREC 

highlighted that they are doing this in a number of different ways. 

Access to equipment has mainly come through allowing organisations to use their test 

and demonstration facilities in Blyth, which according to Manager EXT.A2 are viewed 

as being quite unique to the industry.  According to Manager EXT.A2, these are used 

primarily to certify technologies for use in the offshore environment.  They are also 

used for research and development purposes and for demonstrating technologies as part 

of some of the other mechanisms discussed previously.  Additionally, according to 

Senior Manager CAT.A1 in areas such as blade test facilities the OREC has developed 

facilities not seen elsewhere in the sector.  For example, the centre has developed a 

15MW drive train that provides capabilities that are unique to the industry. 

According to respondents the OREC is also heavily involved in activities aiming to help 

industrial organisations to facilitate the transfer of knowledge and the sharing of data 

across industrial organisations.   

Manager CAT.A4 suggested that, for several years, organisations from the offshore 

renewable energy sector has tried to develop ‘failure’ databases where owner/operators 

could share data on failed component.  Such a system would’ve allowed operational 

data from a single wind farm to be compared with the rest of the sector.  However, this 

had proved allusive due to concerns over intellectual property.  This was until the 

SPARTA project was commissioned.  Multiple respondents specifically referred to the 

OREC’s SPARTA project as a key example of a service providing access to industry-

wide data that would have otherwise remained latent and/or proprietary.  SPARTA 

allows companies to analyse their own operations in relation to their competitors, 

moving the whole sector forward by removing some of the opacity around the 

operational capabilities of each individual operator.  As Senior Manager CAT.A1 

explained: 
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“What	it	enables	those	operators	to	do	is	to	say	OK,	I’m	better	than	or	worse	

than	other	companies	in	terms	of	capabilities,	and	that	gives	them	a	clue	as	to	

what	are	the	things	they	should	be	doing	to	improve	that.”	

As argued by Manager CAT.A4, the SPARTA project gained traction with industrial 

organisations due to the different approach to data collection presented to these 

industrial organisations.  Rather than asking for complete raw data packages recorded 

from each individual wind farm that would then be converted by the OREC into 

meaningful data (something that would require complex legal agreements), the OREC 

instead asked for amalgamated data in 70 standardised key performance indicators.  In 

doing so, Manager CAT.A2 suggested the co-ordination of data sharing provided useful 

outputs for partners.  No single owner/operator possesses sufficient wind turbines large 

enough to develop statistically meaningful data and the OREC by developing the 

SPARTA system had put itself into a unique position, as it was able to provide a 

comprehensive oversight of performance and reliability.  

According to Senior Manager CAT.A1, in doing so they provided organizations with 

an independent insight into whether the problems they encounter are unique to them or 

common to the sector.  Talking about the usefulness of the SPARTA program for 

organisations within the sector Senior Manager CAT.A1 highlighted: 

“In	other	sectors,	such	as	gas	turbines	or	cars,	there	are	enough	cars	there	that	

organisations	can	see	what	the	issues	are	with	any	particular	model.		But	with	

offshore	wind	turbines	if	SPR	has	one	wind	farm	that’s	not	enough	to	be	able	to	

see	whether	the	problems	they	are	seeing	at	Seton	Sands	are	particular	to	them	

or	particular	for	the	centre.		So,	it’s	[SPARTA	program]	(acts	as)	an	empirical	

measure	of	the	problems	they’re	(the	SPR)	having.”	

Through this reduction in the opacity of industrial information, the SPARTA program 

has provided other benefits.  For example, Manager CAT.A2 emphasised how the 

SPARTA program has allowed the OREC to communicate to external organisations the 

common themes and problems affecting the industry, stimulating collaborative 

development and often-new unique ways of dealing with a problem.   

“We	do	a	lot	of	work	whereby	we	get	all	those	people	in	one	place	(industrial	

partner	employees)	and	 say	 look	you	all	have	 the	 same	problem	here.	 	They	
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provide	us	data	on	whatever	(joint)	problem	they	are	having,	and	we	can	then	

feed	back	to	industry	that	these	are	the	common	themes	that	you	are	all	having.		

Using	that	to	help	decide	or	guide	decision	making	on	how	best	to	resolve	those	

problems.	

Furthermore, according to Manager CAT.A4, the SPARTA program had the added 

benefit of forcing collaboration between the owner/operators on operational issues, 

enabling them to make better operational decisions about their technologies. 

Communication during the SPARTA program is primarily done through telephone and 

email conversations, but the OREC also engages partners through formal strategic and 

technical meetings.   Manager EXT.A2 spoke at length about the nature of this 

interaction and proposed that the OREC has prominently acted as a mediator between 

the owner/operators and wind turbine manufacturers. According to Manager EXT.A2, 

during these meeting the centre has helped facilitate agreements between these 

organisations by creating specific work programs around individual areas, creating 

comprehensive specifications that were to be followed by these external organisations.  

They have also ensured that those involved in any working group were engaged in the 

project and providing expertise that was useful, before being responsible for the 

development and subsequent procurement process after agreements had been reached.  

This final step, argued Manager EXT.A2, was especially important as, by having an 

independent actor such as the OREC responsible for procuring expertise and resources 

from individual organisations, it meant that no single industrial organisation would 

have too much influence on the project; this ensured the benefits of research and 

development were appropriately distributed.  

According to Manager CAT.A2, managing intellectual property and the threat from its 

mismanagement was “a major if not the most major’ concern of the centre.  Indeed, it 

became apparent that the commercial sensitivity of the data that is collected has a clear 

impact of the operational design of the OREC’s relationship with external 

organisations. Manager CAT.A4 said industrial organisations are understandably very 

protective of their intellectual property, thus the centre focuses heavily on the structure 

of the joint-industry projects, industrial R&D projects and the use of the test and 

demonstration facilities.   This structure ensures that information is shared securely but 

also so that participants are satisfied that data and information that they believe is key 
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to their competitive advantage isn’t compromised.  For example, both the BLEEP and 

SPARTA projects have safeguards in place that allow owner/operators and OEMs to 

protect the raw data generated by their wind farms and components. 

However, responses indicated that intellectual property concerns often inhibited the 

freedom with which the OREC can do further analysis, such as it places restrictions on 

how they can use the data generated by the SPARTA project. Senior Manager CAT.A1 

explained: 

“Everything	 is	 very	 sensitive	 around	 these	 kind	 of	 commercial	 parameters,	

there’s	a	lot	of	commercial	interests	about.		Insurance	claims,	OEM	warranties,	

as	 well	 as	 the	 competition	 between	 them,	 as	 well	 as	 now	 under	 CFD’s	 the	

operators	 are	 bidding	 for	 contracts	 with	 the	 government	 for	 subsidies.	 	 So,	

there’s	a	lot	of	sensitivity	around	releasing	of	any	kind	of	data	or	providing	to	

them.		So,	we	collect	that	data,	it’s	only	with	their	permission	that	we	would	be	

able	to	do	further	analysis	(sic).”	

Manager CAT.A3 noted that the specific contractual agreements between the OREC 

and external organisations on how intellectual property is managed often inhibits the 

centre’s ability to collaborate.  This often makes transferring expertise and knowledge 

from one area of development to another difficult.  Manager CAT.A3 argued that during 

his time at the centre he has seen how integrating work on turbines and foundations at 

a technical level is a relatively easy thing to do, and would result in developments that 

would help the centre drive down the cost of offshore wind.  However, due to these 

commercial agreements separate work packages must be commissioned, resulting in 

duplication and a suboptimal use of resources.  Furthermore, according to Manager 

CAT.A4 the confidential nature of the data acquired as part of the SPARTA program 

has meant that it has yet to be fully liberated.  Whilst the OREC had hoped that the data 

could have a broader impact on the design phase of innovation, the centre has yet to 

develop a strategy for doing so that would be of interest to commercial developers due 

to concerns over commercial sensitivity of this data and a reluctance by the senior 

management of these organisations to initiate projects other than those directly related 

to the reduction of the cost of offshore wind. 
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According to Manager CAT.A3 the centre has acknowledged this and tried to approach 

organisations to allow intellectual property to be shared.  However, Manager CAT.A3 

countered that getting organisations to change their approach has been extremely 

difficult to do due to the maturity of the major organisations within the industry and 

that it would mean these organisations changing and adopting their commercial 

strategies, which have been developed over a substantial period of time.  

Instead the centre tries to manage intellectual property concerns in other ways.  They 

are often aided by the size of the major organisations they work with, meaning that 

personnel that are involved in the BLEEP project are often different from those 

involved in other projects such as the SPARTA project.  Senior Manager CAT.A1 

explained: 

“An	interesting	thing	to	remember	is	that	these	are	big,	big	organisations.		You	

might	deal	with	 somebody	 from	the	OEM’s	 for	SPARTA,	but	 it’s	a	completely	

different	person	that	you	have	to	get	buy-in	from	(for	BLEEP)”	

Working groups are specifically kept apart to appease legal and intellectual property 

concerns.  Senior Manager CAT.A1 continued: 

“The	reason	for	keeping	them	apart	is	issues	around	warranty	and	the	potential	

for	commercial	conflicts.		We	can	get	them	together	in	the	same	room	but	we	

just	have	to	be	careful	how	we	do	that.	

Commercial conflict in the offshore renewable energy industry arises because of the 

different nature of their investments in the sector.  An example was in offshore wind 

turbines where there are various levels of direct exposure to blade erosion issues 

between interested parties.  Through initiatives such as the BLEEP program 

owner/operators are aiming to understand what the impact of structural damage and a 

reduction in aerodynamic performance of wind turbine blades (a result of leading edge 

erosion) are on their yields.  According to Senior Manager CAT.A1 the sector currently 

doesn’t understand how much that impact is of this erosion on yield, and there is no 

systematic way of grading erosion.  Engineers currently inspect the wind turbine and 

grade erosion on a level-based system, yet there are no industry standards to help this 

engineer with this assessment.  This has resulted in a level of uncertainty on the impact 
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on yield, with various organisations claiming different levels of impact.  Consequently, 

according to Senior Manager CAT.A1, the BLEEP project helps owner/operators make 

sensible decisions about when they replace or repair their blades.  So, if an 

owner/operator knows that as erosion reaches Level 4 then they are going to lose say 

2% of yield then they can calculate whether they are approaching a breakeven point in 

terms of repairing/replacing that blade. From the wind turbine manufacturer’s 

perspective this is controversial because these turbine blades are under warranty, 

therefore they are obliged to fix them for a determined period.  Therefore, the OREC 

(using its position as an independent actor in this relationship) can act as a mediator 

between the two working groups.  As Senior Manager CAT.A.1 explained: 

There	are	some	commercial	conflicts	and	one	of	things	we	can	do	is	take	a	fairly	

straight	and	honest	approach,	and	 say	 that	whilst	we	don’t	know	what	 they	

answer	is	at	the	moment,	but	what	we’ll	do	is	a	measurement	campaign.		We’ll	

put	a	LIDAR	on	top	of	a	turbine,	we’ll	measure	the	wind	coming	in,	we’ll	grade	

the	blades,	we’ll	have	the	blades	repaired	and	that’ll	give	us	a	set	of	data	that	

will	show	was	their	an	impact	or	not.”	

Responses from OREC employees indicated that they are clearly also very conscious 

of the intellectual property concerns held by external organisations. Respondents 

confirmed that a variety of communication and knowledge management approaches are 

used during the collaborative process and the selection of these is heavily dependent on 

the individual project rather than a pre-determined process.  These are predominantly 

traditional tools.  For example, Manager CAT.A3 highlighted a variety of examples 

such as: face-to-face interactions, formal and informal meetings, video conferencing, 

and the use of specific IT systems – which allow document and information to be shared 

securely.  However, Manager CAT.A2 did note that the centre has spent a considerable 

resources in developing formal communication systems that are robust and to ensure 

that information doesn’t leak out of the OREC.   Interestingly, according to Manager 

CAT.A4, these systems are unique to the OREC due to InnovateUK taking the 

recommendations of the Hauser Report for each centre running autonomously to the 

‘nth’ degree.  None of the IT systems in place is shared across the CATAPULT centres, 

and currently there is little operational co-operation between the various centres.  

According to Manager CAT.A4, whilst there is a CATAPULT centre steering group 
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involving personnel at a director and senior management level, there is still 

considerable scope for further co-operation and cost savings across the CATAPULT 

network. 

Nevertheless, regarding the storage of concrete data (such as technical plans and 

blueprints) Manager CAT.A2 noted that several systems were still in development. 

CAT.A2 is developing a system being for the storage of a specific type of data related 

to atmospheric conditions.  There is also a system being developed that will hold all the 

data and information collected by the OREC in a single database, an effort to ensure 

that any data that is passed to the centre is held in line with the terms and conditions of 

their agreements with external organisations.  This is despite  some programs such as 

SPARTA already having a developed and externally audited data management system, 

an operational requirement placed on the centre by external organisations as the project 

moved from a pilot program to a fully operational system.  It was unclear whether the 

knowledge and expertise developed during the SPARTA program was being applied to 

these IT systems, or whether they were being developed independently. 

Informally (i.e. discussion between OREC employees), the CATAPULT centre appears 

to place the emphasis on the management of intellectual property firmly on the 

shoulders of individual employees.  There are currently no formal process and 

procedures for advising employees on such issues. Nevertheless, according to Manager 

CAT.A2 employees will often explore with other external partners whether issues are 

being experienced across the industry.  However, specific details from the name of the 

organisation through to specific pieces of intellectual property and financial details will 

often be withheld, though this is down to the discretion of the individual employee. 

On the whole, the responses of interviewees indicated that the OREC has largely been 

able to manage these concerns.  Indeed, several respondents from external organisations 

acknowledged that the OREC has had a positive impact on the sector in these areas.  

For example, Manager EXT.A1 noted: 

“Where	the	CATAPULT	has	done	quite	well	is	that	it	has	convinced	partners	that	

it	can	securely	hold	the	data	and	produce	useful	outputs	from	it,	particularly	

through	the	SPARTA	project”	
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6.3.2 Additional Responses regarding the Impact of the OREC on the Offshore 

Renewable Energy Industry 

During the process of data collection, it quickly became apparent that demonstrating 

the impact of the OREC on the industry would prove challenging and that it was 

increasingly becoming a widely discussed issue within the CATAPULT community.  

Multiple respondents noted how the difficulty the centre often has in determining and 

communicating what impact it is having, with responses indicating that the centre is 

aware of issues with current metrics for measuring project engagement and project 

outcomes.  Consequently, when discussing impact responses tended to gravitate 

towards the use of exemplars rather than through providing access to metrics data.  

According to Manager CAT.A3 this is because whilst ‘activities’ and ‘output’ led 

metrics to quantify some aspects of their impact often the centre often has an impact in 

a way that can’t be measured, such as through the impact on knowledge diffusion and 

the facilitation of cross-industry collaboration out width the projects led by the centre. 

Indeed, based on the responses of those interviewees from the CATAPULT centre it 

became apparent that there was no formalised measure of the financial impact of their 

activities.  Whilst a number of interviewees tried to quantify the financial impact of the 

OREC when addressing related issues, often responses were unsubstantiated.   

However, this was not unexpected.  , according to Hauser (2010), the impact of the 

CATAPULT centres would take up to ten years to become apparent. Yet issues on 

impact did emerge that would help inform the analysis of the CATAPULT centre.  

These issues ranged from the relatively short life span of the OREC to methodological 

concerns regarding how impact is indeed calculated. Respondents attempted to quantify 

or explain how they viewed the current activities of the OREC in terms of how they 

benefit the wider sector.  This resulted in number of themes emerging around the impact 

of the OREC on cost reduction, their impact across various technology readiness levels 

and the potential for future scalability. 

6.3.2.1.1 Impact on Cost Reduction 

There was a consensus amongst respondents that during recent times the OREC had 

contributed to the research and development in areas that would have otherwise 

remained latent.   Employees of the OREC cited examples of impact, although admitted 
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that it had often been difficult to communicate these due to the time lags associated 

with the industry 2.  For example, Both Senior Manager CAT.A1 and Manager CAT.A4 

outlined how he believed that whilst a substantial impact would take time to accomplish 

and despite its relatively short lifespan the OREC had supported projects that would 

otherwise not exist or not have happened to the same timescale.  Whilst Manager 

CAT.A2 noted that despite the OREC’s focus on incremental innovation rather than 

radical innovation, the OREC had undoubtedly had an impact on cost related drivers 

that were highlighted by the outcomes of projects such as SPARTA and BLEEP. 

External respondents mirrored this positive sentiment.  For example, Manager EXT.A1 

suggested that SPARTA illustrated how the OREC had supported innovation in 

operations and maintenance (O&M) areas, areas that other joint industry projects such 

as the OWA hadn’t addressed.  This had improved owner/operator decisions by 

providing information that would otherwise not be available.   Facilitating, according 

to Manager CAT.A4, the sharing of data from 50% of the UK’s wind farms within the 

first year of its operation.  Manager EXT.A1 noted: 

“SPARTA	not	highlighted	the	serial	problems	across	the	industry	but	helped	by	

decisions	on	whether	or	not	to	take	on	warranties	for	offshore	wind	farms	and	

what	the	reasonable	cost	for	those	warranties	should	be.“	

Additionally, Manager EXT.A2 noted how the OREC had been a key partner in the 

development of the ‘cost reduction-monitoring framework’, a similar project to the 

SPARTA program.   

Nevertheless, it was clear from the responses of employees from the OREC that the 

centre has experienced varying levels of commitment to engagement with the centre 

that had limited their impact.  For example, Manager CAT.A3 noted: 

“The industry is dominated by large utilities, so navigating those and having the same 

levels of engagement and encouragement throughout the organisations is difficult (to 

achieve).  On the whole it’s positive but the industry is a lot of different entities and a 

 
2	Note:	Senior	Manager	CAT.A1	outlined	that	currently	InnovateUK	had	tendered	a	company	to	
assess	the	impact	of	four	of	the	CATAPULT	centres	that	had	expressed	an	inability	to	demonstrate	
their	impact.		However,	at	the	time	of	writing	this	had	not	been	completed.	
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lot of different individuals within entities, but the size of the sector means it has been 

difficult to navigate and some organisations are more willing than others.” 

Manager EXT.A1 highlighted a number of factors had contributed to this malaise.  For 

example, Manager EXT.A1 highlighted concern amongst industrial organisations in the 

SPARTA project regarding how the project records maintenance rather than failures.  

This, according to Manager EXT.A1 was an important distinction as maintenance 

recording could include scheduled repairs that keep equipment in warranty, whereas 

what the owner/operators are interested in is what and when failures occur.   

Manager EXT.A1 also expressed concerns the integrated nature of the BLEEP 

program: 

“They’ve	tried	to	put	it	all	together	as	a	single	program	in	terms	of	interesting	

both	turbine	manufacturers	and	developers.		I	can	understand	the	logic	behind	

it,	but	the	issue	that	we	have	is	that	there’s	only	a	relatively	small	amount	of	

work	packages	that	are	of	interest	to	us	and	we	are	actually	able	to	undertake	

those	issues	that	are	interest	to	us	in	a	more	focused	way	internally.”	

Furthermore, Manager EXT.A1 also suggested that the overall commitment and focus 

of government on offshore wind was also highlighted as something that has heavily 

influenced the importance and impact of the centres joint industry projects.  According 

to Manager EXT.A1 during the last ten years this commitment has ebbed and flowed 

between onshore and offshore wind development.  However, recently the government 

has indicated an increased commitment to offshore wind projects through Contracts for 

Difference (CFD) rounds, placing a renewed emphasis on the support of research and 

development. 

Senior Manager CAT.A1 noted that the impact of the OREC will become clearer over 

time. Highlighting that the centre has the potential to benefit other organizations within 

the sector: 

“Leading edge erosion undoubtedly costs the sector hundreds of millions of pounds 

each year.  So, if we start to chip into that…  Anything we do, whether it’s a new blade 

material, isn’t going to fix everything from day one, but will slowly ramp up as more 

and more blades gain that technology.  If you think of all the different things, whether 
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its foundations, or whether its condition monitoring of turbines, or an analysis of weight 

effects and the understanding of control systems, each of these could have benefits of 

hundreds of millions of pounds.” 

However, to do so the centre will have to address the clear scepticism of some within 

the industry towards their usefulness.  Particularly given that the in some cases it 

became apparent that some of numerous alternatives had so far provided outcomes that 

better suited certain organisations. 

“The	OWA	has	an	interest	for	our	development	teams	and	in	my	kind	of	role	as	

an	 R&D	manager	 it	 was	 one	 of	 our	 largest	 expenditures	 year	 on	 year	 even	

though	our	R&D	budget	is	pretty	small.		But	it	is	something	that	we	thought	was	

useful	and	worthwhile.		The	CATAPULT	doesn’t	have	a	focus	within	our	business	

really	 because	 it	 hasn’t	 delivered	 anything	 that	 we	 can	make	 use	 of	 so	 far.		

Senior	Management	has	yet	to	be	convinced	that	there	are	useful	things	coming	

out	from	the	CATAPULT.	

Perhaps unbeknown to individuals such as Manager EXT.A1 the responses of Manager 

CAT.A2 indicated that many of the issues related to the nature of the OREC’s projects 

had been caused by the activities of the OREC being too heavily influenced by 

‘political’ pressures placed on the centre by individuals and organisations within the 

sector. 

Manager CAT.A2 suggested that the current focus of policymakers was on cost 

reduction rather than more exploratory programs that industrial organisations desired.  

According to Manager CAT.A2 this pressure had, in his opinion, directly contributed 

to the portfolio of projects selected by the CATAPULT being heavily focused on 

delivering a message of how they reduced the cost of offshore wind rather than how the 

delivered innovative solutions and potential further breakthroughs.  Whilst Manager 

CAT.A2 felt that whilst conceptual focusing on cost reduction was compatible with the 

idea of delivering innovative products and services.  In his view, most commercially 

successful products are ones that save people money or provide competitive advantage. 

By focusing on a message of cost reduction the CATAPULT has had difficulty in 

relaying those values to external organisations.   
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Manager CAT.A2 also highlighted how many of the commercial organisations utilising 

the facilities of the OREC were influenced and supported by other national 

governments making engagement with these organisations difficult as they have an 

added political dimension to their project selection decisions. 

“There	are	 large	turbine	manufacturers	that	are	based	in	Denmark,	who	are	

either	 partially	 owned	 by,	 or	 given	 lots	 of	 help	 and	 support	 by	 the	 Danish	

government.		The	idea	of	them	just	being	able	to	come	to	the	UK	to	do	testing	

isn’t	really	one	that	is	palatable	to	the	Danish	government,	so	they	have	strong	

relationships	domestically.	

According to Manager CAT.A4 the influence of other similar organisations in Europe 

has also impacted InnovateUK’s design and aspirations for the CATAPULT centres.  

With InnovateUK basing its aims for the funding model of each centre after five years 

being based upon £10m from core InnovateUK funding, £10m through joint funding 

from collaborative R&D projects, and £10m through income generated by business 

being based on the experiences of these organisations rather than on the current state of 

the sector and the CATAPULT centres in the UK.  Consequently, according to Manager 

CAT.A4 the pressure being put on the CATAPULT centre to match these targets is 

resulting on the focus of management being on how best to achieve these targets rather 

than on what is best for the sector.  Given that these European centres have had decades 

of development and evolution, according to Manager CAT.A4, it seemed counter-

intuitive to base the OREC under these expectations given that it has only been 

existence for a relatively short period of time. 

From the responses of interviewees, it became apparent that often projects selected 

based upon a variety of factors, rather than being judged solely on their technical 

aptitude. Such comments will now be highlighted in the next section. 

6.3.2.1.2 Project Selection Factors 

Manager CAT.A4 highlighted that many of the activities the OREC have engaged in 

have been a direct result of the demands of industry rather than driven by specific areas 

of technology development (Market-pull R&D, rather than Technology Push).  For 

example, using Innovation Challenges the centre has placed an emphasis on engaging 

in projects that have specific market challenges. 
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However, Senior Manager CAT.A1 and Manager CAT.A3 acknowledged that revenue 

factors often influence the decision of whether to take on a project and is a major 

component of the project assessment criteria used by the centre.  Manager CAT.A3 

noted: 

“The	 projects	 need	 to,	 not	 all	 the	 time	 but	 in	 an	 aggregated	 sense,	 secure	

revenue.		There	is	the	higher-level	strategic	success	but	ultimately	if	we	are	to	

be	in	existence	past	the	funding	period	then	we	need	to	be	demonstrating	that	

we	are	commercially	sustainable”	

Furthermore, the responses of Senior Manager CAT.A1 and Manager CAT.A3 

indicated that the selection of projects at the OREC is also heavily influenced by the 

centre’s desire to quantify impact.  In doing so, according to Manager CAT.A3 the 

projects are assessed internally using several metrics such as: (i) assessing the benefit 

to the UK’s national system of innovation, (ii) the cost-reduction benefit for 

organisation in offshore renewable energy, and (iii) whether or not the project is 

deliverable and what would happen if the CATAPULT didn’t support a project. 

Senior Manager CAT.A1 also explained how the OREC decides to engage in projects 

based upon factors besides revenue. 

“It’d	be	easy	to	say	we	do	that	for	every	project	(judge	on	revenue	factors),	but	

actually	 the	 reality	 is	 there	are	 timing	 issues,	 there’s	 strategic	 issues,	 there’s	

political	 issues	and	there’s	 staff	 issues	 that	 filter	 those	kind	of	pure	decision-

making	processes.”	

According to Manager CAT.A2 there have been occasions where the OREC has taken 

on projects where the emphasis is on the development of a strategic partnership with 

external organisations on the premises that it might lead to something in the future.  

Often despite the initial project not making commercial sense in isolation. 

Along these lines’ responses by respondents from external organisations also 

acknowledged that it was clear that the centre was prioritising projects with the potential 

for longer-term interactions.  For example, Manager EXT.A1 indicated that his view 

was that the OREC was engaging in projects such as the SPARTA program with a view 
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to developing these projects into something broader as helped the centre to develop a 

sense of legitimacy and provided the OREC with a foothold in the industry.  

6.3.2.1.3 Managing the Project Portfolio 

In the early stages of the OREC both Senior Manager CAT.A1 and Manager CAT.A4 

noted that the OREC was often reactive, responding to various approaches by numerous 

organisations rather than going through any specific selection criteria.  This ultimately 

led to concerns regarding the efficiency, value and impact of the OREC’s endeavours.  

Consequently, according to Senior Manager CAT.A1 the OREC has been more 

proactive in their efforts towards managing their project portfolio.   

“When	we	first	opened	the	doors,	we	had	loads	of	people	coming	to	us	with	ideas.		

Some	of	them	we	grabbed	and	kind	of	ran	with.		I	do	think	we	are	recognising	

that	it’s	not	the	most	efficient	way	to	do	things	and	it’s	not	the	way	of	building	

good	value	projects	as	you	end	up	becoming	a	funder	rather	than	a	participant.	

According to Senior Manager CAT.A1, the BLEEP project came as a direct result of 

internal identification of a prevalent issue within the sector that they had the capabilities 

to have an impact on.  This shifted the OREC’s focus to highlighting, in consultation 

with industry, technology challenges that have the largest combination of cost reduction 

and UK benefit rather than purely responding to individual requests from industrial 

organisations. 

Since this change in direction responses from both Manager CAT.A2 and Manager 

CAT.A4 confirmed that the OREC has increasingly become the main driver of 

collaborative projects.  According to Manager CAT.A4 over 50% of the OREC’s 

projects are a direct result of the centre initiating project development, although the 

remain committed to ensuring that their brief is dictated by the demands of the market.   

According to Manager CAT.A2 several employees are involved in the process of 

engaging with industry including senior management, employees from engineering and 

research departments, as well as the strategy team (who is meant to be responsible for 

business development).   

However, at present the OREC still predominately relies on previous contacts 

developed by employees whilst working with previous organisations.  Responses from 
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interviewees indicated that the OREC is much more focused on selecting projects that 

work with ‘big business’, i.e. projects that have the potential to produce significant 

industry funding rather than on the smaller more limited sets of requirements of an SME 

and/or on the application of accumulated expertise to other industries.  To date it 

appears as though there has been little formal technical interaction between the OREC 

and other CATAPULT centres.  This was best illustrated by comments made by 

Manager CAT.A4 over the lack of operational collaboration on system infrastructure. 

However, the responses of Manager CAT.A3 and Manager CAT.A4 did indicate that 

the CATAPULT centres have begun to meet to share examples of ‘best practice’ and 

to scope the potential for the collaborative projects related to the experience and 

expertise they have developed.  Manager CAT.A3 highlighted that the OREC and 

Satellite Applications CATAPULT have identified a good fit over monitoring and 

measurement challenges that could be developed in the future.  Whilst Manager 

CAT.A4 highlighted how the OREC and the Satellite Applications CATAPULT had 

set up quarterly meetings to address areas where they can work together and now have 

initiated projects that are funded by the two centres and/or through applying for external 

funding. 

Additionally, Senior Manager CAT.A1 and Manager CAT.A3 noted that during the 

time at the OREC the centre has engaged with SMEs. However, responses indicated 

that this engagement of the OREC with SMEs has been, overall, quite limited.  

According to Manager CAT.A3 this has only been when SMEs have contacted the 

centre. Engagement with these SMEs has been dependent on whether they have skills 

or intellectual property that can help them with the specific innovation challenges that 

have been highlighted by already formulated steering and/or working groups.  

Additionally, there was little evidence from other interviewees or documentation to 

suggest that there were examples of any major collaborative arrangements in place not 

highlighted by Senior Manager CAT.A1 or Manager CAT.A3.   

6.3.2.1.4 Future Scalability 

It became apparent that as the OREC has developed the centre has broadened its 

activities within the sector.  According to Senior Manager CAT.A1 this is likely to 

continue going forward: 
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“I	 think	what	 they	 [the	owner/operators]	are	 starting	 to	 see	 from	their	own	

view	is	OK,	look,	we	are	behind	what	we’ve	[the	OREC]	provided	as	a	benchmark.		

We’ve	provided	a	high-end,	low-end	and	an	average,	so	they	can	see	where	they	

sit	within	any	parameter,	 for	example	cable	 failures.	So,	 they	can	see	 that	 in	

cable	 failures	 they	are	having	 significantly	more	 cable	 failures	 per	 deployed	

capacity	than	other	people.		Now,	from	their	point	of	view	they	can	then	see	that	

something	is	wrong	and	that	they	need	to	do	something	about	 it,	but	they’re	

probably	not	entirely	sure	what	that	is.	

According to Manager CAT.A2 the OREC sees a ‘strong pipeline’ of technology 

development work because of their ability to focus on these longer-term projects 

(ignored by other organisations), and as because of the expertise and independence of 

the centre which has allowed them to build complementary capabilities that can be then 

be fed back to the sector.  Consequently, the centre can combine a shorter-term 

industrial research project that leverages funding with longer-term projects that look at 

areas such as materials and alternative scientific approaches to offshore wind problems. 

The OREC’s has also outlined ways in which their work with the owner/operators 

involved in the SPARTA project could develop. Senior Manager CAT.A1 noted: 

If	there’s	a	number	of	them	that	are	seeing	an	issue	what	we	can	say	is	are	there	

more	areas	that	we	can	look	in	more	detail,	we	might	ask	them	for	permission	

to	look	at	that	cable	data.		Then	you	might	actually	see	that	there	is	some	clear	

pathway	there;	that	there	are	problems	the	ones	that	are	trenched	or	surface	

laid,	that	there	are	problems	with	ones	that	are	further	from	shore,	that	there	

are	problems	with	ones	that	are	closer	to	shore,	and	so	on.		So,	there	are	clear	

pathways	that	can	be	picked	up	by	further	analysis	and	lead	to	potentially	joint-

industry	projects.	

This, Senior Manager CAT.A1 argued would lead to greater engagement with several 

academic institutions such as ESPRC. 

“The	next	phase	is	that	we	could	work	with	a	number	of	universities,	then	work	

with	them	to	gain	ESPRC	funding,	to	run	some	of	the	longer-term	projects.		We	

could	work	with	the	National	Physical	Lab	and	they	can	get	MNS	funding.		That	
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research	is	absolutely	complementary	to	the	kind	of	core	research	that	we	are	

taking	on.”	

Which would then act as a catalyst for other projects, increasing their overall impact on 

the system of innovation.  

“You	start	to	see	the	synergies	between	the	different	programmes.		You	start	to	

see	the	synergies	between	understanding	the	materials,	developing	a	test	rig,	

grading	 erosion	on	a	blade	at	 sea	and	making	decisions	on	when	 to	 change	

these.		So,	all	these	decisions	interact	with	each	other	

Whilst Director EXT.A3 noted that with the CATAPULT still being in a relatively early 

stage of development this appeared a logical way of developing working relationships 

and a presence in the sector.   However, concerns were raised over the integrated nature 

of such programs.  For example, Manager EXT.A1 did raise concerns about the 

suitability of multiple work package projects such as BLEEP for many industrial 

organisations. According to Manager EXT.A1 industrial organisations are often only 

interested in small portion of the overall program and the level of commitment required 

to join the BLEEP program meant that organisations such as IND.A1 believed that 

solutions would be better developed in-house. 

Clearly over time these developments have the potential provide further benefits to the 

offshore renewable energy industry.  The nature of the OREC allows the centre to 

develop relationships over time that can result in the centre taking on a much broader 

role than initially commissioned, expanding their impact on research and development 

and thus innovation.   

From the responses of interviewees, it became clear that commercial consultancies and 

the Carbon Trust are unable to run projects that have similar potential for expansion.  

According to Senior Manager CAT.A1 consultancies have to date not demonstrated a 

commitment to such activities, preferring to commission work on singular elements of 

research and development, such as the convening of a joint industry partnership.  And 

whilst they may have some of the skills needed, they often are reluctant to work with 

universities on longer-term R&D projects, instead preferring to focus on more 

profitable immediate concerns.  Meanwhile, the Carbon Trust, whilst technically able 
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to do something similar, is reliant on the expertise of their industrial partners and 

therefore lacks the long-term capabilities (facilities and engineers) needed to run such 

projects.  

6.3.2.2 Responses Regarding the use of Technology Readiness Levels 

During the interviewee process multiple respondents referred to a concept called 

Technology Readiness Levels (TRL).  Manager CAT.A3 highlighted that from the 

perspective of TRL, projects fall into different categories depending on the sector 

(offshore wind, wave, and tidal) and the different areas of the business.  There was clear 

indication from the respondents that the OREC to date has most heavily been engaged 

in activities closer to the application and subsequently commercialisation stage of 

development, at TRL levels 3 and beyond.  According to Manager CAT.A2, due to the 

requirement of the centre to develop solutions to pre-identified problems it means that 

projects tend to fall within narrow sections of TRLs 3+, rather than within TRL 1-3, 

projects that could potentially result in radical and industry-changing innovations. 

Manager CAT.A4 also highlighted how the OREC’s commercial assets (test and 

demonstration facilities) enable component and prototype testing, concerned with pre-

commercial deployment in an operational environment.  The OREC, according to 

Manager CAT.A4, recognises these as being relevant to TRL 6 and beyond. 

During the interview process interviewees noted that on the whole technology 

development has been focused on delivering incremental improvements within specific 

TRLs.  According to Manager CAT.A2 this is because the current climate and level of 

financial support by government means that there isn’t a vast amount of financial capital 

available in the industry for speculation on innovative ideas that require investment at 

an earlier TRL level or for developing projects across multiple TRL levels. This has 

resulted in the CATAPULT focusing on delivering retrospective improvements in cost-

related areas.  However, responses also indicated that projects labelled as being at a 

particular TRL level, often contain technologies that are at different points on the TRL 

scale.  For example, Senior Manager CAT.A1 noted: 

“If	you	look	at	a	wave	device	and	say	well	that’s	TRL	7	because	it’s	a	full-scale	

demonstration	 in	 typical	 conditions,	 the	 flap	maybe	 TRL	 7	 but	 actually	 the	

hydraulics	are	TRL	5	as	are	the	power	converters.	So,	any	particular	device	is	
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made	up	of	a	large	number	of	systems	that	are	at	very	different	TRL’s.		The	same	

can	be	said	for	offshore	wind.		If	you	say	what	TRL	is	an	offshore	wind	turbine,	

well	it’s	commercialised	it’s	beyond	that.		But	what	about	the	electrical	systems?		

Well,	they	are	all	commercial	systems	that	are	bought	off	the	shelf,	but	we	are	

looking	at	things	to	improve	them	at	a	lower	TRL”.	

However, internally there were issues regarding categorisation of activities.  According 

to Senior Manager CAT.A1 non-product-based innovations, such as the SPARTA 

project are, in reality, difficult to assign - noting: 

“Is	SPARTA	at	a	TRL	level?	How	do	you	describe	what	SPARTA	is	doing?	It’s	not	

a	technology	in	itself	it’s	an	enabler.”	

Manager CAT.A4 also echoed these sentiments, suggesting that although the different 

components within joint-industry projects are consistent with TRL 5, 6 and 7 often the 

whole system has already been deployed commercially for a number of years.    

Consequently, according to Manager CAT.A4 many projects that the OREC is involved 

in require working with/developing technologies at higher TRL.   

According to Manager CAT.A4 most of the hurdles encountered by sub-sections of the 

supply chain occur at later TRL levels.  Manager CAT.A4 explained: 

“It	might	be	a	hot	topic	at	the	moment	to	chase	down	these	particular	areas	

(projects	within	TRL	3-7)	but	 the	 reality	 is	 that	 these	 joint-industry	projects	

aren’t	going	to	be	anywhere	near	TRL	4	or	5.	In	some	cases	they	are	at	TRL	9.		

If	you	speak	to	the	supply	chain	most	of	the	hurdles	are	at	TRL	9	or	9+.”	

Whilst, according to Senior Manager CAT.A1 many projects that are categorised by 

employees within TRL levels 3-7 require further research in areas that are at earlier 

stages of technology readiness (1-3) to be able to continue their development.  

“Leading	Edge	Erosion	is	about	understanding	the	science	really.		You	could	say	

that	some	of	that	R&D	is	TRL	1	and	2.		Understanding	what	droplet	size	is,	what	

the	physical	force	is	on	a	particular	area	of	material.		That’s	pretty	low,	but	you	

need	that	in	order	to	design	a	test	rig	to	test	materials	at	TRL	4,5,6,7.”	
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Finally, regarding TRL, Manager CAT.A4 noted that centre is not concerned with 

activities that the OREC referred to as TRL 9+.  Manager CAT.A4 explained what was 

meant by TRL9+: 

“There’s	the	bit	beyond	TRL	9	that	is	kind	of	industrialisation.		You	jump	to	the	

Technology	Readiness	Index	(a	36-item	scale	to	measure	people’s	propensity	to	

embrace	and	use	cutting-edge	technologies)	and	you	realise	that	whilst	you’ve	

sold	it	to	a	couple	of	wind	farms	you	still	have	to	figure	out	how	you	are	going	

to	 sell	 it	 to	 the	 whole	 industry	 on	 a	 repeat	 basis,	 streamlining	 the	

manufacturing	process.	

6.3.3 Additional Responses Regarding Factors Influencing the Success 

(Outcome) of OREC projects: 

According to Senior Manager CAT.A1, a common issue encountered by the OREC is 

one of differing expectations between the OREC and external organisations on the 

nature and scope of projects.  For example, when putting together the BLEEP program 

the initial project outline was one projected to cost £3.9million over a three-year period.   

However, it became apparent that securing £500k from a broad alliance of 

owner/operators for a three-year project wasn’t going to happen as there was a lack of 

appetite for such a sizeable financial investment in a project with such a long lead time.  

Consequently, Senior Manager CAT.A1 had to work with both industry and the 

OREC’s employees to develop a solution that was deliverable within a shorter time 

frame at a reduced overall cost, with the OREC justifying this decision by focusing on 

the opportunities that could present themselves further down the development phase.  

Inevitably this resulted in the OREC having to make strategic decisions on which 

elements of the initial outline to maintain and which elements to postpone or abandon. 

There also appeared issues regarding a difference between the operational conduct of 

the OREC and the expectations of industry, particularly around response times to 

correspondence. For example, Manager EXT.A1 highlighted how organisation IND.A1 

hadn’t found the OREC particularly responsive. 

“We’ve	put	forward	ideas	and	never	had	a	clear	response	in	regards	to	them,	

and	we’ve	also	had	to	wait	a	long	time	to	hear	from	them	regarding	other	things	
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such	as	arranging	meetings.	 	So,	we	haven’t	had	a	great	experience	so	 far	 in	

terms	of	engagement	with	them.”	

According to Manager EXT.A1 this was surprising given that the OREC has 

emphasised the recruitment of industry expertise in the search for legitimisation and 

credibility.   

“Most	of	 the	 individuals	 that	are	part	of	 the	CATAPULT	come	from	a	private	

background.		I	would	expect	them	to	understand	how	industry	works	and	that	

was	their	major	selling	point.”	

Manager EXT.A1 noted that rectifying these problems would require a joint-

commitment to increased engagement between IND.A1 and the OREC, but that this 

would be difficult to do until the OREC had displayed a clear ability to deliver value to 

the industry. 

There was also evidence to suggest that there was a difference in attitude towards 

collaborative engagement between the technical working groups and those working at 

a strategic level. This according to Manager CAT.A2 resulted in a lack of a unified 

attitude to collaboration contributed to problems, particularly in the initial stages of 

partnership development.  Illustrating this point, Manager CAT.A2 highlighted how 

technical working groups involving OREC and external organisation(s) employees 

must dedicate a large amount of resources to explaining to strategic level employees 

what they are doing, explaining how this is going to be useful and articulating how it is 

going to benefit both organisations.  This, according to Manager CAT.A2 is because at 

a corporate level there is an acute awareness of the highly competitive nature of the 

sector, resulting in wariness towards collaborative projects due to concerns that they 

could potentially jeopardise data confidentiality.  The focus of strategy makers being 

on getting these projects up and running rather than the optimisation of the collaborative 

arrangement. Not only did this place extra strain on delivering within a timeframe 

beneficial to these external organisations, but it changed the focus of these technical 

working groups from delivering the optimal technical solution to one that is palatable 

to upper-level management.     
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Respondents highlighted the importance of the OREC having human resource 

capabilities contributing expertise at both a strategic and operational level.  For 

example, Senior Manager CAT.A1 noted how in industry partnership meetings having 

a world-class expert involved in the collaboration process vastly improves the process 

of identifying collaborative opportunities. 

“If	I	go	to	a	meeting,	whilst	being	an	engineer	I	don’t	cover	every	topic	and	I	

don’t	cover	it	in	depth.		So,	in	a	meeting	with	an	industry	partner	I’ll	scrape	the	

surface	and	they	will	kind	of	say	OK	we	can	work	together	on	this	or	investigate	

that.	But	if	I	go	along	with	a	colleague	who	is	an	expert	in	materials	science	or	

in	 drive	 train	 condition	 monitoring	 then	 it	 completely	 turns	 that	 meeting	

around.	

Furthermore, Manager EXT.A2 highlighted that how the success of projects involving 

organisation IND.A2 was heavily influenced by the centre having relevant industry 

experience, having worked with or for developers and in technical areas appropriate to 

the working groups they were apart of: 

“If	 you	 look	 at	 the	 CATAPULT,	 they’ve	 got	 employees	 that	 have	 experience	

members	of	staff	that	have	either	come	from	developers	or	worked	with	them	

previously.	 	 They’ve	 got	 a	 level	 of	 credibility	 running	 from	 the	 top	 of	 the	

organisation	through	to	the	rest	of	the	organisations.		So,	it	has	got	a	credibility	

there	that	is	helpful	as	they	have	a	healthy	understanding	of	what	the	actual	

problem	is,	so	they	help	facilitate	and	help	develop	by	asking	the	right	questions.	

Manager EXT.A2 believed that this was linked the centre having technical equipment 

capabilities, acquired through the integration of their test and demonstration facilities 

at the National Renewable Energy Centre.   Multiple respondents supported the notion 

that because of the OREC developing significant expertise and capabilities, the centre 

quickly developed credibility and trust amongst external organisations.  According to 

Senior Manager CAT.A1, the OREC often works with large multi-team organisations 

in the owner/operators and the original equipment manufacturers.  Consequently, the 

individuals involved from project to project are often vastly different.  Intra-group 

dynamics need to be formulated as quickly as possible. Therefore, the presence of 
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experts from all parties involved, who can debate and work on areas of mutual interest, 

had positive effects on group formation. 

Manager CAT.A1, CAT.A2 and EXT.A2 also highlighted how the OREC’s 

independence was paramount to the success of projects involving the centre and 

external organisations, with this independence improving the confidence of external 

organisations in the centre, particularly regarding the sharing of information and the 

protection of intellectual property. 

Manager EXT.A1 cited a major problem with organisation IND.A1 working 

relationship with the OREC was that they did not having a specific point of contact for 

centre, which reduced their level of engagement.  Manager EXT.A1 noted that for 

organisation EXT.A1 to develop a deeper working relationship with the OREC then 

they would have to be much clearer regarding what they are bringing to the industry.  

When questioned about what would IND.A1 require in order to develop a better 

working relationship with the OREC, Manager EXT.A1 replied: 

“The	main	thing	is	that	they	need	to	start	delivering	high	value	projects,	prove	

that	they’ve	got	the	project	management	capability	that	they	can	deliver	real	

technical	value	with	the	resources	that	they’ve	built	up.		But	most	importantly,	

they	need	to	be	very	clear	on	their	funding	model.		If	they	are	going	to	come	to	

industry	looking	for	money	with	limited	money	from	other	sources,	then	they	

need	to	be	very	clear	on	what	value	they	are	adding,	and	they	need	to	be	able	to	

show	evidence	of	that.	

6.4 Chapter Summary 

This chapter outlined the main findings from the empirical investigation into the OREC 

CATAPULT.  The chapter first outlined the activities of the OREC, outlining two key 

areas of operation, with projects involving test and demonstration facilities, several 

major research and development projects (such as SPARTA and BLEEP).  Having done 

so, the chapter then analysed the main themes of the responses and documentation in 

regard to the role and impact of the CATAPULT centre.   The findings of empirical 

data (gathered from the responses of interviewees and supporting documentation) were 

then discussed, highlighting the factors (identified by participants) which, from their 

experience, have the largest impact on the outcome of projects involving OREC and 
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organisations working with OREC.  These were reported using a thick description of 

the findings, reflecting the exploratory nature of the concept.  The next chapter will 

outline the findings of the HVMC CATAPULT. 
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7 Analysis of Findings from the Case of the High-Value 

Manufacturing CATAPULT 

As outlined in the previous chapter, this primary function of this presentation of 

findings is to illuminate the unique case of the HVMC for the reader.  This chapter 

presents an analysis of the activities, role and impact of the High Value Manufacturing 

centre (HVMC), one of several CATAPULT centres that aim to improve the UK’s 

innovation capabilities (See Chapter 1).   

As with the previous chapter, this chapter provides a thick description (Ponteretto, 

2006; Geertz 2008) of the social action (or behaviour) within this context.  Accurately 

describing the social behaviour of the CATAPULT centres and assigning purpose and 

intentionality to these actions (their role), by way of the researcher’s understanding of 

the context under which the social actions took place.  Given the aim of this study, and 

due to its exploratory nature, it is hoped that this thick description will allow the reader 

to visualise how the HVMC operates, and thus allows the reader to better understand 

the conclusions drawn.  The theoretical significance of these findings is then discussed 

within the following chapter. 

Again, these findings were collected from semi-structured interviews and through the 

analysis of supporting documentation. Respondents were questioned using the 

Interview Protocol provided in Appendix X, with follow-up and prompting questions 

used where appropriate.  A more detailed discussion of the research participants has 

been provided in Chapter 4, along with codified reference numbers used for 

anonymisation purposes.  With these research instruments chosen in-line with the 

methodological considerations also outlined within the Chapter 4. 

7.1 The Activities of the HVMC 

The HVMC is primarily concerned with the UK’s manufacturing sector.  It does so 

through seven sub-centres across the UK (See Document CAT.B1).  These seven 

centres are the Advanced Forming Research Centre (AFRC), the Advanced 

Manufacturing Research Centre (AMRC), the Centre for Process Innovation (CPI), the 

Manufacturing Technology Research Centre (MTRC), the Nuclear Advanced 

Manufacturing Research Centre (NAMRC), the National Composite Centre (NCC) and 
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the Warwick Manufacturing Group (WMG).  The maturity of the centres of the HVMC 

does vary from centre to centre.  For example, the HVMC has been in existence for 

three years, centres such as the WMG have been in place for over 30 years, whilst the 

AMRC and CPI have been in place for over 10 years).   However, they all now members 

of the HVMC, and thus part of a single network supporting industrial organisations, 

across the UK.   

The responses of interviewees during this study focused on the AFRC, the CPI, the 

WMG.  Also, in doing a significant cross-centre project involving the AMRC was also 

identified and included within the results.  From these responses, it became clear that 

the HVMC is predominantly concerned with industries, such as (i) aerospace (e.g. 

AFRC) (ii) automotive (WMG) and (iii) process industry, printable electronics, 

industrial technologies, biological pharmaceuticals, and formulation.  The following 

section will provide a brief overview of the centres mentioned with this chapter.   

Having done so, this chapter will then focus on the analysis of the role and purpose of 

the HVMC will be presented.  Finally, the chapter will address the impact of the HVMC 

through the individual centres, and then, based upon the responses of interviewees, the 

factors influencing the success (outcome) of projects involving the HVMC. 

7.1.1 Warwick Manufacturing Group (WMG) 

The WMG is a research and education institution at the University of Warwick and is 

part of the High Value Manufacturing group (See by Document CAT.B6).  Since its 

formation the WMG has worked with a variety of organisations, involving large firms 

and SMEs.   

For example, according to Manager CAT.A2, the WMG has worked with Jaguar Land 

Rover on several projects, including the development of aluminium technology, in 

forming and joining technologies.  Some of the projects have involved other large firm 

partners, such as Corus Steel (now part of the TATA group) and Sabic, one of the 

world’s largest petrochemicals manufacturers based in Riyadh, Saudi Arabia.  

Document CAT.B17 and B18, also highlight how the WMG has worked with Tata 

Steel, on projects “enabling the development of models which can help to understand 

fracture of boron steel”, and “automotive panels that saves weight and performs many 

functions of assembly, fixing, sound deadening and enhanced impact properties”. 
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Figure 7-1 Warwick Manufacturing Group Building 

 

The WMG has also worked with several SME’s.  For example, as Document CAT.B8 

highlights, the WMG has worked with Droitwich based company Barton Coldform Ltd, 

supporting the implementation of additive layer manufacturing technology reducing the 

time it takes to produce tooling and to create demonstrator parts and products.  In 

addition to this, the WMG has worked with Birmingham based company Thermotec, 

helping them to gather vital data for their lightweight materials by providing access to 

the WMG’s materials characterization facilities.  Whilst the WMG has also supported 

Koolkwic in the development of new types of cooling systems. 

In doing so, according to Manager CAT.B2, and supported by Document CAT.B6, the 

WMG centre predominantly focused on two main areas, one of which is light-

weighting: in land-based vehicles such as automotive, rail and bus/coaches.  Here, 

projects tend to be areas such as design, forming, joining, assembling and the 

performance of materials and structures.  There are, according, to Manager CAT.B2, 

many ongoing projects in ‘light-weighting’ that are being applied to the bus and light-

rail industries.  

The WMG also focuses on novelty propulsion methods for these land-based vehicles, 

typically in electric and electric hybrid areas.  For example, Manager CAT.B2 

highlighted that the WMG has the capabilities to design, manufacture and test energy 

storage devices (e.g. batteries).  It has a ‘scale-up’ facility for making full-sized 
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batteries for automotive engines.  It also has testing facilities allowing the centre to 

analyse the performance of these devices.  For example, to test performance and safety 

of different battery technologies over their life-span.   

7.1.2 Centre for Process Innovation (CPI) 

Based in Wilton, The CPI, according to Manager CAT.A1, has born out of an initiative 

in the North East, called ‘Strategies for Success’, which posited the UK was failing 

because of the loss of key R&D facilities to foreign firms and had focused on 

developing fuel cell technology, critical fluids, electronic materials, and industrial 

biotechnology.    Whilst academic research continued, implementation of this research 

in the UK context was sadly lacking.  Consequently, the UK government setup 5 centres 

in the North East responsible for improving this within the region, one of which was 

the CPI (and one of which was NAREC, which is now part of the OREC). 

According to Manager CAT.B3, over time other centres related to High-Value 

Manufacturing were also being developed by Rolls-Royce (such as the AMRC), the 

WMG had grown in prominence.  Consequently, the UK government to created 

Innovate UK to facilitate a coordinated strategy, which resulted in the formulation of 

the HVMC.  The CPI was included in the HCMC as a founding partner. 

 

Figure 7-2 Centre for Process Innovation Building 

The CPI supports industrial organisations in several areas.  These include areas such as 

(i) Product and Process Development, (ii) Prototyping, Demonstration and Scale Up, 

(iii) Pilot Production, (iv) Feedstock and Materials investigation, (v) Manufacturability, 

Process Modelling and Simulation, (vi) Economic Evaluation, Life Cycle Analysis and 

Process Economics (vii) Identification and Engagement of Key Collaborators, and (viii) 
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Commercialisation Support and Incubator Space (see Document CAT.B3).   In doing 

so, like the WMG, the CPI works with large firms, such as Calysta and Biostreamline 

(See Document CAT.B19).  However, the responses of interviewees focused primarily 

on their work with SMEs, with which the CPI has around 600 engagements.   

For example, according to Manager CAT.B3, a typical example of the work the CPI 

has been a recent project involving UK SME Plaxica.  Here, HVMC through the CPI 

have helped develop and scale up the production process of novel lactic acid 

technologies, conducting trials on a larger scale to confirm the scalability of the process.   

“Plaxica,	who	make	lactic	acid	technology,	had	span	out	from	Imperial	College	

and	could	[only]	do	it	in	the	size	of	teacup	[develop	lactic	acid	synthetically].		So,	

they	came	to	use	and	went	through	five	or	six	cycles	to	scale	it	up	from	a	teacup,	

to	 a	 bigger	 teacup	 using	 feedstock	 introduction	 and	 product	 separation,	 to	

prove	it	worked,	and	then	go	and	raise	some	money,	and	then	do	it	again	at	50	

litres.	 	 Now	 they’ve	moved	 out	 and	 developed	 their	 own	 pilot	 plant	 and	 are	

negotiating	their	first	deals	to	licence	their	technology.	

Whilst, a second notable project, highlighted by several interviewees was an ongoing 

project involving the CPI in the development of the Noctura 400 Sleep Mask, a 

preventative care treatment that helps stop the progressive loss of sight within diabetics. 

 

 

Figure 7-3 Polyphotonix Noctura 400 Sleep Mask 
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According to Manager CAT.B1, CAT.B3 and Manager EXT.B2, Polyphotonix has 

worked with the CPI in the development of non-intrusive sleeping mask omitting 

organic LED lighting.  Over time, the eyesight of diabetics often deteriorates due to 

protein build-up at the back of the brain, which accelerates during the evening when 

the eye doesn’t receive any oxygen.   The Noctura 400 Sleep Mask makes the eye 

believe that even though the eyelids are closed that it is still receiving oxygen, inhibiting 

the deterioration.  Previously, the NHS had relied on an expensive and painful injection 

procedure costing the NHS £11,000 a year per person and rendering the patient inactive 

during an extensive recovery phase, or laser eye treatments that simply reshapes the 

eyeball rather than treating the cause of the problem.  Nomura 400 could provide a 

potentially cheaper alternative that the user could incorporate into their own daily sleep 

routine. 

From the responses of interviewees, it also became apparent that The CPI has also 

worked closely with an SME called Pragmatic.  Pragmatic, founded in 2010, is a 

company that focuses on making transistors on plastic for applications such as RFID 

and Track and Trace technologies.  The development of this innovative technology 

better enables products and services to connect with sensors, enabling sensor labels on 

products which could be read with smartphones.  Pragmatic worked with the CPI’s 

National Centre for Printable Electronics to develop the reliability and repeatability of 

the process to scale up to manufacturing level. 

7.1.3 Advanced Forming Research Centre (AFRC) 

Responses of interviewees also highlight cases related to the ARFC.  Founded in 2009, 

the ARFC is a centre concerned with innovative manufacturing technologies, R&D, 

and metal forming and forging research.  Based in Paisley, at an £80 million facility, 

the centre is a collaborative venture between the University of Strathclyde, Scottish 

Enterprise, the UK Government and leading multinational engineering firms. 
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Figure 7-4 Advanced Forming Research Centre Building 

The ARFC’s core competencies, according to Document CAT.B3, are: 

(i) Production Process Optimisation: ensuring repeatability and productivity, 

minimising material waste, energy reduction, in process monitoring and control, 

modelling and simulation 

(ii) Component Quality and Integrity: supporting the application of advanced systems, 

customising component performance and improving material measurement and 

characterisation  

(iii) Nearer net shape forming processes: optimising novel and established forming 

processes. 

The AFRC is predominantly engaged in projects with large multi-national firms, 

including Rolls-Royce and Boeing, in areas related to their core competencies.  The 

AFRC’s work with Rolls-Royce, according to Manager CAT.B4 and Document 

CAT.B12, is concerned with enhancing current knowledge on the applications, 

limitations and advantages of the flow forming process using super steel alloys.  Flow 

forming is, according to Document CAT.B12, an incremental process using cold 

forming methods, whereby the pre-formed material is placed on a cylindrical mandrel 

and compressed and elongated across rollers to create different outer profiles.  Whilst, 

the ARFC’s work with Boeing has, according to Document CAT.B13, resulted in, “an 

opportunity for manufacturers to make a significant saving on their current forming 

costs for titanium alloys”, by shortening time to market, reducing development and 

production costs, reduce production cost and by reducing energy usage. 

However, The ARFC, according to Manager CAT.B4, has also worked directly with 

several SMEs.  For example, as highlighted by Document CAT.B14, the ARFC in 



	 182	

collaboration with a company called Pascoe Engineering, supporting the company by 

facilitating development with NHS mechanical engineers to help build a supply chain 

and route to market for the new product.  The ARFC, also helped facilitate the use of a 

technique called incremental sheet forming, which turns the metal sheet into the final 

workpiece through a series of small deformations, significantly reducing the cost per 

piece, and improving turnaround time. 

The centre itself is led by its industrial members, with their governing and technical 

boards are made up of representatives from members.  Members come from across the 

UK manufacturing sector with companies from a variety of industries and specialisms.  

These members are split into two tiers, with two distinct categories. Tier 1 ‘members’ 

and ‘partners’ and tier 2 ‘members’ (see table 6-1).  Tier 1 ‘members’, invest directly 

into the ARFC’s core research programme, steering the research and agenda.  Whilst 

tier 2 ‘members’ are supply chain partners that provide the centre with capabilities that 

supports their current and future programmes.  Tier 1 ‘partners’ meanwhile, are firms 

that support the ARFC through donations, and who are subsequently invited to board 

meetings in an advisory capacity. 

Table 7-1 List of AFRC Tier Members 

Relationship Category Company 

Tier 1 Members: • Rolls Royce 

• Boeing 

• TIMET 

• Auburt & Duval 

• Bifrangi 

Tier 1 Partners • DMG Mori 

• Standex 

• Virtalis 

Tier 2 Members: • Arconic 

• Barnes Aerospace 

• CCTech Ltd 

• Dontyne Systems 

• Eng-IT Solutions 
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• EKES 

• ESI 

• GOM 

• Houghton 

• KUKA 

• Land Instruments International 

• Metalube 

• MICAS Simulations 

• Mitsubishi Materials Group 

• MSC Software 

• Nikken 

• Open Mind Technologies 

• 3D Scanners (UK) Ltd 

• Prince International Corp 

• Quickgrind 

• TMS CADCentre 

• WF 

• Wilde Analysis 

7.1.4 Advanced Manufacturing Research Centre (AMRC) 

During the data collection process, a notable project involving the AMRC also 

emerged.  This was a collaborative R&D project between the AMRC and Yorkshire-

based tooling company Technicut which aimed to develop an innovative cutting tool 

that speeds up the cutting of tough alloys such as titanium.  As Document CAT.B2 

highlights, this project led to the AMRC developing a new tool system, the TiTan X-

Treme system. The AMRC then used this system, in conjunction with Rolls-Royce, to 

reduce the time it takes to machine fan discs for a wide range of Rolls-Royce’s Trent 

aero engines. 

The AMRC, as highlighted by Document CAT.B16, is concerned with machining, 

automation, robotics, digitally assisted assembly, casting, welding, additive 

manufacturing, composites, designing for manufacturing, testing and training.  The 

centre operates out of the Advanced Manufacturing Park (AMP) in Rotherham and has 

100-plus industrial members range from global giants like Boeing, Rolls-Royce, BAE 

Systems and Airbus to small companies.  
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Figure 7-5 Site Image of Manufacturing Research Centre 

The following sections will now explore the activities of these centres (as part of the 

HVMC) in further detail, providing insight into the HVMC’s role and purpose.  Having 

done so, responses regarding the impact of the centre will then presented, before an 

analysis of the responses regarding the factors influencing the success (outcome) of 

projects involving the HVMC. 

7.2 Understanding the Role, Purpose and Impact of the HVMC 

During the interview process there were a variety of individual interpretations of the 

overall purpose of the centre, and its role within the national system of innovation.  

However, it became clear from the responses of interviewees from both the HVMC 

(e.g. Manager CAT.B1) and interviewees with experience of working with the HVMC 

(e.g. Manager EXT.B2, Manager EXT.B3 and Manager EXT.B4) that the primary 

function of the 7 centres of the HVMC, is to develop links between academia 

(performing research and development) and industry (commercialisation).  Focusing on 

companies with high technology complexity, by accelerating technology 

commercialization (e.g. progress through technology readiness levels).     This, in the 

view of Manager CAT.C2, is consistent with the broader model of the CATAPULT 

centres, which is to provide the ‘translational infrastructure’ needed within the UK, 

“helping the translation part between industry and academia”.   

However, respondents also highlighted other roles of the HVMC, in supporting 

economic growth.  Manager CAT.B3 noted how the HVMC, through the CPI provides 

access to their internal expertise and knowledge of the industry. 
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“We	 do	 a	 lot	 of	 work	 with	 universities	 to	 highlight	 what	 will	 work	 in	 the	

marketplace,	we	do	a	lot	of	work	with	SMEs,	60%	of	work	is	with	SMEs,	because	

generally	they	can’t	afford	the	resources	we	have,	so	they	access	our	skills	base	

to	speed	up	their	processes	up,	to	reduce	their	costs,	and	to	manage	their	risks.	

In doing so, the HVMC takes advantage of its cross-sector capabilities to rebalance the 

economy, by playing an active role as a ‘national resource’, acting as a primary 

knowledge holder.  Crucially, however, this expertise is often linked to the centre 

providing access to equipment which supports firms through risky, expensive and high-

risk scaling up activities, testing activities, and production activities, until the 

technology is ready enough for commercial application (TRL 3-9).   This, according to 

Manager CAT.B2 is a key differentiator between the HVMC and other intermediary 

organisations.  Centres such as the WMG, the CPI and the AMRC have not only 

provided access to high-technology equipment (which subsequently doesn’t have to be 

purchased by industrial firms) but has also over the years developed a significant 

understanding of these capabilities and how to maximize their effectiveness at scale.  

Organisations from industry, then, according to Manager CAT.B2 have the confidence 

that when they go into the production and purchase the equipment for themselves, they 

are assured that the operating environment will be the same. 

Yet despite the above, from the responses of interviewees, it became clear that in fact 

one of the HVMC’s main roles is to act as a conduit for the UK government to direct 

funds into projects crucial to the development of UK manufacturing capability.  The 

following section, through the responses of the interviewees and the use of supporting 

documentation, will expand upon this role, and the roles alluded to above.   In 

performing these roles, the HVMC addresses several failures of the market.  For 

example, the lack of access to funding and skills, and the lack of access to world-class 

equipment. 

7.2.1 Addressing Market Failure 

7.2.1.1 Funding 

As alluded to above, one of the key roles of the HVMC, which emerged from the 

responses of interviewee, is that the centre is a vehicle with which to support the 

government in directing funding into projects that will result in innovation, and 
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ultimately lead to the improvement of the UK’s manufacturing capabilities.  Several 

respondents (Manager EXT.B3, Manager CAT.B2 and Manager CAT.B4), highlighted 

that the HVMC operates the same financial model as other CATAPULT centres across 

the UK, and is like the German ‘Fraunhofer’ model.  This financial model sees the 

centres gain their funds from a mix of competitively earned commercial funding and 

core Innovate UK investment, with the hope that the funding model will vary through 

the life of the technology and innovation centre, but that initially centres are required 

to generate their funding broadly equally from three sources, (i) business-funded R&D 

contracts (ii) collaborative applied R&D projects and (iii) core public funding for long-

term investment in infrastructure, expertise and skills development   Confirming this to 

be the case, Manager CAT.B2 noted; 

The	financial	model	[of	the	HVMC]	is	similar	to	the	German	model,	in	terms,	of	

the	third,	a	third,	and	a	third	model.	 	We	get	a	third	of	our	funding	from	the	

government,	 we	 are	 obliged	 to	 find	 a	 third	 of	 our	 funding	 from	 industry	

[projects],	and	then	match	that	again	with	commercially	won	R&D	contracts.	

Indeed, Manager CAT.C2 confirmed that the financial model of the CATAPULT 

centres (including the HVMC), is have been heavily based on the Fraunhofer model.  

Albeit acknowledging that beyond that the financial model, the centres don’t heavily 

resemble the German model in terms of operational delivery; 

Britain	 over	 the	 years	 has	 played	 at	 the	 game,	 with	 lots	 of	 non-joined	 up	

initiatives.	 	It’s	gradually	been	realised	that	it	[UK	manufacturing	capability]	

has	been	falling	apart,	and	they’ve	looked	around	the	world	for	other	examples.		

And	the	obvious	example	has	been	the	German	Fraunhofer’s.		Clearly	the	idea	of	

the	CATAPULTs	was	can	we	set	up	something	that	look	similar.	

However, whilst the general funding structure of the HVMC was common amongst 

many of the HVMC’s centres, it became apparent that some centres, such as the AFRC 

and the AMRC, had, in facilitating funding from collaborative applied R&D projects 

opted for a membership model.  For example, Manager CAT.B4 noted how in the case 

of the AFRC; 

The	centres	are	set	up,	so	they	can	choose	[how	to	do	it],	but	we	[the	AFRC]	have	

shown	that	you	can	be	successful	with	a	membership	process.		The	Tier	1’s	pays	
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around	 £200,000	 a	 year…	and	 then	 these	members	 get	 a	 vote	 on	what	 that	

money	 is	 spent	 on.	 	 Then	 those	 projects	 run	 over	 a	 12-month	 period.	 	 Any	

member,	or	any	other	company	can	as	a	non-member	walk	in	and	say	that	want	

to	work	on	a	commercial	project.	

From the overall responses of interviewees, there appeared to be no discernible 

difference between centres who operated a membership model and those that opted to 

raise funding using other means.  However, Manager CAT.B4 did highlight that, from 

his experience, the outcome of projects was influenced by their multi-partner nature.  

By design, the nature of the ‘Tier’ membership of the AFRC appears to influence the 

selection of projects so that they involve multiple members, contributing to the positive 

outcome of such projects.  Thus, this type of membership model could be a way with 

which managers of innovation intermediaries could influence the outcome of projects.  

This, therefore, will be discussed in more detail within the following chapter. 

What was common across all centres of the HVMC was that, from a project-level 

perspective, several firms were able to, as a direct result of the 1/3 funding model, 

access the equipment and expertise of the centres. Without this financial model, this 

would have not been otherwise possible, as there is no other source of equipment and 

knowledge available with the UK.   For example, according to Manager CAT.B1, 

during the development of the Nocura 400 Sleep Mask, due to the funding arrangements 

of the HVMC, Polyphotonix could use the facilities of the CPI and utilize the equipment 

and expertise of the centre at the reduced ‘cost-price’.  Access to this expertise and the 

purchase of this equipment, would have be prohibitively expensive for a company the 

size of Polyphotonix on the open market had this not been in effect subsidised by the 

investment of Innovate UK.  Manager CAT.B2 also highlighted how the WMG had 

helped facilitate technology development by effectively sharing some of the costs 

between industrial organisations and government.  Furthermore, this funding model 

also provides long-term stability for the partners of the HVMC’s centres, as the core 

funding from the government means that the capabilities of the centre are not only here 

to today, but in the years following.  This, Manager CAT.B2 suggested, provides 

industrial organisations with the confidence that relationships developed whilst 

working with the centre is going to result in a pipeline of work. 
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Yet clearly without the financial support of industrial organisations, the centre would, 

as a result, be completely reliant on government funding, and susceptible to political 

change.  Thus, in some cases major partners play a substantial financial role in ensuring 

the sustainability of the centre.  For example, as highlighted by Manager CAT.B2, the 

relationship between the WMG and Jaguar Land Rover is in-part financially supported 

by funding generated from the company, with a ‘substantial’ amount of money being 

paid by Jaguar Land Rover to the CATAPULT centre in return for a revolving set of 

projects in areas such as composites through to energy storage, over an agreed 5-year 

lifespan.   Providing this additional level of project security helps to ensure project 

delivery in these high-technology areas, which is crucial given that in these cases they 

required longer development time-frames due to the complexity of the problems being 

overcome. 

However, in the case of projects involving SME’s however,  Manager CAT.B2 stated 

that the funding for product and prototype development is significantly more 

complicated, with financial support often sourced through multiple channels.  For 

example, The HVMC, through the WMG, helps SMEs working with the HVMC to 

apply for additional funding provided by the UK government and EU commission as 

part of broader initiatives that are available for SMEs.  Whilst this doesn’t always cover 

the full cost of the support provided, it often allows SMEs working with the HVMC of 

an advisory level to do so at a more suitable cost level.  This is, according to Manager 

CAT.B2 crucial, as “obviously SMEs don’t have the vast sums of money that the big 

companies do to pay for such services”.   Manager CAT.B2 also noted that there are 

other pots of funding, for example, KTPs often provide longer-term project funding, 

whilst Innovate UK, for bigger projects often provides supplementary funding through 

the HVMC, when appropriate.   Particularly when the projects involve partners from 

both industry and academia. 

In addition to the above, it is also worth noting that Manager CAT.B3 highlighted 

during the data collection process that, when discussing how the HVMC (through the 

CPI) identifies potential projects, it is important to note that the HVMC is often selected 

as a partner because of government funding requirements; 

“Sometimes	 they	 [firms]	 get	 sent	 to	 us,	 often	 by	 early	 stage	 investors	 or	

universities.		Sometimes	they	just	find	us	because	they	know	about	us	[through	
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networking	 and	 research].	 Whilst	 some	 companies	 come	 through	 funding	

routes,	so	some	of	the	government	funding	routes	mandate	that	companies	use	

partners	 like	 us.	 	 There’s	 EU	 funding,	 there’s	 Innovate	 UK	 funding,	 which	 is	

collaborative	research	and	development	money,	there’s	applied	manufacturing	

supply	initiatives,	the	local	growth	fund,	and	also	funding	supplied	by	the	LEPs	

(Local	Enterprise	Partnerships).	

Whilst the HVMC, through the CPI, has also, on occasion, has also acted as an 

investment partner in firms.  This, according to Manager CAT.B3 this was primarily to 

ensure that they are rewarded for the use of their facilities, but also to support these 

businesses in scaling up ideas and product development.  Manager CAT.B3 noted. 

“Companies	 that	 have	 never	 worked	 with	 us	 before,	 use	 us	 for	 their	

development.	 	But	so	do	companies	that	have	spun-out	of	us,	as	development	

partners.		Most	of	the	companies	we	work	with	are	actually	often	relatively	poor	

[financially],	and	we	have	shares	in	them	as	we	often	don’t	think	they	will	be	

able	to	pay	for	our	services.		However,	generally,	they	[firms]	will	find	some	co-

operative	R&D	funds	in	order	to	support	their	product	development.”	

Indeed, Manager EXT.B2 confirmed, when outlining the historical context of 

Polyphotonix, that the CPI had been heavily involved in the formation Polyphotonix as 

an investment partner.  Albeit, that this required special dispensation from the minister 

of state to achieve this and was a highly controversial move at the time.  This given, 

that according to Manager CAT.C2, a significant hurdle the CATAPULT centres must 

overcome is that they cannot be being providing ‘state intervention’.   

Operationally, in this case, the funding arrangement appeared to have little direct 

impact on the strategic direction and activities of the firms in question.  However, as 

well as securing the use of the HVMC’s facilities, it did provide Polyphotonix with the 

stability needed to grow their firms.  For example, Manager EXT.B2 noted; 

We	are	under	no	obligation	to	use	CPI,	for	anything.		The	CPI	in	its	own	right	

[despite	being	an	investor]	has	had	a	very	hands-off	approach,	they’ve	let	me	

get	 on	 with	 it.	 	 Other	 than	 oversight	 at	 board	 meetings,	 and	 a	 board	

representative,	 they	 haven’t	 involved	 themselves	 in	 the	 strategic	 decisions,	

they’ve	 involved	 themselves	 at	 board	 level	 and	 have	 obviously	 had	 some	
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challenging	periods	where	my	assumptions	and	direction	have	been	challenged.		

They	have,	if	you	like,	let	the	lead	entrepreneur	get	on	and	do	it.	

What	I	have	had,	in	return,	is	a	stable	base	with	stakeholders	that	understand	

that	innovation	takes	a	long	time.		This	is	the	big	problem	that	private	equity	

doesn’t	 understand…	a	 private	 equity	 fund	 is	 usually	working	 on	 a	 3-5	 year	

turnaround,	with	an	exit	predetermined,	and	no	matter	how	much	they	want	to	

say	 that	 they	want	 to	be	engaged,	 these	exits	 create	 turmoil	 to	your	growth	

fund,	which	results	in	you	having	to	refund,	or	to	operate	on	an	innovation	cycle	

that	is	out	of	sync.	

In summarisation, from the responses of interviewees it was clear that the funding 

model of the HVMC had supported the facilitation of projects involving the centres 

focused upon within this study (e.g. the AFRC, the WMG, and the CPI).  Doing so, by 

operating with the standard 1/3 CATAPULT funding model.  Albeit that the centre was 

often chosen as a development partner due to firms from other funding schemes having 

to meet certain criteria associated with that funding route.   

In doing so, some centres (such as the AFRC) have operated a membership model in 

securing funding from industrial organisations.  However, this appeared to have no 

substantial impact on the operational activities of the centre.  It did, however, result in 

the activities of those centres being strategically aligned with the requirements of 

members.  It also became apparent, in the case of the CPI, that the HVMC, in unique 

cases, has acted as an investment partner.  Again, this appeared to have no direct impact 

on projects involving these firms.  However, it did provide security for both the HVMC, 

and the firms in question. 

7.2.1.2 Knowledge, Skills and Expertise 

In addition to providing financial support firms within the sector, it became clear that 

the activities HVMC addresses failures in the market related to the availability of 

knowledge, skills and expertise.  Facilitating knowledge transfer and ‘de-risking’ 

technological development amongst industrial organisations. 

During the data collection process, it quickly became apparent that in many cases the 

HVMC was key stakeholder in the development process, with Manager CAT.B3, 
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Manager CAT.B4, Manager EXT.B1 and Manager CAT.B3 all highlighted how the 

HVMC often acted as the primary knowledge holder by providing their in-house 

expertise directly to firms on a consultancy-type basis. For example, Manager CAT.B3 

suggested; 

“We	(The	CPI)	often	provide	consultancy	advice	to	firms,	utilizing	our	expertise	

to	help	firms	with	how	the	industry	works,	and	providing	guidance	on	whether	

the	products	they	are	making	have	any	chance	in	the	market.”	

However, a common thread emerging from the responses of interviewees was that the 

nature of this expertise provided did vary from centre to centre, and project to project.  

To this effect, Manager EXT.B4, noted that a common theme that runs throughout the 

projects of the AFRC, was that it often acts as a knowledge broker between the firm 

and the HVMC’s partners. 

At	the	end	of	the	day	the	common	theme	is,	can	we	find	a	solution	to	the	problem	

using	things	that	other	people	[staff/partners	of	the	AFRC]	know.		There’s	often	

some	sort	of	skills	brokering	involved	with	our	partners,	matching	expertise.	

Whilst, both Manager EXT.B2 and Manager CAT.B4 suggested that during this 

brokering process centres such as the WMG and AFRC often worked closely with 

universities.  For example, Manager CAT.B4 noted. 

We	are	operating	in	an	international	market,	Rolls-Royce	is	an	international	

company,	Boeing	is	an	international	as	well,	and	we	have	competitors	in	China	

as	well,	they	can	often	find	solutions	as	fast	as	we	can.		So,	you’ve	got	to	have	

the	space	and	the	machinery	to	keep	up	and	to	demonstrate	[your	capability],	

which	is	why	we	have	a	concentration	of	assets.		But	you	also	have	to	go	into	the	

universities	 to	get	 the	 experts	 there,	we	 can’t	 just	 sit	 and	 say	 that	 the	AFRC	

knows	 everything.	 	 In	 fact,	 the	 AFRC	 more	 often	 than	 not	 doesn’t	 know	

everything.		So,	something	that	we	do	is	often	we	go	into	the	universities	and	

access	the	experts	there,	so	our	 first	port	of	call	 is	often	a	department	 in	the	

university.		

Yet, according to Manager EXT.A1, the services provided by the HVMC through the 

CPI tended to focus on expertise relative to the use of the equipment, rather than the 
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research-intensive knowledge and expertise provided by other centres (such as the 

WMG, the AFRC and the AMRC), or the brokering of knowledge; 

“They	 [the	 CPI]	 do	 have	 their	 own	 science	 teams	 working	 on	 particular	

materials,	but	they	have	engineering	teams	that	provides	support	expertise	on	

the	equipment,	and	they	have	a	process	teams	that	can	help	run	the	equipment,	

which,	for	some	customers	is	really	useful.”	

Whilst in some projects the HVMC focused on areas other than research.  Polyphotonix 

were said to have supported the CPI in other multi-partner projects, as the primary 

research/technology knowledge holder.  Whilst the CPI had focused on providing 

equipment support.  Manager EXT.B2. 

“We’ve	 had	 some	 strategical	 alignment,	 so	 there’s	 a	 recognition	 that	

Polyphotonix	has	certain	skills	that	the	CPI	doesn’t,	so	our	particular	skills	are	

in	process	development	in	coating,	using	light	emitting	polymers.		The	CPI	is	a	

team	of	engineers,	with	a	 few	scientists,	we	are	mainly	 scientists,	with	a	 few	

engineers.		So,	the	focus	on	our	end	is	lots	of	research,	and	the	focus	their	end	is	

delivery.	 	 So,	we	 tend	 to	do	 the	hard	 science,	and	 they	 tend	 to	help	with	 the	

running	of	the	tools.		In	return,	they	want	to	go	out	and	win	projects	with	larger	

companies,	 like	 for	 example	 Unilever,	 but	 they	 don’t	 necessarily	 have	 the	

scientific	skills	base	to	develop	that.	 	So,	we	go	out	together,	and	collaborate	

together.	

However, respondents did acknowledge that all the HVMC’s centres provide some sort 

of internal expertise relevant to R&D.   For example, Manager EXT.B1 did 

acknowledge that Pragmatic also have made use of the CPI’s science teams perceived 

knowledge and expertise in a collaborative R&D programs CPI during a multi-partner 

advanced manufacturing program called SCOPE, which developed from working with 

the government in developing a new industrial strategy for the sector. 

We’ve	been	working	on	[with	the	CPI]	various	technology	programs	that	are	

mutual	interest,	particularly	around	the	integration	of	electronics.		We’ve	been	

working	on,	rethinking	the	whole	strategy	from	a	UK	perspective	on	how	we	

might	take	forward	this	emerging	industrial	electronics	industry,	that	the	UK	

started	 off.	 	We’ve	 pulled	 together	 a	 number	 of	 joint	 R&D	programmes	 and	
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brought	 in	partners	 from	our	 [Pragmatic’s]	networks,	or	 the	CPI’s	networks.		

One	 example	 is	 an	 advanced	 manufacturing	 supply	 chain	 initiative	 called	

SCOPE,	which	involves	a	number	of	end	users	such	as	Unilever	and	Hasbro.	

This, according to Manager CAT.B4 reflects the very nature of the projects involving 

the HVMC, in that they all involve projects within TRL’s 4-7.  Therefore, the HVMC 

needs to have the capability to provide different types of expertise to firms working 

with the centre. 

It	would	be	easy	to	be	a	service	provider	and	stand	back,	but	the	reality	is	we	

can’t	do	that.		The	middle	ground	(TRL4-7)	is	about	capability	development,	in	

these	TRL	levels	there	isn’t	a	capability	there,	so	you	can’t	stand	back,	so	you	

simultaneously	have	to	help	firms	develop	this	[by	using	our	expertise].		At	these	

stages	there	are	often	no	easy	and	fast	solutions.	Obviously,	we	are	not	precious	

about	finding	solutions,	there’s	no	point	in	inventing	something	if	we	can	buy	it,	

we	do	seek	supplier	solutions.		But	often	we	need	to	co-develop	these	with	the	

companies	that	are	working	with	us.	

Indeed, during the data collection process, it became apparent the HVMC’s projects 

often involve multiple partners from a variety of contexts.  In addition to the examples 

already mentioned, Document CAT.B10 highlights how the SCOPE project involves 

the HVMC, through the CPI, but also several partners from industry, as well as, the 

University of Kent, through their The Functional Materials Group and the Antennas 

Group.   

Whilst Manager CAT.B2 also highlighted that the WMG had worked with several other 

universities and industrial organisations in a collaborative project with Jaguar Land 

Rover regarding the development of battery technology for hybrid vehicles, an area that 

Jaguar Land Rover had been struggling to compete with rival manufacturers.  A two-

year project that aimed to leapfrog current technology within the market, whilst at the 

time of the interview this hadn’t resulted in direct output in the terms of new 

technology, according to Manager CAT.B2 those involved benefitted from the 

knowledge and experience gained because of the collaborative process, improving their 

understanding of how to design and engineer in the electric space.  According to 
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Manager CAT.B2, hybrid automobiles integrating this were currently in development 

at Jaguar Land Rover. 

In addition, Manager EXT.B3 highlighted, through his time at Fraunhofer, how he 

became aware of the HVMC’s involvement with industrial organisations through their 

association with AIRTO (e.g. the Association for Innovation, Research and Technology 

Organisations).  However, both he, and Manager CAT.C1 displayed concerns over the 

desire and effectiveness of the HVMC in working with other intermediary organisations 

(such as Fraunhofer, and other CATAPULTs).  For example, Manager CAT.C1 noted; 

There	 are	 various	 cross-catapult	 meetings,	 but	 I’m	 not	 yet	 sure	 of	 their	

effectiveness	to	be	honest.		There	are	lots	of	things	we	could	do	that	are	cross-

catapult,	that	we	could	be	doing	together.		But	I’m	hoping	this	is	to	come	but	is	

something	 the	 CATAPULT	 movement	 and	 the	 ESRC	 need	 to	 address	 in	 the	

future.	

From the responses of other interviewees, this would seem to be explained by the focus 

of the individual centres on developing their own capabilities and networks within their 

respective sectors.  However, this interesting in terms of how the CATAPULT centres 

contribute to the broader national system of innovation, which we will discuss later in 

Chapter X.  However, interviewees did indicate that HMVC had often worked with the 

broader UK supply chain.  For example, Manager CAT.B2 noted how during the 

development of aluminium technology for Land Rover Jaguar the WMG had worked 

the supply chain in developing forming and joining technologies.  According to 

Manager CAT.B2, this involved the WMG engaging closely with the supply chain and 

the OEM’s to give them the necessary confidence regarding the benefits of the move 

from the use of steel to the use of aluminium, providing reassurance about the impact 

that this would have on their production processes. 

From the responses of interviewees, it became apparent that projects involving the 

centre were identified in a variety of ways.  For example, according to Manager 

CAT.B2, potential collaborative opportunities are identified through a series of 

conversations with external organisations, identified through conferences, exhibitions 

and through networking.  Whilst, Manager EXT.B1 noted that, in the case of Pragmatic, 

there was an element of chance involved.  Pragmatic, in the process of looking for 
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support meeting representatives of the CPI at a conference, whilst looking for additional 

opportunities for support.   

However, the common practice across the centres appeared to be that representatives 

(often from the business development function) from the HVMC often then contacts 

potential partners, acting as the first point of contact.  Manager CAT.B4 highlighted 

how the HVMC, had dedicated a wealth of resources to developing relationships within 

the sector.  This, according to Manager CAT.B4, involves utilizing the experience of 

the individuals working with the centre, and involves using the networks that they have 

developed to facilitate conversations and meetings between potential partners.  

According to Manager CAT.B2 this then leads, often, to the scheduling of what he 

called, ‘discovery’ meetings between the HMVC and industrial organisations; 

“bring	 the	 researchers	 from	 the	 centre	 and	 external	 organisations	 together,	

normally	trying	to	identify	what	the	problem	is,	and	what	is	needed	to	solve	it.		

From,	here,	the	researchers	try	to	work	out	a	project	that	you	could	develop	in	

order	to	find	a	solution.		[Project	initiation]	is	very	much	[underpinned]	by	co-

creation,	but	with	industry	at	centre.		We	don’t	as	a	centre	say;	we	are	looking	

to	do	this	bit	of	work	and	then	take	it	to	a	company.		But	we	will	talk	to	company	

and	talk	to	them,	identifying	their	issues	and	problems,	then	work	with	them	

together	to	develop	a	project	we	are	both	happy	with.”	

Whilst Manager EXT.B1 noted; 

Potential	for	future	collaboration	was	identified	following	discussions	with	the	

director	 of	 the	 printable	 electronics	 centre	 and	 the	 head	 of	 the	 business	

development	 [at	 the	 conference].	 	 Quickly	 from	 that	 we	 able	 to	 develop	 a	

proposal	and	agree	a	basis	on	how	we	would	work	together.	

Interestingly, this highlights that even at this early stage, the nature of collaboration is 

very much a two-way process, with knowledge, and in this case (project) ideas 

permeating across company boundaries in very much a two-way fashion.  A 

characteristic synonymous with Open Innovation (See Chesbrough, 2006).  However, 

the instigator varied from project-to-project.  
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For example, several respondents (Manager CAT.B1, Manager CAT.B3 and Manager 

CAT.B4) highlighted how the HVMC has acted as the facilitators of collaboration 

between several industrial organisations.  For example, according to Manager CAT.B1, 

the HVMC utilised its knowledge of the industry to put Technifit, the lead developer of 

the technology in contact with Japanese owned fittings specialist Nikken who are 

experts in storage/locking systems tools of this kind.   During the development of an 

innovative cutting tool that speeds up the cutting of tough alloys such as titanium, 

Technifit had faced multiple problems of this nature, reducing the efficiency of the 

cutting tool.  As a direct result of facilitating this collaboration, Technifit and Nikken, 

working in collaboration with the AMRC were able to develop the TiTan X-Treme 

system, using the AMRC’s large-scale machining centres for testing purposes.  

Furthermore, having done so, according to Manager CAT.B1, the AMRC then 

identified that this technology would be useful for another partner, Rolls-Royce.  After 

testing, the adoption of this technology it became clear that it reduced the time it took 

for Rolls-Royce to machine a titanium fan disk from 26 hours down to 3 hours and was 

subsequently adopted by the company. 

Meanwhile there were examples of industrial organisations facilitating interaction with 

the HVMC, and often this was crucial to the development of these firms.  For, example, 

according to Manager CAT.B1, during the development of the Nocura 400 Sleep Mask, 

Polyphotonix approached the CPI with a working prototype.  Having proved the 

concept, they then utilised expertise of the HVMC, through the CPI to help the company 

with product development (making the mask to meet regulatory standards) and to scale 

up prototype production.  According to Manager EXT.B2, the expertise of the HVMC, 

through the CPI was in fact crucial to the development of Polyphotonix.  Manager 

EXT.B2 noted; 

The	other	thing	the	CPI	has	brought,	and	something	not	a	lot	of	people	realise,	

is	that	it	has	brought	operational	support.		We	are	a	very	small	company	with	

about	25	employees,	but	we	are	growing	very	rapidly.		We’ve	been	able	to	use	

support	mechanisms	such	as	the	CPI’s	financial	departments	to	help	managed	

£14m	worth	of	grants.		Now,	those	grants	are	all	matched	funding,	and	that’s	

quite	 a	 challenge	 of	 a	 small	 company.	 	 And	 one	 of	 the	 biggest	 challenges	 is	

dealing	with	 the	government,	and	 its	auditing	procedures.	 	All	 this	money	 is	

conditional.		So,	I	was	counting	them	up	today,	and	I’ve	36	government	audits…		
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Most	small	companies	could	deal	with	the	internal	stress	that	creates,	and	you	

end	up	dealing	with	auditors	rather	than	running	the	country.	

Once projects had been identified and secured, during the collaborative process the 

HMVC places significant emphasis on developing co-operative working arrangements 

of the centre.   According to Manager CAT.B1, on the ‘shop floor’, although it varies 

from centre to centre, and project to project, around 50% of staff operating at the centres 

tend to be HVMC staff, with the other half being staff from external organisations.  This 

allows the centre to develop long-standing and more intimate relationships with the 

centre.  The results of these collaborative project teams are then fed back to the 

industrial organisations they are employed by, allowing those organisations to continue 

the development of the technology they are working on.  

These ‘shared spaces’ have been designed specifically to promote interaction.  For 

example, Manager CAT.B4 noted how the AFRC’s facility in Paisley has been 

designed specifically to promote interaction on-site, with four open plan offices, with 

companies embedding engineers within the centre, and others visiting regularly.  This 

often impacted upon the nature of the relationships developed within the centre; 

“Relationships	 internally	 are	 often	 quite	 physical,	 which	 reflects	 the	

architecture.	 	 Some	 of	 the	 companies	 embed	 up	 to	 two	 engineers	 here,	 to	

support	the	development	of	their	projects	so	we	work	with	them	on	a	daily	basis.		

And	then,	some	of	the	others	have	regular	visits.	 	By	this	is	a	little	bit	harder.		

For	example,	we	have	a	project	with	a	company	doing	an	InnovateUK	proposal	

and	they	are	quite	devolved	from	the	project,	and	it	felt	as	though	they	were	

going	to	the	supermarket	to	buy	some	bread.	

Whilst the WMG, for example, is co-located with Jaguar Land Rover, with around 200 

Jaguar Land Rover employees sharing the same buildings as approximately 50 

employees from the WMG.  According to Manager CAT.B2 this results in daily 

communication between WMG and Jaguar Land Rover employees and facilitates a 

close working relationship between the two organisations.  There are a variety of short-

term and long-term projects involving the two organisations, with an established 

structure of weekly management and strategic meetings.  Researchers from the WMG 

and engineers from Jaguar Land Rover develop proposals that are submitted at these 
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meetings for approval.  These are then ‘peer-reviewed’ during an approval process 

involving both the university and Jaguar Land Rover, with those that are successful 

then moving into a planning process involving employees from a variety of specialisms.  

Manager CAT.B2 noted that often teams of engineers and university researchers will 

physically work next to each other during the development of projects.  PhD students 

from Warwick University are also often embedded into these teams. 

In addition to these ‘shared spaces’ there was evidence to suggest that the HVCM 

facilitates knowledge transfer in other ways.  For example, Manager CAT.B4 noted 

that; 

We	do	try	to	have	monthly	workshops.		The	purpose	of	these	is	to	take	a	topic,	

and	get	 industry	participants	 in	 to	explore	the	problems,	and	[explore]	what	

skills	that	people	have	to	offer…	we’ve	also	tried	to	hold	innovation	days,	so	here,	

rather	than	a	topic	or	market,	here	we	focus	on	the	process,	and	how	we	can	

accelerate	innovation.	

Whilst, both Manager CAT.B4 and CAT.B2 did acknowledge that once identified these 

projects involving the centres of the HMVC often do take place in a variety of settings.  

At the company’s headquarters, at academic institutions, and at the centres themselves, 

with the HVMC operates at the margins and acting as facilitators.   This according to 

Manager CAT.B2 was simply a reality of the sector that the HVMC operates in. 

Nevertheless, several respondents highlighted how important shared spaces were for 

firms working with the HVMC.  For example, Manager EXT.B2 the importance for 

SMEs like Polyphotonix working with the CPI in terms of the knowledge generated as 

accessing the expertise of the centre.  Manager EXT.B2 noted; 

The	CPI	provide	the	tools,	the	expertise	[on	how	to	use	these	tools],	the	training,	

and	a	home.		Quite	frankly,	I’ve	needed	all	of	that	to	do	anything.		There’s	a	real	

tangible	 benefit.	 	 On	 top	 of	 that	 there’s	 also	 intangible	 benefits,	 such	 as	 the	

corridor	 conversations	 you	 have	 about	whether	 you	 have	 thought	 of	 this	 or	

thought	 of	 that.	 	 You	 can’t	 underestimate	 the	 importance	 of	 those	 kinds	 of	

conversations,	because	it’s	often	through	that	organised	serendipity,	that	you	

put	 yourself	 in,	 in	 places	 like	 this,	 where	 there’s	 lots	 of	 good	 ideas	 floating	

around,	that	the	next	steps	are	made.	
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However, Manager CAT.B3 highlighted that there was often difficulty in creating 

‘shared spaces for collaboration’, particularly in centres where there is a lot of 

commercial overlap. 

“There	 are	 always	 confidentiality	 issues,	 there	 are	 shared	 spaces,	 in	 the	

printable	electronics	 facility	companies	 implant	 themselves,	but	 they	have	 to	

look	 after	 their	 IP,	 and	 we	 look	 after	 their	 IP.	 	 Sometimes	 you	 have	 two	

companies	trying	to	do	the	same	thing	on	the	same	bit	of	kit,	so	we	have	to	make	

sure	that	the	IP	doesn’t	get	from	one	company	to	another.	

Whilst Manager CAT.B4 highlighted the significance of protecting intellectual 

property in ‘shared space’ environments, indicating that it had impacted projects at the 

AFRC. 

One	 of	 the	 biggest	 risks	 is	 clearly	 IP	 leakage,	 and	 it’s	 not	 just	 technical	

intellectual	property,	 but	also	 commercial	 information.	 	There’s	 a	process	 of	

identifying	the	IP	at	the	start	of	the	project,	and	ensuring	it	isn’t	used	beyond	

the	boundaries	of	that	project.		However,	clearly	there	is	still	often	a	problem	

there	in	that	someone	can	be	working	across	two	teams.		So,	we	will	proactively	

avoid	having	two	similar	design	questions	being	serviced	by	the	same	person.		

As	this	a	natural	[opportunity]	for	leakage.	

However, centres such as the CPI had put in place active measures to protect the 

individual concerns (such as those highlighted above) of those working with the centre.  

For example, according to Manager CAT.B3, the CPI had created intellectual property 

committee is responsible for conflict management.  This committee often impacted the 

nature and selection of projects, and had, on occasion led to some projects being 

rejected. 

“Very	occasionally	we	turn	stuff	[projects]	down	as	its	too	close	to	things	that	

we	do,	or	we	don’t	have	enough	experts	where	we	can	isolate	one	from	another.		

This	often	rumbles	on	and	on.		For	example,	we’ve	got	a	case	at	the	moment	that	

we’ve	solved	three	times	already,	but	is	likely	to	come	back	again,	where	one	of	

the	companies	we	are	working	with	is	starting	to	be	successful,	and	another	one	

is	getting	 jealous,	 so	 they	 immediately	blame	us	 [the	CPI]	 for	giving	 their	 IP	

away,	when	we	haven’t.	
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Consequently, according to Manager CAT.B3, in the case of the CPI, they have thus 

focused on facilitating connections between firms in the sector. 

“our	innovation	management	process	(at	the	CPI),	allows	us	work	out	what	are	

the	skill	sets	that	are	required,	which	allows	us	to	work	out	who	the	company	

needs	to	work	with.		As	sometimes	companies	don’t	need	to	work	with	us,	but	

with	other	organisations	in	the	sector.	

Whilst Manager EXT.B1 also noted the role of intellectual property had impacted upon 

the nature of firms’ relationship with the HVMC.  For example, in response to a follow 

up question regarding why Pragmatic’s relationship with the HVMC had stayed away 

from utilizing the knowledge and expertise of the centre, Manager EXT.B1 noted; 

We	 [Pragmatic]	 could’ve	 gone	 down	 that	 model…	 but	 we	 are	 a	 technology	

company	at	heart,	but	we	are	currently	doing	low	volume	manufacturing	that	

will	be	licenced	to	high	volume.		So,	it’s	important	for	us	to	demonstrate	an	end	

to	end	process.		That	process	knowhow	is	very	important	to	us,	so,	that’s	why	we	

need	 our	 own	 team	 that	 really	 know	 that	 process	 intimately.	 	 It	 also	 builds	

confidence	with	our	investors	and	partners,	that	we	are	running	that.		Not	that	

we	have	any	concerns	about	CPI	from	an	IP	perspective,	but	it’s	easier	to	show	

that	we	own	and	maintain	the	process	ourselves,	and	there’s	no	contamination	

or	leakage	of	IP.	

Nevertheless, more broadly speaking, however, the responses of interviewees indicated 

that many of the centres had overcome, and that many of the firms working with the 

centres acknowledged these sorts of challenges.  For example, Manager CAT.B2 noted 

that despite intellectual property restrictions, cross project knowledge sharing (and 

application) was quite common and encouraged by firms within the industry. 

You	can’t	take	someone’s	learning	out	of	their	brain,	people	will	become	more	

knowledgeable,	the	more	they	are	involved	in	projects	the	potential	for	cross-

fertilization	will	improve.		But	in	a	way,	if	you	are	a	progressive	company	you	

see	that	as	a	positive,	as	you	are	working	with	people	who	have	worked	with	

your	 competitors	 and	 have	 seen	 the	 problem	before.	 	 It’s	 not	 breaching	 any	

confidentiality,	 as	 you	 aren’t	 sharing	 the	 individual	 piece	 of	 intellectual	
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property.	 	Most	 companies	we	work	with	understand	 the	difference	between	

explicit	and	tacit	knowledge,	as	you	can’t	legislate	against	it	[tacit	knowledge].		

7.2.1.3 Equipment and Data 

As well as providing access to knowledge, ideas and expertise, the responses of 

interviewees also indicated that a major role of the HVMC was that it provided access 

to equipment to organisations within the sector that would not be otherwise available 

within the UK.  These centres, according to Manager CAT.B1, the HVMC are industry-

leading and ‘unique’ to the UK. 

“You	get	from	us	facilities	that	you	genuinely	can’t	get	anywhere	else	within	the	

UK.	 	For	example,	we	have	the	world’s	most	powerful	commercially	available	

laser,	 we	 have	 the	 Europe’s	 most	 powerful	 super	 plastic	 forming	 press	 and	

water	jet.	 	And	whilst	there	maybe	examples	where	there	are	other	machines	

that	are	very	similar,	those	machines	are	often	for	a	very	specific	purpose	in	a	

company	that	will	be	very	protective	of	it.”	

In doing so, according to Manager CAT.B2, Manager CAT.B3, and supported by 

Document CAT.B7 and Document CAT.B9, the HVMC, through centres such as the 

WMG and CPI provides access for firms working with the centre to world-leading 

facilities in a variety of areas.   

For example, as Document CAT.A7 highlights, the WMG provides access to facilities 

such as 3D printers, simulators, milling machinery and test chambers, to name few.   

Whilst the CPI, as highlighted by Document CAT.B9 provides access to equipment in 

areas such as Optoelectronics, Thin Film Transistors and Sensors, Integrated Smart 

Systems and Barrier and Vacuum Encapsulation facilities.  Indeed, both Manager 

EXT.B1 and EXT.B2 highlighted how the CPI had specifically helped Polyphotonix 

by providing the company with the opportunity to use the facilities of the CPI.  For 

example, Manager EXT.B1 noted; 

They	[the	CPI]	have	helped	and	assisted	us	in	many	ways,	they’ve	had	input	at	

board	level,	but	we	also	use	their	equipment.		The	particular	facility	that	we	use	

and	work	with	 is	 their	 printable	 electronics	 facility,	 which	 has	 about	 £40m	

worth	of	kit,	and	holds	its	own	amongst	any	institution	in	the	world.		What	I	do,	
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is	go	out	and	raise	money	from	grants	and	private	equity,	and	I	will	then	pay	to	

access	 that	equipment	and	use	 it	as	my	own…	Quite	 frankly	 I’ve	needed	that	

access	to	the	equipment	to	do	anything.		Without	it	I	would	have	had	to	go	and	

buy	it,	which	I	can’t	[afford	to].	

The AMRC, as highlighted by Document CAT.B4, also provides access to equipment 

facilities at the AMRC Design Prototyping and Testing Centre.  In areas summarised 

by the table below: 

Table 7-2 Overview of Equipment Facilities at AMRC 

Type of Capability: Description of Equipment: 

Laser Cutting: • Trumpf TruLaser 5030 fiber:  a high-performance laser 

cutting machine capable of high precision on thick metal 

sheets  

Milling: • DMU 50 Ecoline: offers accurate universal milling 

machining for five-sided machining 

• DMG Sauer Ultrasonic 10: combines high-precision 

milling capabilities with advanced ultrasonic machining 

Grinding: • Blohm Jung Profimat MC607: a compact but flexible 

grinding centre, capable of precision, profile, internal or 

external cylindrical grinding 

Addictive Manufacturing: • 3D Systems ProJet 6000SD: produces high-precision 

prototypes and short-run parts in up to five materials 

• Stratasys Fortus 900mc: builds large, accurate and 

repeatable parts from high-performance thermoplastics.  

Can create fixtures, tooling and end-use parts. 

• Stratasys uPrint SE Plus: capable of creating durable, 

stable and accurate models and functional prototypes 

• Stratsys Mojo: a professional-quality desktop 3D printer, 

capable of creating small concept models and rapid 

prototypes 

• Renishaw AM250: capable of computer aid design driven 

direct additive manufacturing in a range of medical grade 

metals 
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Visualisation • Virtalis ActiveWall: a large screen wall with 3D back 

projection for presenting virtual environments to small 

groups 

CT scanning: • Nikon Metrology XTH 225 / 320 LC: 

 

Whilst, the ARFC, as highlighted by Document CAT.B15, also provides access to 

equipment and data at its facility in Paisley, through their membership tiers.  Here, 

equipment provided is related to technologies such as; (i) hot forging and forming, (ii) 

cold forming, (iii) materials characterisation, (iv) metallographic preparation, (v) 

metrology, (vi) general machine tools, and (vii) furnace capabilities. 

Several respondents (Manager CAT.B4, Manager CAT.B3, Manager EXT.B1, and 

Manager EXT.B2) highlighted, that the HVMC not only provides access to this 

equipment, but also services this equipment, allowing firms to focus on R&D.  Manager 

EXT.B1 noted; 

“What	 the	 CPI	 provides	 [for	 Pragmatic]	 is	 access	 to	 the	 building	 and	 the	

equipment,	but	they	maintain	that,	which	allows	us	to	use	the	equipment	but	

also	not	to	have	to	worry	about	the	maintenance	of	all	the	equipment.		

Whilst it also became apparent from the responses of interviewees, that one of the key 

functions of the HVMC was not only the access to equipment, but to the data generated 

from the equipment.  This often allows projects to succeed at a cost level that is 

acceptable, as this data was often used for computational modelling purposes.  For 

example, at the AFRC, Manager CAT.B4 noted; 

We	[the	AFRC]	have	a	lot	of	data.	We	are	very	good	at	assessing	the	quality	of	

materials,	whether	that	is	existing	materials	or	new	materials.		Also,	we	quite	

often	move	 this	data	 into	modelling,	which	 is	 cheaper	 than	experiments	and	

means	that	some	projects	can	be	completed	that	otherwise	wouldn’t.	

However, as with access to knowledge, skills and expertise, according to Manager 

CAT.B2 and Manager CAT.B3, the nature of access to this equipment and data does 

appear to vary.  In this case, it often depends on the type of organization requiring 
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support.  SMEs, for example, have vastly different requirements that requires a very 

different arrangement to large firms.  Manager CAT.B2 explained; 

“Dealing	with	SME	community	is	slightly	different	to	working	with	the	bigger	

companies.	 	We	have	a	whole	team	just	dedicated	to	providing	SME	support.		

The	thing	is	there,	is	that	these	companies	don’t	have	access	to	any	equipment,	

they	don’t	have	access	to	[any]	visualization	equipment,	3D	printing	equipment,	

a	lot	of	virtual	stuff,	so	there’s	a	lot	of	work	we	can	do.		These	firms	may	have	a	

concept,	but	we	can	help	them	articulate	that	concept	to	the	supply	chain,	so	

the	 bigger	 companies	 can	 understand	 their	 concept,	 and	 we	 help	 them	 to	

develop	to	a	point	where	a	company	can	say	they	understand	what	the	SME	is	

selling,	and	that	it	looks	and	feels	right.”	

Also, as with projects utilising the HVMC’s knowledge, skills and expertise, the role 

of simply providing access to equipment has an increased level of significance 

depending on the centre.  Whilst, the use of the facilities of the HVMC is often 

facilitated by the firms wishing to work with the centre.  As highlighted by Document 

CAT.B with the CPI. 

At	the	CPI	we	have	about	£100m	worth	of	kit	here,	so	they	[firms]	can	come	to	

us	and	we	can	help	them	turn	it	into	a	prototype,	that	makes	the	idea.		First	of	

all,	we’ll	do	some	scouting	work	 [using	the	equipment]	 to	see	 if	 the	 idea	can	

actually	 work	 industrially,	 because	 often	 the	 research	 stuff	 we	 actually	 see	

doesn’t,	then	we’ll	develop	and	try	a	number	of	processes	using	our	kit,	identify	

the	top	two	or	three	and	scale	them	up	using	our	equipment.		Making	enough	

product	for	them	so	they	can	actually	try	it	with	customers.			

Polyphotonix,	 for	 instance,	 used	 these	 printed	 lights	 to	 treat	 diabetic	

retinopathy,	but	they	now	have	a	supply	chain	that	can	help	them	make	up	to	

20,000	units	a	year.	

However, once partnerships have been identified, to utilise this equipment, according 

to Manager CAT.B1, the HVMC, allows organisations to migrate their businesses to 

shared spaces within one of the 7 centres dotted around the UK, if there are technical 

overlaps between those companies and the individual centre.  For example, during the 

development of the Nocura 400 Sleep Mask, according to Manager CAT.B1, 



	 205	

Polyphotonix relocated to the CPI centre to utilise their printable electronics facilities.  

In such cases, once obtaining access to the HVMC facilities firms are responsible for 

their use of the facilities, however, these organisations are monitored and supervised 

closely by HVMC employees.  This is to ensure, according to Manager CAT.B1 that 

due to high levels demand the HVMC facilities are not used for ‘experimental’ 

development of technologies, but for product development, testing and production, 

enabling the up scaling of technology. 

Yet, as highlighted previously, there is often difficulty in creating ‘shared spaces for 

collaboration’, particularly in centres where there is a lot of commercial overlap.  For 

example, Manager CAT.B3 noted; 

“There	 are	 always	 confidentiality	 issues,	 there	 are	 shared	 spaces,	 in	 the	

printable	electronics	 facility	companies	 implant	 themselves,	but	 they	have	 to	

look	 after	 their	 IP,	 and	 we	 look	 after	 their	 IP.	 	 Sometimes	 you	 have	 two	

companies	trying	to	do	the	same	thing	on	the	same	bit	of	kit,	so	we	have	to	make	

sure	that	the	IP	doesn’t	get	from	one	company	to	another.	

Consequently, according to Manager CAT.B1, many firms elect to use these facilities 

if, and when they are needed, rather than to shift their whole organisations to the centre.  

Nevertheless, the opportunity of accessing the facilities of the HVMC, according to 

Manager CAT.B1, is one that many firms working with the centres take up, and 

demonstrates how the HVMC as an innovation intermediary, brokers interaction 

between the different helixes, but does so in often very different ways than originally 

conceptualised (See Nakwa and Zawdie, 2012).  We will discuss this in more detail 

within Chapter X. 

7.2.2 Additional Responses Regarding the Impact of the HVMC on High Value 

Manufacturing 

As highlighted above, during the data collection process there were several significance 

case studies that highlighted the role of the HVMC’s centres, but also their impact so 

far.  However, as part of the interview protocol, participants were asked specifically 

about their experience of the impact of the centre so far on the UK system of innovation.  

Some respondents could demonstrate impact through quantitative key performance 

indicators, which, according to Manager CAT.C1 is consistent with other CATAPULT 
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centres such as the Transport Systems CATAPULT.    For example, Manager CAT.B1 

highlighted that using several internal key performance indicators the HVMC is 

outperforming the targets that it was set by InnovateUK in areas such as engagement 

with SME’s and generating 45% of its income from industry (£65m).  Whilst according 

to Manager CAT.B2 internally the ‘success’ of projects involving the HVMC (through 

the WMG) are directly measured using several standard key performance indicators, 

with Manager CAT.B3 noting that that since joining the HVMC, the CPI has by their 

own internal key performance indicators had a positive impact on the UK National 

System of Innovation. 

“We	have	a	way	of	measuring,	that	came	out	of	the	Technology	Strategy	Board,	

before	it	became	InnovateUK,	which	is	called	the	‘multiplier’.		If	we	add	up	all	of	

our	projects,	through	the	lives	of	these	projects,	and	subsequent	projects	that	

had	 been	 created	 after	 them,	 then	 we	 have	 created	 about	 £2.6m	 (Gross	

Domestic	Assets),	including	the	projects	that	have	failed.”	

However, Manager CAT.B2 did acknowledge that these often don’t truly define 

‘success’. 

“You	can’t	tell	if	something	has	truly	been	successful	until	the	project	has	been	

launched,	and	is	selling,	you’ve	got	to	look	forward	a	further	five	years	and	wait	

to	see	what	happens.		We	do	have	measures	that	look	at	jobs	safeguarded,	jobs	

created,	number	of	patents,	effect	on	a	company’s	bottom.		And	obviously,	a	lot	

of	these	things	are	difficult	to	define,	and	difficult	to	isolate	of	course.		But	we	

do	look	at	these	things,	along	with	the	regional	agencies	who	measure	the	value	

of	every	pound’s	worth	of	intervention.	

Consequently, many of the responses provided were anecdotal in nature, as often 

respondents were unwilling to provide such information.  Indeed, according to Manager 

CAT.B1, measuring the impact of the ORE CATAPULT is extremely difficult to justify 

using KPI’s as several potentially useful metrics would require many researchers 

actively compiling the data.  Whilst, quantitatively speaking, Manager CAT.B2 

suggested that the impact of the HVMC will only be truly known in years to come, by 

reflecting on the impact of the HVMC’s activities on the “size and value of 

manufacturing, job creation and GDP”.  This perhaps explains the reluctance of 
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interviewees to discuss the impact in this way.  Nevertheless, the responses of 

interviewees provides unique insights into the effect of the triple-helix interaction seen 

within these cases on the national system of innovation.  Particularly regarding the 

impact of the HVMC on industry development,  

For example, Manager CAT.B4 noted that the increasingly level of impact of the 

HVMC could perhaps be seen through the rise in successful bid applications involving 

the centre, which, at the time of interview was around 60%.  This according to Manager 

CAT.B4 is, from his experience, far above industry standards.   Whilst according to 

Manager CAT.B2, the impact of the HVMC can also be seen by the effect the WMG is 

having on the regeneration of the automotive industry within the UK, particularly in the 

West Midlands. 

“We	are	[now]	getting	continual	investment,	with	a	brand-new	building	being	

put	 up	 that	 will	 house	 1000	 people,	 all	 doing	 automotive	 research	 from	

universities	and	 companies,	 covering	33,000	 sq.	meters.	 	 So,	 a	phenomenally	

large	piece	of	real	estate.		That’s	drawing	already	supply	chain	companies	that	

will	result	in	some	reshoring	of	the	R&D	and	the	manufacturing	capabilities	as	

well.”	

This, according to Manager CAT.B2, will ensure that the UK is not only providing parts 

for the building of automobiles, but also ensure that the broader supply chain exists here 

as well.  Manager CAT.B2 did note, however, for this to materialise, the HVMC must 

continue to develop world-leading facilities such as the building mentioned, to facilitate 

the accumulation of knowledge and expertise.  Manager EXT.B1 also highlighted the 

impact of the HVMC is having on ensuring that firms continue to operate within the 

UK. 

“They	 [the	centres	of	 the	HVMC]	are	an	 important	 stepping	 stone,	 from	 that	

early	technology	development	through	to	scale.		Certainly,	for	us,	the	alternative	

would	 have	 been	 to	 look	 for	 similar	 facilities	 elsewhere,	 which	 would	 have	

probably	 been	 outside	 of	 the	 UK.	 	 And	 therefore,	 [logistically]	 quite	 difficult	

[requiring	relocation].		Or	we	would	have	had	to	invest	in	a	facility	ourselves,	

which	would	have	been	very	expensive	and	a	very	big	risk	at	a	relatively	early	

stage.		15%	of	our	yearly	budget	in	maintenance	costs	alone.	
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Whilst, Manager CAT.B3 echoed these sentiments, suggested that intermediary 

organisations such as the HVMC were crucial to the develop of national capability, 

citing numerous examples of similar organisations in developed and developing 

countries. 

If	you	don’t	have	innovation	centres,	and	every	developed	economy	has	them	

and	most	developing	countries	have	 them,	 that	don’t	 intervene	 in	 some	way,	

then	 the	 free	market	 [industrial	organisations]	moves	 to	wherever	 there	are	

people	that	can	help	it,	deliver	what	it	wants	to	deliver.		This	happens	quite	a	

lot,	for	example	Pfizer	and	Proctor	and	Gamble	have	often	done	this.	Although	

you	do	have	to	route	around,	as	they	try	to	hide	what	they	are	doing,	because	

it’s	not	could	publicity	for	the	country	they	are	leaving.			

Countries	such	as	Japan	and	Germany,	through	their	Fraunhofer	centres	and	5	

or	 6	 other	 types	 of	 intermediate	 technology	 organisations	 are	 great	 at	 it.		

Without	something	 like	 the	CATAPULTS,	particularly	 for	 industries	 like	ours,	

where	people	are	 trying	 to	do	 things	 that	haven’t	been	done	before,	 it’s	very	

difficult	to	get	that	fundamental	invention/research	turned	into	businesses.	

From the responses of interviewees, it also became apparent that working with the 

centre often gave firms an element of credibility, that could then be capitalised in other 

projects, often in other sectors/industries.  For example, Manager EXT.B1 noted; 

As	a	result	of	working	with	the	HVMC,	we	can	bring	people	here	[to	the	facilities]	

and	show	them	what	we	are	doing,	show	them	the	facilities	and	the	quality	of	

the	facilities,	and	that	builds	confidence	in	what	we	are	doing,	and	what	we	can	

do.	

Whilst Manager EXT.B2 noted; 

There’s	a	credibility	with	being	with	a	CATAPULT	and	a	government	institution,	

if	we	are	approaching	a	major	[company],	at	the	end	of	the	day	we	are	a	small,	

two-bit	SME,	and	even	though	we	are	populated	by	brilliant	scientists,	there’s	a	

credibility	gap.		And,	so	what	we	can	do	is	partner	with	the	CATAPULT,	and	it’s,	

if	you	like,	a	stamp	of	approval.		“We	work	very	closely	with	Polyphotonix,	we	

are	vouching	for	them,	they	are	good	guys	and	they	know	how	to	deliver”.		We	
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can	 have	 a	 different	 relationship,	 at	 a	 different	 level,	 with	 an	 international	

major	that	we	wouldn’t	as	an	SME.		

Meanwhile, the responses of Manager EXT.B1 and Manager EXT.B2 suggested that 

the HVMC, is already starting to have positive impact on SMEs such as Pragmatic and 

Polyphotonix and has resulted in significant job creation.  For example, Manager 

EXT.B1 highlighted; 

“Having	 developed	 our	 technology	 in	 Cambridge,	 we	 have	 subsequently	

transferred	 this	 into	 the	 centre,	 and	have	 started	 to	 build	up	a	 team	 that	 is	

based	in	Sedgefield,	as	well	as,	Cambridge.		So	over	three	years	we	have	been	

able	to	grow	from	around	8	people,	to	27	members	of	staff	split	across	the	two	

sites.	

Whilst Manager EXT.B2 noted; 

We	used	as	a	case	study	so	often	because	we	are	one	of	the	few	companies	that	

has	gone	[as	a	result	of	working	with	the	HVMC)	from	having	one	employee	with	

an	idea,	full	circle,	with	lots	of	state	support,	and	coming	out	of	the	other	end	

with	a	viable	business,	towards	commercialisation,	and	now	building	factories	

of	our	own.	

Significantly, Manager EXT.B2 in summarising the impact of the HVMC, also 

highlighted that through working with the HVMC new industries have been created; 

Clearly	without	the	HVMC	Polyphotonix	wouldn’t	be	here.		What	they’ve	enable	

us	to	do	it	is	access	funding,	deliver	on	projects	that	we	just	couldn’t	deliver	on,	

and	ultimately	take	a	product	through	clinical	trials	to	the	point	where	we	can	

commercialise,	and	reap	the	benefits	for	UK	PLC.		Enormous	savings	for	the	NHS,	

and	on	the	other	hand	we	are	about	to	build	a	factory	and	create	jobs.		There’s	

a	future	development	stream	coming	through,	future	products.		And	in	addition,	

we’ve	 also	 created	 an	 industry	 called	 Biophotonix.	 	 Without	 the	 CPI,	 this	

wouldn’t	have	happened.		

However, the consensus across interviewees was that more could still be done.  For 

example, Manager CAT.B3 indicated that the centres could have far more impact, if 

they provided with more financial support by the government.  
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“Unfortunately,	the	centres	need	to	be	directed	by	the	industry,	and	the	UK	tries	

to	direct	them	through	policy	and	funding.		Now	Germany,	will	move	to	where	

the	 market	 is,	 and	 moves	 its	 money.	 	 Through	 the	 Fraunhofer’s,	 they	 [the	

German	Government]	they	invest	1.5/1.8	billion	a	year,	while	the	UK,	through	

all	of	the	activities	that	Innovate	UK	does,	which	about	half	of	which	 is	done	

through	the	CATAPULTs,	invests	less	than	£500m”		

Furthermore, according to Manager CAT.B1, medium to low-technology companies, 

including many SMEs, often aren’t an appropriate fit with the HVMC as they aim to 

work with companies delivering complex technology solutions requiring high levels of 

R&D, which have the potential to deliver high levels of value to the UK economy.   

Significantly however, as Manager EXT.B1 and Manager EXT.B2 noted, the HVMC 

is just one of several options for firms working within the industry, and that both 

Pragmatic and Polyphotonix work with a variety of other organisations besides the 

HVMC.  For example, Manager EXT.B2 noted; 

In	reality	though	we’ve	[Polyphotonix]	have	had	to	be	quite	pragmatic	to	get	

where	we	are,	so	what	we’ve	had	to	do	is	in	our	own	right	go	out	to	InnovateUK,	

or	the	NHS,	or	wherever	we	are	wanted,	get	some	funding	in,	and	then	in	about	

half	of	the	projects	we	have	used	the	CPI	as	a	partner.	 	On	the	other	half	we	

haven’t,	and	we	are	under	no	obligation	to	use	CPI.	

7.2.2.1 Responses regarding the use of Technology Readiness Levels 

During the data collection process, as with the OREC, that the concept of Technology 

Readiness Levels (TRL) played a significant role in how the HVMC not only articulated 

their impact, but also how its selected project participants.   

The responses of Manager CAT.B1 and Manager CAT.B4 clearly indicated in their 

responses to the interview protocol that the centres of the HVMC (e.g. AFRC and 

AMRC) have focused primarily on projects that are within TRL 4-7.  In doing so, the 

HVMC has tended to avoid organisations whom approach the centres of the HVMC 

where this technology is deemed to be at earlier TRL, and at later TRL’s the HVMC 

believes that technology at these stages of readiness should be seeking investment from 

other industry-sources.   
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In conventional parlance, this, according to the European Commission, means that the 

HVMC focuses on projects where technology requires validation in lab facilities 

(TRL4) and in industrially relevant environments (TRL5).  But on projects where the 

technology requires demonstrating in industrially relevant environments (TRL6), or 

where prototypes require demonstration in an operational environment (TRL7). 

However, interestingly, the responses of Manager EXT.B1, Manager CAT.B2 and 

Manager CAT.B2 highlighted that like the OREC, the HVMC (through the WMG, CPI 

and AFRC) is helping SMEs at the earlier stages of the TRL process (TRL 1-3).  For 

example, Manager EXT.B1 noted that from his experience, that the CPI, whilst working 

with Pragmatic, have primarily supported technology development through TRL 3-5.  

Whilst, as highlighted previously; Manager CAT.B2 noted; 

“Dealing	with	SME	community	is	slightly	different	to	working	with	the	bigger	

companies.	 	We	have	a	whole	team	just	dedicated	to	providing	SME	support.		

The	thing	is	there,	is	that	these	companies	don’t	have	access	to	any	equipment,	

they	don’t	have	access	to	[any]	visualization	equipment,	3D	printing	equipment,	

a	lot	of	virtual	stuff,	so	there’s	a	lot	of	work	we	can	do.		These	firms	may	have	a	

concept,	but	we	can	help	them	articulate	that	concept	to	the	supply	chain,	so	

the	 bigger	 companies	 can	 understand	 their	 concept,	 and	 we	 help	 them	 to	

develop	to	a	point	where	a	company	can	say	they	understand	what	the	SME	is	

selling,	and	that	it	looks	and	feels	right”	

Furthermore, Manager CAT.B2 did acknowledge that the WMG centre has focused on 

taking technologies from early TRL levels all the way through to late TR stages, helping 

industrial firms with technology development by facilitating knowledge transfer and 

spreading the cost of development between industry and government. 

We’ve	always	had	industry	at	the	centre	of	what	we	do.	 	When	we’ve	worked	

with	 industry	 it’s	 always	 been	 about	 de-risking	 that	 process	 of	 taking	 new	

technology	that	may	have	been	demonstrated	at	the	lab	scale	and	taking	that	

through	to	a	position	where	there	is	a	 low-risk	opportunity	of	putting	it	 into	

production.	 	 Joining	 the	 CATAPULT	 concept	 and	 accessing	 the	 CATAPULT	
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funding	enables	us	to	do	that	every	day.		It	tends	to	be	a	cost	sharing	process	

between	industry	and	the	government.	

Whilst Manager CAT.B4 also acknowledged that the ARFC is starting to work on 

projects at earlier TRL levels, albeit in a reduced capacity. 

We	 are	 starting	 to	 welcome	 projects	 on	 the	 research	 side	 of	 the	

commercialization	 process.	 	 In	 the	 past	 we	 have	 been	 focused	 on	 the	

development	side,	and	we	are	starting	to	get	requests	to	work	on	projects	that	

are	further	down	the	TRL	levels,	but	it’s	at	the	10%	level	rather	than	the	50%.		

It	isn’t	very	often	we	invent	anything,	but	our	role	is	more	about	capability	and	

development	rather	than	the	research.	

Indeed, project selection based on TRL appeared to be very much centre dependent.  

Some centres operated on a project-by-project basis. Whilst other centres, such as the 

CPI, according to Manager CAT.B3 use several criteria related to technology readiness, 

which they use to determine whether they will proceed with working a firm. 

“There	are	a	number	of	processes	we	use	to	determine	whether	or	not	a	firm	is	

innovation	ready,	which	will	 influence	whether	or	not	the	business	can	move	

forward	 [working	with	 the	CPI].	 	 You	 can	also	assess	whether	 it’s	 invention,	

innovation	and	commercialization	support	that	is	required.		We	don’t	actually	

work	with	all	9	TRL’s	that	everybody	goes	on	about.		We	do	in	detail,	but	really,	

we	have	three	blocks,	something	that	makes	you	innovation	ready,	something	

that	makes	you	market	ready,	and	then	the	market	bit.		We,	therefore,	focus	on	

companies	in	TRL	3-7.	

Thus, from the responses of interviewees, it appears that the HVMC is primarily 

concerned with supporting firms through technology readiness levels 1-7, rather than 

addressing specific TRLs. In doing so the HVMC addresses failures in the market 

related to funding, knowledge and expertise, and access to equipment and data.  Helping 

SMEs, for example, by developing industrial confidence in their ideas by supporting 

these firms through to later TRL levels.  This is crucial within this sector, as according 

to Manager CAT.B2, SME’s often develop technologies that are too immature for 

larger firms to invest resources.  The HVMC, by helping SMEs develop functional 

models, thus allows the firms to articulate their value proposition to larger companies.   
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7.2.3 Additional Responses Regarding Factors Influencing the Success 

(Outcome) of HVMC Projects 

During the data collection process, interviewee responses highlighted factors 

influencing the success of projects involving the HVMC.  These managerial 

perspectives highlighted factors addressed previously within the academic literature, 

but also unique factors relevant to this context. 

For example, in response to specific questions regarding such factors, respondents 

highlighted the need for commitment and buy-in of involved parties, and that, in their 

opinion, this could only be achieved through detailed planning.  For example, 

according to Manager CAT.B2 indicated that from their experience one of the key 

factors underpinning success of projects involving the HVMC is that there needs to be 

a ‘strong’ plan, that facilitates ‘buy-in’ from both the employees of the HVMC and the 

industrial organisations.  Without agreement with, or acceptance of the centres aims 

and objectives, projects failed to gather sufficient traction, and resulted in either 

abandonment or poor performance.  To overcome such issues, Manager CAT.B1 noted 

that it was essential that there was a clear articulation of the project specification, and 

for that project specification to have realistic financial and technical parameters. 

It became clear that within this context, commitment and buy-in of partners could be 

displayed through financial or by human resource commitment.  For example, 

according to Manager CAT.B2, the demonstration of commitment by partners might 

involve (i) all parties have some sort of ‘financial interest in the project’, which can be 

‘manpower or hard cash’, (ii) or that there are company champions for each project.  

However, responses indicated that regardless of how it is displayed, it must also be 

obtained in a timely fashion.  Given the dynamic nature of the sector, any delays can 

have a significant impact on firm’s ability to commercialise.  For example, Manager 

EXT.B1 noted; 

Industry	forgives	if	the	project	doesn’t	work,	but	if	you	doesn’t	deliver	then	you	

will	be	in	trouble.		Success	and	failure	is	often	not	the	issue,	but	whether	or	not	

you	can	deliver	the	project	on	the	timescales	that	industry	needs	them	by.			Often	

you	 are	 trying	 to	 answer	 questions	 that	 the	 answers	 are	 needed	 to	 meet	

particular	production	schedules.		For	example,	if	someone	is	planning	a	vehicle	

to	 launch	 in	 five	 years’	 time,	 three	 years	 out	 they	 need	 to	 know	 what	
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manufacturing	processes	they	are	going	to	use.		You	can’t	delay	that	process;	

you’ve	got	to	meet	the	project	gateways.	

Yet, it became clear during the data collection process that ensuring joint commitment, 

was, in the context of the HVMC, quite difficult given that, according to Manager 

CAT.B3, that each of the centres are playing separate roles, leading to a lack of shared 

aims and objectives.  Furthermore, according to Manager CAT.B1, the HVMC had 

found it difficult to convey to organizations that working with the centre that projects 

required the substantial investment of human resources, inhibiting the success of 

projects.  Consequently, according to respondents, clear communication was 

paramount to avoiding project failure.  Especially given the multi-partner nature of 

projects involving the HVMC.  Manager CAT.B4, crystallised this perspective, when 

noting that a failure to communicate could result in major issues for projects involving 

multiple partners; 

Innovation	and	delivery,	and	the	design	and	delivery	of	new	products	is,	by	its	

nature	multi-partner.	 	 It’s	either	multi-partner	within	an	organisation,	or	 its	

multi-partner	 across	 organisations.	 	 So,	 the	 failings	 of	 communication	 get	

written	very	large.	

In the context of the HVMC, clear communication helps to ensure that all partners are 

kept updated on project process, and to ensure that partners are aware of the intent and 

direction of the centre.  Illustrating this point, Manager EXT.B1 highlighted the 

importance of clear communication channels for keeping communities updated. 

I	 think	 they	 [the	HVMC]	are	working	pretty	well	with	SMEs,	and	what	we’ve	

found	helpful	is	having	the	opportunity	to	provide	regular	updates	to	the	whole	

of	 the	 community	 within	 the	 CPI	 about	 what	 our	 plans	 are,	 and	 what’s	

important	for	us,	so	they	are	aware	of	the	context	of	what	we	are	trying	to	do.		

It’s	not	being	done	in	a	vacuum.	

Whilst, according to Manager EXT.B1, clear communication also helps the HVMC 

assess if partners can deliver on the expected outcomes; 

Partners	obviously	need	to	be	of	the	right	quality.		If	they	are	the	end	user,	then	

they	 need	 to	 properly	 understand	 what	 it	 is	 their	 customers	 want	 and	
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communicate	that	back	clearly.		So	that	when	we	are	designing	a	chip,	we	are	

designing	the	right	functions.		And	if	it’s	a	development	partner,	they	need	to	be	

able	to	display	the	confidence	that	they	can	enable	that	process	to	work	and	

that	they	are	committed	to	doing	so.	

Furthermore, clear communication also was shown to help ensure that any commitment 

issues are addressed, and that partners are operating within the timescales required.  

Manager EXT.B1 noted; 

Whilst	we	[Pragmatic]	haven’t	suffered	from	relationships	breaking	down,	I’ve	

been	 involved	 in	 several	 projects	 where	 the	 only	 time	 there	 has	 been	

communication	is	when	we	turn	up	to	quarterly	review	meeting,	when	you	find	

out	what	everyone	has	been	up	to.		In	these	projects	that’s	often	been	the	only	

time	when	 you	 find	 out	what	 they’ve	 [project	 partners]	 been	 up	 to.	 	 It’s	 not	

always	 critical,	 for	 example,	 often	 university	 partners	 are	 doing	 speculative	

research,	 and	 sometimes	 it	works,	 and	 sometimes	 it	 doesn’t.	 	 But	 sometimes	

they’ve	not	bought	into	what	you	are	trying	to	do	and	end	up	doing	something	

completely	different.		Setting	back	the	project.	

Underpinning these responses, however, and a common theme that emerged from the 

responses of interviewees was the concept of time, and how critical this was to the 

success of the HVMC.  Whilst, as outlined above, commitment, buy-in and 

communication were all seen as important factors that ensured the timely completion 

of projects.  Manager CAT.B4 and Manager CAT.C2 also noted that, paradoxically, 

projects themselves needed to be given sufficient time to ensure they can achieve the 

stated outcomes.  

Projects	also	need	time	to	dedicate	to	projects,	even	to	allow	what	you	might	

call	elements	of	 serendipity	 [to	occur].	 	People	need	 to	see	 failures,	and	 then	

understand	them,	to	then	fix	them.		If	they	are	given	time,	that	flies	in	the	face	

of	the	complexity	of	the	problem.			If	it	was	easy,	then	someone	would	have	done	

it	before,	and	the	reason	why	it’s	difficult	is	because	needs	time	and	collective	

support.	

The availability of time is crucial for a variety of reasons.  Not only does it allow for 

serendipitous development, and research and development avenues to be exhausted.  It 
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also provides the HVMC with the opportunity to focus on exploring all the funding 

opportunities available at the start of projects, ensuring the financial viability of project 

involving industrial firms (particularly SME’s).  According to Manager CAT.B3, whilst 

there is often funding available for industrial firms to work with the HVMC, the time it 

takes to access this funding moderates the outcome of projects.  Consequently, having 

time available to focus resources on sourcing finance, is likely to positively influence 

the outcome of such projects.  Furthermore, it allows for partners to build up trust 

between the individuals involved.  Which, according to Manager EXT.B2, is the single 

most important factor contributing to the success of projects involving the HVMC;  

“No	 matter	 how	 many	 institutions	 we	 build	 to	 support	 infrastructure	 and	

development,	at	the	end	of	the	day	it	comes	down	to	individuals.		It	comes	down	

to	trust	between	individuals.		The	collaboration	between	us	[Polyphotonix],	the	

government,	 and	 the	 CPI	 occurred	 as	 a	 result	 of	 the	 level	 of	 trust	 that	 had	

developed,	 particularly	 between	myself	 and	 somebody	 significant	 at	 the	CPI,	

which	led	to	us	doing	a	deal	to	create	Polyphotonix,	with	the	financial	support	

of	the	centre.		

Yet, Manager CAT.B2 also cited the lack of lengthy financial support and the brief two-

year horizons as a key factor inhibiting the outcome of projects, suggesting that it 

impacted the ability of the HVMC to make long-term plans.  This is particularly 

significant, given the importance of planning to developing commitment and buy-in 

(see earlier responses).  It is also significant as it impacts the centres ability to invest in 

the world-class equipment required. 

	“At	 the	moment	we	 are	 operating	with	 a	 two-year	 horizon,	 every	 now	 and	

again	there	is	a	temporary	uplift	in	funding,	but	we	often	don’t	know	if	this	is	a	

temporary	uplift.		We’ve	got	an	issue	at	the	moment	where	the	government	is	

putting	 restrictions	 on	 how	 we	 partition	 the	 funding	 between	 capital	 (new	

equipment)	 and	 revenue	 (new	 people),	 which	 is	 affecting	 how	we	 operate…	

making	it	hard	to	grow	beyond	where	we	are	at	the	moment.”	

Indeed, access to such equipment, and the commitment and buy-in of partners/the 

supply chain was cited as being vitally important to the outcome of projects involving 

firms by Manager EXT.B1, along with the availability of relevant skills within the 

industry. 
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“Some	of	the	simpler	things	are	about	the	right	equipment	 in	the	right	place	

[geographically],	 the	right	sets	of	skills,	and	having	committed	partners	who	

are	ready	and	able	to	do	the	trials	[work	on	the	development	process]	and	can	

specify	what	 they	want	 the	 product	 to	 do.	 	 That’s	 it	 really,	 it’s	 really	 about	

having	the	supply	chain	committed	to	exploiting	the	technology	from	a	fairly	

early	stage.	

Indeed, during the data collection process interviewees highlighted several other 

factors, which contributed to the success (outcome) of projects, which were not directly 

linked to commitment and buy-in, and time.  For example, Manager CAT.B2 also noted 

the importance of a mature supply chain, one that could support the development of 

product and process.  Furthermore, according to Manager CAT.B2, the projects 

involving the HVMC require an element of economic ‘realism’. 

“One	of	the	key	things	to	think	about	for	any	given	project	is	the	economics	of	

the	process	and	the	manufacturing	process	of	the	product.		There	is	no	point	in	

developing	a	product	or	process	that	is	going	to	cost	too	much	or	is	impossible	

to	implement.	 	You’ve	also	got	to	look	at	supply	chain	issues,	you	may	have	a	

wonderful	new	product,	but	there	 is	no	supply	chain	that	exists,	or	a	mature	

enough	supply	chain.		And	of	course,	is	the	workforce	skilled	enough	to	develop	

the	product	and	process.”	

Whilst Manager CAT.B1 also suggested that the maturity of centres themselves had 

often presented a major challenge for the HVMC, that needed to be overcome for 

projects to flourish.  Over the years, and before becoming a part of the broader HVMC, 

these centres developed their own unique brand and presence within the industry.  

Consequently, Manager CAT.B1 highlighted that management within these centres are 

quite protective of the organization that they have developed, which given that the 

HVMC is trying to bring together a variety of different centres, each with their own 

complementary offering, results in cross co-ordination of the 7 centres activities being 

considerably more complex and difficult to manage.  Perhaps reaffirming the 

importance, of those involved not displaying the effects of the not-invented-here 

syndrome (See Katz, 1980)? 

Furthermore, the outcome of projects involving the HVMC, from the responses of 

interviewees, also appear to be influenced by the presence of industrial experience, 
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at an organisational-level, at a project level, and at an individual level.    For example, 

at an organisational level, Manager CAT.B2, highlighted how the HVMC’s activities 

have benefitted from the WMG’s previous experience in the sector, both institutionally 

and at the level of individual, as it has provided the centre with ‘reputational standing’, 

which has acted as a ‘draw’ for other companies.  Whilst at a project level, Manager 

EXT.B2 noted how experience improves the HVMC’s project team’s awareness of the 

requirements of the firms they work with.  Resulting in project teams that are more 

flexible to the needs and requirements of firms, and project teams that can adapt on a 

project by project basis; 

There’s	been	a	learning	process,	the	CPI	have	learnt	a	lot	from	working	with	us,	

which	 have	 resulted	 in	 them	 changing	 their	 processes,	 and	 now	 they	 are	

starting	to	get	other	companies	coming	through,	they	are	starting	to	get	an	idea	

of	what	is	going	on	and	the	need	for	them	to	adapt.		But	at	the	end	of	the	day	it	

does	come	down	to	individuals.	 	Does	the	person	at	the	top	recognise	this,	or	

not?	

The presence of experience at an individual level was also highlighted as being crucial, 

as, according to Manager EXT.B1, it helps the HVMC overcome issues regarding 

timely project delivery, as there is a broader understanding of the turnaround times 

required by industry by those involved. 

There	has	been	lots	of	strategic	engagements	that	has	been	very	positive,	where	

there’s	been	lots	of	commitment	to	what	we’ve	been	trying	to	do	together,	to	

operational	level	activities.		They	don’t	always	get	done,	necessarily	to	the	time	

frames	we	would	always	want,	but	our	engagement	works	really	well,	as	well	

as	you	could	probably	expect	for	the	type	of	organisation	they	are,	in	so	much,	

as	they	aren’t	a	pure	commercial	organisation.		But	they	have	people	that	have	

worked	in	industry,	that	really	helps,	so	they	understand	the	pressures	and	time	

lines	that	industry	wants	to	work	to.	

Finally, in addition to industrial experience, according to Manager EXT.B2 and 

Manager CAT.B2 projects involving the HVMC need to include firms with similar 

corporate cultures.  According to Manager CAT.B2, this must be a culture of 

collaboration, noting how the presence of a ‘contractual’ culture is detrimental to 

project engagement. 
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Some	of	the	centres	have	a	contractual	relationship	with	their	partners.	 	The	

CPI,	however,	from	my	experience	is	better	at	this.		In	some	centres	it’s	like	going	

to	visit	your	lawyers,	the	clock	starts	running.		And	before	you	know	it	you’ve	

spent	£20,000.		And	that,	in	my	opinion,	is	the	wrong	approach.	

It, according to Manager EXT.B2, must also be a culture of inclusivity, where projects 

are not to be dominated by one firm, and where IP protection is valued by all. 

When	you	are	looking	at	a	framework	program,	or	something	like	that,	and	you	

are	trying	to	build	a	consortium,	which	often	exist	through	ticking	a	box,	we	

need	a	university	or	we	need	an	SME,	and	before	you	know	it	you’ve	got	a	very	

unwieldly	collection	of	companies	that	wouldn’t	touch	normally	touch	with	a	

barge	pole.		They	are	not	your	natural	partners.	And	you	are	artificially	creating	

consortiums	with	 companies	 that	 don’t	 really	 have	 an	 emotional	 interest	 in	

each	other.		Or,	you	have	a	very	dominant	company,	sat	in	the	middle	taking	IP	

gratuitously	out	of	the	system.	 	And	whilst	there	are	consortium	agreements,	

the	fact	 is	you	can	never	unlearn	what	you	learn.	 	And	for	a	company	to	put	

forward	 a	 material	 that	 needs	 validating	 and	 testing	 by	 another	 company,	

there’s	a	learning	process	that	you	can’t	unlearn.	 	We	[Polyphotonix]	need	to	

avoid	these	things	[this	type	of	arrangement]	like	the	plague,	because	we	were	

giving	our	prime	ideas	away.	

Whilst the importance of IP, and similar approaches to its management was reaffirmed 

by Manager CAT.B2; 

“Companies	are	often	unwilling	to	deal	with	unlimited	liabilities,	and	if	you	are	

research	 organization	 or	 a	 charitable	 organization,	 you	 would	 go	 out	 of	

business	once	you’ve	had	one	claim	against	you,	even	with	insurance.		So,	things,	

like	this	make	[our	work]	extremely	difficult.		IP	can	be	contentious,	because	if	

a	company	wants	to	own	all	the	IP	you	end	with	the	situation	with	you’ve	got	

all	this	learning	from	the	project,	but	you	can’t	always	use	it.	

Yet, interestingly, despite several respondents highlighting specific factors that needed 

to be in place for projects to succeed, there was an acceptance across many activities 

that the success (outcome) of projects were often down to an element of serendipity.  

For example, illustrating this point Manager CAT.B3 highlighted that many of the 
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factors that influence the outcome of projects involving the HVMC cannot be controlled 

by the centre, or the government, and that projects fail for a variety of reasons that are 

uncontrollable. 

“It’s	 something	 the	 UK	 government	 doesn’t	 seem	 to	 understand,	 is	 that	 not	

everything	has	to	be	successful,	85%	aren’t,	but	this	is	often	for	some	reason	like,	

somebody	did	it	first,	changes	in	the	market,	somebody	doesn’t	want	it	anymore,	

you	didn’t	get	it	out	in	the	right	place,	or	at	the	right	price,	or	costs	were	too	

high.	

This is not to say, that an analysis of factors underpinning the outcome of projects is 

meaningless.  However, that it is important to recognise that all projects need a little bit 

of luck, in terms of, following project completion there is still an appropriate market 

environment and the presence of consumer demand. 

7.3 Chapter Summary 

This chapter outlined the main findings from the empirical investigation into the 

HVMC CATAPULT.  The activities of the HVMC were addressed, before outlining 

four major areas of operation, within manufacturing, process innovation, advanced 

forming, and manufacturing research.  The chapter then analysed the main themes of 

the responses and documentation regarding the role and impact of the CATAPULT 

centre.   The findings of empirical data (gathered from the responses of interviewees 

and supporting documentation) regarding the factors influencing the outcome of 

projects involving OREC and organisations working with OREC were then reported 

with a thick description of the analysis within this context, reflecting the exploratory 

nature of the concept.  The next chapter will now discuss these findings in context of 

the literature and the conceptual framework developed at the end of Chapter 3. 
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8 A Discussion of the Cases of the Offshore Renewable 

Energy CATAPULT and the High Value Manufacturing 

CATAPULT 

8.1 Chapter Introduction 

The literature review provided in chapters 2 and 3 resulted in the development of a 

conceptual framework outlining the expected role and nature of interaction involving 

innovation intermediaries such as the OREC and HVMC, and the factors influencing 

the success (outcome) of these activities (see below).   

This conceptual framework integrated theoretical concepts such as Open Innovation 

and Innovation Intermediaries along with models such as the Triple-Helix Model, the 

National System of Innovation model.  As such, this framework will provide essential 

reference for the analysis and discussion of the findings presented in Chapters 5 and 6, 

gathered via semi-structured interviews and through the analysis of supporting 

documentation.  These research instruments were chosen in-line with the 

methodological considerations outlined in chapter 4.   

Supported by this literature and methodology, and based upon the findings highlighted 

previously, this chapter will address how the context of this study is a result of a 

complex interaction between several observable ‘real’ events, which also often serve as 

‘underlying mechanisms’.  In this case, the findings will demonstrate that the 

observable ‘real’ event of triple-helix interaction is the ‘underlying mechanism’ of the 

observable ‘real’ event of the UK National System of Innovation.  And in turn, that that 

the ‘underlying mechanism’ of triple-helix interaction is the observable event of ‘Open 

Innovation’.   

In doing so we note, the ‘actual’ and ‘empirical’ events occurring within this context, 

e.g., what happens when these are activated, and the experiences of the actors involved.  

This is best evidenced by how these are events are encapsulated by these by the 

empirical model presented later within this chapter.  Recognising a range outcome 

factors impacting OI activity (which ironically also act as underlying mechanisms to 

Open Innovation), presenting a reconceptualization of Open Innovation, and noting the 
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revised roles played by academic, industry, government, and innovation intermediaries 

within this context. 

In summary, the study will show how the activities of the OREC and the HVMC align 

with our current understanding of the observable event of Open Innovation, 

categorising these activities based upon the core-archetypes presented by Gassmann 

and Enkel (2006).  The thick description of the activities of the OREC and HVMC 

presented within the previous findings’ chapters (see Chapter 5 and 6) show how the 

OREC and HVMC enable industrial firms to capitalise on resources beyond the 

boundary of the firm.   However, they highlight a need to revise our understanding of 

the traditional notion of Open Innovation, shifting focus from a conceptualisation based 

solely on the diffusion of knowledge and ideas across said boundaries (See Chesbrough, 

2003, 2012) to one incorporating other types of resources.  In doing so, our findings 

highlight how the activities of the OREC demonstrate a different conceptualisation of 

the innovation process, compared with the usual innovation process categories used in 

previous models of Open Innovation.  

Having highlighted ‘Open Innovation’ as a theoretical concept underpinning the 

interaction between the OREC and HVMC and other organisations, this chapter will 

then explore how our findings highlight how the observable event of the ‘National 

System of Innovation’ involves interaction involves organisations from three major 

‘spheres’ (academic institutions, governmental institutions and industrial 

organisations) in a way that is synonymous with the triple-helix model.  Positing that 

this underlying mechanism of triple-helix interaction occurs predominantly within the 

observable ‘sectoral system of innovation’, which in turn is as part of a larger ‘national 

system of innovation’.  

Next, this chapter will examine how within this triple-helix mode of interaction, the 

OREC and HVMC can be seen to operate at the margins of these three spheres in a way 

consistent with many of the traditional roles of innovation intermediaries (Nakwa and 

Zawdie, 2012).  However, noting that that the OREC and HVMC have adopted several 

other roles not traditionally associated with innovation intermediaries, as have 

governmental, industrial, and academic institutions.  Finally, based on the responses of 

interviewees, it will be examined how the success (outcome) of OI projects within the 

system appears to be underpinned by several success (outcome) factors.  Again, many 



	 223	

of these factors have been emphasised by previous literature, but also in ways not 

previously conceptualised. 

The Impact of the OREC and HVMC on our Understanding of Open 

Innovation 

The nature of Open Innovation has been heavily discussed within the academic 

literature.  Despite the calls for further investigation of the concept, in unique and 

emerging contexts, to date the literature on Open Innovation has predominantly 

reinforced the traditional notions of Open Innovation, in that it is simply concerned 

with the transfer of knowledge and ideas.  Indeed, upon embarking on this study, and 

given the historical context surrounding the formation of the CATAPULT centres, there 

was an expectation that the cases of the HVMC and the OREC would prove to be no 

different.  From the outset the responses of the interviewees and the analysis of 

documentation indicated that the OREC and HVMC were not consistent with the prior 

expectations from the initial theoretical review, i.e., that the ‘observable event’ of Open 

Innovation (i.e., the context of this study) would be underpinned by the ‘underlying 

mechanisms’ associated with the traditional notions of ‘Open’ Innovation (e.g., the 

transfer of knowledge and ideas).  Nevertheless, there were also many consistencies 

with the authors expectations, particularly regarding the overall nature of the observable 

event of Open Innovation.  For example, it was anticipated that the OREC and HVMC 

would be operate with permeable organisational boundaries, in ways traditionally 

associated with the concept of Open Innovation (e.g. by sharing internal capabilities 

with external actors), enabling industrial firms to capitalise on resources beyond the 

boundary of the firm by helping to facilitate the sharing and utilization of a variety of 

different resources across organisational boundaries.   

To this end, undeniably, the findings of this study do indeed highlight how the OREC 

and the HVMC have both facilitated the sharing of knowledge, ideas, and expertise 

with their respective sectors, doing so in a variety of ways, and supporting innovation 

in a way that is consistent with several previous examples of ‘underlying mechanisms’ 

within the academic literature (See Chesbrough, 2006).   

The diagram below (7-1) identifies specific examples of data sharing activities within 

the centres, which matches these core-archetypes. 
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Figure 8-1 Diagram outlining of examples of proprietary data permeating organisation boundary of the 
CATAPULT centres (based on Gassman and Enkel, 2004) 

As demonstrated by figure 7-1, the OREC also clearly facilitated the sharing of 

proprietary data across organisational boundaries during the SPARTA project.  Here, 

the OREC helped to address the inability of industrial organisations to accumulate 

statistically significant amounts of data regarding the operation of their offshore wind 

farms.  This was achieved by reducing the opacity of industry-wide data to around 70 

industry-identified key performance indicators through an innovative database that 

provided companies with the ability to analyse their own operations in relation to 

industry averages.  It also helped to remove some of the opacity around the operational 

capabilities of each individual operator (allowing firms from industry to make better 

informed decisions regarding their R&D priorities).  The OREC also facilitated the 

transfer of proprietary data by providing open access to its own proprietary wind data, 

to organisations involved in the Marine Data Exchange.  This has been helping 

industrial organisations during the planning, building and operating of offshore 

renewable energy projects, through providing access to broader survey data and internal 

reports.  
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This was also consistent with the other Catapult centre analysed as part of this study.  

The HVMC also facilitated the transfer of proprietary data.  For example, the WMG (a 

centre of the HVMC) worked with Birmingham based company Thermotec, helping 

them to gather vital data for their lightweight materials by providing access to the 

WMG’s materials characterization facilities.  Complementing this, the AFRC has also 

provided industrial organisations with ‘quality of materials’ as part of working with the 

centre, with this proprietary data often incorporated into data computational modelling 

packages accessed by industrial organisations, as part of other services provided by the 

centre.   

By facilitating the exchange of data in the ways described above, and across 

organisational boundaries, the OREC and the HVMC systematically helped to bring 

together geographically dispersed scientific knowledge, which had historically proved 

difficult to amalgamate.  In doing so, many parallels can be drawn with similar 

approaches that have been heavily discussed within the ‘open’ innovation literature, 

most notably, Procter and Gamble’s ‘Connect and Develop’ programme (see Huston 

and Sakkab, 2006).  In doing so the CATAPULT centres have been facilitating the 

transfer of proprietary data in ways synonymous with both ‘inside-out’ and ‘outside-in’ 

archetypes (See Gassman and Enkel, 2004), and often as part of a ‘coupled’ process.  

The nature of which was discussed within section 2.3.   

Meanwhile, the cases of the OREC and the HVMC also highlighted how the centres 

have facilitated the transference of technical and logistical expertise across 

organisational boundaries, the type of activity most associated with the concept ‘Open 

Innovation’.  Acting as intermediaries, the centres operated in ways consistent with both 

the ‘inside-out’ and ‘outside-in’ core archetypes (See Gassmann and Enkel, 2004), 

often as part of a ‘coupled’ process.   

The diagram below (7-2) identifies the specific examples of activities related to 

knowledge and expertise within the centres, and how they match these core-archetypes. 
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Figure 8-2 Diagram outlining of examples of knowledge and expertise permeating organisation boundary of 
the CATAPULT centres (based on Gassman and Enkel, 2004) 

As can be seen in Figure 7-2, both the OREC and HVMC supported industrial 

organisations in research and development by utilising their own internal knowledge 

and expertise (inside-out).  For example, the CPI (part of the HVMC), often provided 

consultancy advice to firms working with the centre, utilising the centres internal 

expertise to support product and process development.  Similarly, the WMG (part of 

the HVMC), whilst working on projects such as those involving Jaguar Land Rover, in 

the development of battery technology for hybrid vehicles, continues to provide 

technical knowledge and expertise that has improved the understanding of how to 

design and engineer in the electric space for all those involved. 

Yet it also became apparent that both the OREC and the HVMC also benefitted from 

utilising technical and logistical expertise from organisations within the sector (outside-

in).  For example, according to respondents at the OREC, several external organisations 

provided support and technical knowledge to OREC through the centre-led steering and 

technical working groups.  The OREC also, through several technology innovation 

challenges received ideas and solutions to industry determined problems from external 

industrial organisations.  Furthermore, there was also evidence from respondents that 

both the OREC and HVMC liaised with academic institutions such as universities 

during a variety projects and through their research advisory boards, relying on these 
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universities to provide additional knowledge of a problem when there is a lack of 

internal understanding. 

However, the common theme which emerged from this study was that the predominant 

‘underlying mechanism’ of Open Innovation was how the HVMC and OREC 

predominantly utilised the ‘coupled’ process in their role as an intermediary. For 

example, the OREC, through the BLEEP project, helped facilitate the development of 

innovative solutions for reducing blade erosion by directing a joint-industry project 

using steering groups and several technical working groups, controlling the overall 

direction/focus of the program (a coupled process)3.  The HVMC meanwhile opted for 

an approach based on positioning themselves logistically close to key stakeholders, 

making ‘coupled’ co-operation more feasible.  For example, their base at the Warwick 

Manufacturing Centre (WMG) is positioned onsite at the University of Warwick, and 

close to the R&D sites operated by Jaguar Land Rover.   Meanwhile the AFRC have 

positioned their centres in Paisley/Glasgow, with close links to the University of 

Strathclyde, Rolls-Royce, and Boeing.  These arrangements have been important in 

facilitating the development of working relationships between organisations within the 

industry through more detailed conversations around aspects of the value chain), a 

‘coupled’ process involving both ‘outside-in’ and ‘inside-out’ core-archetypes (See 

Gassmann and Enkel, 2004).  The nature of which was discussed within section 2.3.   

Crucially, whilst the findings indicated that the centres facilitate our ‘observable event’ 

(Open Innovation) in ways traditionally associated with the concept (e.g. the facilitation 

of knowledge using the core-archetypes), the findings of this study also highlight how 

the centres facilitated ‘Open’ Innovation in ways that indicate the need for a far broader 

conceptualisation of the ‘underlying mechanisms’ of the concept (i.e. the centres 

facilitate the transfer of not only knowledge and intellectual property, but also other 

resources).  As highlighted within our discussion of the literation, to date the literature 

has focused on how Open Innovation from a knowledge-based perspective (see section 

 
3	The	OREC	were	responsible	for	the	research	and	development	activities	of	the	project,	working	
directly	 with	 participant	 organisations,	 with	 academics,	 and	 providing	 their	 own	 support	 and	
technical	knowledge	when	required.		The	OREC	also	provided	insight	and	expertise	to	industrial	
organisations	 through	 their	 participation	 in	 the	 Industry	 Advisory	 Board,	 to	 members	 of	 the	
Offshore	Wind	Program	Board	and	Offshore	Wind	Industry	Council	through	the	Cost	Reduction	
Framework,	and	to	the	owner/operators	and	equipment	manufacturers	of	UK	wind	farms	through	
the	BLEEP	and	SPARTA	program.			
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2.3), with case study examples of Open Innovation illuminating several examples 

which focus on how ideas and knowledge have facilitated the creation of value.  

However, within the context of the CATAPULT centres, there were also several 

examples of other types of resources permeating organisational boundaries because of 

‘Open Innovation’ interactions.  These will now be explored in further detail. 

8.1.1 A Broader Conceptualisation? 

Illustrating this point, it became clear during the data analysis process that the formation 

of the OREC and HVMC has allowed industrial organisations within the sectors to 

access and utilise physical equipment, which they would otherwise not be able to.   

This type of resource, so far, has largely been ignored as an ‘underlying mechanism’ 

by the open innovation literature. 

The diagram below (7-3) identifies the specific examples of open innovation activities 

related to this access and utilisation, and how they match the core-archetypes. 

Figure 8-3 Diagram outlining of examples of equipment permeating organisation boundary of the 
CATAPULT centres (based on Gassman and Enkel, 2004)  

 

As highlighted by the diagram, the OREC, provided access to several ‘unique’ test and 

demonstration facilities at NAREC in Blyth during the development of condition 

monitoring systems for many industrial and academic organisations (Newcastle 

University, CMR, Applied Inspection, TBG Solutions and Narec Capital).  Here, these 
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organisations were using these facilities to help in the development of an innovative 

solution to a problem common to many organisations across the industry.  This was 

pursued by ‘opening’ up access to their test and demonstration facilities the centre 

added value to the industry (in the form of cost reduction), bringing together project 

partners with experience right across the supply chain, driving forward innovative 

concepts that can potentially have a significant impact on de-risking and driving down 

the cost of developing the next generation of wind turbines.  

There were also other examples of external organisations working with the OREC and 

HVMC, being granted access to their facilities, on a contractual basis.  For example, 

the University of Sheffield allowed the OREC to use their specialist facilities in magnet 

wind power generation technologies during the development of condition monitoring 

systems.  Again, during the development of the Nocura 400 Sleep Mask, Polyphotonix 

used the CPI’s equipment and facilities of the centre as a direct result of their existing 

financial relationship.  Meanwhile, the ARFC (part of the HVMC) also provided access 

to their equipment at its facility in Paisley, as part of their tiered membership model.  

Consequently, many members opted to locate elements of their production at the centre, 

operating independently on-site.   

In addition to access to equipment, the research has also revealed how the Catapult 

centres have helped to identify, initiate, and facilitate financial support, helping 

industrial firms engage in projects that would have otherwise remained latent by 

facilitating a reduction in the cost of participation.  An example of another key 

‘underlying mechanism’ of the observable event (OI) that is largely ignored by the 

academic literature.   For example, the OREC and the HVMC often directly supported 

this reduction in the cost of participation by financing the purchase and development of 

equipment used during the product development and testing process (e.g., development 

of test and demonstration facilities).  The OREC used the funding provided by 

government (Innovate UK) to invest significantly in its own drive-train capabilities 

used by organisations within the sector.   Similarly, the HVMC, through centres such 

as the WMG, the CPI and the AFRC, invested heavily in 3D printers, simulators, 

milling machinery and test chambers, to name but a few; these are then made available 

to firms working with the centre in a variety of way, as outlined in the previous 

paragraph.   Firms can access these resources on a case-by-case basis, under traditional 
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buyer/supplier (contractual) terms.  However, it is important to note that often both the 

OREC and the HVMC could, as a direct result of the unique funding model of the 

centres, subsidise access to these facilities for industrial organisations who have 

developed a working relationship with the centres.   

There were also unique examples of the centres reducing the cost of participation, 

relevant to each individual case study.  The OREC, for example, helped directly 

facilitate this reduction in cost of participation by simply using the financing provided 

by government to enable them to act as independent intermediaries, taking a lead-role 

in significant multi-partner projects (BLEEP and SPARTA), and facilitating the 

diversification of risk amongst industry participants of joint industry projects.  The 

centre gained the ‘buy-in’ of these industrial organisations as a direct result of the 

independent nature of the centre, so reducing development costs through the economies 

of scale developed through facilitating larger project mass.   Furthermore, this larger 

project mass enabled these multi-partner projects to bid/source additional funding from 

other external channels (e.g. European funding agencies) – further reducing the cost of 

participation.  The HVMC meanwhile, somewhat controversially (according to several 

respondents, have also invested directly into firms within the sector.  The CPI, for 

example, were involved in the formation Polyphotonix as an investment partner. 

8.1.2 Reconceptualising The ‘Open’ Innovation Process: 

Thus, as the previous section illustrates, in practical terms the nature of our observable 

event (i.e. open innovation) requires a far broader conceptualisation of the ‘underlying 

mechanisms’ (i.e. nature of the resources permeating organisational boundaries) than 

has been previously discussed.  As highlighted in Chapter 3, the academic literature in 

this area has illustrated how industrial firms are abandoning their traditional activities 

of developing new technologies in-house, limiting interaction with outside firms, in 

favour of a more ‘open’ approach based on creating and capturing value using external 

sources of knowledge, ideas and expertise (See Chesbrough, 2003 and Lichenthaler, 

2011).  With the academic literature articulating OI as a concept one where knowledge 

and the transference of IP are the primary underlying mechanisms.  However, clearly, 

through this study it becomes apparent that there other underlying mechanisms, i.e 

additional types of resources that are permeating organisational boundaries (e.g. access 

to equipment, finance).  Consequently, a revised model is needed of the observable 
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event, demonstrating that in the cases of the OREC and the HVMC a broader selection 

of resources beyond simply knowledge, ideas and expertise permeates across 

organisational boundaries during the ‘open’ innovation process4.  

Open Innovation should be thought of as a concept that not only articulates how 

knowledge, ideas and expertise permeate organisational boundaries during the 

development process, but as one that recognises the significance of physical resources 

and finance. 

Thus, the findings of this study are consistent with the comments of Elmquist et al. 

(2009) and Di Benedette (2010) who noted the Open Innovation concept has a far 

broader conceptualisation than initially proposed.  Our existing understanding of the 

underlying mechanisms of Open Innovation need to continue to be challenged.  Whilst 

Chesbrough (2012) has defended his original conceptualisation of open innovation 

against other attempts to re-conceptualise the model (See Chapter 2), as these findings 

demonstrate, as the concept is explored in a broader array of contexts, the need for Open 

Innovation to be remodelled based on these findings becomes more and more acute. 

Despite the above, and as outlined previously before presenting a final revised model 

of Open Innovation, it is also important to acknowledge that, whilst the nature of the 

resources differ from this original conceptualisation, the activities outlined within this 

study are consistent with the three core process archetypes associated with Open 

Innovation (Gassmann and Enkel, 2006:6): 

	“(1)	 the	 outside-in	process	 –	 enriching	 the	 company’s	 own	knowledge	base	

through	 the	 integration	 of	 suppliers,	 customers	 and	 external	 knowledge	

sourcing	can	increase	a	company’s	innovativeness,	(2)	The	inside-out	process:	

earning	 profits	 by	 bringing	 ideas	 to	 market,	 selling	 IP	 and	 multiplying	

technology	 by	 transferring	 ideas	 to	 the	 outside	 environment	 [and]	 (3)	 The	

coupled	process	–	coupling	the	outside-in	and	inside-out		processes	by	working	

 
4	Note:	 	Responses	from	interviewees	from	external	organisations	and	further	analysis	of	other	
sources	of	documentation	 indicated	that	working	with	the	OREC	was	not	the	only	channel	 that	
these	organisations	utilise	in	technology	development.		Firms	also	were	also	involved	in	their	own	
internal	R&D	programs	and	often	worked	with	academic	and	governmental	organisations	directly.			
This	is	consistent	with	Bianchi	et	al	(2011)	who	noted	that,	whilst	firms	are	increasingly	adopting	
an	open	innovation	mantra	and	rely	on	the	network,	they	are	focusing	on	multiple	channels	during	
the	internationalisation	of	their	R&D	efforts	and	technology.	
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in	alliances	with	complementary	partners	in	which	give	and	take	is	crucial	for	

success.”	

In many cases, such as with the HVMC’s propensity to provide consultancy advice to 

industrial firms and with the OREC’s access to test and demonstration facilities, both 

the HVMC and OREC indicated that the CATAPULT centres predominantly engaged 

in the ‘inside-out’ process.  However, there was also evidence of both centres utilising 

the ‘outside-in’ process.  For example, the OREC’s relationship with academic 

institutions was primarily one-way, relying on universities and academics for technical 

and theoretical input through the centre’s Industry Advisory Group, when there was a 

lack of understanding of a given problem at the centre.  The HVMC likewise leaned 

heavily on the expertise and industry understanding of firms such as Jaguar Land Rover, 

Pragmatic, and others, during the R&D process. 

However, as discussed, the activities highlighted above were often part of a larger 

‘coupled’ process, a combination of ‘outside-in’ and ‘inside-out’ processes.  The best 

illustration of this is the OFRC’s participation in the BLEEP project, the SPARTA 

project and their participation in the development of a Cost Reduction Framework.  

These examples all demonstrated external organisations providing funding, equipment, 

proprietary data, and expertise to the projects.  In return, these organisations received 

technical (data, knowledge, ideas and expertise), physical (equipment) and financial 

support (funding) from the centre.    

Therefore, a revised model of the ‘observable event’ of OI must highlight that different 

types of resources permeate the organisational boundaries of organisations such as the 

HVMC and the OREC during the pursuit of innovation: (i) data, (ii) technical and 

logistical expertise, (iii) equipment (access to) and (iv) funding.  In doing so, this study 

departs from the traditional view of Open Innovation as a knowledge-based concept, 

albeit recognising that this permeation of organisation boundaries occurs in ways 

consistent with the core-archetypes outlined previously (i.e. that resources move in both 

directions, outside-in, and inside-out).  Presenting a revised understanding of the 

underlying mechanisms of the concept. 
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Figure 8-4 Empirical Model of Open Innovation Process 

The above figure (7-4) conceptualises this process.  In appendix 3, we provide examples 

of locations within the results chapter that where these resource types are discussed.  

Further explanation/narrative is also provided below, where necessary.   External 

knowledge, data, finance, and physical resources, represented by coloured circles can 

be incorporated into the innovation process at any point of the research and 

development process.  These can be developed internally and then supported by 

external knowledge, data, finance, and physical resources later in the development 

phase.  Or they can be conceptualised by actors external to the firm.  It doesn’t matter 

at which point of the innovation process they are utilised, the important thing is that 

these additional resources (data, finance, and physical resources) have been identified 

as often permeating the boundary of firm during the innovation process, and in a way 

synonymous with the concept of Open Innovation (see section 2.3).   

8.1.2.1 Introducing TRL to the ‘Open’ Innovation Process 

Revising the Open Innovation model in a way that would simply highlight how other 

types of resources permeate organisational boundaries, in a way consistent with the 

core-archetypical research of Gassmann and Enkel (2004), would also ignore how both 
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the OREC and HVMC evaluate the R&D process and thus technology/product 

development progress, in radically different terms to the way in which the Open 

Innovation literature currently defines it.  As demonstrated within the literature review, 

a common way of explaining the R&D process within the Open Innovation literature is 

using a model that represents ideas concepts and projects going through a ‘funnel’ like 

process.   For example, in the closed innovation model used by Herzog and Leker 

(2011) they label the initial stages of the innovation process as the “front-end” of 

innovation.  This is then followed by a phase labelled “idea realization and 

development”, before the final phase of the innovation process known as the 

“commercialisation” phase.  Alternatively, in the model of core-archetypes presented 

by Gassmann and Enkel (2006) the innovation process is broken down into 4 phases:  

the scanning of new technologies -> the development of prototypes -> technology 

development -> creation of products. 

However, during our analysis it became apparent from the responses of interviewees 

and the analysis of documentation that in the case of both the OREC and the HVMC, 

the innovation process is described in accordance with a concept known as Technology 

Readiness Levels (TRL): “a type of measurement system used to assess the maturity 

level of a particular technology”, where technology projects are evaluated based on 

project progress using a numerical system (1-9) (NASA, 2016).  Consistent with this, 

this study has explicitly indicated that there were examples of the OREC and HVMC 

engaging in open innovation activities across all TRL levels.  This is contrary to 

Hauser’s (2014) initial conceptualisation of the CATAPULT centre model being one 

primarily concerned with TRL 3-7. 

Consequently, in the case of the OREC and HVMC any attempt to conceptualise this 

open innovation process needs to reflect this categorisation of the innovation process, 

synthesising this measurement system5 into the development phase of any Open 

Innovation model.  This is reflected in the revised model below (see Figure 7-5). 

 
5	Appendix	2	highlights	the	definition	of	activities	according	to	this	measurement	system	(adapted	
from	NASA,	2016b)	
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Figure 8-5 Empirical Model of TRL Open Innovation Process 

Thus, in short, Figure 7-5 builds on Figure 7-4, noting that a wider range of resources 

permeate the boundary of a firm during the innovation process.  However, it does so 

recognise that within industry, rather than use arbitrary research and development 

terminology, the industries focused on within this study consider R&D in the context 

of technology readiness levels.  As with Figure 7-4, knowledge, data, finance and 

physical resources can permeate these boundaries at any point in the innovation process, 

but from conceptualisation purposes it is important to note that they do so across 

different technology readiness levels. Whether that be during the reporting of basic 

principles (TRL1) or the development a technology concept (TRL2), through to the 

testing and demonstration (TR8) and ‘final product’ stages of development (TRL9). 

8.2 The OREC and HVMC within the National System of Innovation 

Whilst the above analysis highlights how the findings of this study drastically alter our 

conceptual understanding of the ‘underlying mechanisms’ of Open Innovation, in terms 

of the nature of interaction and its impact on the wider system of innovation, our 

findings are more at ease with the current theoretical position, and the conceptual 

framework provided within Chapter 3.  Several examples provided in the findings 
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chapters demonstrate how the OREC and the HVMC support industrial organisations 

within their respective sectors in a way that is consistent with the definition of operating 

within a ‘sectoral system of innovation’ – our second observable event (See Malerba, 

1999:4).  This ‘sectoral system of innovation’ is operating as part of a larger ‘national 

system of innovation’. 

“A	 sectoral	 system	 of	 innovation	 and	 production	 is	 composed	 by	 the	 set	 of	

heterogeneous	agents	carrying	out	market	and	non-market	interactions	for	the	

generation,	adoption	and	use	of	(new	and	established)	technologies	and	for	the	

creation,	production	and	use	of	(new	and	established)	products	that	pertain	to	

a	sector	(“sectoral	products”)”.	

This presented within figure 7-6, which figuratively demonstrates how our findings 

indicate that the CATAPULT centres operate within a broader innovation system 

(represented by a purple triangle), with interaction between different sectors 

(represented by spheres).  Within these sectors there is an underlying ‘Triple-Helix’ 

mechanism, a mode of interaction between actors from industry, government, and 

academia (Triple-Helix model spheres)- discussed in more detail in the following 

section (see section 7.3.1). 
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Figure 8-6 Empirical Model of National System of Innovation Interaction 

The evidence presented here also highlighted that both the OREC and the HVMC 

(through their sub-centres) interact with organisations in similar technological areas.  

For example, the OREC collaborated heavily with industrial organisations concerned 

with offshore wind turbines, whilst the WMG (a centre of the HVMC) worked 

predominantly with industrial organisations in the automotive and aerospace industries.  

However, these organisations regularly then went on to work with other organisations, 

in a variety of different capacities from other industries.  For example, after working 

with the HVMC, Pragmatic were also then involved in other projects with organisations 

from the Offshore Renewable Energy industry.  Further, a prominent example emerging 

from the AFRC was how the use of advanced composites were then used within a 

medical setting (within the NHS), through a local SME operating in the medical 

technology industry.   This type of underlying mechanism (i.e. interaction of multi-

industry triple-helix interaction) is consistent with the ‘broader’ definition of national 

innovation systems (see Johnson et al., 2004), which we commonly see in research 

within high-technology sectors.  In other words, the OREC works with R&D 
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departments within multi-national companies, it works with other intermediaries, it 

works with universities, but it works with organisations such as InnovateUK, the 

Department of Business, Innovation and Skills organisations that impact learning and 

searching/exploring in areas such as production and finance.  Albeit it is worth noting 

that there was little evidence of the OREC and HVMC working directly with other 

CATAPULT centres (and other similar organisations) in other sectors/industries.  

Instead, the centres relied predominantly on market forces, and the agency of the 

organisations they interact with, to diffuse the benefits of their work into the wider 

national system.  However, as the centres become more established, this maybe be 

revisited albeit for now, cross-sector interaction is predominately achieved through the 

recombinant use of knowledge, data, equipment, and physical resources. 

8.2.1 A Triple-Helix Model of Interaction? 

Interestingly, however, the collection of data highlighted not only how the nature of 

interaction displayed characteristics consistent with both Open Innovation and System 

of Innovation literature, but that the nature of this interaction displayed principles 

synonymous with the literature on triple-helix interaction. As highlighted in Chapter 3, 

the Triple-Helix model is a theoretical model that interprets the shift from a dominating 

industry-government dyad in the Industrial Society to a growing triadic relationship 

between university-industry-government in the Knowledge Society.   This study 

confirms that, within this system of innovation (our observable event), the underlying 

structural interaction does occur between organisations that could be categorised into 

three traditional and distinct spheres outlined by Etzkowitz and Leydesdorff (2000): 

industry, academia and government.   

However, our findings provide new insights into the degree of interaction and 

involvement from sphere to sphere, and how this often varied depending on the context.  

For example, the findings of this study clearly indicated that the OREC and the HVMC 

interact predominantly with industrial organisations during the variety of projects and 

activities outlined within Chapters 6 and 7.  For example, as demonstrated by Figure 7-

7 the OREC worked closely with several owner/operators of UK wind farms and several 

original equipment manufacturers during the BLEEP, SPARTA and OWA projects. 

These included Statoil, EDF Energy, Centrica, SSE, RWE, Statkraft, Vattenfall, 

Scottish Power and Dong Energy and E.ON.  The centre also worked with industrial 
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organisations through mechanisms such as the Offshore Wind Program Board and the 

CRMF.  Similarly, the HVMC worked closely with large multi-national organisations, 

such as Jaguar Land Rover and Boeing, as well as SMEs, such as Pragmatic and 

Polyphotonix. 

 

Figure 8-7 Overview of Industrial Organisation Involvement 

Yet both the HVMC and OREC worked also with governmental organisations (see 

Figure 7-8), such as the UK Department of Business, Innovation & Skills and Innovate 

UK.  Innovate UK continues to provide over a 1/3 to the overall funding model 

contributing the development of equipment and helping to facilitate joint-industry 

projects involving multiple industrial organisations.  It also became apparent that the 

UK government and European Union provide funding for R&D through other 

mechanisms. For example, the joint-industry projects and consortiums involved in the 
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development of new OREC offshore wind farms are funded and supported by 

mechanisms such as the EU’s Horizon 2020, with the OREC also playing a supporting 

role as a key stakeholder in these joint-industry projects.  The HVMC, meanwhile, 

through centres such as the CPI, AFRC and WMG utilised a wide variety of government 

funded financing mechanisms such as direct EU funding, government allocated 

Innovate UK for R&D, local growth funds, and funding supplied by the LEPs (Local 

Enterprise Partnerships) 

Responses also suggested that governmental organisations also played a significant 

role in determining confidence levels towards R&D within the sector.  For example, 

the OREC were involved in several Contracts for Difference (CFD) rounds, funded by 

the UK government.  There were also examples of direct involvement of government 

in projects involving the OREC.  For example, the UK and Scottish government, The 

Crown Estate and other Statutory Nature Conservation agencies are part of the Offshore 

Wind Program Board that aims to ensure that the sector implements the 

recommendations of senior representatives from industry (including developers and 

supply chain).  
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Figure 8-8 Overview of Government Involvement 

Significantly, in terms of consistency with the established triple-helix model literature, 

the OREC and the HVMC worked with several academic organisations (see Figure 7-

9), whilst responses from interviewees tended to focus on the relationship between the 

CATAPULT centres and industrial organisations.  It became apparent that the OREC 

and the HVMC both worked with academic organisations during several major 

projects/activities.  For example, the OREC cooperated closely with the University of 

Warwick as part of a Knowledge Transfer Partnership (KTP) to develop condition 

monitoring techniques for power electronic offshore renewable energy applications that 

can be used in operations and maintenance processes to improve operational reliability.  

The OREC also worked with several academic institutions through an industry research 

advisory group (RAG).  The RAG advised the centre on academic views and interests 
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for innovation in the offshore renewable energy sector. As highlighted in the previous 

chapter, current academic members of the RAG include: the University of Strathclyde, 

Imperial College, Cranfield University, the University of Sheffield, the University of 

Edinburgh, Loughborough University, University of Oxford, the University of Exeter, 

Queen's University Belfast and Swansea University.  Data collected from the AVMC 

centre also captured how the HVMC also partners with a variety of university actors, 

during R&D, with university researchers and PhD students from the University of 

Warwick regularly working on site at the WMG.  Respondents from the AFRC, 

meanwhile, highlighted how interaction with local academic institutions such as the 

University of Strathclyde was a regular feature of materials development, citing several 

examples of the HVMC through the AFRC working with universities on a contractual 

basis. 

 

Figure 8-9 Overview of Academic Involvement 
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In conclusion, as demonstrated above, in comparison to the industrial helix, the nature 

of the interaction with governmental and academic institutions was significantly more 

covert, reflecting a significantly reduced role in comparison – presenting a revised 

understanding of the ‘underlying mechanism’ of triple-helix in the context of our 

‘observable event’ of the UK National System of Innovation.  Thus, based on the 

findings of this study, it is fair to say that whilst triple-helix interaction does occur, the 

role and involvement of industrial organisations is by far and away most significant in 

driving and maintaining this cross-helix interaction.  This is important, given that, to 

date, there has been little discussion of how the strength of helix interactions impact the 

outcome of innovation.  Whilst Etzkowitz (2010) and Leydesdorff (2012) have argued 

that the strength of the interactions between governments, industry and university is 

dependent on who is driving the interaction, and that the shift towards a knowledge-

based society has given a bigger role to universities.  Our findings suggest that, given 

the largely positive impact of the OREC and HVMC so far, this model of innovation is 

still valid – even in circumstances where there are different degrees of involvement and 

integration by organisations from each sphere.  Thus, it is proposed that, to quantify the 

level of interaction, changes in the visual representation of the helix are needed.  

Refinements would include the increase or decrease in the size of the sphere itself (see 

Figure 7-10, below). 

 

Figure 8-10 Empirical Model of Variable Helix Prominence 
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8.2.2 Innovation Intermediaries:  The Non-Traditional Nature of the OREC and 

HVMC 

However, during the data collection process it was clear that, in this context, it would 

be inaccurate to conceptualise the interaction between academic, governmental, and 

industrial with the traditional triple-helix model.  Up to now, has been primarily 

concerned with direct interaction between organisations from each individual sphere.  

Yet this study clearly involves additional actors (i.e. the OREC and HVMC) that cannot 

be truly characterised by any of them.  

As outlined within the literature review, the Triple-Helix model has, over the years, 

seen various attempts to expand the model, with researchers such as Leydesdorff (2012) 

suggesting that due to its complexity and metamorphic nature it lends itself to being 

expanded to the ‘n’th degree.  Consequently, this has resulted in several revisions to the 

concept, many of which have attempted to add additional spheres to the model, many 

of which have tended to focus on highlighting specific helixes to the model.  For 

example, Baber (2001) first introduced the idea of additional helixes proposing an 

additional helix based upon external scientific experts.  Since then, authors such as 

Metha (2005) and Carayannis and Rakhmatullin (2014) have focused on adding a 

‘public’ sphere to the model, with citizens being involved in development of new 

products and services, proposing new types of innovations to stakeholders across 

industry, academia and government. Ivanova (2014) meanwhile focused on 

incorporating Media (M) into the triple-helix model.   

Whilst there was no evidence to suggest that the activities involving the HVMC and 

OREC involved actors any of the additional spheres, proposed by Ivanova (2014) and 

others.  There was, however, evidence that, rather than the creation or inclusion of 

additional helixes, as Nakwa and Zawdie (2012) have proposed, there are organisations 

(such as the OREC and HVMC) that are operating at the margins of all three helixes.  

Recognising the presence of intermediary organisations (our third observable event), 

and how they interact with organisations from industry, academia and government is 

an important step, given their potential for improving cross-helix interaction.  

Potentially presenting a significant revision to our present understanding of the 

underlying mechanism of ‘helix’ interaction. 
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Furthermore, in confirming the presence of these intermediary types of organisations, 

this study leads us to some interesting conclusions on the roles performed by 

organisations within this system (i.e., the ‘underlying mechanisms’ of innovation 

intermediaries themselves). 

 

Figure 8-11 The Traditional Roles of the Innovation Intermediaries and Academic, Governmental and 
Industrial organisations (Nakwa and Zawdie, 2012) 

Traditionally, and as outlined by Nakwa and Zawdie (2012), intermediary organisations 

are primarily concerned with supporting and facilitating boundary spanning and 

brokering activities (Figure 7-11). Academic organisations (universities) are said to 

traditionally provide teaching and research and development capabilities.  Industry is 

said to provide production and service provision.  Whilst Government is said to 

implement rules and regulations supporting trilateral networks and provide funding for 

collaborative projects and intermediary organisations.   To some extent the findings of 

this study confirm how the OREC and the HVMC engage in activities that are 

consistent with these roles.   For example, the OREC, during the SPARTA project, 

displayed elements of both boundary-spanning activities (facilitating the sharing of 

anonymised data and information between the owner/operators of wind turbines) and 

brokering activities (identifying and championing further collaborative partnerships).  
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The HVMC also engaged in boundary spanning and brokering activities with key 

industry stakeholders (e.g.  Boeing, JLR and Rolls-Royce), for example by 

facilitating/supporting the utilisation and commercialisation of academic research and 

by providing industrial expertise through their centres across the UK (e.g. the CPI, the 

WMG and the AFRC).  

In addition to the above, in terms of brokering activities, the OREC also helps facilitate 

the development of strategic partnerships between external organisations in a similar 

way to relationships suggested by Minshall & Mortara (2011) and Roper and Hewitt-

Dundas (2013).  Through facilitating joint industry projects such as the SPARTA 

project and the BLEEP project, the OREC brokered projects that involve multiple 

industrial organisations working together to develop technology to reduce the cost of 

offshore wind, growing the entire eco-system for the benefit of the firm.  These 

industrial organisations worked together primarily by forming steering groups managed 

by the OREC, identifying areas that require further research and development.  After 

this, technical steering groups then determined the scope of these projects, managing 

the financial side of the program, and thus responsible for its direction/focus.  

Another example was how projects such as the ‘Developing Novel Condition 

Monitoring Systems’ by ‘opening’ up access to the OREC’s Test and Demonstration 

facilities the centre bringing together organisations from across the supply chain to 

drive forward a key innovative concept that could have a potentially significant impact 

on de-risking and forcing down the cost of developing next- generation wind turbines. 

In addition to these roles, the conditions behind the formation of the CATAPULT 

centres were also consistent with the notion that intermediary organisations emerge 

because of structural holes created through conditions consistent with those outlined by 

Ahuja (2000).  For example, the OREC and HVMC filled structural holes in their 

respective industries – by either bridging disconnected actors (brokering) or by 

providing a solution to a gap in information and knowledge flows that was resulting in 

a perceived market failure (boundary spanning activities).  These structural holes 

developing primarily because of commercially sensitive information limiting the cross-

boundary sharing of data and information between organisations within the sector. 
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Nevertheless, several key inconsistencies with the established literature did emerge.   

For example, from the responses of interviewees there appeared to be little evidence to 

support the notion that the OREC and HVMC benefit their respective industries through 

the traditional roles of sponsorship (e.g., by providing reputational benefits).  Whilst 

the centres were certainly engaged in projects run by other external organisations that 

benefitted from having the centre’s support, responses indicated that the primary role 

within projects discussed were operational (see above), rather than reputational.   

This perhaps reflects that the role and formation of the CATAPULT centres is very 

much non-traditional, so far as the findings of this study suggested that the interaction 

between industry, government, and academia (or universities) is often inconsistent with 

the traditional roles demonstrated in the revised triple-helix model presented by Nakwa 

and Zawdie (2012).  Not only do the centres forgo the role of sponsorship, they also 

adopt roles previously not taken by other intermediary organisations.   

For example, according to Nakwa and Zawdie (2012) production and service provision 

is traditionally the domain of the industry sphere.  Yet here both the OREC and the 

HVMC have developed their own research and development capabilities.  At the OREC 

this has been achieved through the integration of the National Renewable Energy 

Centre, whilst the HVMC has integrated centres such as the CPI, WMG, and AFRC, 

each with their own areas of expertise. 

As seen highlighted previously, OREC projects such as SPARTA were developed 

internally, and the centre routinely provides technical expertise to organisations through 

projects such as BLEEP, which they gained through the hiring of industry experts and 

through the experience of other similar projects.  In doing so, they provided a range of 

services that were traditionally the domain of industrial organisations within the 

industry. 

This is not to say that during the projects and activities highlighted in Chapter 5 and 6, 

industrial organisations didn’t engage in production and service provision. The 

collaborative nature of these projects meant that industrial organisations were still 

involved in aspects of the R&D process.  However, by engaging with the HVMC and 

OREC industrial organisations embraced a reduced role in the R&D process, providing 

funding/finance in return for new technologies closer to technology readiness (the 
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BLEEP project), the development of services that enhanced their understanding of 

industry-wide issues (the SPARTA project), or for access to equipment at their test and 

demonstration facilities. 

This change in the role of the intermediary was also reflected in the changing role of 

the academic sphere, albeit in areas where the OREC lacks the resource and capabilities 

for further research and development academia continues to perform their traditional 

roles.  Overall, academia was seen more as source/depository of knowledge and 

expertise that would be called upon for specific problems/areas of interest rather than 

being directly responsible for the R&D process. For example, as part of the Romax 

R&D centre the OREC through the University of Sheffield utilised its expertise in full-

scale permanent magnet wind power generation technologies with high reliability, 

efficiency, and power density.  This was helping the centre develop tools that improve 

the simulation and analysis of electrical and mechanical systems, optimising efficiency, 

improving reliability, and reducing costs associated with wind turbine drivetrains. The 

Romax R&D centre is supported by the £11 million Wind Innovation Programme 

initiated and managed by NAREC (now part of the OREC).  In the development of 

condition monitoring systems, the HVMC combined its in-house condition-monitoring 

expertise with the power electronics expertise held at the University of Warwick. 

Finally, the role of governmental organisations largely remained unchanged.  By 

providing around 2/3 of the funding generated by the OREC, it maintained an interest 

in the success of the activities of the OREC.  Rules and regulations in the industry are 

still determined by governmental actors, impacting the scope and nature of the OREC 

activities.  However, responses from interviewees indicated that there was also a 

positive financial impact of the support of the OREC by governmental organisations; 

for example, by having an element of financial support from the government, the OREC 

could invest in research and development capabilities that would otherwise go 

undeveloped.  This coupled with the fact that, due to the support of government funding, 

the OREC could act independently, and this meant that industry organizations were 

more willing to engage with the OREC and had a fundamental impact on the financial 

cost/value of working with the centre. 

These changes are reflected in the roles associated with the various helixes in the model 

presented below and present a significant revised understanding of the underlying 
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mechanisms of our third observable event, innovation intermediaries (See figure 7-12).  

This model highlights how in the case of the OREC the traditional roles of intermediary 

organisations present an incomplete picture of the roles they and organisations from 

academia, industry, and government play within this system of innovation. 

 

Figure 8-12 Empirical Model of Revised Roles of Intermediaries, Academia, Industry and Government 

8.3 Factors Influencing the Outcome of OREC and HVMC Projects 

within this System of Innovation 

Finally, as outlined within the literature review chapter, research has suggested that 

underpinning open innovation interaction/activity (our first observable event) are 

numerous success (outcome) factors underlying this activity.  Indeed, based upon the 

responses of interviewees, it became apparent that there were several underlying 

mechanisms (e.g., organisational, individual, and network factors) that influence the 

outcome projects involving the OREC and HVMC, within the system outlined in the 

previous section.  In appendix 4, we reference examples of locations within the results 

chapter that issues pertinent to these outcome factors are discussed.  Some factors whilst 

not specifically mentioned within the results chapter are developed as result of the 
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overall findings.   Further explanation/narrative is provided below, where necessary.  It 

is important to note that whilst many of these responses aligned with those factors 

highlighted within the conceptual framework, several additional factors also emerged.   

The empirical investigation also failed to confirm several factors outlined with the 

literature.  Thus, the nature of these responses in the context of the academic literature 

will now be discussed further. 

8.3.1 Organisational Level Factors 

Many of the factors influencing the success (outcome) of projects, identified during this 

study, can be categorised under the organisational level unit of analysis (see 

Lichenthaler, 2011).  For example, according to Van der Panne et al (2003), authors 

such as Ekvall and Ryhammar (1998) and Lester (1998) stressed that having a culture 

of innovation is crucial to determining the success of innovation projects. 

Underpinning this culture of innovation, commentators such as Lichtenthaler et al. 

(2010), Chesbrough (2003), Chesbrough & Crowther (2006) suggest that to achieve an 

environment conductive to the creation and capture of value, organisations who work 

with external partners need to overcome Katz and Allen’s (1989) Not-Invented-Here 

(NIH) virus.  Findings from both the OREC and HVMC case studies presented in 

previous chapters clearly highlighted that, for the centres to be successful, employees 

needed to be comfortable sharing and utilising resources from sources outwith the 

traditional boundaries of the firm.  For example, during the SPARTA program 

employees from both the OREC, and the organisations they worked with, had to be 

comfortable sharing information that would allow development to take place outwith 

the boundary of their own organisations – given that nature of the project involved data 

sharing.  If they failed to overcome this barrier to cooperation, the likelihood of project 

success was greatly diminished, as complete data sets would not be included within the 

performance figures, leading to erroneous outputs.   Meanwhile, the responses of 

interviewees from the HVMC also indicated that the absence of the NIH virus was 

essential to the success of the centre.  Since its conception, the HVMC had to bring 7 

centres independent centres together under a single banner, requiring a great deal of 

cross co-ordination, particularly at a management level.  Had the NIH virus existed, it 

is unlikely that these centres would have been able and willing to have been integrated 

in the manner seen at present. 
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Yet, there was evidence to suggest that, when working with other spheres (academic, 

industry, and/or government), the OREC and HVMC had indeed developed a culture 

based upon openness and absent of the NIH virus.  The analysis presented here has 

indicated that the interaction between the centres and other intermediary organisations 

(including other CATAPULT centres) who provide similar but alternative solutions 

was minimal.  This was perhaps influenced by the centres’ desire to demonstrate 

‘unique’ capabilities to industrial organisations, increasing their credibility in a sector 

where innovation intermediaries are competing for limited resources.  For example, 

respondents indicated that the OREC centre was concerned that, by working with these 

other intermediaries, they might appear too like these organisations, making scalability 

more difficult.  From the responses, it appears this was influenced by pre-formed 

attitude and beliefs of a limited number of OREC employees, contributing significantly 

to this lack of engagement.   Therefore, whilst this study indicates that in certain aspects 

of their operations the OREC and HVMC are unique, there are several well-known 

innovation intermediaries that both the OREC and HVMC could co-operate/work with 

(including other CATAPULT centres) to amplify their impact.  Certainly, in the case 

of the OREC, in failing to acknowledge the presence of these organisations, discuss the 

obvious similarities, and by referring to them as competitors - these respondents display 

behaviour synonymous with the Not-Invented-Here syndrome common to several 

organisations.  As suggested previously, in a context where the transfer of knowledge 

and ideas across organisational membranes between the centres and other industrial, 

academic and governmental organisations is a fundamental operational process, it is 

thus surprising, and notable, given the recognised impact.  From a theoretical 

perspective this is significant, given that the traditional notion of the Not-Invented-Here 

syndrome (see Katz and Allen, 1989; Chesbrough and Crowther, 2006) assumes that it 

would be present in all interactions between organisations who suffer from it, and their 

external partners.  Yet, here, evidence indicates that its presence and influence is far 

more complex and can be very much situational.  Therefore, further research is needed 

into situational NIH, and the antecedent factors that enable it. 

In addition to the absence of NIH, as Chiaroni et al. (2011) highlighted, for Open’ 

Innovation to be successful where ‘Closed’ innovation has been the prevailing wisdom, 

organisations and their managers need to promote the development of networks and 

ensure there are appropriate knowledge management systems.  As outlined previously 
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(see Chapters 5 and 6), from the responses of interviewees, both the OREC and HVMC 

appeared to place significant emphasis on helping develop connections between 

organisations from industry, academia, and government, either by engaging in 

brokering activities or by boundary spanning.  The OREC, for example, set up several 

industry steering groups and engages with academic institutions through a Research 

Advisory Group (RAG).  Whilst the SPARTA project, through OREC’s management 

systems (the SPARTA system) facilitated the sharing of data across the organisational 

boundaries of the owner/operators of wind farms within the United Kingdom.  The 

HVMC meanwhile, for example, through the CPI codified a wide range of data related 

to the equipment held onsite, that was then used to support firms such as Polyphotonix 

in the product development and testing phases.   In all such cases, respondents indicated 

strongly that, without these network connections, the success (outcome) of projects 

would have been severely inhibited.  And, whilst managing the information generated 

by the projects was difficult, both the HVMC and OREC did employ a range of 

knowledge management systems, including content management systems (CMS), 

which were limited to involved parties.  Several of these systems were still in 

development at the time of data collection; however, this was very much project 

dependent.  Successful projects such as SPARTA, had these systems in place, whilst 

projects earlier in the development phase had yet to put these in place, re-affirming their 

importance to Open Innovation.  

These findings are consistent with the previous research of authors such as Bose (2003, 

2004), Eldridge et al. (2006) and Yeh et al. (2006) who suggest that knowledge 

management systems facilitate knowledge flow between organisations, allowing 

knowledge to evolve and grow.  They also confirm the conclusions of Faems et al. 

(2010) who confirmed that they believed that knowledge management systems and 

broader technological capabilities were to become increasingly important as firms 

increasingly look to: (i) try and pool together technological resources that complement 

and supplement their internal innovation efforts and (ii) engage in technology alliances 

and formal arrangements between independent firms.  

These findings also demonstrated the importance of firms having absorptive capacity, 

i.e., the ability of firms to capture the benefits of external knowledge (See Lichtenthaler 

and Lichtenthaler, 2010).  By developing these knowledge management systems, the 
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OREC was able to store the data given to them by the owner/operators and use that 

knowledge to support their activities.  They were also able to protect this intellectual 

property from the competitors of those providing the data.  By doing so external 

organisations saw the OREC as an enabler rather than a competitor, increasing their 

propensity to share knowledge and data. 

This was not to say that the protection of intellectual property by industrial firms 

themselves wasn’t important to all participants. As highlighted in Chapter 2, it has been 

posited that it is still vital for firms to protect their valuable resources when engaging 

in Open Innovation (see Kline, 2003; Chesbrough et al., 2008; Lichtenthaler, 2011).  

Indeed, IP protection was also identified as one of the most major concerns of 

organisations working with the HVMC, with respondents such as Manager CAT.B4 

outlining IP protection as being one of the major risks of cross-helix interaction.  The 

centres, therefore, put in several measures.  The HVMC, for example, created 

intellectual property committees to ensure that access to data and IP held on these 

knowledge management systems were restricted to those involved in the project. In the 

case of the OREC and projects such as SPARTA, whilst firms within the sector were 

reluctant to share comprehensive raw data, by designing systems addressing such 

dilemmas the OREC was able to mitigate these concerns through design, focusing on 

the use of 70 predetermined KPI’s that were then anonymously entered into the 

database.  Only amalgamated data based on all submissions were returned to the 

owner/operators – protecting the identity of contributors.  Thus, independent of whether 

the protection of IP was systematically or operationally applied, it appears, in the cases 

of the OREC and HVMC, it is vital to ensure the success of projects - re-affirming 

Chesbrough’s views that Von Hippel’s take on open and distributed innovation is 

unnecessary and unhelpful to innovation.  If albeit, from a theoretical perspective, 

perhaps still reflecting the need for such views to be challenged and more heavily 

researched (see section 2.2). 

From the responses it was also clear that it was important for the projects to have strict 

financial criteria.   Both the SPARTA and BLEEP program had pre-arranged 

participant fees and the outcomes of the joint-industry projects were shared evenly, 

whether that is through access to the SPARTA system or through access to the 

development of new blade erosion systems/technology.  In doing so, these findings 
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were consistent with the previous research of De Rochement (2010) who outlined that 

firm financial agreements are needed to ensure that (i) value appropriation is divided to 

ensure a fair return for all parties, and (ii) for ensuring that resources that go into value 

creation activities are divided appropriately.  According to De Rochement (2010), a 

lack of agreement can lead to differing expectations between those involved, and in 

some cases also promotes opportunistic behaviour by partners. 

However, in addition to the ‘organisational’ level factors highlighted above – several 

other factors emerged from the responses of interviewees which were not present within 

the literature.  For example, responses indicated that the OREC having several unique 

technical equipment capabilities, as well as¸ significant internal human resource 

capabilities clearly appeared to positively influence the outcome of the OREC’s 

activities.  This was best illustrated by Manager EXT.A2 who noted that an important 

factor behind the centre’s early success and development was the technical equipment 

capabilities the centre acquired through the integration of their test and demonstration 

facilities at the National Renewable Energy Centre.  In parallel, responses such as those 

of Senior Manager CAT.A1 highlighted how the centre’s recruitment policy and 

subsequent development of human resources capabilities had resulted in the OREC 

accumulating credibility within the industry and had led to external organisations 

engaging with the centre. 

Furthermore, respondents from both the OREC and HVMC indicated the importance 

of clarity regarding role and purpose.  In terms of the OREC, a lack of clarity of role 

and purpose clearly impacted on engagement with the centre, leading to the potential 

for the duplication of resources, and having an impact on the ability of employees to 

deliver the centre’s business model.   For example, it was indicated that the formation 

of a new CATAPULT centre in Energy Systems appeared to duplicate some of the 

functions of the OREC, adding to industry organisations’ inability to fully understand 

how best to approach the centre.  It was also indicated that the remit of the Carbon Trust 

and the OWA was very similar to that of the centre, leading to operational issues, and 

inconsistencies.  The importance of clarity of role and purpose was also highlighted by 

respondents related to the HVMC.  For example, Manager CAT.B2 argued that there 

needed to be a ‘strong’ plan, with clear project aims and objectives. 
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An absence of clarity and purpose, however, did not necessarily lead to immediate 

project failure.  Indeed, respondents from the OREC indicated that overcoming 

problems could be achieved where there was joint-commitment to increased 

engagement between industrial organisations and the OREC, reflecting that lack of 

clarity on the role and purpose is often a function of the relative youth of an 

organisation.  In this case, this was where the OREC had a lack of a clear organisational 

development path and with some industrial organisations initially misunderstanding the 

purpose of the centre. As relationships developed this opacity reduced, resulting in 

firms increasing their engagement with the centre, as illustrated in Figure7-13.  

 

Figure 8-13 Empirical Model of Organisational Level Outcome Factors 
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8.3.2 Individual Level Factors 

Interestingly, during the analysis of interviews responses appeared to contradict a 

prominent ‘organisational’ factor presented by De Rochement (2010); however, in 

doing so, the findings also confirmed other key ‘individual’ factors highlighted by that 

author.  Within Chapter 2, this thesis identified how De Rochement (2010) identified 

‘culture fit’ as a key ‘organisational level’ factor determining the success of ‘open’ 

innovation projects. According to De Rochement (2010) there must be a degree of 

culture fit between involved partners, as often partners have different organizational 

cultures particularly when they come from different national cultures.  Differences in 

‘culture fit’ result in a decrease in trust between the participants, and limit learning and 

reduce the effectiveness of the alliance (See Das and Teng, 2002).  

However, in this case, the presence of misunderstandings and differences between the 

OREC and external organisations (a lack of ‘culture fit’) provided opportunities for the 

employees of OREC and the owner/operators to resolve them. By spending time on 

building a common understanding of the complex technical challenges the OREC 

helped ‘bridge’ these divides, resulting in employees of external organisations learning 

to trust the OREC’s intentions.  In doing so, these projects demonstrated characteristics 

that were more consistent with the findings of Douma et al. (2000) than those of Das 

and Teng (2002).  An example would be that relationship ‘success’ was dependent on 

the mitigation of these differences in culture.  They also confirmed the importance of 

trust and joint problem solving, factors highlighted by De Rochement (2010) under his 

‘relational’ moniker. 

In bridging these divides, the examples presented within this study also emphasised 

how without ‘trust’ between employees’ projects would suffer from a lack of 

credibility and ‘buy-in’ as individuals would become unable or unwilling to pass on 

information, take the necessary risks, or dedicate the adequate resources to any given 

project.   For example, Senior Manager CAT.A1 noted that by building trust with 

external organisations it was easier for the OREC to gain ‘buy-in’ from employees from 

external organisations.  Often, due to the large multi-team nature of the owner/operators 

and OEM’s, the OREC had to work with new/different groups of employees, quickly 

establishing new working relationships.  Respondents from the HVMC (Manager 

CAT.B2) also noted the importance of trust, alluding to the fact that in the case of the 
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HVMC this was often the most important factor influencing the outcome of projects.  

The importance of commitment and buy-in was also promoted by respondents from 

the HVMC.   

Yet where/when these factors failed to exist, both the HVMC and OREC outlined that 

to overcome such issues there needed to be clear articulation of project, financial 

technical parameters, only achieved because of employees having a good standard of 

communication skills.  Indeed, as Manager CAT.A3 noted, the OREC has recognised 

that it is essential that they hire industry experts who are happy to collaborate and 

willing to share information internally and with external partners.  Indeed, the 

importance of communication skills was consistent with the findings of Mohr et al. 

(1994) who highlighted that successful alliances often demonstrate high quality levels 

of communication and information sharing.  Where communication skills were poor, 

discontent was seen amongst the organisations those who experienced it.  An instance 

would be in the case of the OREC, where organisations such as IND.A1 became 

frustrated and reduced their level of engagement with the centre when there appeared 

to be a difference between the operational conduct of the OREC and the expectations 

of industry (e.g. response times to correspondence).  This was concerning because, as 

research by Kelly et al. (2002) have highlighted, poor communication in an alliance can 

significantly undermine its performance, fuelling an atmosphere of mistrust and 

suspicion that can negatively influences its legitimacy, ultimately leading to the death 

of the alliance.  Such issues are shown in Figure 7-14 below. 
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Figure 8-14 Empirical Model of Individual Level Outcome Factors 

8.3.3 Network Level Factors 

Nevertheless, the presence of communication skills only partially helped to overcome 

issues of trust and buy-in.  A key network-level factor which emerged during the data 

collection process was that there needed to be the availability of time: time for project 

parameters to be developed, time for relationships, trust, buy-in and commitment to be 

formed, and time for serendipity to occur.  The presence of time is largely dictated by 

level of project funding from project participants/network institutions, with well-funded 

projects often afforded this luxury.  Despite this, the presence of time was clearly a 

challenging concept given the competitive demands of industrial participants.   Indeed, 

both the OREC and HVMC cases indicated that often there was a vast discrepancy 

between the acceptable project timescales of industrial organisations in comparison 

with public ‘academic’ and ‘government’ institutions – leading to tensions between the 

helixes.   The concept of ‘time’ has thus emerged as a key and overarching network 
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success (outcome) factor previously overlooked by the literature.  Several individual-

level success (outcome) factors appear to be influenced by this factor.   

Overall, from the responses of interviewees the analysis of the ‘network’ level factors 

identified during the literature review of Open Innovation in Chapter 2 proved far more 

challenging than organisational and individual-level factors.  Nevertheless, one of the 

key network-level success (outcome) factors highlighted through this study was that of 

Chiaroni et al., (2011), who discussed the need for organisations to establish 

relationships with a variety of partners when adopting ‘open’ innovation.  Clearly, the 

previous analysis of the interaction between the OREC and HVMC with other 

organisations from academia, government and industry shows that, without the network 

allowing this interaction, the OREC and HVMC would cease to exist.  Developing these 

relationships was fundamental to its formation and without them OREC would fail to 

deliver on its mandate.  These relationships were particularly useful for acquiring the 

breadth of data needed for projects such as SPARTA and BLEEP to be able to function, 

whilst providing the OREC and external organisations with further resources in 

addition to those they held internally. 

Also, during the brief discussion of ‘network’ level factors presented in Chapter 2 

previous research regarding the negative impact of competition on innovation projects 

were identified.  For example, Yoon and Lilien (1985) argued that competition levels 

have negative correlation with innovation success, Link (1987) associated competition 

with failure, whilst Roure and Keeley (1990) argued that markets with low competition 

often provide the most fertile grounds for innovation products and services (Van der 

Panne et al 2003).  However, it has been demonstrated within both cases that the 

opposite rang true.  An instance would be in the SPARTA program where, rather than 

inhibit innovation, the multitude of owner/operators helped mitigate the financial risk 

of projects such as BLEEP and SPARTA across the industry leading to the innovative 

technology developments that would otherwise have remained unaddressed or latent.  

Again, this is reflecting the emergence and acceptance of ‘open innovation’ principles 

discussed earlier.  

Yet other ‘network’ factors highlighted during the literature review in Chapter 2 were 

deemed inappropriate for this analysis and were difficult to determine.  Van Der Panne 

(2003) argued that the concentration of potential purchasers in a single market 
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within the overall network often eases communication and significantly improved a 

product’s commercial viability.  It was further posited that the state of the market 

could also influence the success of an innovation project. For example, according to 

Hopkins (1981) and Maidique and Zirger (1984), the timing of a product’s market 

introduction can result in huge competitive advantages.  However, during data analysis 

there was a lack of evidence to either support or deny these factors, a result of the nature 

of this project and the interview questions set.  

Nevertheless, during the analysis of the responses of interviewees several other 

‘network’ level factors not discussed within the literature did become apparent (in 

addition to the network-level factor of time).  For example, during data analysis it 

became apparent that the development of cross-helix interactions was also significantly 

helped by the independence of intermediaries, such as the OREC and HVMC, and it 

was paramount to the success of organisations adopting the roles seen here.  This 

independence enabled them to facilitate knowledge exchange between industrial 

organisations as these were far more willing to engage with the centres knowing that 

an independent organisation was holding proprietary data, rather than their competitors.  

The independence of the centres also ensured dialogue with other helixes in a way that 

is not tainted by the interests of any individual energy company.  This independence 

enabled the centres to work on challenges that are pertinent to multiple organisations 

within similar industries, enabling access to industry data and information that other 

non-independent organisations weren’t privy to.  Consequently, the centres were able 

to build a more comprehensive understanding than individual organisations of what that 

data/technology would otherwise be able to.   

During the study, it also became apparent that access to the outcome of projects was 

impacted by the maturity of the markets; changing and adopting their commercial 

strategies had proved difficult.  Both the OREC and HVMC typically operate in 

industries with technology readiness levels at the research-end of the development 

spectrum.  Consequently, firms were mindful of IP protection – which led to extensive 

efforts to ensure that data was protected, and often leading to projects being delayed, 

altered or cancelled. Meanwhile, the skills base in the wider employment market 

emerged as a factor potentially inhibiting the ability of organisations that the centre 

works with.  For example, Manager EXT.A1 highlighted how hiring practices at OREC 
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had resulted in a ‘brain drain’ effect on organisations within the industry; although the 

variation in responses regarding this point amongst interviewees means that, to confirm 

this as a potential inhibiting factor to project success, would require further 

investigation. Figure 7-15 captures the arguments resolved in this section. 

 

 

Figure 8-15 Empirical Model of Network Level Outcomes Factors 

8.4 Summary of Outcome Factor Analysis 

The analysis presented above demonstrates a significant revision to our understanding 

of the ‘observable event’ of Open Innovation - in as far as it challenges our 

understanding of the ‘underlying mechanisms’ of this activity (e.g., the outcome factors 

of Open Innovation).  At this stage our understanding of these is limited to the context 
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of this study (e.g., HVMC and OREC).  However, they do provide an early indication 

of how our understanding of the ‘underlying mechanisms’ of OI may need to be 

continually revised as new contexts emerge and develop.   Furthermore, there is also a 

need in the future to consider whether the factors discussed and outlined above are 

contingent on other factors within the model.  For example, within the findings of this 

study there was some indication that organisational level outcome factors (such as 

cultural fit) were to some degree contingent on individual level outcome factors (such 

as trust).  There were also indications that individual level factors (e.g. trust) was in 

turn contingent on other individual level factors (e.g. communication).   

However, the nature and design of this study (and thus the findings presented) were not 

appropriate for confirming this hypothesis and did not fall within the main research 

aims and objectives of this study.  For now, these factors should be considered as 

necessary for OI to occur and provide the project outcomes desired by the actors 

involved.   However, this area might provide an interesting avenue of further research.   

8.5 Chapter Summary 

This chapter advances the notion that the observable event of the UK National System 

of Innovation model is underpinned by a Triple-Helix model of interaction that 

demonstrates the structural properties proposed by Nakwa and Zawdie (2012) – i.e., 

that in the context of this study innovation intermediaries (e.g. CATAPULT centres) 

bridge the gap between academia, industry, and government. This interaction occurs 

within a ‘sectoral’ system of innovation, which in turn is part of a larger ‘national’ 

system of innovation.  Within this system the OREC and organisations from industry, 

academia and government adopt revised roles in comparison to the traditional roles 

associated with firms, with several factors impacting the outcomes of the projects 

involving these organisations. 

Whilst this conceptualisation might be controversial, given that over the years authors 

such as Etzkowitz and Leydesdorff (2000) have argued that the Triple-Helix model is 

analytically at odds with the systems of innovation view due to the Triple-Helix model 

placing academic institutions at the forefront of innovation activity rather than the firm 

itself.  Arguing that the National Systems of Innovation model suggests that industrial 

organisations are the driving force behind innovation is supported by government 
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promoting competition and the re-organisation of industrial sectors at the local, 

regional, and national levels.  Clearly, the findings presented in Chapters 5 and 6 align 

more closely with the considerations of Lundvall (2007) who suggested that a narrow 

understanding of the national system of innovation view has led to a distortion of the 

concept, leading to the rise to alternative concepts such as the Triple-Helix model as an 

‘observable’ event. 

Furthermore, rather than university research acting as the locus of knowledge-intensive 

network transitions between the three spheres (See Etzokowitz and Leydesdorff, 2000), 

these findings also indicated that it was the demands of industrial organisations and the 

desire for governmental organisations to support these organisations that subsequently 

led to the development of the CATAPULT centres and the subsequent development of 

this triple-helix system model of organisational interaction.  Academic institutions were 

clearly not at the ‘forefront’ of the innovation process.   Yet, as this analysis shows, 

they did still play a significant role in this system, albeit in a reduced role in comparison 

with governmental and the predominant interaction between the centre and industrial 

organisations.  As such, these findings are consistent with recent research by Ivanova 

(2014) who noted that the nature of these interactions often occurred differently from 

one 3H model to another, with the degree of interaction by each sphere being dependent 

on local conditions.   

In addition to the above, this chapter demonstrates that underpinning the activities 

occurring within this underlying mechanism of ‘helix’ interaction is the observable 

event of Open Innovation, albeit with a revised understanding of the concept based on 

the findings (e.g., a broader conceptualisation).  Adding further complexity, this event 

in turn also has ‘outcome’ factors which underpin the concept (e.g. further underlying 

mechanisms). 

In truth the context under investigation demonstrates to some degree the complex nature 

of multiple observable events and a variety of underlying mechanisms involved in the 

activities/projects discussed here.  To try and make sense of the events analysed, the 

analysis of this research has allowed the generation of a refined empirical model, a 

significant contribution to the understanding of such interventions in the innovation 

field, as summarised in Figure 7-16 below.   It is hoped that this will go some way in 

demonstrating how the findings presented above fit together. 
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Figure 8-16 Final Empirical Model (Triple-Helix System of Innovation Model) 
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9 Conclusions 

This chapter first addresses whether the aims and objectives of this study (introduced 

earlier in Chapter 1) have been fulfilled by the empirical findings and analysis.  The 

chapter then moves onto explaining the theoretical, methodological, and practical 

implications of the analysis presented in previous chapters. This offered 

recommendations for policymakers, managers, and academics interested in the field.  

The chapter then outlines the limitations of this study, noting how these have been 

mitigated for within the research design.  Several areas requiring further research are 

then suggested, noting the limitations but recognising the contribution made to 

knowledge by the research.  These recommendations and areas for extending the 

research are primarily focused towards areas of open innovation, the Triple-Helix 

model, systems of innovation models, and innovation intermediaries.   

9.1 Revisiting Research Objectives 

The research objectives identified in the literature review will be revisited in this 

section.  The first objective was addressed through a detailed literature review, which 

brought together a variety of research strands into a single conceptual framework, 

whilst the other objectives were fulfilled through empirical case study research.  The 

five research objectives are addressed below: 

9.1.1 Research Objective 1:  To develop a conceptual framework synthesizing 

research on Open Innovation, Intermediaries, the Triple-Helix model, the 

National System of Innovation model 

This objective was addressed in Chapter 3 (see figure 3-7, 3-8, 3-9, and 3-10) through 

synthesising research from several separate research tracks in the fields of innovation 

and strategy through a detailed literature review.  The need for developing this 

conceptual framework arose because of the emergence of a new type of organisation 

(CATAPULT centres) within the UK, and a disagreement within the literature between 

scholars conducting research in systems of innovation, and scholars conducting 

research in the triple-helix model regarding the merit of their competing theories (for 

proponents of each approach see Etzkowitz and Leydesdorff, 2000, and Lundvall, 

2007).  The proposed conceptual framework proffered that, rather than one of these two 



	 266	

fields having the upper hand in terms of providing a theoretical logic for observed 

phenomenon, there is indeed theoretical merit to each individual model.  In terms of 

observable events, research progress would be better served by focusing on 

phenomenon that display the overlaps between these competing fields rather than 

becoming distracted on the differences between the perspectives.  Thus, the detailed 

literature review in Chapter 3 generated a conceptual framework that proposed a novel 

view of a triple-helix model of interaction occurring within a national system of 

innovation.  With the helix model of interaction being the underlying mechanism 

enabling the system of innovation to function.  The conceptual framework introduced 

a new type of organisation, an innovation intermediary (CATAPULT centre), which 

acts as a catalyst for innovative activity within this system and thus revising the helix 

concept (See Figure 8-1).  Such an intermediary was presumed to play a variety of roles, 

including the brokering of interaction between spheres of industry, academia, and 

government, supporting innovation (See Figure 3-6). 

 

Figure 9-1 Conceptual Framework of NIS, 3H and OI Interaction 

Notably, this incorporated that the helix interaction within the observable system of 

innovation is underpinned by another observable event, Open Innovation.  In doing so, 
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this detailed literature review also highlighted that several studies have concluded that 

there are several different factors influence the outcome of innovation activities and 

projects, and thus in turn are the underlying mechanisms impacting open innovation 

activity and outcomes.  Thus, the conceptual framework proposed that these outcome 

factors also impact activities and projects that emerge because of this triple-helix 

interaction with a system of innovation.  Furthermore, it was proposed that these factors 

can be categorised into three different levels: individual-level factors, organisational-

level factors, and network-level factors (See Figure 3-8, 3-9, and 3-10). 

9.1.2 Research Objective 2:  To empirically investigate the activities of the 

Offshore Renewable Energy CATAPULT and the High-Value 

Manufacturing CATAPULT noting the impact on our understanding on 

these concepts. 

The empirical findings of this study provided several unique insights regarding our 

understanding of the observable event of open innovation, the nature of the underlying 

triple-helix model of interaction between organisations from industry, academia, and 

displayed within this particular context, as well as the underlying factors influencing 

the outcome of activities and projects within this system of innovation.  The analysis of 

these findings can be found in chapter 7 and confirmed the premise that triple-helix 

interaction is the underlying mechanism driving the national system of innovation, with 

innovation intermediaries playing a variety of roles (see following research objectives) 

within this system.  Insights into the activities of the CATAPULT centres were garnered 

through an analysis of their activities, using data collected from a series of semi-

structured interviews and through the analysis of documentation.  Several unique 

insights garnered from this data collection process were presented in the form of a thick 

description within their individual contexts, helping to demystify a largely 

unresearched context.  This also allowed a visualisation of the operational nature of the 

centres and provided a point of reference of how this study related to previous research 

in the fields of innovation, and to the conceptual frameworks developed in chapter 3.   
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9.1.3 Research Objective 3:  To empirically investigate the role and impact of the 

ORE and HVM CATAPULT centres on innovation within their industries. 

During the discussion of findings presented within Chapter 7, a variety of unique 

insights were outlined in respect to the role of CATAPULT centres within the UK 

system of innovation.  Firstly, the findings of the study confirmed that the centres 

operate as innovation intermediaries, working with organisations from industry, 

academia, as well as with other government entities – revising our understanding of the 

underlying mechanism of helix interaction, which drives the system of innovation 

(observable event).  However, the roles adopted by the CATAPULT centres were often 

found to be of a ‘non-traditional’ nature.  This was not to say that these centres did not 

fulfil roles and responsibilities traditionally associated with these types of organisations 

(see Nakwa and Zawdie, 2012).  The CATAPULT centres did enable the facilitation of 

data and knowledge sharing across organisation boundaries (boundary spanning).  They 

also engaged in brokering relationships between organisations from all three spheres.  

They did not, however, based on the findings of this study, engage in the ‘sponsorship’ 

of the activities of organisations from these spheres.  Instead, the CATAPULT centres 

opted to develop their own internal resource and capabilities in terms of research 

development facilities, hiring their own team of employees with technical expertise, 

and playing a central role in projects involving the centre, this role being one 

traditionally associated with industrial organisations.  Consequently, the study 

demonstrated that the ORE and HVM CATAPULT centres were having an impact on 

organisations from all three spheres, demonstrated by their involvement and 

engagement in several key industry projects, which resulted in innovative solutions to 

ongoing problems within their respective sectors (see chapters 5 and 6). 

9.1.4 Research Objective 4:  To empirically investigate the factors supporting 

and inhibiting innovation projects 

The empirical findings of this study have revealed several factors that influenced the 

outcome of the ‘observable event’ of open innovation within the contexts explored 

during this investigation.  These findings were consistent with previous studies of the 

‘underlying mechanisms’ innovation activity, i.e., the presence of individual level 

factors, organisational level factors, and network level factors (see Lichenthaler, 2011).  

There were, however, differences in terms of the outcome factors identified during this 
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study from that of previous research.  From an organisational-level perspective, the 

empirical findings confirmed that for innovation projects to be successful there needs 

to be a culture of innovation (Ekvall and Ryhammar, 1998; Lester, 1998; Van Der 

Panne et al, 2003; Popa, Soto-Acosta and Martinez-Conesa, 2017), and a culture that is 

absent of the Not-Invented-Here virus (See Katz and Allen, 1989).  The organisational 

management culture needs to be one that promotes the development of networks (see 

Chiaroni et al., 2011).  Our findings confirmed that there also needs to be appropriate 

knowledge management systems in place to manage the transfer of data and knowledge 

that occurs during cross-sphere interaction, for innovation projects to be successful and 

for intellectual property to be protected (See Bose, 2003; Eldridge et al., 2006) and Yeh 

et al., 2006).  Our empirical findings further confirmed that projects at an organisational 

level require strict/clear financial criteria/boundaries (see De Rochement, 2010).  The 

analysis did not directly confirm the need for cultural fit between involved partners 

(Das and Teng, 2002), the use of organisational structures designed specifically for 

open innovation to occur (Adler and Kwon, 2002; Subramaniam and Youndt, 2005; 

Jansen et al., 2006; Popa, Soto-Acosta and Martinez-Conesa, 2017), or for firms to need 

to avoid groupthink (De Rochement, 2010).  Several innovation outcome factors not 

addressed specifically within the academic literature also emerged from the empirical 

investigation.  The importance of technical equipment capabilities appeared as an 

important outcome factor within this context of open innovation, as well as the need for 

industry-leading human resource capabilities.  The analysis also highlighted that there 

needs to be clarity regarding the role and purpose of organisations involved in the 

innovation process, particularly when, as in this context, there are multiple 

organisations from industry, academia and government involved in the R&D process. 

In terms of network-level factors. the empirical findings of this study highlighted 

several network-level factors not discussed within the literature.  For example, in this 

context (innovation intermediaries) the value of independence cannot be 

underestimated.  In fact, in the case of the HVMC and OREC, this was paramount to 

success, in terms of it enabling these centres to conduct the non-traditional roles 

highlighted previously.  Furthermore, contrary to previous research which suggested 

that speed to market was key to the success of an innovation project (Van Der Panne, 

2003), the overriding consensus of participants was that, in reality, time was needed to 

allow for individual and organisational factors to be fulfilled (e.g. trust, buy-in and 

commitment).  Whilst at odds with the natural behaviour of markets, this was seen a 
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central tenet of other outcome factors.  Ultimately, however, the findings confirmed the 

importance of links between organisations (alliances/collaborative projects), and that 

networks are an essential component of markets because they channel and direct flows 

of information and resources from position to position within a social structure (see 

Owen-Smith and Powell, 2004).  By establishing relationships with a variety of 

partners, projects such as SPARTA and BLEEP (cornerstones of OREC and HVMC 

activity) were able to play an active role in the national system of innovation and 

support positive outcomes of innovation projects. 

 

Finally, the analysis also confirmed several individual-level factors that underpin the 

outcome of innovation projects.  The empirical findings confirmed the importance of 

trust between employees (De Rochement, 2010), a good standard of communication 

skills (Mohr et al., 1994; Kelly et al., 2002; De Rochement, 2010).  Findings were 

inconclusive regarding the importance of groupthink (De Rochement, 2010).  However, 

the findings did indicate that successes were dependent on the ability of those involved 

to mitigate differences of culture (Douma et al., 2000), requiring ‘buy-in’ (social 

commitment and faith) of those involved. 

9.1.5 Research Objective 5:  To validate or amend the conceptual framework 

enabling us to better understand how innovation is supported by 

intermediary organisations, utilizing ‘open’ innovation to facilitate 

interaction between organisations from academia, government and 

industry within a national system of innovation. 

Based on the resolution of the previous research questions, an updated conceptual 

framework was presented at the end of section 7.5 (see Figure 8-2).  This framework 

recognises that in the case of this observed phenomenon (i.e., the OREC and HVMC), 

several organisations are acting as intermediaries within a triple-helix model of 

interaction.  This ‘underlying mechanism’ of interaction occurs within the observable 

event of the ‘national’ system of innovation, with organisations from industry, 

academia and government adopting revised roles in comparison to the traditional roles 

associated with firms.  Industry continues to adopt the role of production and service 

provision, albeit in a reduced capacity, whilst the role of governmental organisations 
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remains largely unchanged (i.e., setting rules and regulations and providing funding 

opportunities).   

 

Figure 9-2 Final Empirical Model (Triple-Helix System of Innovation Model) 

However, the findings of this study do indicate that the role of academia and 

intermediaries change significantly, with the role of academic institutions 

predominantly becoming one of providing advice and consultancy. Innovation 

intermediaries meanwhile not only continue as expected to offer boundary spanning 

and brokering roles but are also now undertaking roles typically associated with 

industry (i.e., becoming involved in the process of production and service provision.  

Finally, the conceptual model was also updated to reflect our empirical findings 

regarding the observable event of Open Innovation, which is shown to be the primary 

underlying mechanism driving the underlying mechanism of helix interaction, which 

underpins the observable event of the UK National System of Innovation.  To this end, 

the underlying outcome (success) factors of innovation projects within this system are 

discussed and the conceptual model is refined based on our findings. (i.e., they are 

underpinned by several organisational, network, and individual level factors, some of 

which had previously not been identified). 
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9.2 Contribution to Knowledge 

This thesis has contributed to theoretical, methodological, and practical knowledge.  

The following sections will outline this contribution, which includes: (i) the 

development of a new conceptual framework encapsulating competing theories; (ii) the 

investigation of open innovation in a new context, from a critical realism perspective; 

and (iii) the identification of outcome factors that managers utilising open innovation 

might leverage to improve the success of their activities. 

9.2.1 Contribution to Theory 

The competing theoretical perspectives of the triple-helix model and systems of 

innovation, the emergence of intermediary organisations, and the rise of open 

innovation as a value generating activity inspired the theoretical contribution of this 

theory.  This study developed a conceptual framework that integrated these concepts, 

based on an extensive review of the literature. 

The thesis contributed to this framework and theory development in innovation 

management research through first recognising that our conceptualisation and 

understanding of the underlying mechanisms of open innovation needs to be 

readdressed.  Not only to recognise the transfer of knowledge, ideas, expertise and/or 

data, but also the access and use of physical equipment, as well as financial support.  In 

doing so, this thesis highlights how the traditional notion of the innovation funnel has 

become outdated and that organisations are now framing development in new terms.  

Introducing the concept of readiness levels, this study notes how open innovation 

occurs across different phases of the development process.  The contribution of this 

thesis thus reflects the developing nature of open innovation research and the need for 

it to reflect modern practice, filling a gap in our understanding regarding the nature of 

resources that permeate organisational boundaries during the process of open 

innovation.  This is important, as Elmquist et al. (2009) and Di Benedette (2010) noted, 

the Open Innovation concept has a far broader conceptualisation than initially proposed.  

Given that in the field authors have moved beyond discussion of its conceptual 

foundations, towards issues such as how Open Innovation can be leveraged by 

managers (Chiaroni et al., 2011), and how business can foster an environment suitable 

for open innovation (Popa, Soto-Acosta and Martinez, 2017), it is essential that we 
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continue to question our theoretical understanding of the concept of Open Innovation 

to ensure the credibility and validity of ongoing research.  Such efforts, by integrating 

existing theories with new perspectives can make significant contributions to the 

innovation management field. 

Another theoretical contribution of this thesis is the development of an empirically 

grounded innovation system model which attempts to simply the complex set of 

observable events and underlying mechanisms impacting activity within this context.  

The findings clearly indicated that innovation intermediaries not only support industrial 

organisations within their respective sectors in a way that is consistent with the 

definition of operating within a ‘sectoral system of innovation’, but also contribute to 

the observable national system of innovation, carrying out cross-sector market and non-

market interactions in the generation, adoption and use of technologies.  However, 

importantly, the study highlighted that this event is underpinned by interactions within 

this system involve actors from government, industry, and academia (a triple-helix 

model of interaction) – albeit in a way which is consistent with the revised structural 

model proposed by Nakwa and Zawdie (2012).  Given that authors such as Etzkowitz 

and Leydesdorff (2000) have proposed that the triple-helix view is fundamentally 

different at theoretical level to the work of people like Freeman (1995), Lundvall 

(1997), and Nelson (1993), this thesis rejects the distinction.  Instead, the empirical 

model presents how projects involving intermediary organisations such as CATAPULT 

centres operate within a system that displays characteristics synonymous with both 

national systems of innovation model and the triple-helix model.  Thus, this thesis 

begins the process of the field identifying the overlaps between conceptual models, 

rather than pursing and supporting false dichotomies.   

In doing so, this thesis also has contributed to knowledge by outlining empirical 

evidence that rejected the traditional roles associated with actors from innovation 

intermediaries, government, industry, and academia within this context (see Johnson, 

2008; Nakwa and Zawdie, 2012; Katzy et al., 2013).  The research further confirmed 

and rejected the findings of previous studies on outcome factors influencing innovation, 

but also introduced new factors that have, to date, been overlooked.  Therefore, this 

thesis addresses the gaps in research on innovation intermediaries (Dalziel, 2010), and 
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the gap in research on outcome factors of innovation projects (See Van der Panne et al., 

2003; De Rochement, 2010; Papa, Soco-Acosta and Martinez-Canesa, 2017). 

Finally, a major theoretical contribution of this study relates to the context under 

investigation, introducing case study research from UK CATAPULT centres – an 

emerging type of organisation that had been overlooked by recent research.  Given that 

the consensus within the innovation management literature is that the open innovation 

concept provides a concerted way in which to develop managerial thinking in an 

increasingly wide variety of areas, and as such is a concept that is still ripe for further 

development (See Gassmann et al., 2010; Lichtenthaler, 2011; Bianchi et al., 2011; 

Chesbrough, 2012; West and Bogers, 2014; West et al, 2014), the opportunity to 

explore the concept in a new and developing area was one that cannot be 

underestimated and was a major contribution of this study. 

9.2.2 Contribution to Research Philosophy and Methodology 

This thesis also contributed to the philosophical debate in research through confirming 

that a critical realism perspective can be applied to research in the field of innovation 

management, by rejecting distinctions between ontology and epistemology and 

suggesting that reality exists independent of our mind, but that there are unseen 

mechanisms driving action.  The study design acknowledges that there may be 

mechanisms that are not open to direct perception, but that research can be valuable and 

contribute to the debate based on the ‘best of our knowledge’ during the present period.  

With the absence of critical realism research in the field, this thesis is significant in 

terms of simply highlighting that this approach is possible.  However, crucially this 

thesis also provides a methodological contribution through use of a novel research 

design, based on a variety of critical realism frameworks, allowing for the collection of 

evidence from CATAPULT centres and organisations working with these centres.  

Highlighting the complex nature of observable events and underlying mechanisms 

which drive the real, actual and empirical events seen within this study.  Using a 

‘concrete’ research categorisation, an intensive research design has been employed 

(see, Sayer 1992) focusing on the study of individual agents in their causal contexts, 

through qualitative research methods.  Finally, given that previous key studies have 

focused on quantitative data collection, particularly in regard to research highlighting 

outcome factors influencing innovation (e.g., Van Der Panne, 2003), this thesis is 
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different from previous research as it focused on collecting empirical evidence from 

high-level managers and policymakers from organisations in the field of offshore 

renewable energy and high-value manufacturing. 

9.2.3 Contribution to Practice 

The discussion of the theoretical contribution to knowledge highlighted multiple 

theoretical developments that have significant implications for policymakers and 

managers.  For policymakers, the thesis provides a practical contribution by 

emphasising the value of innovation intermediaries within the UK system of 

innovation.  Furthermore, in confirming this, the empirical evidence suggests that, 

within the national system of innovation, actors from all spheres (government, industry, 

academia) play different roles than is traditionally the case.  Practically, these findings 

are important as policymakers need to reflect the changing roles of actors in the design 

of systems for supporting innovation within the UK.  For example, traditionally a key 

role of governmental organisations is in determining the confidence levels towards 

undertaking R&D within sectors that employ this type of innovation system.  Thus, this 

thesis posits that resources should continue to be directed to ensuring governmental 

involvement and awareness of key activities, acting as a global sponsor and advocate.  

However, the empirical evidence also reinforced the importance of ongoing project 

funding for activities involving innovation intermediaries.  The analysis suggests that 

there is a need for governmental organisations to provide significant funding to 

innovation intermediaries, allowing these organisations to act independently from 

industrial actors.  This, in turn, then should result in industrial organisations being more 

willing to engage with the centres, reducing their cost of involvement. 

The thesis also has practical implications for managers working within similar contexts, 

in the form of the identification of factors influencing the outcome of innovation 

projects.  These factors exist at an organisational level, at a network level, and at an 

individual level; for example, managers are encouraged to stimulate the conditions 

within their respective organisations that promote a culture of innovation.  This culture 

should be one with an absence of the not-invented-here syndrome, a perspective where 

individuals avoid using or buying already existing products, research, standards, or 

knowledge because of their external origins and costs.  The empirical investigation 

highlighted that NIH can be situational, rather than something that is either present in 
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all interactions or no interactions.  Thus, managers should be mindful of the 

environments in which this is likely to occur and be vigilant of such behaviour. 

Another recommendation is that managers should also promote the development of 

networks to encourage cross-helix interaction, as well as to develop absorptive capacity 

within the organisation to ensure the benefits of external knowledge and data are 

captured.  An example would be using knowledge management systems.  Finally, 

projects involving actors from multiple spheres should also have strict financial criteria, 

joint commitment of actors, and clarity regarding role and purpose. 

Having addressed the research objectives and outlined the main contributions to 

knowledge, methodology, and practice, the next section now outlines and 

acknowledges the limitations of this study. 

9.3 Research Limitations 

In this section the four major limitations of this study are outlined.  During the empirical 

investigation several limitations emerged that were addressed at the time of data 

collection; however, several require further consideration. 

The first major limitation of this study was the limited number of case studies that were 

worthy of investigation.  At the time of the empirical investigation there were only 9 

CATAPULT centres across the whole of the United Kingdom, of which, the two 

CATAPULT centres investigated (OREC and HVM) were the only two that had 

engaged in significant activity within the UK system of innovation.  Whilst evidence 

from multiple case studies is recognised as being more appropriate for generalisation 

purposes, this study recognises being limited to two meaningful cases means that 

findings should be taken with more caution than would be traditionally the case.  

However, steps were taken to triangulate the findings, and the nature of the research 

design has recognised these limitations – noting the exploratory nature of the study.  

Consequently, future recommendations for research in the following section (8.4) 

propose further studies over a longer period (longitudinal study), and with a wider range 

of cases (as these gain prominence). 

A second major limitation of this study relates to the sample size of respondents.  This 

study included data collected from 18 interviewees, in addition to supporting 
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documentation.  At the beginning of the project, the expectations in terms of response 

rate and engagement were far higher.  A comprehensive list of prospective interviewees 

was compiled, and organisations/individuals were contacted via email in the first phase, 

with a follow up call to their place of employment if they did not respond.  However, 

the response rate was under 5%, and this was certainly a function of the nature of the 

respondents contacted.  Given the strategic nature of the research topic, as outlined in 

the methodology chapter, individuals in roles with upper-level management experience 

were a key trait included within the selection criteria.  This immediately reduced the 

pool of potential respondents.  The empirical data collected did, however, reflect a 

broad range of organisations, with respondents’ roles ranging from Founder/CEO to 

Innovation Manager.  Furthermore, as highlighted within section XX, the use of 18 

interviews as a sample size is somewhat consistent with other PhD studies (Mason, 

2010).   Nevertheless, again a more comprehensive set of interviewees would have 

improved the ability to generalise the findings, and thus, again, the findings of study 

should be noted with caution. 

A third limitation is regarding the inability of the empirical findings to substantiate 

previous research on all the outcome factors highlighted in chapter 2.  Although this 

study contributed to theory in terms of confirming organisational-level factors and 

individual-level factors, the nature of the empirical data meant that it was not possible 

to verify and explain a wide range of network-level factors present within the 

conceptual framework generated in section 3.  For instance, whilst factors on the ability 

to establish relationships with a variety of partners when adopting ‘open’ innovation 

(Chiaroni et al., 2011) were confirmed and new network-level factors outlined 

(independence, market maturity), there was no evidence to suggest that the 

concentration of potential purchasers in a single market within the overall network (Van 

Der Panne (2003), for example, influenced the outcome of projects.  The reason for this 

appears to be the nature of the case studies involved within this study, and the specific 

nature and focus of the CATAPULT centres. 

Finally, the fourth and final major limitation is related to the weakness of the research 

design in terms of its longitudinal limitations.  The nature of research and development 

and innovation is that the results of activities and interactions aren’t always immediate 

in terms of value generation and capture.  Furthermore, the CATAPULT centres under 
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investigation were formed in 2011, and thus they have only been contributing to the 

wider system of innovation for a maximum of 8 years.  Consequently, during the 

empirical investigation several projects were discussed where the activities and 

interactions hadn’t yet come to be taken to market, limiting the projects that could 

directly contribute to the discussion of specific sections of the findings.  The nature of 

these research and development projects were extremely valuable in the context of this 

study, but findings had to be analysed with caution.  In terms of extending the duration 

of the project, given the regulatory constraints of the academic regulations at Heriot-

Watt University, this was beyond the scope of this study.  However, as discussed within 

the next section (8.4) – this is a potential opportunity for further research. 

9.4 Further Research 

The rise of Open Innovation has been driven by the rise in globalised activities and the 

advancement of new technologies, particularly in communication, which have acted as 

a catalyst (Chesbrough, 2003; Huizingh, 2011).  Yet, despite open innovation as a 

research field gaining substantial traction over the last decade, a wide range of unique 

contexts have yet to be investigated.  For example, although as part of the author’s 

master’s degree, Open Innovation was investigated in a third sector context, published 

studies have largely overlooked this important sector of the economy.  Furthermore, as 

demonstrated by this study, intermediary organisations are becoming increasingly 

prominent within national economies, facilitating open innovation.  Nevertheless, they 

have also remained largely unexplored.  Consequently, there remains large scope for 

the investigation of new and emerging contexts.  It would be interesting to investigate 

whether the nature of knowledge, data, equipment, and finance is the same across these 

new and emerging contexts, whether the helix system of innovation displays similar 

characteristics as that displayed within this study, and whether the factors influencing 

the outcomes of projects within this system differ from those highlighted here.   

Furthermore, regarding context, the findings of this study are limited to the UK context 

and system of innovation.  The investigation of similar systems of innovation in other 

international contexts is to be encouraged, particularly given there are considerable 

differences in culture across the world.  For example, it can be envisioned that the role 

of trust and credibility might be of less importance in other regions than it is in the UK.  

There is considerable scope for investigation into Open Innovation within the Middle 
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East; for example, the Jordanian government has developed the Jordan Open Innovation 

platform, consisting of an online marketplace and platform.  It would be interesting to 

investigate factors influencing the outcome of innovation projects that are supported by 

this intermediary platform. 

Developing a longitudinal design for inquiring into open innovation and triple-helix 

systems of innovation is also suggested for future research.   A longitudinal study would 

enable innovation projects to be monitored from conception to delivery to market, 

allowing for projects in later stages of development to be added to the dataset.  A 

suitable design would also enable the development of a participatory / observational 

research design which would improve the quality of behavioural analysis; for example, 

by better understanding individual outcome factors influencing the success of 

innovation projects, reducing the reliance on self-reporting.  Furthermore, a 

longitudinal study would enable the impact of policy to be reflected in the outcomes of 

similar studies.  

The findings of this study revealed how the nature of resources permeating 

organisational boundaries is broader than originally conceptualised.  Open Innovation 

as a concept is rooted in a knowledge-based view of the firm (KBV) (Penrose, 1959; 

Wernerfelt, 1984; Barney, 1991; Conner, 1991).  However, the findings of this study 

indicated a conceptualisation more closely linked to the resource-based view of the firm 

(RBV) (Barney, 1991).  It would be interesting to re-examine the theoretical roots of 

Open Innovation, recognising the role of tangible resources in the research and 

development process.  Other theories, such as transaction-cost economics, could be 

used to better understand the costs of engaging in open innovation activities with 

external partners.  Similarly, a discussion of Open Innovation from a competitive 

advantage perspective would be particularly useful, as this process of innovation 

becomes more widely adopted.  Key questions would include: can Open Innovation, as 

a process, provide long-term competitive advantage, and under what conditions. 

Finally, future researchers are encouraged to continue the investigation into innovation 

outcome factors across organisational, individual and network levels.  The focus of 

researchers should be directed towards the investigation of individual and network level 

factors given the relative lack of understanding of these factors, in comparison to 

organisational-level outcome factors.  There is still scope for investigation into not only 
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their identification, but importantly, their inter-relatedness.  A quantitative research 

design would be particularly useful, examining relationships between factors using 

linear models and in exploring which of the factors are necessary and whether factors 

within the model are contingent on others.  Furthermore, given the exploratory nature 

of this study it is paramount that the findings of this study are replicated.  Whilst 

considerable steps have been taken within the research design to ensure the validity and 

credibility of the findings, the reproducibility of experiments is an essential part of the 

scientific method.  The author, therefore, encourages other academic researchers to 

replicate this research design and for findings to be compared. 

9.5 Chapter Conclusion 

This chapter first addressed the research objectives outlined within Chapter 1.  Five 

major research objectives were outlined.  As discussed within this chapter, the empirical 

investigation and discussion of findings satisfied all these objectives.  This chapter then 

outlined the contributions to knowledge made within the thesis, summarising the 

contribution to theory, contribution to research philosophy and methodology, as well 

as the contribution to practice.   Having done so, this chapter then discussed the 

limitations of this study, noting four major restrictions that must be acknowledged and 

taken into consideration when assessing the validity and credibility of the findings.  

Finally, this chapter then suggested several potential avenues for further research.  

These avenues included the exploration of new and emerging contexts, as well as the 

use of alternative research designs; this section also suggested that the 

theoretical/conceptual roots of Open Innovation be re-examined, considering the 

findings of this study. 
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Appendices 

10.1 Appendix 1 – Links to all appendix documents(CAT.A1, CAT.B1 etc.) 

that are referred to within the text can be found at the following 

address:https://www.dropbox.com/sh/o77kkwoz47thfyy/AADZVK9k

Im3d3h-hqqaa4r7Aa?dl=0 

10.2 Appendix 2 – Table outlining definitions of Technology Readiness 

Levels  

TRL Level: Definition of Technology Readiness Level 

TRL	1	Basic	principles	
observed	and	reported:	 

 

Transition from scientific research to applied 
research. Essential characteristics and 
behaviours of systems and architectures. 
Descriptive tools are mathematical 
formulations or algorithms. 

TRL	 2	 Technology	 concept	
and/or	application	formulated: 

Applied research. Theory and scientific 
principles are focused on specific application 
area to define the concept. Characteristics of 
the application are described. Analytical tools 
are developed for simulation or analysis of 
the application.  

 

TRL	 3	 Analytical	 and	
experimental	 critical	 function	
and/or	characteristic	proof-of-	
concept: 

Proof of concept validation. Active Research 
and Development (R&D) is initiated with 
analytical and laboratory studies. 
Demonstration of technical feasibility using 
breadboard or brassboard implementations 
that are exercised with representative data.  

 

TRL	 4	 Component/subsystem	
validation	 in	 laboratory	
environment: 

Standalone prototyping implementation and 
test. Integration of technology elements. 
Experiments with full-scale problems or data 
sets.  

 

TRL	 5	
System/subsystem/component	

Thorough testing of prototyping in 
representative environment. Basic technology 
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validation	 in	 relevant	
environment: 

elements integrated with reasonably realistic 
supporting elements. Prototyping 
implementations conform to target 
environment and interfaces.  

 

TRL	 6	 System/subsystem	
model	 or	 prototyping	
demonstration	 in	 a	 relevant	
end-to-end	 environment	
(ground	or	space): 

Prototyping implementations on full-scale 
realistic problems. Partially integrated with 
existing systems. Limited documentation 
available. Engineering feasibility fully 
demonstrated in actual system application.  

 

TRL	 7	 System	 prototyping	
demonstration	 in	 an	
operational	 environment	
(ground	or	space): 

System prototyping demonstration in 
operational environment. System is at or near 
scale of the operational system, with most 
functions available for demonstration and 
test. Well integrated with collateral and 
ancillary systems. Limited documentation 
available.  

 

TRL	8	Actual	system	completed	
and	 "mission	 qualified"	
through	 test	 and	
demonstration	 in	 an	
operational	 environment	
(ground	or	space):	

End of system development. Fully integrated 
with operational hardware and software 
systems. Most user documentation, training 
documentation, and maintenance 
documentation completed. All functionality 
tested in simulated and operational scenarios. 
Verification and Validation (V&V) 
completed.  

 

TRL	9	Actual	system	"mission	
proven"	through	successful	
mission	operations	(ground	or	
space): 

	

Fully integrated with operational 
hardware/software systems. Actual system 
has been thoroughly demonstrated and tested 
in its operational environment. All 
documentation completed. Successful 
operational experience. Sustaining 
engineering support in place. 
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10.3 Appendix 3 – Table of responses regarding types of resources 

transferred in OI 

Type of resource Location of specific supporting data 

within results chapter 

Knowledge OREC: p122, p124, p129, p130, p134, 

p135, p143-p146. 

HVM: p173, p180, p186-196 

Data OREC: p123, p128, p133-134, p142. 

HVM: p173, p197, p201 

Finance OREC: p130, p133, p141-142, p154-155 

HVM: p181-185 

Access to Physical Resources OREC: p119-121, p136, p146-153. 

HVM: p181, 197-201 

10.4 Appendix 4 – Table of responses regarding outcome factors of OI 

Outcome Factors Location of specific supporting data 

within results chapter 

Individual Level Factors Trust: p168, p212, 

Social Commitment: p155-156, p167, 

p209, p211 

Acceptance of Joint Problem Solving: 

p125, p134, p167, 
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Communication Skills, p168-169, p210-

11, 

Buy-In: p144, p211, 

Credibility: p144, p145, p168, 

Organisational Level Factors Culture of Innovation: p214-215, 

Absence of NIH: p123, p151, p213, 

Adoption of KMS: p152-153, 

Absorptive Capacity: p152-153, 

Open/Dynamic Business Models: p120, 

p191 

Clear Agreement: p146, p156, p159, 

p167 

Mutual Risk: p166, p186, p195, p207, 

Protection of Intellectual Property: p147, 

p149-153, p161, p169, p195-196 

Strict Financial Criteria: p159, 

Unique Technical Resources: p136-

p137, p168, 

Human Resource Capability: p143, p166, 

p168, 

Joint Levels of Commitment: p155, 

p159, 
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Network Level Factors Intermediary Independence: p137, p162, 

p169, 

Skills Base in Employment Market: 

p145, p161. 

Flow of Information: p169, p193 

Allows Partnership Arrangements: p135, 

p143, p159, p163, 

 


