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ABSTRACT

Hydrogen and fuel cells (HFCs) are a suite of low carbon energy technologies that are beginning to
emerge as promisingobjectsin energy and transport policy. This thesis presents the findings of an
actor-centred constructivist case study into the policy community emergingaround HFCinnovation
inthe UK. Emerging atthe intersection between increasingly networked forms of governance (Hajer,
2003; Torfing, 2007); energy; climate and industrial policy (Kern etal., 2014), innovation has been the
focal point of literatures advocating transitions towards more sustainable socio-technical systems
(Geels, 2002; Loorbach, 2010). Besides afew notable exceptions this area has been under-examined
inthe UK policy studies literature, and no studies have thus farfocused on HFCs as objects of UK
policy processes. The thesis develops aninterpretivist-constructivist methodology to sketch how
actor interpretations of competency and contextinformthe interests and strategies in innovation
policy processes. Drawing oninterviews with 31 members of the HFC community and extensive
documentary researchitarguesthat while innovation governance is, in part, a product of networked
interactions between HFC community members, theseinteractions are highly circumscribed by
prevailing policy paradigms. Expressed viaalogicof commercialisation and empowered by the
resources of large industrial firms, such paradigms operate to de-politicise governance practices and
aligninnovation priorities around those compatible with the interests of anarrow band of large
industrial interests. In so doing the thesis contributes to our understanding of interpretation as the
means by which ideas and resources shape strategicinteractionsin policy processes, and; servesasa
reminderthat networked forms of governance can close down aswell as open up participationin
policy debate and delivery.



Table of Contents

1. INTRODUCTION.....ceeuttittteeeeeieetieeeeeeeeeessssanereeteeeesssasanssnsssaeaesesssasansssaneereesssssasassssnneeeesensnns 1
I.  Hydrogen Fuel Cells, Network Governance and Energy Innovation Policy.............ccevueirnnnnn... 1
II. Research POSITiON @nd OVEIVIEW. .. ... e se s e e e e e e e e e e e e e eeeeeeeeens 5
ReSEArCh QUESTIONS. ....cciiiiiiiiii ettt et e et e eaeeeeeeeeeeeee 6
THESIS OVEIVIEW ... et e e e e e 7
2. BACKGROUND: HYDROGEN AND FUEL CELLS IN ENERGY & INNOVATION POLICY...........cceeeee... 12
"I, Some basic chemistry: HFCs @s artefacts........cuvviiiiiiiiiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeeeeeeeiiaees 12
V. HFC Rationales: Rising prices, Scarce Resources & Emissions Reduction............c..cccuuunnnees 14
Current markets, future Potentials..........uueiiiii i i e 17
HFC Futures: Teleology to Transitions...........eiiiiiiiiiiiiiie e e et e e e e e 21
V. HFCs as ObjJects Of GOVEINANCE ......uuuuuitiiiiiiiiiiiiiiiit it s 24
VI. SUIMIMIAIY ettt ittt et e et e e et e e et e e et e e et s e et e et e eabaseataeetaeeenssaasnseessenennsensnsennnsenen 29

3. MAKINGSENSE OF THE HFC COMMUNITY: SCIENCE, TECHNOLOGY AND INNOVATION STUDIES
AND CONSTRUCTIVIST APPROACHES TO PUBLIC POLICY ......eiiiiiiieieeeeeiiieeeee ettt e e e e e 32
I.  Policy Studies and Science Technology and Innovation Studies ..........ccccceevveeiiiiciieeeeeeeenennnn. 32
Rational Choice and itS CHTICS ....eeiiiiiiiiiiiiiiiiiiiieie ittt eeenenenenenes 33
Il TrANSTHIONS TREOIY. .. e e e e e e e e e e e e e e e e e e e e e e e e e e e e eaeaeeeeees 38
Critiques of Transitions Perspectives- a Need for Policy Analysis? .........cccoeiiiiiiieiiiiiinieiiieneees 43
1. Constructivist Approaches to Public Policy Analysis .......cccoouueiiiiiiiiieiieiieeeeceeeeeee e, a4
Sociological Institutionalism, Sodalisation and Learning.........ccccceeevviiiiiiiiiiii i 46
Discursive INSttUtIONAliSM.......oiiiiiiiiiiiiieii ettt e e eeeeeeeeenae 47
Actor Centred CONSTIUCTVISIM ..cceee i e e 49
V. POliCY Paradigms. . ....ue ettt e e et e e e et e e e et e e e et e et aaes 51
V. Paradigms and ldeasin UK ENergy POlCY ....ccccvvuuiiiiiiiiiiiice e 54
Challenges to the Liberalisation Paradigm..........cooeuiieiiiiiiiiiieccce e e e 57
VI. Interests and Powerin Transitions Management..........ccoveiiiiiiiiie e 60
VII. YU 0T g1 1 V2N 64
4. RESEARCH DESIGN ...cciiiiiiiiiiiitieee ettt ettt e e e ettt ettt e e e e e s sttt e e e e e e e aabbbbbeeeeeeeeesenansbeneeas 67
I.  Interpretivism and CONSTIUCTION.........eiiiiiii e e e e e e et e et e e e e e e e e eaaanes 67
Il.  Research Design: Case Study Research and the Importance of Context........ccccceeeeeeeeeriennnnen. 70
Case Specification and BOUNAAIiES ......ceevuuieiiiiie e e e e et e e e e e e e e et e e e e et aaes 74

1. Case Method and SPeCifiCation...........ceeeeiiiiieiiiiiee e e e e e eeens 78



(0 Y= =] [=T o] W1 T d = ot £ [ < TR 81

V. SUIMIMIAIY et ittt ettt e et st e et e e et s e et e e et s e et e et s eatasaaaa e ataseaesssannnseessenannsaesnseennsenen 85
METHODOLOGY ...ttt ettt ettt ettt ettt ettt ettt ettt ettt et ettt ettt eeaeeeeebeeebebnsebnnnnnnes 88
I.  Research Methods and the Status of Empirical Data........cccoeeeeiiiiiiiiiiiiieeceeeiceee e, 88
[l DAtA COlBCION. .. e e e e e e e e e e e e e e e e e e e e e e e e 93
(00] | F=To (] g =10 o Tol¥ ' 1= o} £ USUPNt 93
INtEVIEW RECIUITMENT. ..eiei et e e e e e e e e ee e 96
1. Interviewing as Practical Accomplishment.........ooovviiiiiiiiiiiie e, 99
Topic GUIe DEVEIOPMENT ...coueiiiiii e e e et e e e et e e e e et e e e e etbeeeesaaaaans 101
INEEIVIEWING TN PracliCe . cuuuiiiiiiiieiiiie ettt et e et s e et s e e b s e e s eaanseenneaees 105
V. PrOCESS & ELNICS ..ttt s 109
NEBOTIAtING CONSENT.c.uuiiiiiiii ettt et e e e et s e e e et s e et s e et s eaasaenasaasnsennnseees 113
Performing INfOrMING.....ccooii e e e e e e et e e e e et e e e e et e e e eanan 116
LY U 010 4 I= 1 VPSPPSRt 118
AN A LY SIS e e e e e e e e e e e e e e e e e e aaaaaeas 122
Lo NI EIC PrOCESS e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eaeeaaaaaeeaaaaaaaaaaaaaaaas 122
1. ACEOr NAITATIVES ...t e e e e e e e e reeeneaas 124
"I, Institutional Analysis: Actors, Metaphors and Categones.........uceeeeeeeieeveeiiiniieeeeeeeeeeeee, 127
V. Intersubjective and Strategy AnalysiS........coeiiiiiiii i 132
LY U 0010 o - o OO OO UOPPUPTPPPINN 134
THE ACTOR LANDSGCAPE. ... 138
I.  Actors: Competendes, Contexts and MeaNiNGS........cceeevuriieeiiiiieeeeiieeeeeee e et e e eateeeeene 138
1. RESEANC TN TUTES . .. e e e e e e e e e e e e e e e e e eeee e 141
1", Pre-CommErcal FIrmS. ... .. s 143
V. N CUMBDENTS .. e e e 146
Caution @Nd ENTRUSTASIM ... e e e e e e e e e e e e e e e e e e e e eaeaeeas 147
LY - 1 LY A Y 1o 1 <Y PNt 151
VI. SUMIMIAIY ettt ettt et e et e et e et e et e e et e et e eaae s etanseean s eaaasaeannaeensensnneesnnenannnns 156
THE INSTITUTIONAL LANDSCAPE. ... 160
I, GOVEIrNANCE ArChITECIUIES. ... e e e e e e e 160
P B T=T o F- [ o 1 4 T=T 0} KOO 162
Il. PUDIIC BOIES. ..t e 165
V. PUblic Private PartNerships.........ceeieiiieeiiiceie et e e e e et e e e e e e e e eeaaaaaas 168

V. Partnership, Categories and Boundary Interpretations ............ccceeeieiiiiiiiiiiii e 172



FCHIJU: Bounding the Undertaking.........ccoouuuiiiiiiiiiiii e et e et eeee 172

The Exclusive Logic of UK H2 MODIlity........coeviiiiiiiiiieeeecieeeccce e eee e 175

VI. 0 <ot N 179

AV L P U] 1110 o -] o RPN 184

9. STRATEGIC PRACTICE IN THE HFC POLICY COMMUNITY ..coiiiiiiiiiiiieee e et e e 187
I.  Constructing @ Policy COMMUNITY ...uuuieeiiiieeiiiieee e et e e e e e e e e e et e e e e e e e eeaaaeaas 187
Conferences & NEIWOIKING........oi i it e et e e e et e e e e et e eeeeaanns 189

] P o o) (=Y dl - T o ] o =11 Lo o DO PPPR R 192
Project Planning & FUNding AllOCatioN..........uiiiiiiiii i 197

1. Evidence Creation and LODBDYIiNG........coovviiiiiiiiii e 202
Interpretation and ObjJECHIVItY.......oiiiiii e aaa 203
COllECHIVE VOI0ES ..ttt ettt ettt e e ettt e e e e s st e e e e e e e s eanereeeeeeeens 206

V. YU a1 g T | V2PN 210
10. DISCUSSION & CONCLUSIONS ......ceeiiettiiieitee e e e ettt eeeeeeesssntnnreeeeeeesesssssnnnnseeeeeaeessnnnnes 214
I.  Methodological Reflections, Limitations and Future Work............cccceeeiiiiiieiiiiiiieieiieeeeee, 214
Bounding the Case: indusions, exdusions and the HFC community ..........coeevvvvieiiieeeeeeeennnnnn. 215
Breadth & Depth: correlation, interpretation, interests and values ...........cccceeeeviiiieiiiiineennn. 217

Il.  Actors and Membership of the HFC Community.........ccuuuuiiiiiiiiiiiiiiiie e 221
Sectoral Expertise: Electricity, Heating and Transport...........coouiiiiiiiiiei e, 225

"I, Institutions & the Logic of Commercialisation..........cocoeiiiiiiiiiiiiiiee e 227
Paradigms and De-politicisation........cuuuiiiiiiiii e e 230
Meta-Governance and Sustainability Transitions..........cceeeviiiiiiiiiiiiieiie e, 232

V. Practices and Strat@gies . .....ciieiui i 235
Agency Centred Constructivism in Policy Networks ...........uuueiiiiiiiiiiiiiiei e, 238

V. SUMMArY & CONCUSIONS ...vvuniiiiiiiie ettt e e et e e et e e e e et e e e stbeeeeetbaaeessaaaeaenraaaaes 240
APPENDIX 1: TEXTS REFERRED TO IN ANALYSIS ...oeiiiiieeei ittt et ee e e et e e e e e e e e e 244
APPENDIX 2: PARTICIPANT RECRUITMENT LETTER ....ccettiiiiiiiitieeeeee e ettt ee e e e e e ettt e e e e e e s e 256
APPENDIX 3: ANONYMISED LIST OF INTERVIEW PARTICIPANTS ...coeiiiiiiiiiiieeee e e eeeieieeeeee e e 257
APPENDIX 4: INTERVIEW SCHEDULE & TOPIC GUIDE.......cccuiiiiiieieeeieiiiiiiieeeee e e e e 258
APPENDIX 5: PARTICIPANT INFORMATION AND CONSENT FORM: .....ccociiiiiiiieeeeeieiiiieeteee e e e 261
APPENDIX 6: EARLY NARRATIVE ANALYSIS FOR POLICY ACTORS ....ceiiiiiiiiiieeeeeeeeeiiiiieeee e e e e 263
APPENDIX 7: UKHM MEMBERSHIP AND RESEARCH PARTICIPANTS .....uuiiiiiiiieeeeeeeeiiieieeeeee e e 265
APPENDIX 8: FCHJU GOVERNANCE STRUCTURE ......cetttiiiiiiiiiititeeeeeee ettt ee e e e e e e iieeeeeeeeaeee e e 267

BIBLIOGRAPHY .ot e 268






List of Figures

Figure 1: Basic FUEI Cell DESIZN.....ccovereveeirreereeeeeteteetste et 13
FIGUIE 2: TRE IMILP ...ttt sttt st sttt netans 40
Figure 3: MAIP STrUCTUIE ...ttt s 181



List of Tables

Table 1: Global Fuel Cell Sales by Application in Megawatts and ‘000s unitssold................

Table 2: UK Innovation System Bodies with aninterestin HFCtechnologies



Table 3: Approachesto Constructivist PUBIICPOIICY ......ccooueeeeieieieeeeececeeeeeee e

Table 4: Typological Dimensions........

Table 5: Indicative category analysis

Table 6: ACLOr TYPOIOEY covvuniiiiie et e ettt et e e et e e stae e e e e et s e s s se s sae e sranesaeesean



1. INTRODUCTION

L. Hydrogen Fuel Cells, Network Governance and Energy Innovation
Policy

Hydrogen fuel cells (HFCs) have long featured on lists of future technologies which may hold the key
to reducing fossil fuel dependence, emissions of greenhouse gasses (particularly CO2) and urban air

pollutants, as well offering substantial competitive advantages tothe companies and countries capable

of bringing them to market early (Hoffman, 2001; High Level Group, 2003; UKHM, 2013a). Hydrogen’s

potential as an energy carrier; storing renewably produced energy for future use in domestic and
transport settings; has led to speculation that in the future we will see the emergence of a hydrogen
economy in which individuals and organisations produce and consume hydrogen according to their
own needs; the trade in any surplus radically transforming access to energy resources at local,
regional and global lewels (Clark Il & Rifkin, 2006; Dunn, 2001; McDowall & Eames, 2006; Rifkin,
2003). In the present we have seen a growing interest from policy makers in harnessing HFC
technologies within broader decarbonisation and transport strategies. In particular the technology has
been identified for its potential to enhance the economic competitiveness of Europe and the UK’s
automotive, high-tech research and manufacturing industries (HM Government and Automotive
Council UK, 2013; Kemp-Harper, 2011; BIS & DECC, 2009). HFCs have been hailed for their capacity
to reduce carbon emissions from domestic electricity and heating and transport sectors, and; help
balance the strain of growing lewvels of intermittent renewable electricity generation (CCC, 2010; DT,

2004; DECC, 2011; High Level Group, 2003).

Research continues apace in the physical sciences and a growing body of social science literature is
emerging looking to likely issues of economic viability (Balta-Ozkan & Strachan, 2010; Dodds &
Hawkes, 2014); potential routes to market; system designs (Eames & McDowall, 2010; Ekins &
Hughes, 2009; 2010a; Hardman, et al., 2013); as well as issues of public acceptance and risk
perceptions of hydrogen production, transport and refuelling (Cherryman, et al., 2009; Ricci, et al.,
2010; Sherry-Brennan, etal., 2010). Howewer, to date we have seen no studies of HFCs as objects
within UK and European policy processes, nor have we seen a sustained study of the broader policy

network or community engaged within such processes. As a technology with potentials across multiple
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policy domains forenergy, innovation and transport; HFCs offer an interesting case study for

students of the policy process.

As objects of policy, HFCs have appeared in government discoursein two ways; as a single
technology being funded through emergentinstitutional arrangements for energy innovation, and; as
part of a widergrouping of emergentlow carbon technologies posing distinct infrastructural, market
and regulatory challenges if they are to provide asignificant contribution to the UK economy or
carbon reduction targets. To thisend we have seen the emergence of aplethora of research
networks and public private partnerships around the technology. Spanninglocal, national and
European levels of governance, these networks comprise policy makers, private businesses and
researchers, aimingto enhance the UK’s capabilities in HFC research development and
manufacturing; establish goals and priorities for future research, developmentand demonstration
(RD&D) funding; and shape the development of future infrastructure, market and regulatory
development (forabrief, non-comprehensive overview see; UKERC, 2014). As such, we may beginto
think about HFC innovation governance in terms of a policy community, or network in which non-

state actors are beingincreasingly incorporated into policy design and delivery.

Since the 1990s we have seenthe emergence of asubstantial literaturearguingthat we are
witnessing ashiftaway from centralised state decision making toward new modes of governance
which seek toincorporate the knowledge; expertise; and implementation capacities of abroader
network of actors fromthe private sectorand civil society (Hajer, 2003; Rhodes & Marsh, 1992;
Rhodes, 1996; Sgrensen & Torfing, 2009). While early network governance theorists suggested this
may amountto little more than anideologically motivated ‘hollowing out of the state’ (Rhodes,
1996, pp.661-663), others have emphasised the democratic potentialand new capabilities offered
by networked forms of governance (Hajer & Wagenaar, 2003; Torfing, 2007). In thissense, network

governance processes can be viewed as practice oriented, taking their starting point fromashared



policy domainto seek mutually agreeable problem definitions and actions forits navigation. Thus
modes of governance such as public-private partnership, privatisation and service commissioning
operate to harness the differentiated skills and expertise of the state; private companies; NGOs and
independentregulatorsinrelationto a particulartask, be that inthe delivery of healthcare services
or large infrastructure projects (Flinders, 2005). Similarly, proponents of more deliberative modes of
policy making suggest that by incorporating expert and stakeholder views through networked
deliberation, the processes and outputs of policy making can be enhanced (Skostad, 2003; Hoppe,
2011). Governance by networks hasthusincreasingly come to be seenasa means of filling
‘institutional voids’ (Hajer, 2003), spacesin which states lack either the capacity or legitimacy to

governalone.

In energy and innovation policy we have seen these shifts presentinthe move to energy market
liberalisationinthe 1980s and 1990s, as well as more recent efforts to develop publicbodiesand
institutional structures capable of fostering the delivery of new technologies, infrastructures and
regulatory regimesto accelerate shifts towards more sustainableforms of economicdevelopment
(Kemp, etal., 2007; Loorbach, 2010; Schot & Geels, 2008). Theorists of transitions managementand
environmental political economy argue for such transitions to be successful, closecoordinationis
required between incumbent businesses; regulatory regimes and the proponents of emergent
technologiesisrequired to prevent emergent technological pathways from being closed down

(Kemp, etal., 2007; Meadowcroft, 2005).

In the Netherlands, where transitions management theory has been explicitly incorporatedinto
policy design, agrowing body of literature has emerged covering the practical challenges of
incorporating smaller technology communities into policy architectures. In particularsuch
approaches have been problematized for their failure to anticipate and mitigate pre -existing

imbalances of powerbetween proponents of niche technologies and incumbentindustries. In



particularthese critiques focus on how pre-existing policy discourses and entrenched interest groups
have restricted opportunities for radical challenges to existing socio-technicalregimes to emerge
(Kern & Howlett, 2009; Smith & Kern, 2009; Shove & Walker, 2007). Reflecting similar critiques
emerging from reflexive ecological modernisation theory (Christoff, 1996; Hajer, 1996); such authors
argue that in relying onrelatively narrow ranges of technologically informed actors; innovation policy
networks have tended to avoid focus on large scale socio-technical transformations, reproducing
incremental innovation programmes favoured by dominant energy system actors (Scrase & Smith,
2009) . Inthese accounts, the process of innovation governance comes to resemble phenomena of
de-politicisation or ‘governance in the spirit of capitalism’ (Eagleton-Price, 2014, p. 5; Sgrensen &
Torfing, 2005; Swyngedouw, 2005; Wood, 2015), through which contestable economic,

environmental and political arrangements becomereified and positioned beyond democratic control.

While there isa growingliterature on UK energy innovation policy, to date its primary foci have been
the challenge of shifting existing regulatory and investment architectures to incorporate new
generators and technologies and accommodate greater operational flexibility (Bolton & Foxon, 2015;
Foxon, etal., 2005; Helm, 2007). Operatingatsystems level, attention has been paid to the
emergence of asomewhat fragmented system forthe management of energy innovation (Winskel,
et al., 2014; Winskel & Radcliffe, 2014); as well as singularinstitutions and policy trajectories (Kern,
2012; MacKerron, 2009). Alongsidethis literature is abroaderongoing debate as to whetherthe turn
towardsinnovation and reorientation of energy policy towards issues of security and decarbonisation
constitutes a paradigm shiftaway from the discursive-institutional framework of market
liberalisation (Fudge, etal., 2011; Helm, 2007; Kern, et al., 2014). While the former may be thought
of as arelatively small network of energy companies; regulators and government departments, the
latter may come to comprise afar widerarray of technology companies; domesticand local authority

energy producers; aswell as those actors currently dominating the UK energy system (Mitchell,

2008).



However, to date relatively little attention has been paid to the interactions between the emergent
institutional architectureand paradigm for energy innovation policy, and the community of actors
involvedininnovation governanceinthe UK. While approaches to network governance and
transitions management have variously described such communities as means for the expertise of
non-state actors to inform democratic policy deliberation or new routes for established interests to
maintain their powerand position, we simply do not know which may be the case within UK energy
innovation policy. Given the current status of HFCs as a niche low-carbon technology, astudy of the
policy community emerging around them may thus offer significantinsightinto the role of powerand
interests within this ongoing paradigmaticshift, and how this shiftis effectingthe interestsand
strategies of actors at the interface of UK energy and innovation governance. Given the lack of
attention to date on thisarea ingeneral and on HFC innovationin particular, such astudy of has the
potential to be of interest both inits own right, and for what it may tell us about the broader policy
process drawing togetherenergy, innovation and transport policy to promote emergent low carbon

technologies.

IL Research Position and Overview
This thesis approaches the topicof HFC innovation governance from a perspective Saurugger

describes as ‘actor centred constructivism’ (ACC). The product of a fusion between rational choice
institutionalist perspectives and newerforms of constructivist institutionalism; ACCaccounts view
governance processes as the product of strategicinteractions of social actors forwhom ideas
representastrategictool forrealising theirinterests. Thisis notto say suchinterests are materially
determined, ratherthey are themselves shaped by an actors’ position within and rational
interpretations of the broader material, ideational and institutional structures in which they are

located (Hay, 2011). While rooted in accounts of the policy process emphasising the role of



institutional socialisation (Dowling & Pfeffer, 1975; March & Olsen, 1989; Meyer & Rowan, 1977);
social learning (Bennett & Howlett, 1992; Hall, 1993; Hoppe, 2011); and discourse (Glynos &
Howarth, 2008; Schmidt, 2008); ACCseeks tosituate policy process atthe level of strategicrelations
between rational socialactors. Inso doing, ACCaccounts provide ameansto examine how and why
particularideas do or do not gain broad acceptance in policy discourse, institutional paradigms and

the rules and standard operating procedures of particularinstitutions (Saurugger, 2013).

As a policy network negotiatingissues pertaining to highly rational, techno-scientific questions
(which nonetheless carry economic-material and ideational implications in terms of their capacities
and claims for carbon reduction and boosting corporate and international competitiveness), the HFC
community appearsanideal case foranalysis withinan ACCframework. In so doing, the thesisaims
to identify both the limits of more ideationally informed accounts of the policy process; whileat the
same time highlighting how ideas and policy discourse operateto shape and guide how rational,
materially constrained actors interprettheirinterests and construct strategies for negotiating

complex policy problems. More specifically the thesis will be guided by the following questions:

Research Questions
1. Actors
a) Who are the key actors inthe UK HFC community?

b) How does positioninrelation to existing socio-technical regimes effect actor strategies?

2. Institutions
a) What rolesdoideas playinshaping how HFC community actors interpretand construct

theirinterests?
b) What formal and informal institutions allow forsocial learning and the identification of

collective interestsin UKinnovation governance?

3. Policy



a) What do the strategicinteractions of HFC community actors tell us about the process of
governinginnovation networks?

b) How should HFCinnovation governance in the UK be characterised

Thesis Overview
The opening chapters of this thesis discuss literatures on HFCs; science and technology studies;

constructivist approachesto policy analysis aswell asresearchin the substantive field of energy and
innovation policy. Chapter 2 provides some important background to HFC technologies, providing a
basicoutline of the current state of the technology; the roles forwhich they have been proposedin
various areas of the energy system; and a very brief overview of the publicfundingarrangements
through whichthe UK and EU have soughtto support HFC innovation. Chapter 3 pulls back from this
technological specificityto provide an overview of two broad disciplines of relevance to the study of
innovation policy networks and communities. Providing a brief overview of rational choice and
sociological approachestothese disciplines, the chapterthen shiftsits attention to constructivist
approachesto STIS and policy analysis. In particular, the chapterdraws attention to transitions
theory’s distinction between socio-technical niches, regimes and landscapes (Geels, 2002; Schot &
Geels, 2008); and actor centred constructivist approachestoideas, institutions and strategies (Hay,
2011; Saurugger, 2013) as valuable concepts for making sense of contemporary debates over energy
innovation. Following on from this, the chapterexplores more substantively focussed literature
tracing ideas of energy market liberalisation and decarbonisationin UK energy and innovation policy
(Helm, 2008; Kern et. al., 2014; Winskel & Radcliffe, 2014). In so doingthe latter part of this chapter
shiftstothe roles of ideas andinterestin shapingthe priorities of energy and innovation policy
(Lehtonen & Kern, 2009; Mitchel, 2008; Scrace & Smith, 2009), pointingtothisasa key area from

which researchinto HFC innovation governance should depart.



Chapters4, 5 and 6 set out the process through which the research progressed. The opening of
chapter4 follows Yanow & Schwartz-Shea (2006) in challenging the notion that questions of research
design and methodology canrealistically be separated from core questions of ontology, arguing
instead that our understanding of the world necessarily impacts upon the means by which we seek to
investigateit. Fromthisitoutlines how a constructivist-interpretivist focus on contextualised
interpretation and strategicagency provides the best means of conceptualising the meaningful
interests and relations between members of the HFC community. Having done so, the chapter moves
to discuss the HFC community as a geographically dispersed community of interest, the boundaries
of which were uncertain atthe outset of the research. In so doing, this chapteroutlines case study
research as the design best suited to identifyingand explaining the emblematicrange of interpretive
positions within such acommunity. Finally the chapter discusses what the study claimsto offerin
terms of knowledge of the HFC community and transferability to other cases of networked
innovation governance, highlighting interpretivist concepts of credibility and transferability grounded
inrich contextualised description, as the key criteria against which the research should be judged

(Flyvbjerg, 2011; Lincoln & Guba, 1985; Schwartz-Shea, 2006).

Chapter5 details the methodologyand rationale for collecting data in the form of publicdomain
documentation and interviewaccounts. Data collection aimed to identify both the emblematicforms
of variation between different organisations within the HFC community, and examine the ideas and
rationales givingrise to this variation. The chapter outlines the process of snowball sampling through
which documents and initial interviews gradually honed in on organisations, based within wider
collaborative networks as the key case units through which the overarching case of the HFC
community could be described. The remaining methodological discussionin this chapter focuses on
the status of documents asindicators of the institutions and strategic positioning affectingan
organisation (Fairclough & Thomas, 2004; Tracy & Tretheway, 2005), and interviews as negotiated

texts (Holstein & Gubrium, 1995; Silverman, 2001). Providing an overview of the construction of



interview topicguides and conduct of interviews in practice, this discussion focusses on the
processes of co-construction, reflexiveinterpretation and member checking through which the

research was able to establishrich, credible accounts of organisational strategies and interpretations.

The final methodologically oriented chapterfocuses on the interpretivist-constructivist analytic
strategy through which interviewand documentary texts wereinterrogated. The early stages of this
chapterdescribe how three stand out elements emerged through which the researcher oriented
themselves tothe data; actors, institutions and strategies. In making sense of these elements, the
chapterdraws heavily on Yanow’s (1996; 2000) model of interpretive policy analysis focussing on
narratives; metaphors and categories. Bringing these insights together with insights from actor
centred constructivism (Hay, 2011; Saurugger 2013), Chapter6 outlines the iterative development of
three analytictracks corresponding to actor narratives; intersubjectively recognised categories and
metaphors; and collective practices and strategies, which provided the basis forthe eventual

development and presentation of research findings.

Beginningdiscussion of the research’s findings, Chapter 7 outlines the key types of actor presently
constitutingthe HFC community: research institutes; pre-commercial firms; enthusiasticand cautious
incumbents and early movers. Differentiated by theirtechno-scientificand economic competencies;
interpretations of the environmental, resource and market landscapes they face, and; the meaningful
intereststheyidentify for HFCs, these actors nonetheless are all members of overlappinginstitutional
networks for HFC innovation governance. In particular this chapter identifies claims to techno-
scientificexpertise and objectivity; industrial impact; market opportunity and risk; and
environmental imperatives as central to the ways different types of actor have sought to identify and
engage with HFCs. Developed through analyticconversation between transitions theory approaches
and constructivist policy literature, this typology provides the first formal description of the HFC

policy communityinthe UK.



Chapter 8 outlinesthe broad institutional landscape in which HFCs are emerging as an object of
energy andinnovation policy inthe UK; comprising arange of departments, publicbodies, public
private partnershipsand projects each operating one step closerto the HFC community itself. While
the thesis has sought to maintain focus on the UK, nodiscussion of the policy networks of the British
HFC community would be complete without reference to the European Fuel Celland Hydrogen Joint
Undertaking (FCHJU), a public private partnership that remains the largest funder of UKHFC
innovation. Although each of these institutions carry distinct institutional identities and remits; they
are bound by a common logic of appropriateness (March & Olsen, 2004; Saurugger, 2013), within
which commercialisationis positioned as the ultimate goal of innovation governance. While this logic
operatesin part to legitimise state intervention into liberalised markets; at the same time it serves to
privilege industrial organisationsin the development of RD&D priorities and goals and limit the roles
policy actors may take in promotinginnovation. Finallyinexploringthislogic, the chapterpointsto
several institutions in which the commercial competencies favoured by incumbents come to function

as exclusionary criteriafor participation in funding prioritisation and regulatory planning.

Chapter 10, turnsits attention to the means through which it has become possibleto speak of an
HFC community in general terms; looking to the intersubjectively recognised practices and actor
strategies present within the HFC policy community. In so doingitidentifies two processes; one
characterised as relativelyinclusive process of network formation, the other more exclusionary. In
the former, conferences and project participation appear as forms of network constitution through
which actors with diverse competencies come togetherin orderto achieve collectivegoalsinrelation
to the development of HFC activities. While these sites are to a degree competitive and can function
as risk management strategies forincumbents they are in general relatively open to different actor
types. Funding deliberation and lobbying activities conversely have tended to operate onamore

exclusionary basis. While not necessarily deliberate, this chapter points to several instances of
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institutionalised deliberation operating to exclude actors lacking the organisational resources to
engage on a regular basis; forcing early movers and pre-commerecial firms to adopt strategies of
selective ordis-engagement. Finally the chapter discusses arange of individual and collective
practices of evidence production and industry body formation in efforts to influence future
regulations andincentives for HFC technologies. In so doingitfocuses on the collective
interpretations that technocraticideas of energy system optimisation in alliance with other

technologies provides the mostfavourable means of garnering policy support.

In concluding the thesis, Chapter 10 draws the research findings back to the thesis’ preceding

discussion of transitions theory and constructivist policy analysis. In so doing draws attention to how

the constructivist concept of contextualised interpretation can contribute to ourunderstanding of
how actors interprettheirinterestsin relation to niche, regime and landscape interactions. Its
discussionthen shifts to the logicof commercialisation as anillustration of how the contemporary
bricolage of market liberalisation, innovation and decarbonisation energy paradigms function to
shape the practices of policy actors and the structures of innovation policy actors and networks.
Finallyitsuggests that givenits relatively narrow, technocratic orientation; the HFC community has

tendedtoorientitself toward the preferred technologies and innovation priorities of incumbents.
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2. BACKGROUND: HYDROGEN AND FUEL CELLS IN ENERGY &
INNOVATION POLICY

III. Some basic chemistry: HFCs as artefacts
Priorto beginningafullerdiscussion of HFCs and the wider policy contextin which they are taken, it

isfirstnecessary to provide a brief introduction to the technology. In the firstinstance we must
distinguish between the two terms ‘hydrogen’ and ‘fuelcell’. Hydrogen, generally signified through
the chemical designation Hz, is the most abundantelementin the universe, comprising
approximately 80% of all matter. Comprising asingle proton paired with asingle electron,Hz2is highly
reactive and as such only occurs naturally on earth bonded to otheratoms intightly formed
molecules, the best known of which include waterand hydrocarbons such as coal, mineral oil and
natural gas. When oxidised, usually through combustion, other elements within these fossilfuels
formthe greenhousegas CO2, as well as a range of other harmful pollutants such as carbon
monoxide (CO) and sulphurdioxide (SO2). Furthermorethe heat produced by the combustion
process alsoleadstothe reaction of oxygen and nitrogen presentinthe airtoform nitrogen oxides
(NOx) (Momirlana & Veziroglub, 2005). In contrast, when hydrogen is oxidised alone the only
products are waterand energy, released by the breaking of chemical bonds between the reacting
molecules, plus small quantities of NOxfrom the heat of combustion. During combustion this energy
takesthe form of light and heat, howeverif the reactionis conducted electrochemically (through the
input of electricity ratherthan heat), the energy released will be electrical with no NOx produced.
Thisis not to say H2 is necessarily azero carbon fuel, rather this depends on the production
technique employed, eitherthroughits separation fromfossilfuels through industrial processes such
as steam reformation, orvia electrochemical splitting of waterinto its component gasses hydrogen
and oxygen. While the former process remains by far the most economical, it releases carbon and
other pollutants, just as direct combustion would. Carbon capture and storage technology (CCS),
shouldit prove viable, may hold out the potential of capturing such emissions at centralised
production plants, preventing their contribution to climate change (Hoogers, 2003; Hart & Bauen,

2003). Electrolysisonthe otherhand, if powered by renewable electricity, is azero carbon process. It
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is hydrogens combination of high energy content with the potential forthe capture orelimination of

carbon emissionsthat providethe primary rationaleforits use as a fuel.

Fuel cells (FCs) conversely are entirely human artefacts, assembled by human hands fora specific
purpose.Inessence afuel cellisadevice forgenerating electricity through an electrochemical
reaction betweenapure orhydrogenrich fuel and oxygeninthe air. All fuel cells comprise two

electrodes;acathode and an anode, separated by an electrolyte (see figure 1):

Figure 1: Basic Fuel Cell Design
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The fuel enters the fuel cellatthe anode, where a catalyst separatesits hydrogen componentinto
negativelycharged electrons and positively charged ions. Whilethe ions are capable of passing
through the electrolyte barrierbetween electrodes, the electrons are diverted around an electric
circuitto powera load, which depending on the size of the fuel cell canvary froma small light bulb to
a bus or evena large industrial plant. At the cathode, oxygen from the air reacts with the incoming
electrons fromthe circuitand ions that have passed through the electrolyteto formwaterand a
small amount of heat (Busby, 2005). When fuelled by fossil fuels, additional chemicals presentinthe
fuel such as carbon and sulphurare partially reformed into hydrogen either within the fuel cellitself
or in an external reformer with excess pollutants emitted into the atmosphere as CO, CO2 and SOa.

However because the electrochemical reactionsin FCs produce less kinetic, sound and
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electromagnetic (light) energy, the process can be vastly more efficient than combustion (Hart &
Bauen, 2003; Karimi & Foulkes, 2002). This means that even when powered by fossil fuels, FCs may
offera cleaner more resource efficient means of energy generation than burningfuelsin engines or

furnacesto drive turbines.

IV. HFC Rationales: Rising prices, Scarce Resources & Emissions

Reduction
The UK energy systemis undergoing a period of profound change with a range of concernslinked to

the cost of energy; the longterm availability and security of access to fossil fuels; and climate change
all presentin contemporary energy policy discourse (Helm, 2005; Scrase & Ockwell, 2009). While the
politics and discourse emerging around such policy will be examined more critically laterin Chapter 3
(p.54), this section aims to provide a more technical discussion of those elements of UK energy policy
discourse that are of most relevance to HFCtechnologies and theiradvocates. There are two broad
reasons fordoingthis. Firstly the technological policy problematisations outlined here provide some
contextual background for why HFCs have begun to appearas objects of governance. Secondlyin
placing the technocratic problematisations relativelyearly inits discussion, the thesis mirrors the
priority given tothese accountsin the writings of HFC advocates (cf. Ball & Weitschel, 2009; Busby,
2005; Ekins, 2010a). In particularthis section highlights the domesticenergy and transport sectors as
essential components of contemporary UK decarbonisation policy, likelyto require new innovations

across a range of emergenttechnologies for energy generation, storage and transmission.

Domesticenergy use and transport combined comprise over half of overall energy demandinthe UK.
Domesticenergy consumption is overwhelmingly fulfilled via electricity and natural gas and meets
29% of primary energy consumptioninthe UK, with transport contributing afurther 27%. Despite
some reductions attributed torising household and engine efficiency standards, and shifts from coal
and petrol to natural gas and diesel; these two sectors remain major contributors to UK CO2
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emissions (MaclLeay & Annut, 2013; Prime, etal., 2014). Road transport, particularly by private car
comprises the bulk of the transport sectors 23% contribution to total UK greenhouse gas emissions.
Residential use of electricity and gas are responsibleforafurther 25%, and in both cases carbon

dioxide (COz2) from fossil fuel combustion is by far the largest component (DECC, 2014a).

In light of the stated intentions of the UK governmentand European Union (EU) to drastically reduce
such emissions, further changesinthese sectors are likely to be required. The EU’s targets for CO2
reductioninclude 20% increasesin renewable generation and energy efficiency by 2020, andit’s

2007 StrategicEnergy Technology Plan explicitly links long term economicdevelopment and growth
to low carbon innovation (Carvalho, 2012).The UK’s Climate Change Act (2008) enshrinesin law the
target of reducing CO2 emissions by 80% from 1990 levels by 2050; to be achieved through aseries of
five year carbon budgets which setlegal caps on emissions overeach period. The firstfourcarbon
budgets have now been agreed by the statutory Committee on Climate Change (CCC) and signedinto
law, with the intention to achieve 50% reductions in emissions by 2027. Such reductions are thought
likely torequire almost complete decarbonisation of electricity generation by 2030 and 44%
reductionsinemissions from surface transportation. By 2040, all new vehicles sold are expected to
be ultra-low emission vehicles, which in practice means they willrun on electric, fuel cell or biofuel

drive trains (CCC, 2010; HM Government, 2011).

Domesticheating, one of the more difficult sectors to decarbonise due to the prevalence of natural

gas inresidential space and water heating, is expected to proceed more slowly. Efficiency measures
such as insulation comprise the main source of anticipated emissions reductions to 2020, after that

decarbonisationis anticipated to require shifts to more efficient transitional technologies such as

heat pumps and combined heatand power (CHP), with low-carbon electrification expected to be the
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end goal (HM Government, 2011; DECC, 2012a). Giventhe uncertaintyinherentinsuchlongterm
projections, based on energy systems modelling and a series of assumptions ranging from future
commodity prices torates of technological development, theseforecasts are to be taken witha
degree of caution. However, if the broad goals of decarbonisation are to be met, large scale changes

of the UK energy system will be required.

In electricity generation the intermittent nature of wind energy, expected to expand vastly in the
periodto 2050, poses particular problems. Inthe firstinstance changing wind speeds mean the
output of such capacity is unstable. This poses a problem forageing transmission networks designed
for the relatively predictable and stable outputs of fossilfuel and nuclear generation. The inflexibility
of windis likely to necessitate new mechanisms forenergy storage toact as a sink forexcess
generationin periods of low demand, and additional generating capacity to cover windless periods
and times of peak electricity use. If transport and domesticheating are also likely to be increasingly
electrified, this will exacerbate the need foradditional (likely intermittent) renewable generating
capacity and new technologies to balance their strain on the grid (CCC, 2010; Cavallo, 2007; DECC,
2012a; Helm, 2005). Inthe periodto 2020, conventional grid management technologies, domestic
energy efficiency enhancements and new diesel and hybrid engines are likely to play the
predominant balancingrole;inthe decades followingarange of new technologies are thought to be
required. Anumberof options have been proposed to meet these challenges; from offshore wind to
ground source heat pumps; centralised nuclear based energy networks to decentralised ‘smart’ grids

sharinglocally generated heatand power.

Dovetailing with the decarbonisation imperative are notions of energy security which construct the

UK’s dependence of electricity and gas asin some way under threat (fordiscussion see; MacKerron,

16



2009; Scrace & Ockwell, 2009). North Seareserves of oil and gas are diminishing. The UK has beena
netimporterof both fuels since 2006 with productionin 2013 down to approximately athird of its
peakin 1999/2000 (DECC, 2014b). Thisdepletion combined with fears over the stability of oil and gas
suppliesinRussiaand the Middle Eastand increased demand from rapidly industrialising states have
contributed to a partial reframing of UK energy policy as a national security issue; reachingits highest
pointinthe 2007 Energy White Paperwhich foregrounded security of supply as necessitating
expansion of nuclearand renewable energy production and increased efforts in demand reduction
(DTI, 2007, p. 7; Scrase & Ockwell, 2009). The 2011 White paper, while less concerned with
international threats has likewise identified security of supply as a primary concern, this time
rearticulated to the coverthe needforinvestmentinthe expansion of new low carbon electricity
generation and transmission capacity, and the affordability of these systems (DECC, 2011).
Household electricityand gas bills have beenrising consistently since 2004, and did so by 79% and
121% respectively inthe period to 2011. While the bulk of these increases have been attributed to
risingwholesale gas prices; infrastructuralinvestment, investmentin renewables, and rises in VAT
have also contributed. These costs are projected to continue torise inthe period to 2020, partiallyas
aresultof predictedincreasesin offshore wind generation (CCC, 2011, p. 16; Bolton, 2014, pp. 11-

13).

Currentmarkets, future potentials

As a technologystillinitsinfancy, there is as yet no mass market for HFCs, nor are they a common
referentinenergy policy discourse. Rather, private sector designed and manufactured HFCs have
tendedtofind use in publicly subsidised demonstrations or small markets where an aspect of the
technology justifies a price premium. That being said, markets are beginning to emerge for HFCs,
with industry reviews tracking substantial expansionin fuel cell sales over the past five years (Carter

& Wing, 2013). While conceptually speaking, HFCs are often discussed in as a single technological
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category, there are a number of distinctions within this which tend to be used to characterise the
technology accordingtofuel cell type (generally the electrolyte material), and application. Fuel Cell
Today, a majorindustry publication and authors of the most authoritative review of the sector
dividesitsanalysisaccordingtothree such application areas; ‘portable’; ‘stationary’ and ‘transport’,
each representing different markets, and different types of fuel cell technology (Carterand Wing
2013, p.4, see also; Busby, 2005, 12-13, 102, U.S. Department of Energy, nd). The followingtable

presents global fuelcell sales by application, taken from Fuel Cell Today’s 2013 Industry Review:

Table1: Global Fuel Cell Sales by Application in Megawatts and ‘000s units sold

Applicat- 2009 2010 2011 2012 2013

ion MW/'000 units | MW/'000 units | MW/'000 units | MW/'000 units [ MW/'000 units
Portable 1.5 5.7 0.4 6.8 0.4 6.9 0.5 189 | 0.3 13
Stationary | 35.4 6.7 35 8.3 81.4 16.1 124.9 24.1 | 186.9 51.8
Transport | 49.6 2 55.8 2.6 27.6 1.6 41.3 2.7 28.1 2

Adapted from: Carter & Wing (2013, pp. 42-43)

These figures show physical deploymentsin stationary and transport ap plications as the largest
subsectors of the fuel cell industry by system size (MW), significantly outstripping usage in portable
powerapplications. The disparity between thesefigures and the relatively high numbers of units for
portable applications shipped is attributable to the smallersize of portable units, and theirstatus as
earlierto markettechnologies in mobile battery charging and off grid leisure activities (Carter &
Wing, 2013). It is howeverenergyand transport which comprise the most significant segmentsin
terms of MW units at present. Moreover, given these sectors are also the most significant emitters of
GHGs, overthe longterm energy and transport are thoughtto representthe largest and most

beneficial potential markets for HFC technologies.

In particularitis the potential of HFCs to facilitate the integration of renewables and decarbonisation
of ‘tricky’ sectors such as domesticheatingand transport where electrolysis; fuel cell CHP and

hydrogen transporttechnologies can make the most of their efficiency advantages overincumbent
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technologies. Electrolytic production of H, has been proposed as a means of storing excess electricity
generated by intermittentrenewable generation for subsequent use in modified gas turbines or
transportrefuelling. H, hasalso been proposed as a heatingfuel thatcould be injectedin small
proportions of H2 into the natural gas grid, or overthe longertermthrough full conversion of grid to

pure H2 (Moriarty & Honnery, 2007; Korpasa & Greiner, 2008; Ehteshami & Chan, 2014).

As a more transitional measure, fossil fuel powered Solid Oxide and high-temperature Proton
Exchange Membrane fuel cell (SOFC & PEMFC) technologies have been proposed for use in micro-
CHP (mCHP) applications; using natural gas from the existing grid to generate electricity and heat for
use in homes and small businesses. More efficient than conventional boilers or engine driven CHP
technologies, fuel cellmCHP may represent atransitional technology, reducing use of natural gas
through more efficient energy conversion and eliminating efficiency loses in the transmission of
electricity from power plantto end user. Additionally, were sufficient fuel cellmCHP units to be
installed, their combined generating capacity has the potential to displace demand foradditional
power plant construction and attendant enhancements to the electricity transmission grid,
decentralising electricity generation to a network of household mCHP producers exporting their
excess generationtothe grid (Hawkes, et al., 2009; Dodds & Demoullin, 2013). While at present this
last scenario may seem exotic, the shift towards more responsive electricity meteringand smart grids

isdesignedin partto facilitate such forms of micro-generation.

In transport a coalition of majorautomotive manufacturers, including several with significant
manufacturing presence inthe UK, have announced plans for the introduction of low temperature
PEM powered fuelcell electricvehicles (FCEVs) worldwide from 2015 (Daimler, etal., 2009). While in

the early stages much of the hydrogen used will be produced from existing sources and steam
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methane reformation, the public-private partnership UK H2 Mobility (2013a, pp. 10, 19-22) estimates
that by 2030 51% will be produced using electrolysis powered usingintermittent renewables,
providing asecondary market or excess wind electricity that would otherwise be constrained off the

grid.

Giventhe range of potential markets and energy policy drivers for HFC development, thereisa
growingand diverse industry emerging around HFC technologiesin theirvarious forms (Carter &
Wing, 2013). This industry encompasses firms of varying sizes from established multinational
automotive and energy companies to small start-ups specialisingin particular aspects of HFC
technology, andis supported by an active and growing academicresearch base. While somewhat
unstable with firms enteringand leaving the sectoratregularintervals, industry commentators
remain optimisticthat HFCs are due for significant market breakthroughsinthe comingyearsand
decades (Carter & Wing, 2013; E4Tech, 2014). Offering potential storage and use vectors for
domestically produced, intermittent renewable energy HFCs may; facilitate decarbonisation and
diversification away from hydrocarbonsin transportfuels; help avoid additional investmentin
transmission infrastructure; and provide other benefitsin terms of economicgrowth to states gaining
an earlyleadintechnology development and deployment (E4Tech Energy, etal., 2004; High Level
Group, 2003; UKHM, 2013a). While these benefits remain potential, reliant on a variety of factors
including cost reduction, they have contributed to the development of some early markets, and
speculation regarding their future growth. The identification of these markets; combined with the
technologies potential to help meet broader energy policy objectives has led to HFCs gradual

recognition as objects of governance.
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HFC Futures: Teleology to Transitions
Thereisa strongtrendin much of the literature emerging around HFC technologies that paints their

emergence as partof an inevitable process of human progress, in which human beings inevitably
shiftfrom high to low carbon forms of energy generation. In this literature high carbon combustion
of wood, gives way to coal, oil and natural gas; at each stage the carbon content of the fuel source
declining. The nextlogical step forthese authorsis the abandonment of hydrocarbon based fuels to

pure hydrogenitself. Thus for Busby:

‘Hydrogenrepresents the end point of humanity’s trend towards using less and less carbon -
a trend that has persisted throughout our history of consumingfossil fuels and for thousands
of years before that, if you count our ancestors burning wood, peatand dried -out animal
waste’ (Busby, 2005, p. 6).

While the above extractis somewhat unrepresentative of Busby’s more nuanced appraisals of the
prospectsforspecificHFCtechnologies, the above statement is reflective of abroader literature that
represents the technology as an engineered route to The End of History; deliveringthe worldto a
promised land of ubiquitous, cheap and renewable energy (Dunn, 2001; Rifkin, 2003; Clark Il & Rifkin,
2006). Domesticrenewable generation technologies such as solar panels will becomeallied to
electrolysertechnology; hydrogen, transported in natural gas grids becomes available on demand
universally. FCEVs provide cheap mobility and reduced energy bills allow for greater leisure time. In
time as fuel becomes abundant, resource war becomes obsolete, and the Middle East becomes a
peaceful and democraticregion. In the words of Jeremy Rifkin (2003) the hydrogen economy delivers
no lessthanthe ‘re-distribution of poweron Earth’, democratising access to energy resources. While

the phrase ‘too cheap to meter’ isstudiouslyavoided, the implication is never far away.

While this literature is at the more utopian end of discourse relating to HFCs, and has been robustly
critiqued (Romm, 2005; Bossel, 2006), the promises of such visions permeate academicdiscourse
relatingto HFCs. Some form of hydrogen economy remains the desired (orat least a desirable)
destination. However unlike the more utopian literature which tends to emphasise the inevitability
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of ubiquitous hydrogen economies, the literature on HFC economics and engineering challenges
tends to emphasise the multiplicity and contingency of potential HFC futures. In terms of cost; fuel
cellmCHP requires order of magnitude cost reductions to compete with conventional boilers for
domesticheating (Staffel & Green, 2009). FCEV costs, though seldom published by major
manufacturers are thought to be greatly in excess of those for conventional automobiles (Bakkera, et
al., 2012). While early models will likely be sold at a loss, mainstream manufacturers do not expect
FCEVsto be competitive on atotal cost of ownership basis until 2028, and initial purchase prices are

still expected to be higherthan diesel vehiclesin 2030 (UKHM, 20133, p. 10).

Moreover HFC face a number of infrastructural issues. Roll-out of smart metering and advanced grid
technologiestointegrate and manage fuel cell mCHP and electrolyticload balancing into UK energy
grids remains patchy at best (Lund, etal., 2012; ITM Power, 2014). Findingincentives forthe
development of a national hydrogenrefuelling infrastructure priorto the existence of amarketforH2
fuelisthoughtlikely to prove challenging, as are surroundingissues of planningand health and safety
regulationforH2 whichis currently regulated as a highly combustible industrial gas ratherthan a fuel
(Romm, 2005; Ricci, etal., 2010). Across a range of HFC technologies, reliability and durability remain

active areas for research and developmentand are expected to be so for some time to come.

What we see emergingacross the HFC literature is contradiction between discourses favouring the
environmentonthe one hand and economic efficiency on the other. The outcome of this disjuncture
isfar from clear. Emerging fromthe literature discussing challenges faced by HFC technologiesisa
generalised uncertainty regarding what the future may hold, an uncertainty thateconomicand
environmental modelling and expert forecasts can only remedy up to a point. As Eakins & Hughes

(2009) discuss, forecasting potential HFC energy systemsis asomewhat fraught process. Modellers
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have to contend with uncertainty overthe pace of future technological developments, notonlyin
HFCs buta range of competingtechnologies such as internal combustion engines; heat pumps and
ultra-efficient boilers; batteries and flywheel energy storage. Similarly uncertainty overthe feasibility
of potentially allied technologies such as carbon capture and storage * (CCS), novel forms of hydrogen
production and storage all have bearings onthe output of the models used. Finally uncertainty over
the levels of policy supportfor HFCs, future hydrocarbon prices and potential carbon taxes all have
enormous impacts on what such models will select as cost optimal energy mixesin the period to

2050.

Partially as a result of such uncertainties proponents and scholars of HFC technologies have
increasingly looked to theories of innovation and socio-technical transitions, eitherto guide policy
recommendations for encouraginginnovation or analyse the prospects fortheirsuccess. Some
commentators pointto niche markets where the unique benefits of fuel cells (reliability, off-grid
potential, quiet running etc) have a distinct commercial advantage over rival technologies. Often
drawingonscience, technology and innovation studies (see Chapter 3, p.38), these authors suggest
niche applications and demonstration projects could provide early test beds from which
technological advances, prototypicinfrastructureand economies of scale may develop, inthe same
way the mobile phone batteries transformed the prospects for battery electricvehicles overthe past
decade (Agnolucci & Mcdowall, 2007; Eames & McDowall, 2010; Ekins, 2010b; Ekins & Hughes,
2010a; Hardman, et al., 2013). The degree to which this model can lead to a future where hydrogen
can make a substantial contribution to reducing carbon emissions remains unclear however. HFCs
are competing with multiplealternatelow-carbon energy technologies, including renewable

powered battery electricvehicles and heating technologies. The sumsinvolved in HFC research,

1 CCS inthis context involves the production of electricity or hydrogen at centralised locations, where carbon

emissions can becaptured and stored underground in depleted oil wells or saltcaves.
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development & demonstration (RD&D) are significant, and the prospect of mass market production
and infrastructure development are even more daunting. Put simplyitis thought unlikely that private

capital will be prepared to undertake such risks without the existence of;

e strongsignalsfrom governmentthatenergy security and decarbonisation will remain
significant policy objectives;

e strongnational guidingvisions for HFCs role within broader energy and transport systems;
financial support for breakthrough and early market RD&D activities, and;

e undertakingsto provide sympatheticregulatory and market environment for the

introduction of HFC (Ekins & Hughes, 2010b; Waegel, etal., 2006).

In theirwidely cited meta-analysis of modelling, visions and roadmaps for HFC technologies,

McDowall and Eames (2006, p. 1248) note:

‘In ‘business as usual’ scenarios, hydrogen emerges slowly or not at all. In this literature,
hydrogen only emerges quickly where governments take strong action in the face of climate
change or security fears, or radical technological or social change occur.’

The purpose of this thesis will thus be to examine the ongoing processes through which governments

have come to apprehend HFC technologies and the community emerging to seek policy support.

V. HFCs as Objects of Governance
Given the technological characteristics of HFCs, they have begunto appearinthe discourse of both

the UK and European Union as potential means of reducing carbon emissions and aiding the
introduction of renewablesin anumber of sectors (CCC, 2010; DTI, 2004; European Commission,
2007). This is not to say HFCs have been accorded a similar prominence to offshore wind, nuclear, or
even battery electricvehicles in contemporary policy discourse, ratherthey have beenidentified asa
prospect worthy of accelerated innovation. During the early part of the 2000s strategicreports

commissioned by the EU and UK governmentidentified a range of policy priorities that could be met
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through publicpolicy supportfor HFC technologies, including decarbonisation and energy security
objectives, as well as broadereconomic goals associated with global leadership inemergent low
carbon technology and manufacturing (E4Tech Energy, etal., 2004; High Level Group, 2003). Seeking
to identify not only the potential contributions of the technology, butalso the barriersitfacesin
realising economic, environmental and security ambitions; this work has tended to situate HFCs
within the realm of technological innovation. Within such work, the task of governance bodies is
constructed as supporting the process of technological developmentand costreduction to a pointat

which HFCs are ready for deployment atan economically competitive rate.

As an object of innovation policy, HFC technologies are part of a broader shifttowardsinnovationin
energy and business policy agendas. Intheirjointintroduction to the UK Low Carbon Transmission

Plan, Prime Minister David Cameron and his Deputy Nick Cleggannounced:

‘Inthe 2020s, we will runa technology race, with the least-cost technologies winning the
largest marketshare. Before then, ouraimisto help a range of technologies bring down their
costs sothey are ready to compete when the startinggunisfired.” (HM Government, 2011,
p. 1)

To this end, successive governments have embarked upon arange of policyinitiatives aimed at
acceleratinglow carboninnovation. In 2009 the then Labour governmentlaunched the UK’s first Low
Carbon Industrial Strategy. During the recession the UK was experiencingin 2011, the Conservative-
Liberal Democrat Coalition government followed this up with its Research and Innovation Strategy
for Growth, which likewise gave high emphasis to low carbon innovation as a policy priority (BIS &
DECC, 2009; BIS, 2011). In a study coveringthe development of UK energy Innovation since the 1990s
Winskel et al. (2014), describe a process of reform during the early 2000s during which interestin
energy innovation began to grow, to a period of momentum buildingin the middle of the decade,

acceleratingto a greatersense of urgencyinthe period from 2010-2013. Duringthis period a range
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of bodies have been established, with both explicit environmental remits and remits focussed on

economicgrowth. Table 2 (below) provides an overview of the key bodies and remits involved:

Table2: UK Innovation System Bodies with an interestin HFC technologies

Organisation

Stated mission/role

Priority technology areas

Nature and scale of

innovation

Research To positionthe UKto ‘Growing’ researchareas  Research grantsto UK
Councils' UK meetits policy targetsand include energy efficiency, universities, and
Energy goals energy storage, whole eligible research
Programme through high quality systemsincluding HFCs institutions.
(mainlythe researchand £110mp.a.(2011-12)
EPSRC) postgraduate

training.
Technology To stimulate technology-  Fuel cells & hydrogen; Funding for RD&D
Strategy Board enabledinnovationinthe offshorerenewables;grid projects, to multiple

Carbon Trust

areas which offerthe
greatest scope for UK
growth and productivity.

To tackle climate change
by creatinga vibrantlow
carbon economy that

deliversjobsand wealth.

& digital energy; built
environment: low impact
buildings; transport;
materials

Offshore renewables,
biofuelsandfuel cells

partners, up to
£35mp.a. (2012-13)

£10mp.a.(2010-
13)from DECC;
supportfor low
carbon entrepreneurs

Source: adapted from Winskel et. al., (2014, p. 596)

Parallel to these developments, in the wake of longterm decline in the UK automotive industry
duringthe 1980s and 1990s, numerous Automotive Innovation and Growth Teams were established
inthe 2000s to inform future governmentinnovation and skills policy, and encourage low-carbon
automotive innovation asameans to restore the industry’s fortunes (NAIGT, 2009; HM Government
and Automotive Council UK, 2013). Since 2009, this coalition of civil servants and automotive
industry experts has beeninstitutionalised as the Automotive Council UK; a publicprivate
partnership bringing together the UK’s major automotive manufacturers and supply chain companies
with civil servants from BIS, DECCand DfT. The Council’s Future Technologies Roadmap has identified
range of strategictechnologiesin need of support with electricvehicles first to market to be followed
by HFC vehicles from 2020 (HM Government and Automotive Council UK, 2013, p. 24). Responsibility

for delivering this programme has at the state level been passed to the Office for Low Emission
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Vehicles; across-Whitehall body with responsibility for managing up to £900m to boost the

development and uptake of ultra-low emission vehicles (ULEVs) in the period to 2020.

At the EU level, HFCinnovation has been effectivelymapped onto the 2000 European Council
Resolution forJobsand Growth (the so-called Lisbon Strategy), and its successor Europe 2020
(European Council, 2000; High Level Group, 2004; European Comission, 2013). The broad thrust of
such strategiesisthe transformation of the EUinto an internationally competitive knowledge -based
economy. Followingthe report of the EU’s High Level Group for HFCs in 2003, HFCs were included as
one of sixJoint Technology Platforms under the EU’s Strategic Energy Technologies Programme
(Cavallo, 2007; European Commission, 2006; Soete, 2008). Rebranded in 2008 as the Fuel Cellsand
Hydrogen Joint Undertaking (FCHJU), this Platform has taken on the form of a public-private
partnership between the EU, and the European HFCindustry and research community. Operating
across the full spectrum of HFC technologies the FCHJU was granted a budget of €450m by the
European Commission forthe period from 2008-2013 (FCHJU, 2011). Thus far UK companiesand
research institutions have received €71.05m (approx. £56m) from FCHJU (FCHJU, 2014, pp.17-18),
makingitlargestsingle contributorto HFCRD&D inthe UK. While the FCHJU’s remitis remarkably
wide interms of HFC technologies and applications, itis worth noting that as with UK policy it has
been primarily aimed at transport and stationary applications. Overtwo thirds of its original five year
budget was allocated to RD&D projectsin these areas. A further 10-12% was allocated to hydrogen
production and refuelling which covers some grid balancing type applications. It should be noted
howeverthatinsome cases grid relevant applications such as hydrogen electrolysis fortransport
refuelling orexporting excess fuel cellmCHP generation to the grid, can be covered by projects

funded understationary ortransport headings.
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Insofaras innovation represents a policy area distinct from energy and transport, HFCs have been
supported atvarious levelsinthe UK. Atthe academiclevel, the period from 2007-2018 hasseen
over£34m allocated to HFCs by the Engineering and Physical Sciences Research Council (EPSRC),
including £5.5m for a five year Doctoral Training Centre based between the Universities of
Birmingham, Loughborough and Nottingham; and £7.7m on its Supergen fuel cell research network
and associated Hub based at Imperial College. At present HFC spending constitutes approximately
5.3% of all spending within EPSRCs energy programme (Dutton, etal., 2013, pp. 7-8; EPSRC, 2014a).
Given the EPSRCs continued funding forthe technology via open competitions, and the possibility of

furtherinvestmentsinthe future, thisfigure is likely to grow.

At the more applied end of the innovation spectrum, the Technology Strategy Board (TSB) allocated
£7.5m to private sector development of the technology in 2012, and a further £19m has been
committed from 2013 (Brandon, 2013, p. 14; Dutton, et al., 2013, p. 20). Primarily aimed at
businesses these funds have been allocated to a range of demonstration projects and activities
geared towards the development of new manufacturing systems and supply chains. In the early part
of the 2000s the Carbon Trust ran a number of competitions for fuelcell mMCHP technologies, notably
takinga £1m equity stake in Ceres Powerin 2003 (Carbon Trust, n.d.).In 2009 the Carbon Trust ran
the DECC funded PEM Fuel Cells Challenge, a £10m programme aimingto bridge the gap between
current PEMFC technology and the cost and durability requirements of mass market applications,
particularlyintransport (Carbon Trust, 2012). The ultimate beneficiaries of this project were three
small to mediumsized enterprises and two university research centres specialising in next generation
PEMFCs and components. Since 2006 limited funding has been available for FCEV demonstrations
throughthe DTl and one of its successor departments DECC, with £25.9m awarded to date (Dutton,

et al., 2013, p. 26).
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In additionto the innovation funding available, HFCs are making their way up the policy agenda.
Supportfrom bodies such as the EPSRC, Carbon Trust and TSB has been onan upward trajectory
since the early 2000s, and is now being coordinated across government by the Low Carbon
Innovation Coordination Group (LCICG) which, atthe time of writingisin the process of draftinga
Technology and Innovation Needs Assessment for HFCs. Public-private partnerships and academic-
industrial research hubs have emerged in Aberdeen, Birmingham, London and Teeside; tasked with
acceleratingthe introduction of HFCs for decarbonisation and economicgrowth (Hodson & Marvin,
2005; Hydrogen London, 2012; Stockford, et al., 2013). Fuel cell systems have been investigated by
the All-Party Parliamentary Renewable and Sustainable Energy Group; the Climate Change Select
Committee, and have been explicitly funded and researched by DECC; BIS and DfT. In 2012 former
Business Minister Mark Prisk announced the formation of UK H2 Mobility; a publicprivate
partnership between automotiveand fuel cell producers and arange of infrastructure providers with
the stated aim of ‘[making] hydrogen transportin the UK a reality’ (UKHM, 2012; PRASEG, 2013;
Energy and Climate Change Select Committee, 2010). Atthe European Level, the FCHJUis
increasingly active in promoting coordination between private sector organisations; academic
researchersandthe EU, as well as promoting HFCtechnologiesin broader European policy discourse
(FCHJU, 2014). What we see emergingin the policy and academic literature surrounding HFCsis a
gradual tightening of focus around a shared set of purposes, linked to the imperatives of energy

security, emissions reduction and economic competitiveness.

VI.  Summary
While the emergence of energy security and decarbonisation imperatives, and newfound enthusiasm

for state promoted innovation willbe discussed in the next chapter, discussion here has sought to
situate HFCs within their presenttechnological and policy contexts. As artefacts, HFCs have anumber
of characteristics which have allowed them to be situated in currentenergy and innovation policy

debates. As artefacts forenergy generation fuel cells are highly flexibleand can be deployedin

29



homes and vehicles to generate energy far more efficiently than conventional locomotive, electricity
and heatgeneratingtechnologies. Eveninthe absence of large scale H2 production and distribution
infrastructures, the efficiency of fossil fuel powered FCs (particularly in domesticapplications where
heatand powerare both required) means fuel cell mCHP could make significant contributionsin
reducing emissions from household energy demand overthe mediumterm. When combusted or
electrochemically reacted inan FC, H2 produces no CO2 emissions, holding out the prospect for
decarbonising energy use in transportand domesticenergy usage. When produced using fossil fuels
H2 productionstill produces lower emissions than contemporary combustion of thesefuels. If
powered using intermittent renewables, electrolytichydrogen production produces no CO2 emissions
whatsoever, holding out the prospect of an entirely decarbonised energy and transport system. By
acting as a bufferto absorb excess generation when wind and solar generation outstrip demand, H2
production carries the added potential toincrease the amount of intermittent renewable generating
capacity that can be placed onthe electricity grid. This excess H2 could subsequently be used as a
vectorto move energy from electricity to transport applications, or alternatively be re -deployedin
gas turbines or modified natural gas networks to support peak time electricity and domesticheating

demand.

Giventhe globalised nature of decarbonisation imperatives, interestin HFCs derives not only from
energy policy debates. Asan emergenttechnologyin ahighly salient field they have also been taken
as artefacts for economicgrowth. The UK’s TSB; EU’s FCHJU and regional public-private partnerships
have recognised this potential and been supporting HFCinnovation as part of broaderindustrial
strategies for high-tech manufacturing. Often working in tandem with environmentally oriented
publicbodies such asthe Carbon Trust, or in projects co-funded with DECC, these bodies form key

focal points for HFC innovation in the UK. This is not to say the bodies themselves are engagedin HFC
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innovation, ratherthey are funders of private sector and academic networks who comprise the

ultimate deliverers of HFC artefacts and knowledge.

Nevertheless, despitetheir promise and growinglevels of support underthe UKs energy innovation
system, the prospects for HFCinnovation are uncertain. HFCs are granted a low profile in national
policy discourse more often than not listed as a ‘potential’ ratherthan a target to be reached. Much
of the literature regarding HFC futures thus remains uncertain as to the prospects for HFCs over the
longterm. While this work has tended to focus onthe economicprospects for HFCs undera variety
of energy system conditions, agap emergesinrelationtothe policy process itself. Several studies
have cited longterm, stable policy commitments towards decarbonisation; clear visions and financial
supportfor HFC development; and the establishment of sympatheticregulatory and market
environments forthe technology. However, there is an absence of research into how such
commitments and developments are being established in practice. More specifically, we may ask
how emergent networks of government departments; publicbodies; and the various coalitions of
academicresearchers and private companies with whom they work, contribute to the process of
managing HFC innovation and shaping the emergence of sympatheticre gulatory futures? How is this
community best conceptualised, and how isitintegrated into established energy innovation
systems? Given these questions remain unanswered, a case study of the HFC innovation community
may offervaluable insights both for the prospects of HFC technologies; and help toshedlighton if
and how the UK, and to a lesserextent European innovation systems are functioningin promoting

HFC technologies.
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3. MAKING SENSE OF THE HFC COMMUNITY: SCIENCE,
TECHNOLOGY AND INNOVATION STUDIES AND CONSTRUCTIVIST
APPROACHES TO PUBLIC POLICY

L. Policy Studies and Science Technology and Innovation Studies
Literaturesintwo disciplines stand out as clear candidates for helping us make sense of the

community emerging around HFCinnovation governance; policy studies and science, technology and
innovation studies (STIS). Withinpolicy studies, there has since the 1990s been a large literature
developingaround the notion of policy networks and communities dealing with their effects on the
state and policy processes (Rhodes & Marsh, 1992); theirrole in fostering expertlearningand
democraticdeliberation (Hajer & Wagenaar, 2003); as well as their potential for reproducing existing
interests and inequalities in power between different participating groups (Eagleton-Price, 2014;
Sgrensen & Torfing, 2005). More broadly, constructivistapproachesto policy analysis have taken a
particularinterestinthe role of ideasin enablingand constraining actor strategiesin relation to
broader policy processes and networks (Hay, 2007; Saurugger, 2013). Work in STIS, conversely has
tendedtofocus at a more systemiclevel looking to broader sociotechnical transitions involving the
transformation of large scale systems of technology, infrastructures and associated regulatory
systemsand practices (Rip & Kemp, 1998; Schot & Geels, 2008). Despite their distinctfocal points,
these literaturesintersect at the point where large scale systems meet policy, thatisto say where
networks of technology producers; infrastructure providers; regulators and government funding
agencies come together (Kern & Howlett, 2009; Scrace & MacKerron, 2009; Smith, etal., 2010). This
holds both in studies exploring the maintenance of established institutions and regulatory regimes,
and more importantly for the HFC community, for newly emerging policy networks looking to gain

access to them.
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In orderto develop aconceptual framework through which we might begin to make sense of the HFC
community, the following chapter provides an overview of three literatures, seekingto draw out the
concepts most relevantto a study focusing on actors and innovation governance networks. Beginning
by providing a brief overview of rational choice and historical approaches tothe study of policy and
STIS, the chapter problematizes straight-forward rationalist approaches fortheirrelative failure to
incorporate traditions, norms andideas into theiraccounts of rational action within organisations
and institutions. The chapterthen shifts to examine social constructivist approaches to STIS (Geels,
2002; Rip & Kemp, 1998), notably transitions theory and constructivist policy analysis (Hay, 2007;
Saurugger, 2013) as providingarange of conceptsand models bettersuited to understanding
contemporary processes of innovation governance. In particularit highlights transitions theory’s
focuson learningin niche-regime innovation networks and constructivist accounts of the
interrelation between ideas, institutions and strategicaction as key points of orientation fora study

looking to HFC innovation governance.

While not proposing asynthesis between these two distinct traditions, the final section of the
chapterfocus on the point at which STIS and policy analysis have most often met; in accounts of the
policy paradigms and interestsin UK energy and innovation policy, and studies of the Dutch
experience of purposive transitions management during the 2000s. In so doingthe chapter notesa
continuingtension between accounts of transitions processes as relatively open deliberative fora,
and those focussing upon the role of positional powerand interestin shaping the institutional

frameworks in which innovation policy deliberation and learning are emerging.

Rational Choice andits Critics
To begin, much of the current debate in writings on HFCinnovation begin from a broadly rational

choice view point. Rational choice theoryis predicated on the methodological individualist notion
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that the primary unit of social organisationis the individual, an autonomous agent whose actions are
guided by rational, consequentialist calculation. By consequentialist, rational choice theorists referto
decision makingthat considers the range of alternatives available to an actor, in light of contextual
constraints, and in anticipation of the outcomes of each alternative (Elster, 1986). Within this model
calculationis geared towards maximising or, under conditions of uncertainty ‘saticficing’ the interests
of the actor (March, 1986; Simon, 1972). Interestsin thisview tend to be seen as products of cost
benefit calculations in which material benefittends to be the primary criterion (Dowding, 2008;
Elster, 1986), although alternate models have been suggested forincorporatingideas, values and
beliefsinto this framework (Boudon, 2003). Despite their methodologicalindividualism, rational
choice approachesargue that in so far as collective action provides the most rational path tosecuring
individualinterests, rational agents can and often do submit to collective organisationaland
institutional rule structures and goal sets. To the extent that they mobiliselarger numbers of rational
agents, each possessing the powerand resources to execute particular tasks and work collectively
towards collectively agreed and predetermined goals, organisations and institutions can thus be seen
to act as rational agentsin their own right (Dowding, 2008; March, 1986). The key insight rational
choice approaches claimis thus the positivisticinsistence that provided with knowledge of the
position of actorsinvolvedinagivenactivity, and the strategiccontext or ‘the rules of the game’ in
which they meet, we can model and predictthe outcomes of economic, political and sociological

interactions.

In thisview HFCinnovationis best understood in terms of cost optimisation. Rational choice models
of technological innovation and systems change find avoice in economicmodels of technological
innovation and change which assume that governments; businesses and citizens will opt for least
cost technologiestoreach theirdesired ends, be these maintenance of business as usual scenarios or

transitions towards low carbon hydrogen energy systems (Dodds & McDowall, 2013; Balta-Ozkan &
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Strachan, 2010). Inthisview the existence oranticipation of decarbonisation or cost minimisation
represent ‘market pull’ factors which incentivise firms to generate technological solutions that can
then be pushed to market for profit. Similarly governments simply need to incentivise technology
push activities to obtain oraccelerate the realisation of desired policy goals (Chidamber & Kon,

1994).

STIS emerged in part out of dissatisfaction with ‘technology push’ and ‘market pull’ models. Pointing
to numerous case studies from laboratory experiments to the invention of Bakerliteand the two
wheeled bicycle, such studies argued that far from the result of rationally calculated decisions,
innovationis the product of the infrastructures; ideologies; fashions and norms of the culturesin
which they are produced (Bijker, etal., 1987; Bijker, 1997). Similar sentiments can be foundin the
foundations of actor-network theory, which holds that scientificand technical systems are
dependent onthe construction and maintenance of stable frames of meaning which allowscientists;
research funders and technology users to make sense of techno-scientificissues and develop
common approachesto theirresolution (Callon, 1986; Latour, 1988; Law & Singleton, 2014). While
these literatures carry distinct differences, particularly in theiraccounts of agency inrelations
between actors and other artefacts (fora discussion see; Law, 1999); for the purposes of discussion
here they all fall within abroadly constructivistinterpretive framework. Thisis to say they view
technological innovation as not merely influenced but shaped by broaderintersubjectively produced

meanings andinfrastructures.

In policy studiesrationalist assumptions are visiblein literatures on pluralism and elitism which
contend political institutions and networks represent either mechanism for the control and

dispersion of powerbetween competing pluralistinterests (Dahl, 1961; Polsby, 1960), or as resources
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for the maintenance and transmission of elite power and control of decision making options and
processes (Bachrach & Baratz, 1962; Mills, 1959). Similarly corporatisttheory of the 1970s and 1980s
focussed on the institutionalised representation of capital and labourinterestsas a means of
explaininglegalisticand technocratic process of industrial policy decision making (Schmitter, 1974;

Panitch, 1980).

However rational choice and related approaches have been critiqued from arange of approaches.
Historical institutionalists contend thatinstitutional contextis a central feature of processes of
interest, goal and preference formation thattend to be bracketed out or assumed in rational choice
accounts (Thelen & Steinmo, 1997). In this account the behaviour of individuals and organisations
cannot simply be understood through reference to the present strategicsituation, ratherthey
depend upon historically contingent processes of institutionaldevelopment whose explanation
requires historical analysis; ‘Once a particularforkis chosen, itis very difficult to get back on a
rejected path’ (Krasner, 1984, p. 225). Central to the difficulty of altering paths once one has been
selectedisthe notion thatinstitutional processes ofteninclude processes of increasing returns,
whereby institutional designs and practices become self-reinforcing, limiting the range of choices
available to otherwise rational actors. Pierson (2000) identifies two particularforms of increasing
returns;inthe firstthe development of regulatory systems, infrastructure and staffingaround a
particular policy choice mean the costs of switching policy increase markedly overtime. Inthe
second the orderand pacing of institutional developments mean once aninitial decisionis taken,
widerranges of social systems and regulatory infrastructures gradually become co-dependent upon
it; makingthe initial choice far more difficult to change without disrupting these other systems. For
instance Walker (2000) demonstrates how the selection of a particularform of nuclear reprocessing
technology forthe UK institutionalised a plethora of economic, organisational, legal, social and

political commitments on the part of technology producers, regulators and policy makers which grew
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exponentially sincethe initial technology choice was made. Inertia between these processes,
combined with the costs of switching to emergent alternatives have subsequently hindered the
adoption of whatare generally agreed to be superioralternatives in terms of cost, efficiency and

safety.

Furthermore research into sociological institutionalism in the 1970s and the ‘new institutionalism’ of
the 1990s pointto a range of informal institutions; culturally transmitted social norms; rituals and
obligations which operate to undercut rational calculation and influence the rules of formal
institutions and organisations (Meyer & Rowan, 1977). As organisations expand toincorporate new
fields of expertise or activity, they draw on deeply embedded traditions; rituals and myths as
heuristics formaking sense of theirnew roles and determine the appropriate norms, rules and
structuresforthe task at hand (Dowling & Pfeffer, 1975; Meyer & Rowan, 1977). Itis inthis sense
that DiMaggio and Powell (1983) argue that overtime and under prevailing conditions of uncertainty,
organisations undergo a process of isomorphism. Suchisomorphism can be structural with regulatory
structures and professional codes embedding particularinstitutional forms as the only legitimate
formrecognised by regulators and professionals, or spread through a process of mimesis with
particularnorms and institutional rules spreading as staff from one organisation migrate to others
(DiMaggio & Powell, 1983; Peters, 1999). Through this process, ‘proven’ organisational structures
and practices come to be seen as legitimate and effective by virtue of the traditions and rituals they
have developed. Itisinthissense March and Olsen (1989, pp. 23-24, 160-162; 2004) claim individuals
inan organisationtendto conformto logics of consequentialism and appropriate ness. Whilethe
formercoversthe capacity for organisational actors to make rational judgements withregardtoa
particularaction; the latterreflect the constraints that broadervalues, traditions and norms of action

place on such judgements.
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Giventhe above, it would appearthatas a framework for considering the community engaged in HFC
innovation governance, rational choice approaches carry some limits. Firstly, in identifying arange of
sociocultural factorsinthe development of new technologies, sociological and new institutionalist
perspectivesin STIS and policy studies raise fundamental questions as to whether members of the
HFC community can be considered solely motivated by interests derived from their positionin
existingenergy regimes. Secondly, in light of issues of structural isomorphism and technology lock-in,
additional questions remain astoif and how HFC proponents are gaining access to whatis a highly
mature and embedded system forenergy innovation. While the answers to these questions may
partly be located in strategicrational action, they none-the-less seemtodemand an additional
conceptual framework rational choice approaches do not provide. As such, the following two
sections outlinetwo distinct approachesto the study of innovation governance; socio-technical

transitions theory and constructivist policy analysis.

IL Transitions Theory
Located at the intersection between constructivist approaches to science and technology studies and

sociologically informed evolutionary economicstudies, transitions approaches to STIS take
innovationto be a systemicprocess. Inthe firstinstance, transitions theorists accept historic
processes of path dependency and established infrastructural, regulatory and ideational systems can
produce technological ‘lockin’ (Bolton & Foxon, 2015; Walker, 2000). This isto say once a given
socio-technical system has been established, systems of technology production, regulation and
innovationtend to co-evolve with user practices, norms and values producing a highly exclusionary
environment foremergenttechnologies that do not neatly conformto the established framework
(Rip & Kemp, 1998; Geels, 2010). Thisis not to say radical disruptions do not occur. Just as processes
of increasingreturns and regulatory co-evolution can lock-in and protectincumbent firms and
technologies; these same processes can also inhibitthem from adjusting as new markets, regulatory

systems and user practices emerge (Christensen, 1997; Hardman, et al., 2013).
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Particularly prominentin this literatureis Rip and Kemp’s (1998) account of technological change, in
which they argue that historically, technological innovations have emerged in small applications and
market niches, protected from the full force of competition with incumbent technologies. Within
such niches, protection can be offered by anumber of factors; an innovation may offer specific
functional or performance benefitsin a particular professional community or small industry sector.
Similarly government subsidised RD&D programmes; university laboratories and corporate R&D
centres offerspaces specifically designed to allow new technologies to flourish (Rip & Kemp, 1998;
Rotmans, etal., 2001; Loorbach & Rotmans, 2006). The central point within such accountsis that
niche protection provides spaces forexperimentation and technological learning that are unavailable
inwidertechnology markets. In this literature strategic niche management becomes a means for
policy makers to consider creating spaces foremerging low carboninnovations by providing localised
and temporary support mechanisms for RD&D and aligning policy discourse and market regulations
to send a clear message about the type of innovations desired (Hoogma, etal., 2002; Schot & Geels,

2008).

Expandingon Rip & Kemp’s work, the multi-layered perspective put forward by Frank Geels (2002)
and others, positions niches within a ‘nested hierarchy’ (see figure 2), subordinated to sociotechnical
regimes and landscapes. Here the regime comprises a patchwork of existinginfrastructural
configurations; technologies; policies; regulatory norms and user practices which allow existing
sociotechnical systemsto function. Thus the regime for electricity presently comprises extractive
industries; electricity generation; supplyand retail companies; the regulator Ofgem; as well as the
patchwork of primary legislation and regulatory decisions that structure existing energy markets.
Allied to this the regime are civil servants and policy makersin DECCwho are ultimately responsible

for the smooth running of the system as a whole; as well as a whole gamut of regulatory norms and
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consumer practices ranging from competition rules and safety standards to procedures for billing and

taking meter readings.

Figure2: The MLP
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The embedded nature of these systems is what makes the maintenance of the regime possible, but

theirwidespread nature also has the effect of narrowingand reinforcing the selection criteriafor
innovation and regime evolution. Thus while changes in public practices and disruptions such as
threatened boycotts orthe adoption of new technologies may undermine existing regimes,
expectations over the continuation of dominant orentrenched practices can likewis e restrict whatis
thinkable in terms of regime innovation (Schot & Geels, 2008; Smith, etal., 2005). It is this entire

system which underpins the functioning of the dominant set of fossilfuel and nucleardriven
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electricity generation technologiesinthe UK, and this existsin partial overlap with arange of other

regimes fortransport; industrial manufacturing; finance etc.

Conversely, the landscape comprises long term change processes that are relatively stable and slow
movingsuch as the climate; geology and resource levels, rapid shocks from outside the regime such
as war and resource price spikes, and longtermtrends such as demographicchange; globalisation
and increasinginternational trade (Geels, 2002; Van Driel & Schot, 2005). Within this hierarchy,
higherlayers operate to structure those beneath them. Landscape developments shape the
development of regimes, and regimes both purposefully and inadvertently shape niches, however
the processis neverfully determined. Rather, sheltered space provided by niches can provide the
opportunities forinnovative technologies and practices to emerge, actors within the mforging
relationships with regime actors leading to gradually upscaling and regime transformation. Similarly
long term developments within and across multiple regimes can effect landscape developments such

as climacticchange overthe longerterm.

In considering this trifold distinction, niche management and transitions based approaches argue
that despite the structure and inertiabuiltinto any long standing socio-technical regime, this levelis
opento purposive attempts at transformation through collaborative processes of deliberation,
learning and strategicniche management (Kemp, et al., 2007; Schot & Geels, 2008). Thus transitions
scholarsinterested in shifts towards more sustainable socio-technical systems have soughtto
provide guidance on how regime evolution can be steered towards greater levels of low -carbon
innovation and policy adaptation (Meadowcroft, 2005; Rotmans, et al., 2001). This is not to say
transitions approaches seek to advance the cause of particularlow carbon technologies.

Collaborative approachestoregime transformation are necessarily socially contingent and difficult to
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predictinadvance (Rotmans, etal., 2001). Within such approachesthe task of managingtransitions
thus becomes one of maintaining an open and supporting environment for new innovations to
emerge inthe niche,and where possible avoiding developments at the regime level that may lead to
the ‘lock-in’ of existing high carbon technologies. Predicated on accounts in evolutionary economics
which seek to combine rational choice frameworks with insights from sociology and constructionism;
advocates of the multi-layered perspective and similar approaches argue that the expectations of
rational investors and businesses can be shaped by long term policy commitments to sustainability
goals, and the creation of networks to facilitate contact; co-ordination and learning between
researchers; niche technology innovators and incumbentindustries and policy institutions (Ekins,
2010b; Foxon & Pearson, 2008; Loorbach & Rotmans, 2006; Schot & Geels, 2008) . While different
writers adopt differing terminology and at times include additional factors, we can distinguish five

broad principalstosucharegime:

1. Longtermframeworksfortechnologicaldevelopment, linked to sustainability goals;

2. The active promotion of protected niches foravariety of technologies from nearto market
to longerterm prospects;

3. A public-private institutional structure designed to keep government aware of innovation
requirements and ensuring participation of all actors in the innovation community;

4. Integration ofinnovation and energy policy processes and instruments, rooted in principals
of carbon reduction and openness to new technologies.

5. Policylearningfacilitated by regular coordination between innovation system actors,

evaluation and reviews of progress in specifictechnology areas.

In the case of HFCs multiple attempts have been made to make sense of innovation challengesin
relation to this framework. Ina comparison between HFCvehicles and past transitions to seven other

disruptive technologies Hardman et al. (2013) found the technology currently lackingin niche market
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applications whereit offers significant prestige or use value coveted by end users. Other studies have
simply deployed transitions perspectives as a means of considering the challenges faced by HFCs and
providing policy recommendations to support them (Agnolucci & Mcdowall, 2007; Ekins & Hughes,
2010a), or as a model for developing scenarios and collectivevisions for the technology (Eames &
McDowall, 2010; McDowall, 2012). To the degree that these activities contributeto the development
of policylearning and longtermvisions for HFC technologies, they can themselves be read as part of
a transitions management processes. However, no study to date has sought to conceptualisethe UK
HFC community inthese terms. Thatis to say, thus far little work has been conducted to establish the
degree to which niche HFCactors are becominginvolved and integrated into the public-private
institutional structures developing for energy innovation in the UK, nor whethersuch activities are
likely to contribute to the development of long term frameworks for the technology. At the current
time we still lack the knowledge as to whetherthe UK HFC community corresponds to the categories
of innovation theory, orwhether some alternative framework may be more appropriate. However
insofaras HFCs currently represent a niche technology (costly, lackingin widespread use, but with
potential to disrupt widespread systems and infrastructures in electricity, heat and transport), the
initial categories of niche and regime provide avaluable conceptualsstarting point for considering

interactions between the UK energy innovation system and propone nts of the technology.

Critiques of Transitions Perspectives- a Need for Policy Analysis?
Useful though it may be transitions theory alone isinsufficient as amechanism for making sense of

the HFC community in UK innovation governance. Indeed the approach has been critiqued froma
number of perspectives forits lack of attentionto agency (Genus & Coles, 2008; Smith, etal., 2005),
and its failure toincorporate notions of powerintoits conceptual framework and policy programme
(Shove & Walker, 2007; Smith, etal., 2010). Finally the concept of landscape has been critiqued as a
residual category thatis underspecified both interms of what it contains and the mechanism

through whichit affectsthe regime and vice versa (Smith, et al., 2005) . While the authorhas some
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sympathy forthese criticisms, it should be noted thatinits more reflexive variantsissues of power
and agency have been addressed within transitions theory itself. On the subject of agency, Geelsand
others have emphasised on more than one occasion that at the level of niche innovation high levels
of social agency existinthe developmentand adaptation of new technologies and practices (Geels,
2010; Schot & Geels, 2008). Rather proponents of transitions approaches would suggest thatas we
move upthe Y axis showninfigure 2 (p.40); higherlevels of structuration begin to have a greater
impact on agency (Geels, 2011, p. 29). Given the critiques of rational choice approaches

unencumbered account of agency, such a position has some merit.

On theissue of power and the mechanisms through which sociotechnical landscapes affect other
levels, transitions theorists can and do pointto the interdisciplinary nature of the approachitselfand
its capacity to draw on notions of agency; discourse; institutionalisation and structurationin orderto
explainandincorporate inequalities in power relations between niche and regime actors (Geels,
2011; Grin, 2010). Itisinthe spirit of such cross disciplinary insight that the following chapterturns
to constructivist approaches to policy analysis. Sharing many of the ontological assumptions of
transitions theory, this approach offers additional depth and insight onissues of agency and power

which while covered within STIS, are notits main point of concern.

III. Constructivist Approaches to Public Policy Analysis
Constructivistapproaches to policy studies begin from the shared assumption thatideas play akey

roleinthe development and conduct of publicpolicy. While the precise role accorded toideas varies
fromthe critical realist mantra; ‘reasons can be causes’ (Fairclough, etal., 2003, p. 2); to notions of
policy paradigms (Hall, 1993; Wilder & Michael, 2014); institutionalised discourses and cognitive
frames (Schmidt, 2008; Campbell, 1998); or the refinement of sociological concepts such as culture

into learntnorms and collective problem framings (Borzel & Risse, 2003; Checkel, 1999),
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constructivist approaches assume that we cannot understand social interaction without attending to
the ideational. Within this approach there is some tension between what might be distinguished as
‘strong’ and ‘weak’ forms of constructivism, with stronger firms erring towards post-structuralist
positions that problematize any concept of the material beyond human ideational and semiotic
systems (Gottweis, 2003); and weakerformsthat considerideas as a framework through which
material interests are understood (Adler, 1997). Notwithstanding these differences, all would agree
that the traditional rational choice approach to interests as products of an actor’s locationin relation

to theirmaterial contextistosome degree flawed.

Giventhe plethora of monikers attributed to this literature and its overlaps with other positions with
different, though overlapping, ontological assumptions, any attempt to summarise constructivismis
likely to be met with some criticism. However, some means are required to draw out some of the key
distinctions within constructivist policy literatures. For the purposes of discussion here Saurugger’s
(2013; see table 3, below) distinction between socialisation and learning, discursive institutionalist
and actor centred constructivist approaches provides a useful structure for examining constructivist
insights. While recognising such distinctions present some difficulties, particularly in conflating
constructivist ontologies with similar but distinct post-structuralist approaches; Saurugger’s approach
has the benefit of clarity in identifying key aspects within constructivist writing of relevance to this
study. In particular, this sectionidentifies actor centred constructivism’s orientation to the strategic
use of ideas as of particularvalue in conceptualising the HFC community as an object of enquiry.
Having done so, the chapterwill then shiftits attentiontothe literature emergingaround energy

policy paradigms as a key point of intersection between constructivist policy analysis and STIS.
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Table 3: Approaches to Constructivist Public Policy

Sociological Socialisationand Discursive Actor-Centred
Institutionalism Learning Institutionalism Constructivism
Elements Informal Formal and Informal Formal and
Explaining  institutions, informal institutions, informal
Change identity, shared institutions discourses institutions,
experiences, and ideas Rational
cognitive calculation.
frameworks
Subject of Cultural Actors’ Ideasand Rational
Analysis standards and attitudesin discourses calculation
cognitive decision making framed by
frameworks processes embeddedness
informal and
informal
institutions
Logic of Logic of social Socialization Communication Strategic
Explanation Conventions and learning Calculation

Source: Saurugger (2013, p. 892)

Sociological Institutionalism, Socialisation and Learning
While not constructivist, inthe sense thatitdoes not explicitly locate concepts of culture, tradition or

ritual at the ideational level, the sociological approaches to institutions discussed earlier (p.36-39)
provide aninsightinto broader constructivist positions (Hay, 2007; Schmidt, 2008; Saurugger, 2013).
Problematically however, sociological institutionalist categories remain somewhat underspecified
and appearto existat the same residual level of the landscape in transitions theory approaches. That
isto say no mechanismis specified to explain why actors remain attached to them. Developed
furtherinsocialisation and learning based approaches to the policy process, culturetakesthe form of
systems of normative ideas regarding appropriate and legitimate forms of behaviour and decision
making. Here collectiveinstitutions for policy making represent embedded sources of ideas and
dispositions which allow those withinthemto learn from past experience and shape the responses
actors deemappropriate to policy work and emergent problems (Bennett & Howlett, 1992; March &
Olsen, 2004). For proponents of these approaches, institutions and organisations provide the primary

focal pointfor learning processes, enabling the development of shared understandings of complex
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problems, and the development of mutually agreeable bargaining processes and solutions around
them (Borzel & Risse, 2003; Checkel, 1999). In this way, transitions theory recommendations and
energy policy approaches emphasising public private partnership become explicable in their
attempts to make sense of common system problems and identify common interests amongst

diverse actors (Rotmans, etal., 2001).

That beingsaid, notall institutionalised bargaining processes are underpinned by common problem
framings. In some such framings are only possible within relatively narrow technocraticcommunities,
or through the denial of contingency and closing down of alternate framings (Saurugger, 2013;
Wood, 2015). Thus in numerous studies of purposive transitions management policy approachesin
the Netherlands, findings have noted atendency forregime and niche based actors to approach the
transitions process with very different visions as to the nature of the infrastructural changes
required, with regimeactor understandings generally prevailing (Hisschemoller & Bode, 2011,
Lehtonen & Kern, 2009; Smith & Kern, 2009). While valuable in explicating instances of consensus
policy making, socialisation and learning processes on theirown seem insufficient to the task of

examining cases of conflictin policy institutions and networks.

Discursive Institutionalism
Discursive institutionalist approaches conversely have taken language as their primary focus. Drawing

on Hall’s (1993) work on policy learning and paradigms, discursive institutionalist approaches begin
fromthe argumentthat policyinstitutions and instruments reflect highly embedded systems of ideas
regarding policy goals and the legitimate means of meeting them (Schmidt, 2008). Where discursive
approaches expand on thisconceptisinattending tolanguage and communication as the medium
through which these ideas flow and become inscribed in policy institutions and instruments

(Chouliaraki, 2008; Fairclough, 2003). In positioning social actors and institutions as mutually linked
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through meaningful systems of language and communication, the concept of discourse operates to
explain how actors come to understand the world around them and act uponitina meaningfulway
(Hay, 2007). For Schmidt (2012, pp. 92-95), this processis attributable to two sets of abilities made
possible by language; ‘background ideational abilities’ and ‘foreground discursive abilities’. The
former, represent our capacity to attach meaningand values to particular practices and goals,
allowing for coordinated action and its embeddingin institutional structures, rules and routines.
‘Foreground discursive abilities’ conversely reflect our capacity to considerand communicate; to
bringtogether background skills from the multiplicity of institutional contexts in which we operate, in
orderto compare and evaluate theirunderlyingideas. Itis this process that makes possible processes

of policy change through the dissemination and legitimation of new ideas and policy practices.

While not featured within Saurugger’s typology, we mightinclude within discursive institutionalism
deliberative approachesto policy studies, which also focus on communicative interaction and
argumentation. Although much of this literature stands out due to its normative commitmentto
Habermassian notions of deliberative democracy, in attending to the nature and quality of
communicative interaction, deliberative approaches likewise invokeideas embedded in discourse as
a means of examining policy institutions and networked governance processes (Hajer & Wagenaar,
2003; Dryzek, 2005). In particular deliberative approaches to STIS and ecological modernisation
theory have focussed upon the nature and quality of policy discourse. Distinguishing between
relatively open participatory approaches to communication and collaborative storyline development,
and more closed off technocraticforathey argue the former have been farbetter at generating
reflexive consideration of policy goals, whereas the latter have tended to resultin afocus on
technological fixes that fail to challenge contradictions and powerimbalances that give rise to policy
problems (Christoff, 1996; Hajer, 1996; Lehtonen & Kern, 2009). Of particularimportance in this

regardis the role of ideas and language as embedded in network activation or ‘meta-governance’
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strategies; the discourses state actors institutionalise within deliberative fora and policy networks
when settingagendas and goals; allocating remits and specifying the actors whose participation
should (and should not) be sought (Hudson, et al., 2007; Sgrensen & Torfing, 2009; Swyngedouw,
2005). To the extentthatdeliberative approachesimply a process of dialogue; exchange of
knowledge and learning, this concern means such approaches do notreside solely at the discursive
level but crossinto constructivist accounts of socialisation and learning. Previous studies of
innovation governance operatingin this tradition have thus soughtto anchortheiraccounts of policy
processesinterms of the deliberative and institutional spaces afforded to niche actors and their
narratives (Hisschemdaller & Bode, 2011; Lehtonen & Kern, 2009; Smith & Kern, 2009).However,
discursive institutionalist accounts have often tended to leave open the question of where discourses
come from, specifically whether they represent disembodied systems of meaning or, reflect some
form of materially orideationally grounded strategy orinterest (Hay, 2004; Saurugger, 2013). It ison

this question that Actor Centred Constructivist accounts focus.

Actor Centred Constructivism
Whereas other constructivist approaches have tended tofocus onideas as, to a degree, disembodied

frominterests and the material world; actor centred constructivist approachesturntolooktoideas
as a source of strategicaction (Saurugger, 2013). The notionthatideas can be strategicis notunique;
itis presentin many constructivistaccounts and a range of cognate traditionsin whichideasare
conceptualised asa weaponinsecuringlegitimacy fora particular course of action (Blythe, 1997;
Jessop, 2010; Law & Singleton, 2014; Schmidt, 2008). In pointingto this process, Saurugger (2013)
argues, as perearlierinstitutionalist accounts, that actors follow notonly logics of appropriateness
but also logics of consequence (March & Olsen, 1998). While logics of appropriateness may frame
particular consequences as more orless legitimate (March & Olsen, 2004), actors may invoke
particularideas notonly as valued expressions of identity or value but as part of a broader strategy

to achieve a particularconsequential outcome in which they are interested. Moreoverin deploying
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ideasinstrumentally to frame orlegitimisea policyissueinaparticular way, actors can mobilise
broader groups of actors in support of theirinterests (Surel, 2000). This is not to say actor centred
constructivists viewthe notion of interests un-problematically as located in some notion of ‘real’ or

‘material’ interests, rather:

“publicpolicyisunderstood as the result of the interaction between individuals whose
interests are notonly based on a rational cost—benefit calculation, but must be understood
as somethingthatisembeddedin specificsocial representations, values and normsin which
the actor evolves” (Saurugger, 2013, p. 900).

Thus forthe actor centred constructivist, ideas are not determined by material interests, ratherthe
two are co-dependent;ideas framing and legitimising interests, and being reproduced, challenged
and transformed by them (Hay, 2007). The key concern of actor centred constructivism thus
becomes, the processthrough which actorsina given policy situation come tointerpret their
interests withinitand deployideasinordertorealise them (Hay, 2011; Saurugger, 2013). Insofaras
it pointsto complex, collective processes of institutionalised communication and bargaining, this
approach inevitably overlaps with the concerns of deliberative and social learning approaches to
constructivist policy studies. Howeverthe distinction here lies with the primacy actor centred

constructivism gives to actorinterpretations and constructions of ideas and interests.

It oughtto be reiterated at this point that the typological distinctions made by Saurugger (2013) are
by no means absolute. As the overlaps between categories suggest, many authors attributed to
particularapproaches may not subscribe entirely to the archetypes outlined above. Thisis
particularly the case with actor centred constructivism which is a category of Saurugger’s making
rather than a longerstanding constructivist tradition. Nevertheless in outlining the field of
constructivistapproachesin this way this section has provided numerous points of orientation from
which one may go about making sense of the HFC community within broader energy innovation

systems. In particularitsensitises us to the HFC community as comprising a variety of actors who
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may carry withthem a broad range of ideas and interests, developed through avariety of i deational
and normative experiences. Whetherthese actors are engagedin processes of socialisation and
learning or strategiccompetitionis less certain fromthe literature. While transitions theory appears
to recommendthe formerinitsreferencesto policy learningand coordination between innovation
systemactors, it has not been adopted as official policy in the UK, although as we shall see below,
thereislimited evidence tosuggestthatif it has had an influence ithas only done so selectively
(Kern, 2012; Winskel, etal., 2014). Where there is more evidence to guide our understanding of what
isgoingon in the HFC community, isinrelationto notions of the policy ideas or paradigms guiding
the broaderdevelopment of the UK energy and innovation system, and of the processes by which
previous expertand interest groups have beenincorporated into policy processes. Itis tothese that

the following sections turn.

IV.  Policy Paradigms

In studies of shiftsin UK energy and innovation policy towards models promotinginnovation, several
scholars have drawn upon Hall’s (1993) notion of policy paradigms and subsequent constructivist
modificationstoit (Fudge, etal., 2011; Helm, 2007; Kern, etal., 2014; Mitchell, 2008). Before
outliningtheseapproaches, itis first worth pausing to consider his approach froma more explicitly
constructivist perspective. Drawing on early, more rationalist approachesto socialisationand
learning (Heclo, 1974; Sacks, 1980) Hall subdivides policy change into three distinct orders;
calibration, instruments, and goals. First order changes are the most common, representing the day
to day business of policy making, altering the calibration or the settings of policy instruments. Second
orderchangesrepresentshiftsinthe policy instruments themselves. Based on dissatisfaction with
past performance of instruments such changes reflect the introduction of new means toreach the
same goals. Finally third order changes alterthe goal structure for policy itself. As such whilethe first
two orders of change reflectrelatively endogenous processes of technocraticsocial learning within

formal institutional structures; the laterinvolves challenge to the very ideas that legitimiseand
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normalise decision making around a particularset of policy goals and instruments. For Hall (1993),
third order changes thus reflect Kuhnian paradigm shifts where normal frameworks for
understandingand acting break down; the point at which new ideas, from outside the
institutionalised learning process make an entrance. Unlike Kuhn (1962), forwhom such shifts reflect
the build-up of empirical anomalies and the replacement of demonstrably flawed theory with an
empirically superior alternatives, for Hall policy paradigm shifts are political constructs, adopted
when politicians and administrators subscribing to a particularview point gain positions sufficient to

implementtheiralternative visions. As such a policy paradigm constitutes:

‘aframework of ideas and standards that specifies not only the goals of policy and the kind of
instruments that can be used to attain them, but also the very nature of the problems they
are meantto be addressing.’ (Hall, 1993, p.297)

Developing the notion further, theorists operatingin discursive institutionalist and actor centred
constructivistapproaches to policy studies have variously described these frameworks as
‘interpretive schemas’, ‘cognitive frames’, or ‘background ideational abilities’, which allow policy
actors to make sense of the world and theiractions (Hay, 2007; Schmidt, 2008). Oftenthese frames
remain unarticulated, operating on the basis of commonly held values and assumptions about the
goalsand means appropriate to the conduct of publicpolicy; they function to enableand constrain
particularforms of policy learning and practice. In this broadersense of the term, policy paradigms
consist of coherent sets of ideational orideological dispositions which establish thosefunctions and
goals deemed appropriate forinstitutions to pursue. The paradigm thus functions to shape the goals
of policy, andinturninstruments, settings, and the broaderinstitutional configurationsin which they

are based.

Thus in Hall’s (1993) classicexample of the shift from Keynesian to Monetarist economic policy
makinginthe UK, drastic alterationsin the key instruments of macroeconomic policy making were

prefigured by aseries of economiccrisesinthe 1970s which functioned to discreditideas of the state
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as an effective plannerforeconomicgrowth;leading to an eventual shiftin goalsfromthe
maintenance of full employment to the control of inflation. This change in goals corresponded to the
emergence of anew discourse explaining the crisis interms of overly powerfulunions, and
inefficiencies derived from state intervention in the market. Initially highly controversial, this
discourse attracted supportfrom powerful social groupsinacademia, the City, and prominent right
wingthink tanks, before entering Conservative Party and UK policy discourse (Desai, 1994; Hall,
1993; Harvey, 2006). The embedding of this discourse in new policy instruments; processes of
institutional reform, and the interpretive schemas of policy makers and civil servants distinguishes
this process as a paradigmaticshift. In this view paradigms operate to structure the interests and
agency of actors, while atthe same time, as peractor centred constructivist accounts; operating as
strategies fordivergent groups to challenge orlegitimise particularframings and solutions to policy

problems which coincide with theirinterests.

While the broad notion of policy paradigms has been widely adopted within constructivistand
transitions literatures, anumber of studies have emerged which departfromthe above model to
various extents. In particular, Hall’s notion, derived from Kuhn (1962) that paradigms and their
replacements must be incommensurableto one another, seems at odds with constructivism’s
emphasis on human capacities for creative language and communication in bridging between
differentinstitutionally mediated interests and contexts (Hay, 2007; Schmidt, 2008; 2012). Empirical
re-analysis of Hall’s work in UK economic policy, as well as examination of paradigmaticshiftsin
other policy domains have suggested highlevels of overlap; synthesis orlayering, in which advocates
of new goals battle fortheirinstitutionalisation alongside pre-existingideas and instruments (Kern &
Howlett, 2009; Oliver & Pemberton, 2004; Wilder & Michael, 2014). In this view paradigmaticshifts

take on a more gradualist character; capturing areas of policy makingand establishing new formal
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and informal institutions which may adapt or modify previous paradigmaticstructures or coexist

uneasilyalongsidethem.

V. Paradigms and Ideas in UK Energy Policy
The concept of policy paradigms has been particularly influential in studies of shiftsin energy and

transport policy since 1979, and by extension state approachestoinnovationin these fields. Several
authors have attemptedtotrace how energy, and to a lesserdegree transport policy have been
effected first by amove towards market liberalisation, and more recently under environmental and
security concerns. While some of this work is constructivistin nature, drawing attention to the role of
ideasin generating policy outcomes (Fudge, etal., 2011; Kern, etal., 2014), others adopt more
Kuhnian accounts which focus more on material anomalies giving rise to distincterasin policy and
institutional configurations (Helm, 2007; Pollitt, 2012). A considerable literature has emerged over
the past decade overthe prospectsfora new paradigm in UK energy policy (Helm, 2005; Kern, et al.,
2014; Mitchell, 2008). Drawing both explicitly and implicitly on the work of Kuhn and Hall, this work
identifies three broad paradigms corresponding to distinct periodsin UK energy policy post 1945
characterised by nationalisation; market liberalisation; and more recent challenges posed by climate

change, energy security and affordability.

The nationalisation paradigm is generally dated between 1945-1979 and was shaped by the broadly
Keynesian macroeconomicideas governing UK economicpolicy at that time. Within this paradigm,
state provision of secure and affordable energy was considered a prerequisite for overarching goals
of economicgrowth and maintenance of full employment (Hall, 1993; Helm, 2005; Mitchell, 2008;
Oliver & Pemberton, 2004). To this end a range of new policy instruments were developed, building
on the nationalisations and centralised planning firstintroduced during the Second World War. Key

toolsincluded the nationalisation of electricity, coal and gas generation and transmission assets, and
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centralised government planning of future infrastructure provision based on desired and predicted
rates of economicgrowth. The unravelling of this paradigm came as part of the broadershift from
Keynesian macro-economic management to monetaristand subsequentlyneoliberal forms of
governance during the 1980s. Howeverthere were specific factors which made energy policy an early
candidate fornew policy instruments of privatisation and market liberalisation (Helm, 2007). In
particular, demand planning run by Central Electricity Generating Board had failed to account both
the economicstagnation of the 1970s; and the decoupling of economicgrowth from energy demand,
a process accelerated by the deindustrialisation of the UK economy during the 1980s. Moreover the
formulathrough which electricity generators were paid for theirwork as a percentage of theirreturn
on investment came under heavy attack forincentivising ‘gold plating’, the over engineering of plants
and networkinfrastructure to maximise the pricesthat could be charged. The result by the late
1980s, was a large excess of generating capacity subsidised by the state and via high energy prices.
Combined with the Thatchergovernment’s goal of reducing the power of the National Union of
Mineworkers, a decision was taken to fundamentally reorganise the UK energy industry, with
economicrationality providing the central organising principal (Hammond, et al., 1985; Helm, 2005;
Pollitt, 2012). The tools of this reorganisationincluded the economicrationalisation of the UK coal
industry; the partial removal of subsidies and unbundling of vertically integrated electricity and gas
generation, transmission and retail utilities; privatisation; and the introd uction of competitionin the

form of separate wholesale and retail markets forelectricity and gas (Green, 2007; Pollitt, 2012).

The shift from Keynesianism thus saw the wholescale abandonment of a pre-existing policy
community dominated by planners; regulated industries and aninstitutional framework to support
the planned construction and running of nationalised energy supplies. Intheir place emerged a
community of economically liberal policy makers; think tanks; interest groupsin finance and the old

regulated industries, united by interestsin orideational commitments to market and quasi market
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mechanisms (Mitchell, 2008). This shift can be seen as reflecting not merely achange ingoalsbut a
fundamental challengeto the paradigmaticstructure of ideas and institutions UK energy policy in
which prior beliefinthe capacity of the state to plan and deliver energy efficiently was displaced by a
new setof ideas around competition and economicefficiency. Speakingin 1982, Secretary of State

for Energy Nigel Lawson made this explicit;

‘I donot see the government’s task as being to plan the future shape of energy production
and consumption. Itisnoteven primarily to try to balance UK demand and supply forenergy.
Our task ratheris to set a framework which will ensure thatthe market operatesinthe
energy sector with a minimum of distortions’ (Lawson, 1982; cited in Helm, 2005, p.7).

Thisshiftisnot onlyreflectedinenergy. The period from 1979 also saw a dramatic re-articulation of
UK industrial policy discourse from afocus on state ownership, subsidies and employment, towards
a generalised aversionto beingseentointervene directly and ‘pick winners’ between emergent
technologies and firms. Industrial policy gave way to an emphasis on competitiveness characterised
by concerns overinfrastructure, skills and labour market flexibility (Beath, 2002; Wren, 2001). In
short, the state was seento have no place in the selection of technologies orsectorsin which the UK
should compete, but would rather be responsible for maintaining awelcoming environment for

inward investment and a policy framework which incentivised and rewarded innovation and export.

This understanding of the marketas most legitimate and efficient allocator of resources, foratime
proved highly successful in energy policy. Newly privatised generators were able to make significant
cost reductions through the mothballing of excess generating capacity and sweating of gold plated
assets. Inthe period following fullmarket liberalisation in 1998 to 2003 consumer electricity prices
fell by 40% (Helm, 2005, p6). The extentto which market design, network factors and wholescalefuel
costs were responsible forthis period of low domesticenergy prices remains the subject of some
debate inthe economicliterature (cf. Green, 2007; Newbery, 2005), howeveratthe time there was

a general consensusin policy that market liberalisation had been asuccess.
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Challenges to the Liberalisation Paradigm
Since the mid-2000s, the liberalised energy system in the UK has come under stress from a range of

endogenous and exogenous problematisations. As we saw in Chapter2, by 2005 energy prices had
recovered from their40% drop and were continuing on an upward trajectory. New challenges
associated with the replacement of ageing generation and network infrastructure; the depletion of
North Sea oil and gas reserves; and the rise of climate change on the political agenda, all beganto
come to the fore. The argument made by those claiming a paradigm shiftis withinsightis that these
are challenges forwhichthe liberalised energy paradigm lacks the tools to address (Helm, 2007;
Mitchell, 2008). Energy markets designed to drive down costs during a period of over-capacity and
priorto the recognition of climate change as a pressing policy issue, while capable of delivering
investmentinlow risk combined cycle gas turbine generation, have been problematized for their
failure toincentivise emissions reductions orinvestmentin new low-carbon technologies and
generating capacity . Similarly, existing energy transmission infrastructures have been designed to
match the predictable output of asmall number of coal and gas fired power plants to the consumer
demands. Designed to maximise efficient use of generating capacity, this regime is unsuited to the
task of managing more distributed, small scale and intermittent forms of renewable generation being
proposedto meet decarbonisation targets (CCC, 2011). It is the confluence of these factors with the
imperative to decarbonise that have led tothe suspicionthat a paradigm shiftisimmanent. Thisis
not to say proponents of a paradigm shift believe this process to have occurred, ratherthat energy
policy has become stuck, unable to fully incorporate the demands of its new context consistently

across the system:

‘This paradigm shiftin policy objectives hasyetto be translated into a coherent set of policy
instruments, which have to be grafted onto a privatized and liberalized market structure’
(Helm, 2007, p. 34).
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Thisis notto say all writers agree on what the alternative policy should be. Accountslocatedin
economics and othertraditions emphasising rational agency have tended to propose extending logics
of market liberalisation by creating markets and prices to incentivise low carbon innovation and
investmentin new forms of generating capacity (Green, 2007; Stern, 2007). Others however, have
been more critical of market based approaches, arguing the automaticendorsement of competition
as a goal of energy policy must become secondary to urgent requirements of CO2 reduction that may
require amore interventionist stance than governments have been willing to adopt (Mitchell, 2008;
Scrace & MacKerron, 2009, p. 100). Thisdivergence in positions reflects a differentialreading of the
notion of a policy paradigm. While Helm (2007) does mention ideology briefly in hiswork, the bulk of
his writing suggests that a simple modification of instruments to allow for flexibility in the pursuit of

new goals would constitute a paradigmaticshift.

Mitchell (2008) on the other hand recognisesthe broaderideological and institutional structure
surrounding UK energy policy. In particularshe identifies the broad complexof a UK ‘regulatory state
paradigm’; a socio-technical regime which entrenches and privileges the interests of incumbent
energy, infrastructural and technology providers throughit’s highly structured market and legalistic
regulatory structure; and narrowly technocratic institutionalapproach to policy learningand
adaptation. Drawing on STIS and transitions theory in particularshe arguesitis this complex which
providesthe primary barrier to currently niche leveltechnology providers capacity toinfluence
innovation and regulatory agendasin atransformative way. Fudge et al. (2011) likewise argue that
the structuring of markets and policy objectives to ensure low costs, combined with more recent
attempts to securitise energy have functioned to reinforce reliance on carbon intensive forms of
energy generation. While the mechanisms advocated may differ, there is ageneral consensus that

new technologies and forms of governance are required to at the very least; balance intermittent

58



renewables; encourage more efficientand responsive transmission networks; and replace insecure

and pollutingfossil fuelsin domesticheatingand transport.

Lookingto present UK energy policyitis difficult to ascertain whethera paradigm shift; inthe
broadersense of a consistent set of ideas; institutions and instruments (Hall, 1993) is in fact taking
place. The issuing of Renewable Obligation Certificates and Early UK Feed-in-Tariff support for
renewable technologies both reflect broadly market based mechanisms, leaving consumers and
electricity generators tojudge cost optimal technologies to avoid charges orearn incentives for low
carbon technology adoption. More recently the 2011 Energy White Paperstated the intention of the
UK governmenttointroduce a new market for capacity, including the replacement of the
Renewables Obligation with feed-in-tariffs for larger electricity generators. These capacity payments
will be bandedtoreflectthe different requirements and benefits of low carbon energy technologies
(DECC, 2011), pavingthe way forlong term contracts guaranteeinga price for nuclearenergyfora 35
year period. Meanwhile the autonomy of arms-length publicbodiesin allocating publicfunds for
innovation provides atleast a degree of distance between the state and the selection of technology
priorities. ForKern etal. (2014), this mixing and matching of institutional goals and support
instruments simply represents the contested ideational space around UK energy policy in which
competition, decarbonisation and securitisation wax and wane as organising principles forenergy
policy formation. Itisthe instability resulting from this accumulation of partially contradictory
instruments and narratives that provides the evidence fora paradigm shiftin process, orat the very
least the layering of new goals and establishment of overlapping institutions foreconomicand

environmental innovation we see in contemporary UK energy policy.
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VI. Interests and Power in Transitions Management
Giventhe developments charted thusfarinthis chapter, the claim that we are witnessingthe

emergence of anew paradigmin energy policy towards agreaterwillingness tointervenein markets
and support certain forms of low carbon innovation do carry some weight. Howeveritoughtto be
notedthereisa distinct divergence between the approach taken toinnovationin UK policy circles
and the more systemicapproaches advocated by sustainable transitions theorists. Whilesome
states, notably the Netherlands have been explicitin adopting transitions theory inspired approaches
to energyinnovations; uptake in the UK has been more selective (Kern, 2012). From the
development of the TSB, and Carbon Trust at a systems level; and more specificdevelopments of
publicprivate partnershipsand supportforthe niche development of HFC technologies, it would
appearthe UK is moving (if hesitantly) towards a transitions theory inspired approach to low carbon
innovation. The selection of strategictechnology areas; niche protection foremergenttechnologies;
increasing coordination between publicbodies pursuinginnovation and sustainable energy (Kern,
2012; Kern, etal., 2014; Winskel, etal., 2014); and development of institutional frameworks to
enable policy learning and collaboration (UKHM, 2012), all seem to point at least partially in this

direction.

However UK energy innovation policy has been critiqued for the relative lack of commitment to
supportingniche actors and technologies. Winskel & Radcliffe (2014) note that as the development
of low-carboninnovation policy accelerated in urgency in the mid 2000s, its focus shifted from long
term niche promotion to shortertermtechnology prospects delivered by regime incumbents. While
theirfocusisupon the evolution of the system itself, ratherthan explanation of why this shift took
place; they speculate the interests of regime incumbents to have been at play. For some, this
accelerated urgency was, in part, driven by the reframing of energy policy debates in the mid-2000s
from a discourse focussed on decarbonisation, to asecuritising agenda centred on nuclearenergy

(MacKerron, 2009; Scrase & Ockwell, 2009; Toke, 2013). Drawing on geopolitical landscape
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developmentsin central Europe and Russia, established policy networks closeto the nuclearindustry
were active promoters of this discursive frame as a means of advancingtheirinterestin the
technology. The effect was anincreased urgency in diversifying UK energy supplies away from
‘insecure’ imports, at the expense of fostering long term technological innovation and niche
promotion, a process benefitting large technologies favoured by incumbent energy producers such
as large scale nuclear; offshore wind and ‘clean’ (CCS fitted) coal technologies (Scrase & Watson,
2009; Winskel & Radcliffe, 2014). While these effects may have been somewhat overstated (fora
discussionsee; Toke, 2013), combined with Mitchell’s (2008) insiders account of energy and
innovation policy processes, such studies suggest the strategicdeployment of ideas by powerful

actors have had significant effects in shaping the current paradigm and regime forenergy innovation.

Although the above studies sensitise ustothe role ofincumbent powerin energy innovation
regimes, they do notfocus the bulk of theirattention at the level of actors. Rather their broadly
discursive institutionalist frameworks identify ideas, attributing them to particularinterests, without
attendingtoif and how their proponents came by them, norwhetherthe niche actors affected by
themresponded. Where we do find studies tracing agents strategicinterpretationsandideasin
innovation governance isin studies of the Dutch transitions management process. As the first
instance in which transitions theory based approaches have beeninstitutionalised in governance
processes, its stakeholderforaforinnovation planning and policy | earning have been studied widely
(Brugge, etal., 2005; Loorbach & Rotmans, 2006; Kemp, etal., 2007). In the only study focussing
directly HFCs within this process, Hisschemoéller & Bode (2011) examine institutionalised stakeholder
back-casting processes designed to identify potential routes to HFC energy systems. In so doing they
found stakeholders drawn from different nicheand regime industries identified highly divergent
visions forthe technology, drawn from their own organisational experiences and interests. The high

level of disagreement combined with alevel of confusion as to the expertise claims made by various
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stakeholder members, were subsequently given as reasons by the Dutch government for rejecting

the visions eventually identified.

In a study tracing the design and implementation of Dutch transitions management policy itself,
Smith & Kern (2009) trace the development of the policy network responsiblefor developingand
implementinginstitutional processes forthe consideration of niche low-carbon technologies. In so
doingtheyfind a high degree of strategicadaptation on the part of the innovation policy community
inan effortto gain legitimacy and the support of regime actors. Advocatesadopted dominant Dutch
and European policy narratives of energy market liberalisation and knowledge led economicgrowth
which were subsequently builtinto the structures and priorities of the stake holder coordination and
policy planninginstitutions established. While successfulin gaining policy acceptance, the resulting
implementation of the policy was highly technocraticin nature. Representatives of incumbent
industries were given seniorroles in stakeholder bodies, and the institutional ideas and norms of the

existingregime imported into the new institutional framework forinnovation promotion:

‘the new institutions created under transition policy —the platforms and experiments —are
captured by prevailing policy networks which interpret requirements through existing
institutional norms, such as narrow technological costs and benefits, and are constrained by,
rather than challenging, current energy markets and infrastructures’ (Smith & Kern, 2009, p.
94)

This critique is echoed inthe work of others working within or outsidetransitions theory approaches
which argue that inreducing sociotechnical transitions to niche-regime coordination and multi-
stakeholderlearning, more transformative concerns over social practices; power relations within
regime networks; and publicinvolvementin deliberation processes tend to be lost (Hendriks, 2009;
Scrase & Smith, 2009; Shove & Walker, 2007). Pointingto a range of cases of successful low-carbon
energy technology adoptioninthe UK and Europe, Toke (2011) argues such niche technology
interests tend to gain greatestinfluence within energy policy regimes when allied to wider social
movements. Acting as both supportive niches fortechnological adoption and experimentation, and
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normative entrepreneurs campaigning for value and policy change, alliances with such movements
provide an additional mechanism for niche innovation to influence shifts at the regime level. Such
claimsfind widespread supportinliteratures on reflexive ecological modernisation which argue,
usually from a normative standpoint; that narrow and technocraticgovernance of energy and
environmental energy innovation are unlikely to build the widespread legitimacy required for
transformative socio-technical change (Christoff, 1996; Hajer, 1996). In thisview, without broader
mechanisms to empower niche actors; climate, energy and innovation policy are likely to be drawn
intothe realm of ‘non-politics’ capable of sustaining RD&D support but not of influencing wider
energy policy goal structures- particularly in fields that may disrupt established regimeinterests

(Meadowcroft, 2009; Scrase & Smith, 2009).

We return at this pointto the initial questions raised within the ories of network governance as to
whethersuch practices are best categorised as means to enrol new forms of expertiseinto
democraticpolicy processes; or whether governance ratherfunctions as a means of further
entrenchingthe interests and power of already privileged groups. These questions cannot hope to be
answered within the realms of asingle thesis; they stretch back beyond Rhodes’ (1996, pp. 661-663)
‘hollowing out of the state’, past 20" century debates between pluralists and elitists (Bachrach &
Baratz, 1962; Dahl, 1961; Lukes, 1974) to some of the earliest conceptualisations of the relations
between the state and society. However, in sofaras energy innovation governance in the UK reflects
relatively virgin territory for this debate, we do not yet know which model may characterise relations
withinthe HFC community. To the extent that the answerto these questions may have significant
implications for the form this community might take and the kinds of technology supported withinit,

sensitivity to these issues would seem prudent.
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VII. Summary
Beginning with a critique of narrow rationalistapproaches to the study of policy and technological

innovation, this chapter has sought to situate this thesis’ study of the HFC communityin relation to
two disciplines and three distinct literatures. Regarding STIS, it identified transitions theoryin
general, in particular the multi-layered perspective outlined by Geels (2002) as a valuable conceptual
framework forconsideringthe community. Specifically italerted us toinnovation as acontingent
processes entailing niche; regime and landscape relations that may be constituted through
emergent attemptstosupport HFC technologiesin UK energy innovation policy. Inrelation to policy
studies, the chapter presented atypological distinction between four variants of social
constructivisminorderto highlightthe insights each offerinto questions of networked innovation
governance. Inso doingit gradually became clearthat while socialisation and learning; discursive
institutionalist and deliberative approaches to policy analysis contain significant overlaps with
transitions theory approaches, an actor centred constructivist framework provides a conceptual
framework for dealing withissues of interest and powertransitions theory leaves under-theorised.
While these insights provide useful conceptsin the following chapters on research design;
methodology and analysis, in the above discussion they provided a means of interrogatingthe more

substantive literature on paradigmsin and critiques of UK energy and innovation policy.

Lookingto the literature on UK energy policy two distinct trends stood out. Firstly there hasbeena
considerable focus on the notion of policy paradigms as systems of ideas structuring the policy goals
and instruments forthe management of the UK energy system. In particularthere isongoing debate
as to ifand how the UK may be moving from a paradigm centred onideas of energy market
liberalisation to a more activist stance centred onlow carbon energyinnovation and decarbonisation
(Helm, 2007; Kernet al., 2014). In drawing attention to policy paradigms asideational and
institutional structures for managing energy system developments, constructivist policy analysis and
energy systems research flesh out transition theory concepts of the socio-technical regime and
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landscape. More specifically they address the absence intransitions theory approaches of a
mechanism explaining how macro-social factors such as transnational ideologies and global
environmental change effect regime development. In positioning thesefactors asideas, harnessed by
strategicactionin policy processes; accounts of the policy process as paradigmatic point to actors
strategicuse of ideas as a key area of concern. Given the uncertainty this literature expressesin
terms of the nature of paradigmaticadjustment the UK energy regime is currently undergoing, akey
question forthe emergence of the HFC community thus becomes the extent to which the strategies
of HFC community actors are shaped by paradigmaticideas of liberalised market competition and

low-carboninnovation.

Within thisliterature we also find something of adisjoint between broadly rationalist accounts of
policy change resulting from exogenous factorsin global energy markets and concerns over climate
change (Helm, 2007; Green, 2007; Pollitt, 2012), and those highlightingthe role of interest groupsin
shapingthe discursive institutional structure for UK energy innovation (Mitchell, 2008; Scrace &
Watson, 2009). It ought to be noted at this stage, suchissues are not unique to energy innovation,
they are paralleled in accounts of sustainable transport policy as guided by paradigmatic assumptions
aboutthe ubiquity of automobility (Marsden, etal., 2014; Marsden & Docherty, 2013); and work
emphasising the power of incumbent road building and automotive manufacturinginterests (Dudley
& Chatterjee, 2012; Dudley & Richardson, 1998; Docherty & Shaw, 2012). However, despitethese
literatures’ focus on the overlap betweeninterests; powerand the emergence of anincumbentled
system for ‘accelerated energy innovation’ (Winskel & Radcliffe, 2014), thiswork has tended to
operate at relatively high levels of analysis, focussing on institutional and system development. As
such relatively little attention has been paid to how actors within the energy innovation system
(particularly those pursuing niche technologies) have interpreted theirinterests and developed

strategiesinthe face of such challenges. Studies from the Netherlands, where stakeholder
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participationin energy innovation policy making has been more highly institutionalised, suggest pre-
existinginterests and positions in established sociotechnical regimes have significantimpacts upon
the ways actors interpretinnovation challenges and solutions (Hisschemoller & Bode, 2011; Smith &
Kern, 2009). Howevergiven the more recent emergence of UK energyinnovation as a policy areaand
the lack of a single formal institutional structure for managing such stakeholder processes, to date
there have been no comparable actor centred studies conducted here. As such we can merely take
the insights offered by transitions theory and more critical constructivist policy analyses as guides to

what we mightexpecttofind withinthe UCHFC community in practice.
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4. RESEARCH DESIGN

I. Interpretivism and Construction
This chapter outlines the process of design from which the research proceeded initsinvestigation of

the HFC community. Inso doingitsituates this thesisinrelation to constructivistand interpretive
modes of social enquiry, and argues with Yanow and Schwartz-Shea (2006, p. xviii) that;
‘epistemological and ontological claims are mutually implicating’. Ontological position fundamentally
affects the types of research questions we ask, the logics of research design, and the forms and
status of data we go insearch of. Thisis to say if we are asking research questions regarding a policy
community and the actors; ideas and strategies within it, then what manner of ontological
assumptions are we making, and by what empirical strategies might we begin to gain purchase upon

it?

These questions guide much of the discussion overthe following three chapters. Here the aimis
restricted to elucidating how they were addressed during the design phase of the research. This
chapterthus outlines how a broadly interpretivist-constructivist ontological position, derived in part
from actor-centred constructivist literatures on governance and institutionalism (Saurugger, 2013),
was translated into a case study research design specifyingthe HFCcommunity as (an as yet
unspecified)field of interpretive contexts and variation. In explaining how this field came to be
gradually bounded as a phenomenon, the chapterthen shifts to the basis upon which specificcases
were selected to account forthe range of paradigmaticinterpretive positions within it (Flyvbjerg,
2011, pp.306-309; Stake, 2005, pp.459-460). Finallyinspecifyingthe study asone seekingto
elucidate the HFC community viaits variations, the chaptershifts to discuss elements more
commonly associated with methodological planningand conduct; in particular the iterative process

through which early empirical work informed the specification and selection of cases forinclusionin
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the study. Before shiftingto these questions however it may be instructive to provide a brief
theoretical overview of the type of social reality we might expect to encounter when investigating

the HFC community through reference to two analytictraditions; constructivism and interpretivism.

In appealingto constructivistand interpretivist branches of empirical research there is arisk of
conflating two distinct traditions. Both share roots in hermeneutics and phenomenology, which
provides them with overlapping concepts and terminologies, and a sensitivity to meaningasa
foundational element of social reality (Bevir & Rhodes, 2012; Schwandt, 2000). This is to say that for
constructivists and interpretivists, ideas and meaning reflect not only human interpretations of
events; they define actors and artefacts; specify the possible relations between them, and provide
reasons and cognitive maps which shape and motivate humaninteraction (Hay, 2007; Yanow, 1996).
For both traditions, the social world is not merely a collection of material facts waiting to be
uncovered butrather consists of interpreting actors who allocate meanings to the artefacts and
otheractors they encounter. Policy ideas and artefacts are not merely referents to some external
physical world, but are the product of meaningful and purposeful social interactions through which
subjective and intersubjectively held ideas, values and beliefs are putinto practice (Gubrium &
Holstein, 2000; Yanow, 1996, pp. 6-11). Putsimply, social interaction notonly describes the world it
actively constructsit. As such, both traditions must contend with what Giddens (1984, p. 20) terms
the ‘double hermeneutic’; social scientists do not only interpret the social worldinterms of itsideas
and objects, they mustalso contend with otheractors’ interpretations of that world (Hay, 2011,
Yanow, 2007). In part due to this, constructivistand interpretivist research carry long standing
empirical affinities with qualitative and ethnomethodological research traditions, which focus on the
highly contextualised processes of interpretation and meaning constructionintalk and text

(Angrosino & Mays de Perez, 2000; Gubrium & Holstein, 2000).
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This brings us to the main point of divergenceforinterpretivists and constructivists. For the
interpretivist, any actor’s interpretation will be shaped by the ideas and institutional contextsin
which they are embedded, and will be distinct from and irreducible to the object of theirinterpretive
efforts (Bevir & Rhodes, 2003; Bevir & Richards, 2009). Given this contextual specificity, it follows for
the interpretivist thatany knowledge gained viainterpretivist research is necessarily contextually
bounded. Thisistosay in privilegingthe moment of situated interpretation and action, interpretivists
tendto rejecta role forindependently existing social and institutional structures in shaping social life

(Bevir & Rhodes, 2005).

Critiques of this position have taken two primary forms. Proponents of weakerforms of
constructivism have suggested that, shorn of attendance to material and economicstructures,
interpretivists over privilege agency and interpretation in their accounts of social practice (Marsh,
2009). Conversely stronger constructivist and poststructuralist accounts argue thatin emphasising
situated ‘contextualised self-understandings’ interpretivists miss underlying logics of social action
embeddedin deeper meaning-structures across multiple contexts (Glynos & Howarth, 2008). Hay
(2011) offers amore sympatheticreadingin which he draws attention to the constraints the
interpretivist concept of situated agency places on interpretation and action. Expanding on this
concept, he draws on institutionaltheory to argue thatinterpretive contexts are not merely the
product of actors immediate environments. These environments are also constituted by widespread
formal and informal institutions, which become inscribed in the material and ideational resources
available toagiven actor or organisation. While local contexts may lend themselves to varying
interpretations and constructions of agency, they dosointhe context of widerinstitutional
structures which shape and constrain the opportunities for situated actors to maintain existing

institutional relations; interpret them differently, or more rarely, to construct alternatives tothem.
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Ratherthan positing an opposition between constructivism and interpretivism, this thesisisinstead
contentto view them as cognate traditions, whose difference in emphasis can be a valuable attribute
inthe analysis of empirical data. The benefit of both emphasesis captured neatlyin the following
from Gubrium & Holstein (2000, p. 488), speakingon qualitative analysisin generaltermsthey
suggest:

“Interpretive practice engages both the hows and the whats of social reality; itis centred bothin
how people methodically construct their experiences and theirworlds and in the configurations
of meanings and institutionallife thatinform and shape theirreality-constituting activity.”

In thisview interpretive research should focus on how situated agents interpretations are shaped by

the diverse institutional meanings to which they are exposed, while maintaining a constructivist
insistence that such interpretations are themselves constitutive of those actors and institutions. In
specifying both ‘how’ and ‘what’, a constructivistinterpretivist analyticframework must seek to trace
both what the relevantinstitutional contexts and constraints are on actors situated interpretations

and actions; and how situated interpretive processes allow for the construction of particularrealities.

II. Research Design: Case Study Research and the Importance of Context
In comingto the design of the study, the researcherwas initially struck by the relatively narrow range

of options available for generating data on the HFC community within the confines of asingle
student PhD study. HFCs are a relative novelty in UK policy discourse and at the outset of the study,
the nature of the institutions and community surroundingthem were notclear. Indeed, at this stage
inthe study, the actor centred constructivist position which subsequently served to provide afocus
to the thesishad not yet been fully articulated. The very nature of the HFC community as a policy
community wasitself uncertain. Under such circumstances two options existed for researching the
HFC community; survey based designs and case study research. The formerwould have sought to
specify the HFC community viareference toits population andits correlations with abroaderrange
of pre-specified variables. The latterapproach conversely aimed for the generation of knowledge in

context, focussing on the meaningful nature of social interaction within the HFC community and
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providing anarrative description of what was taking place within it (Hakim, 2000; de Vaus, 2001). The
case study design eventually alighted uponin this section, further outlined in the rest of this chapter,
was the outcome of balancing the potential benefits of each design and practical considerations of
how they may be operationalised. However, itis also the product of a deeperontological
commitmentto an understanding of the HFC community and policy processes more broadly as

characterised by interpretive relations.

Giventhe thesis’s eventual focus on providing an actor centred constructivist account of the actors,
institutions and strategies relevant to the development of the HFCinnovation governance; it may be
argued that some form of economically informed survey design focussed on actor resources,
institutional networks and strategies may have provided avaluable means of specifying the nature of
this community. However, even were one to approach the topicwith a positivisticontology, and a
desire to generate a probabilisticcausal account of the actors; institutions; and strategies withiniit,
the scholarly groundwork had not been laid to identify what the most appropriate variables within
the population might be, farless to make judgements as to the representativeness of any given
sample developed (Ackoff, 1967; de Vaus, 2002). Given the insistence on the role of contextualised
interpretation and meaningful action presentinthe substantive literatures on governance
(Saurugger, 2013) and the broader constructivist-interpretivist research literature (Yanow &
Schwartz-Shea, 2006); a survey approach seemed to risk prematurely separating out key
interdependenciesinto variables beforethey could be properly understood and specified. In contrast
case studyresearch does notrequire the pre-specification of interpretive variables. Instead it relies
on the flexibility to collect multiple forms of data and engage reflexively with the actorsinvolved to
developrich, contextually bounded accounts of the key variables at play (Flyvbjerg, 2006; Stake,
2005; Yin, 2003). The authorfollows Flyvbjerg (2006) in rejecting the suggestion that such knowledge

isonly useful as a primer for subsequent research deemed to be more representative and
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generalizable. However, in thisinstance even were one to subscribeto such a view, the relevant case

knowledge that would be required to specify survey variables was lacking.

By adopting a case study approach, we must recognise the trade-offs that accompany the design.
While there are strong philosophical grounds for doubting the claims of any form of social research
for generating wholly objective knowledge (cf. Flyvbjerg, 2001; Giddens, 1987; Sayer, 1992), it is
nevertheless the case that case study researchisirrevocably dependent on the contextin whichitis
produced. Thisis not to say such knowledge can never be generalised. Knowledge of agiven case
may be of intrinsicinterestin and of itself, or (provided sufficient contextual detailisincludedin
research reportingtojudge its applicability)it may be translated to broader classes of similar
phenomenon (Adcock, 2009; Benchofer & Paterson, 2000, pp. 47-49; Lincoln & Guba, 1985). HFC
technologies are positioned at an unusual intersection between energy, transport and innovation
policy; and have tended to have a lower, less controversial profilethan otheremergent technologies
(forarange of examples see; Pidgeon, et al., 2008; Rowe, et al., 2005; Shackley, etal., 2005). The
policy community emerging around them may be of interestas a case inits own right, and as a single,
less heated instance of the broader classes of energy and innovation policy processes. Whileone
case alone may not provide law like causal predictions for these other phenomena, atranslation of
the context encountered canstill be useful in helping scholars and actors from similar contexts
understand the practices they encounter. The validity of such knowledgelies notinthe degree to
whichits representativeness has been controlled for, orits capacity to communicate each and every
contextualised experience inits entirety. Ratherits credibility and transferability is dependent upon
its capacity to provide arich explanatory narrativethat explains what is goingonin a particular
context, while remaining faithful to the interpretations of actors located within it (Creswell & Miller,
2000; Hawksworth, 2006). Case study research thus remains credibleaslongas it can demonstrate

prolonged exposure to the context under study; examination and comparison between divergent
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cases or instances withinitand the meaningful relations between them, and; adegree of reflexivity
inits interpretation of the research process and context encountered (Kluge, 2000; Lincoln & Guba,

1985, pp.289-331; Schwartz-Shea, 2006). Such a task is not the preserve of the process of research

design. While this formsthe focus of this chapter, these criteriaare returnedto in subsequent

chapters on methodological planning and analysis.

Clearly notall case study researchers subscribe to interpretivist criteria of credibility and
transferability. Other research designs have claimed the capacity to examine interpretive proce ss and
constructions of meaningin context. Ragin’s (1994) model of comparative case study research
attempts to separate key variables and outcomes from ‘spurious’ contextual factors. Conversely
some survey designs, notably those pursuing Q methodology and corpus linguistics have paid
particularattention to the construction of meaningin different contexts, albeit at furtherremove
than direct case study investigation (Baker, etal., 2008; Ellis, etal., 2007). Such examples aside
however, the predominant research design for studies concerned with meaningful social interaction
ina given context have tended to be case studies. Much of the theoretical insight offered by science,
technology and innovation studies has been built on historiccase studies detailing the actors,
institutions and strategies through which emergentinnovations come to be seen as successes or
failures (Bijker, 1997; Latour, 1988; Geels, 2002). In more policy focused literatures, case studies have
been deployedto explorethe role representations of nature and institutional categorisation playin
constructing environmental governance practice (Liskog, 2014); as well as the role of language and
metaphorin the articulation of conflicting policy communities around the issue of airport expansion
(Howarth & Griggs, 2006). Expanding upon this corpus of research could take a thesisinitself, more
important here is what this work shares: an understanding of case study research as providing access
to the meaningful interactions between social actors, whose interpretations and practices are shaped

by theirsocial contexts. Ratherthan direct causal accounts, they build rich multifaceted pictures of
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the interaction between multiple elements in generating new processes of socio-technical
governance, whose validity lies in the depth of description and the credibility and plausibility of the

accounts provided. Itisinthis tradition this thesis aimsto follow.

Case Specification and Boundaries
Giventhe decision to adopt a case study design, important questions remained regarding the nature

of the case to be examined. Whilereviews of the literature identified a broad range of governing
institutions and problematics relatingto HFC innovation, it did not point clearly towards asingle
institutional or organisational context as the case at hand. This section draws on methodological
literatures on case study research and notions of community in the social sciencesto outline the
process by whichthe HFC community emerged as a theoretical construct bounding the case under
study as the shared context of multiple organisations and institutions oriented towards HFC
innovation. Seeking to draw out the multiple representations that comprise the developme ntof a
case study, Platt (1992) draws a distinction between the overarching case a study seeks to represent;
the individual cases portrayed inits analysis to build a picture of this larger whole, and individual
sources of empirical data. Stake (2005) speaks of a case as the bounded object of a study made up of
specificphenomenarevealed inindividual sources and patterns of data. Flyvbjerg (2011) conversely
speaks of a general context or phenomenon of study that can be made knowable through
examination of particular cases, in which experientialknowledge is a privileged form of data. While
each of these trifold accounts brings subtle differences, each seeks to distinguish between the overall
object of a study, the analytical concepts through which aresearcher makes sense of it, and the base
empirical unis from which these concepts are drawn. Of these, this section focuses on how the

overall object of the study was bounded at the design stage of the research.

Itisat this point we beginto encountersome difficultiesin specifying the HFC community asan
overarchingcase. Inthe firstinstance, let us considerthe term community the thesis has deployed

so far to denote the range of actors and practices formingaround HFCinnovationinthe UK. In so far
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as an understanding of the HFC community isitself what the study aims to articulate, it was difficult
at timesto anticipate what we may expectto find within it. In the firstinstance, the term community
was appliedto the study by accident, an ad hoc linguistic choice made inasupervision meeting to
describe the network of formal and informal relationships, organisations and institutions making up
the field tobe examined. The term stuck, in part due to its congruence with existing literatures on
policy communities and networks (cf. Rhodes & Marsh, 1992). While alternate labels such as the HFC
innovation network or HFC policy process were considered; the term community more explicitly
evoked the complexinteractions between institutions and a broad range of social and techno-
scientificactors literature oninnovation and socio-technical transitions suggested would be

encountered.

The questionremained however; if an HFC community was to constitute the overarching case under
study, on what basis can this community be thought to exist? The notion of community appearsina
number of social science literatures. ‘Communities of practice’ (Cox, 2005; Wenger, 1998);
‘communities of interest’ (Cantador & Castells, 2011; Henri & Pudelko, 2003) and ‘imagined
communities’ (Anderson, 2006; Beck, 2011) all seek to describe communityinrelational terms,
underpinned by shared sets of concepts, languages and ideas. Yanow (1996, p.47; 2001, p.26) speaks
of ‘interpretive communities’ as symbol sharing groups whose collective experience of organisational
and widerideational contexts means they are likely to interpret policy artefacts and eventsin similar
ways, or at the very leastare oriented towards similar policy ideas and artefacts. Takingamore
explicitly constructivist turn than Yanow, we may additionally suggest that the communityis not
merely shaped by itsideational context, butthe broaderinstitutional contextsin which suchideas
and artefacts are forged (Hay, 2007; 2011). Inso doing we may specify the UK HFC communityin
terms of a grouping sharing a particularinstitutional context; oriented to an overlapping set of ideas;

and concerned with a particular collection of artefacts.
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Institutionally speaking, the primary focus on the HFC Community was of its nature as a policy
community or network; as such participation within the broader HFCinnovation policy process was
deemed an essential criteriaforinclusion. However given the focus on HFCinnovation governance in
the round, no restrictions were putin place as to what form participation might take. No
discrimination was to be made between the standard phases often described in policy studies
textbooks between agenda setting, policy formulation and implementation (cf. Hill, 2009). Rather the
key boundary forfalling within the HFC community was defined as requiring interaction with UK
governmental institutions engaged in HFCinnovation. These could be central departments of state or
the broader non-departmental architecturethey have putin place for techno-scientificinnovation.
To the extentthat some non UK based organisations and institutions were highly involved in UK
policy processes these were included in the study, provided they displayed significantimpactsonthe
core policy community understudy. Interms of ideas and artefacts, due to uncertainty as to what
would be foundinthe field; the researcher was reluctant to specify in advance the precise forms of
HFC technology orideas about them would be of relevance. While it was possible the HFC
community may take the form of a classic policy community, containing arelatively narrow set of
actors whose shared organisationaland institutional contexts, it was equally possible it would
resemble awider policy network (Rhodes & Marsh, 1992; Toke & Marsh, 2003) involvingarange
of interpretive communities with divergingideationaland organisational contexts but still oriented

towards shared objects such as HFCs and policy makinginstitutions.

Notwithstanding the study’s overarching commitment to openness and flexibility, somecriteriawere
essential to maintainfocus and prevent the study expanding indefinitely, drawingin evermore
tendentiously linked actors andinstitutionsintoits remit. HFC’'s represent a broad family of

technological artefacts, associated with abroad range of ideas regarding theirvalue and potential
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applications. Some means of limiting the range of HFCrelated artefacts and ideas pertaining to them,
was necessary. This meant difficult decisions asinnovation theory suggests learning in relatively
minor niches may nevertheless generate technological development, cost reductions and user
familiarity that facilitate leaps into larger markets (Rip & Kemp, 1998). So progressin niche HFC
applications unrelated to energy or carrying relatively minor sustainability improvements due to their
small size, are still funded as objects of innovation policy. They may well carry significant implications
for future environmental and energy policy. However given the unpredictability of such future
developments, and the overarching focus of the study on the HFC policy communityin the present
day, the decision was takento focus only onthose with the greatest profile within the UK policy

process.

In practice this meant narrowing the HFC community down to consider only technologies ideationally
linked to large scale energy systems and environmental policy goals. The study opted tofocuson
those technologies being constructed as artefacts of environmental and energy policy. From the
literature three applications were identified as of particularrelevance and salience in existing
academicand policy discourse; H2 Fuel Cell ElectricVehicles (FCEVs) and associated refuelling
systems; fuel cell micro-Combined Heatand Power (FCmCHP); and Hydrogen productionin grid
applications (see Chapter 2, pp.14-21). These three applications, while partially distinctin their use of
differing fuel celldesigns for different purposes were nonetheless linked as objects of energy and
decarbonisation policy. Indeed as the study proceeded it became clear that while on occasion HFCs in
each application were treated as separate entities, innovation governance often treated themin
similarways and the boundaries between applications was often blurred. As such they formed
subgroups of HFC community members the research purposively soughttoinclude, ratherthan
clearly defined casesin theirownright. In narrowing the selection of technologies to this group, it

became possible to provideaboundary to the ideas and artefacts that would be of relevance to the
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study, without pre-empting the possibility that such ideas and artefacts may be interpreted

differently by different communities within the overarching case.

In summary, the overarching case the study was concerned with can be defined asacommunity of
actors inhabiting a particular contextin UK policy making thatis concerned with the competitive,
environmental and energy system potential of innovation in transport, domesticheatand powerand
grid applications. While policy institutions such as departments and public bodies would form central
points of orientation for otheractors within this context, insofaras they are themselves
organisations with agency, they too were to be considered members of this community. Alone
howeversuchinstitutions do not constitute acommunity, rather the community also encompassed
the broaderrange of organisations which contributeto the policy making processes via participation
inagendasetting, policy formulation and implementation practice. In settingthese boundaries
around the phenomenaunderstudy the intention was to provide some focus to empirical

investigation, without seeking to pre-empt what may appearin the field.

III. Case Method and Specification
Before shiftingto adescription of the case selection process, it should be noted thatthere was never

any doubt that the case of the HFC community was one comprised of multipleinterpretive contexts.
From the process of case specification and the broaderacademicand policy literatures surrounding
HFC innovation policy (see; Chapter 2.V, pp.24-29), it was clearthat the HFC community was both
geographically and organisationally dispersed; containing a range of institutions such as DECC;, the
Technology Strategy Board; Carbon Trust; and public private partnerships, each speakingto larger
audiencesin policy; academiaand industry regarding a broad range of policy ideas and artefacts.
Insofaras the literature identified consultancy reports; academic publications and outputs from

public-private partnership organisations, these audiences appeared to be speaking back. As such it
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became clearthat a case studyinthe classical ethnomethodological tradition of immersioninasingle
geographiccontext (foradiscussion see; Angrosino & Mays de Perez, 2000), or even a looser
interpretivistfocus on a particular policy makinginstitution or process (Bevir & Rhodes, 2012; Yanow,
1996) could not capture the variation within this wider community. Ratherthe study required
attendance to context at the communal, inter-organisational level, one capable of moving across the
multiple organisational contexts through which the overarching case was interpreted and
constructed. While the precise nature of these case contexts proved elusive, specifyingthem

became a key part of the research design process which bled into the conduct of empirical research.

However giventhe nature of the case study as, in many respects, ascoping exercise looking to
characterise the HFC community, relatively little could be specified in advance regarding the
individual organisational cases through which that phenomena could be specified. Asis discussed in
Chapter6 (pp.122-125), broad headings of ‘actors’, ‘institutions’ and ‘strategies’ gradually emerged
as key analyticconcepts, guided by knowledge of the case and the development of an actor centred
constructivistinterpretive framework forthe study. However this framework was a product of
analysis ratherthan design. Inthe early stages of the research there was uncertainty as to whether
the actors and institutionsin question might exist asindividual organisations; formal partnerships or
institutions; orlessformal coalitions existing at some ideational or discursive level. Research thus
began on a somewhat uncertain footingaimingto gradually specify its key units of analysis through
early investigative work examining policy literature and in pilotinterviews conducted locally at

Birmingham.

The lack of an advanced plan forspecifying units of analysis as a basis for sample developmentis not

necessarily aproblemin case study research. Grounded theorists and other proponents of the design

79



have longheldits capacity to refine its objects of study; collect new datain unanticipated forms and
gradually develop analyticunits fromitis one of its key strengths, mitigating against researcherand
instrumental bias towards pre-conceived epistemicframes (Flyvbjerg, 2006; Glaser & Strauss, 1967).
Case study research remains free when entering the field to purposively uncover multiple empirical
cases which can act as emblematic of particular categories orvarieties within an overarching case
(Flyvbjerg, 2011, pp. 306-309; Stake, 2005, pp. 459-460). As a point of departure the decision was
taken to begin examining the community from two directionsin what might be termed asnowball
sampling approach (Gillingham, 2005, p. 16; Denscome, 2008, p.58). Atone end research began
locally at Birmingham’s Doctoral Training Centre for Hydrogen and Fuel Cell Research (DTC); and at
the otherexamining publically available policy documents at the UK national level. In gradually
developing experience of the HFC community in this way, it was hoped the researcher might identify
both the appropriate case units forthe study and expand outwards into them, graduallybuilding a

knowledge interpretive variation through the addition and elaboration of new cases.

The rationale for this approach was manifold. At Birmingham the researcher’s position as a student
affiliated to the DTC provided knowledge of its status as engaged inthe policy processesviaits
fundingthrough the national Engineering and Physical Sciences Research Council, as wellasits
ambitions for policy relevance and building links into the broader HFCindustry. This provided an ideal
starting point to acclimatise the researchertothe community understudy, and forbranching out
intoit. Attendingto national policy documents on the other hand, provided details of industry and
research partnerships, lists of consultation participants, and case studies of HFCinnovationin
practice. They offered early indicators of additional cases where the study might expand. By
beginningthe snowball from both endsthe research hoped to bypass the need for personal referrals
from past cases, thus speeding up the process of case identification and recruitment. Furthermore,
the two approaches provided avaluable means of cross-checking one another; policy documents
linking to organisations and institutions not directly related to the Birmingham case. In practice and
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somewhat unexpectedly the reverse also proved the case, the Birmingham snowball helping to
identify several organisations with lower profile in policy literature but stillengaged in HFC policy

processes.

CaseSelectioninPractice
In practice the process of case specification and selection was less straightforward than the method

presented above. While organisations eventually emerged as the central case units within the study,
they didso notin the design phase, but ratheras the result of the researchers early atte mpts to
access and make sense of the HFC community in practice. In this sense the research resembled
Janesick’s (2000) description of qualitative research asimprovisation with initial plans requiring
ongoing contextual interpretations, analyticjudgements, and re-adjustmentsin orderto remain
appropriate tothe task at hand. Initially an approach informed by critical and poststructuralist
iterations of discourse theory had been anticipated (Fairclough, 2003; Howarth & Torfing, 2005).
Within this strategy, paradigmaticvariation would be outlined through the identification of discourse
coalitions; symbol sharing groups united by shared storylines and systems of equivalence and
differentiation uniting disparate techno-scientificideas about HFCs in the policy process (Hajer, 2005;
Howarth & Griggs, 2006). However early examination of languagein policy relevant documentation
and interviews at the Birmingham site did not initially reveal obvious divergencesin symbolic
representation through which interpretive variation could be clearly demarcated. What they did
pointto howeverwere notions of partnership and collaboration within which organisationalactors

were positioned as key organising unitsinthe process of HFCinnovation governance.

The actual process of case selection proved highly iterative; beginning with desk based research and
collection of documents. Extendinginto Birminghaminterviewsitinvolved the gradual refinement of

the units of analysis away from discursively constructed coalitions to distinct organisations identified
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in policy documents and interviews. At this pointinthe identification and recruitment of cases to the
study, decisions had to be taken to ascertain whethera case was relevantto the study, and if so what
it might contribute to the elucidation of the overarching case of the HFC community. To facilitate this
documents and early interview accounts were initially scanned foran overview their content. Such
literal readings (Mason, 1996, p. 109), sought simply to identify the key ways these texts constructed
the HFC community and their position withinit. Duringthis process, astand out feature of
interviews and policy documents were references to collaborative institutions; arange of
organisations and practices tied closely to the conduct of HFC innovation governance via
collaborative planning and consultation and state funded innovation projects. Whereas theseinitial
readings had not indicated the existence of particular discursive formations, they did pointtoamore
basiclevel of variation between the organisational actors they cited as participantsin collaborative
processes. Inline with the snowball sampling approach specified inthe design, the data collection
processthus soughtto expand from policy documentation and the initial site to cover these broader
collaborative processes. This marked the first adjustment towards organisational actors as the key
case unitsinthe study. In cases of high profile collaborative organisations; trade associations;
governance institutions and some collaborative projects, a distinct collaborative identity existed in
the form of websites, brochures and other organisationalliterature. In other cases no such
organisational identity existed, and information was sourced from documents emanating from

individualmember organisations.

It was at this point case selection began to shift towardsits final form with organisational actors as
the primary cases understudy. The rationale forthe shiftlay notonly in the practical requirements of
finding documents speaking to a given collaborative process. Ininterviews referring to collaborative
practices, participants continued to identify with the organisation directly employingthemrather

than the collaborationitself, outlining distinct strategies and rationales for their participation. This
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was the case even whensuch participants were recruited explicitlybecause of their participationina
particular collaboration. Thisis nottosay every single collaborative process within the HFC
community was examined in detail, northat the cases examined aimed for total coverage of any
single collaborative process. Rather organisations wereselected for their relative profile within the
HFC community, thatisto say repeatedinvolvementacross arange of collaborative practices. Such
decisions were not quantitativein nature but ratherreflected the researchers’ judgementthat the

profile accorded to particularorganisationsin policy documents and preceding case interviews.

Early onsuch judgements proved difficult to make, and a gradual sensitising process of reading and
listening was required before the researcher felt confidentinidentifying key cases. This process went
beyond the formal data collection process and included developing afamiliarity with the HFC
industry press; discussion groups on open access social media platforms and attendance ata number
of HFC specificconferences and networking events. Indeed it was at such events where first contact
was made with several future interview participants. In many respects such activities stemmed from
the researcher’s dual role as a student of Birmingham’s DTCand a range of representational
responsibilities that came with it, howevertheseactivities fed into the research process, providing
invaluable contextualised knowledge and expertise (Flyvbjerg, 2001), which aided in the
identification of emblematiccases. Thanks to this process earlier case selections rooted in more
rudimentary distinctions between organisational purpose or contexts such as academicresearch,
industrial production or policy making and delivery could be refined and built upon. Future selections
became increasingly guided by insights from priorinterview accounts and documentary research,
suggesting gaps and forms of collaboration not previously considered. It was only at the pointat

which such emblematicinsights ceased to be forthcoming that case selection ceased.
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In focusing on organisational actors as participantsin collaborative practices, the case selection
process constructed a particularempirical view of the HFC community; one whose basic case units
consisted of organisationalactors. In so doing the focus of the study necessarily attended to higher-
level participation in policy processes, conducted primarily by senior figures within these
organisations and expressed in their officially sanctioned publicdocumentation. As such the HFC
community the study speaks to has beenrooted at the seniorlevel. Experience of the field and
informal conversations with interview participants in the community gave noreason to suggestany
majoremblematicpositions on HFCinnovation governance outside these official positions. However
it remains possible alternative interpretive positions relatingto HFCinnovation processes may be
held within organisations, by staff situated lower down organisational hierarchies. Given the focus of
the research on the governance of the community, as opposed to that of a specificcase
organisation; the multi-case design and selection method adopted had limited capacity to capture
such lowerlevelvariances. While regrettable this was to an extent the result of the sheersize of the
UK HFC community (the limits of which were uncertain priorto the conduct of the study), which

necessarily limited the level of background data that could be collected on organisation encountered.

Moreover, given the case selection process adopted, the research does not claimto coverevery
collaborative practice through which HFCinnovation governance in the UK has been constructed,
much less total coverage of all individualsinvolved to some degree in the HFC community. As such
the design and process adopted does not claimits validity either fromits corresponde nce to the total
population of the HFC community, norfrom a grounded theoryideal of theoretical saturation at
which no new insights could be generated from furtherimmersion in the contextat hand (Glaser &
Strauss, 1967; Bowen, 2008). Rather the criteriafor ceasing data collection was one of narrative
adequacy (Creswell & Miller, 2000; Hawksworth, 2006); thisis to say the researcher was confident

that the broad range of paradigmatic positions within the HFC community had been elaborated toa
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sufficient level to explain what was going on withinit. Confidence in this respect was not the
prerogative of pre-established hypotheses orcriteria. Ratherit wasinformed by the interpretations
and constructions of HFC community actors ininterviews and documents; and the researchers
growing sensitivity to the overarching context of the HFC community (Flyvbjerg, 2001; Landman,
2012). While further datacan always add nuance or serve torefine any case study narrative, a point
was reached when these nuances reached alevel that could not be communicated within the
confines of eventualresearch reporting without undermining the coherenceand explanatory value of
the account. However, it was only when this point was reached that the process of case selection and

data collection could claim a credible account of variation within the HFC community.

IV.  Summary
This chapter has sought to outline the process by which the HFC community was constructed as an

object of empirical enquiry. The beginning of the chapter provided a brief introduction to the
interpretivist-constructivist position adopted in the design and conduct of the research, and outlined
how the adoption of such a position; combined with the practical challenges of conducting research
into a relatively unknown policy community, informed the adoption of a case study res earch design.
In specifyingthe HFC community as the overarching case, the chapterbounded the phenomena
understudy as a relational field of social interaction taking place around UK energy and innovation
policy processes. Thisis notto say the research anticipated its object of enquiryto be a single
interpretive community, ratherit was expected the research would encounter numerous interpretive
contexts through which the HFC community would be interpreted and constructed in practice. From
this discussion, the chapter movedto alongerdiscussion of the iterative process of design and
investigativeresearch through which the study gradually came to focus on organisational actors as
the key case units through which the overarching case of the HFC community could be specified,

throughreference toemblematicvariation between them.
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Two initial sites were chosen as starting points for the study; Birmingham and publically available
national policy documentation. However this decision was taken onthe understanding that the
empirical case units through which the overarching HFC community would be elucidated were not
yetsetin stone. Ratherthese sites formed starting points for the gradual specification of
organisational actors as the key case unitsforthe study, and the case selection and recruitment
processthat would snowball from one site to another. This process was not something which could
be pre-specified in advance but required the gradual emersion of the researcherin the overarching
case of the HFC community, and the growing capacity to interpret how and why particular
organisational actors were accorded prominence. Proceedingintandem with the conduct of the
research and initial attempts to make sense of the phenomenon encountered, this processis perhaps
bestlikenedto Flyvbjerg’s (2001) notion of phronesis and Janesick’s (2000) concept of improvisation;
wherein gradual development of context dependent expertise allows forthe conduct of more

sophisticated research practice, grounded in knowledge of the case at hand.

Finally the chapterreturnedto the key criteriathrough which the study claims validity, in particular
those of emblematicvariation and narrative adequacy through which the researcher was able to
judge the pointat which case selection, and thus the overall data collection process could cease.
While rooted ininterpretivist principals of thick description, attendance to context, judgements as to
whethersuch criteriahad beenreached were not easy to make. Howeverinany study a point must
come whenthe decisionis takentoleave the field. In thisinstance the criteriafor doing sowas
specified as the point at which the data collected was judged to have ceased yielding new
emblematicdivergences between cases. It oughtto be remembered at this stage that this represents
a somewhat stylised account of the research design and case selection process; some conceptual

tidying has taken place to aid in the communication of what was a complex reflexive process. Where

86



loose threads remain visiblethisis atestament tothat process, reflecting the essential unknowability
any interpretive researcher experiences priorto entering the field. In cases such as the HFC
community where the limits; variation and analytic status of the units within itare uncertainin
advance, some such messinessisto be expected. The strength of the design adopted was its capacity
to reflectupon and respond tothe contingent, and uncertain contextualised encounters empirical

research throws up.
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5. METHODOLOGY

I. Research Methods and the Status of Empirical Data
Having outlined the process of design through which the overarching case and individual analytic

cases were specified, the next task was to design amethodological approach capable of putting this
into practice. Giventhe blurred lines between the overarching case specification and the process of
empirical research, we arrive at this discussion having already noted several issues informing the
data collection process. Notably in specifyingthe HFC community as the overarching context for HFC
innovation governance, the previous chapter identified the need forthe research to covera broad
range of organisational and interpretive contexts or cases withinit, effectively ruling out single site
observation asa methodological approach. In not focussing on a physically bounded community or
organisation but the more abstract construction of “the HFC community”, the research opted to
focus on the empirical moments when that community became manifestedin talk and text (Rose,
1999, p.55). Due to the breadth of the HFC community such moments could not be observed
directly. Documents andinterview accounts served as proxies for the broader field of social or
organisational interaction and collaboration that constituted distinct the overarching case of the HFC
community. While organisations representing key interpretive contexts formed the cases oranalytic
units to draw from, interview and documentary texts guided the key empirical moments, units of
observation or datathat was to be collected in practice (Ragin, 1987, pp. 7-8). This chapteraims to fill
inthe methodological detail of how this data collection processes was conceived and functioned.
More specifically it details the collection of some 149 documents foranalyticexamination and the
generation of 31 semi-structured interviews accounts, corresponding to 30 case organisations. Inso
doingit coversthree distinctareas; the status accorded to documents and interviews as units of
empirical data; the strategies through which such texts were collected or generated, and; the

procedures putin place to ensure the research was conducted in an ethically justifiable manner.
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Before turningtothe more procedural aspects of data collection, itis first worth outlining why a dual
approach of documentary research and interviewing was preferred. Afterall, if we accept thatat
least some detail onthe HFC community existed in policy documentation, how can one justify the
more time consuming and invasive step of interviewing? There are two key rationales for this
decision. The first stems from the fundamental differences between the genre and interactivity of
documentary and interviewaccounts. The former provides relatively fixed ‘official’ constructions of
organisational position; the latterallows for a more interactive re-construction of the interpretive
processesand logics through which such positions are arrived at (Silverman, 2001). The second
rationale for conductinginterviews was as a means of ensuring the credibility of researcher
interpretation. As an outside interpreter entering anew context, interviews provided the researcher
with a means of checkingtheirown readings of documentary evidence and subsequent analytic

attempts were sufficiently rooted in the knowledge of community members.

The primary rationale foropting forinterview and documentary modes of data collection was the
sense in which texts emanating from interviews and organisational documents belong to
fundamentally different genres. The publicdomain document (while containing multiple sub genres
withinit) isdefinedin part by its publically accessible, yet fixed nature. Documents may anticipate a
multiplicity of dialogical relations with arange of audiences (Bakhtin, 1986). Howeverto the extent
immediate interruptions, questioning orresponse are impossible, the document remains relatively
fixed. In many cases such texts represent the outcome of multiple negotiations and editing process
between the author(s), and the organisational contextin which the documentis published. In this
sense they reflect an officially recognised or sanctioned organisational position (Silverman 2001).
Thisis not to say documents communicate some true organisationalintention oridentity. Often they
provide contextually bounded ‘crystallisations’ of organisational strategyat a particular pointin time;

offeringinsightinto how the organisation seeks to constructitselfinrelationtothe readersit
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anticipates (Fairclough & Thomas, 2004, pp. 381-382; Tracy & Tretheway, 2005). Furthermore to the
extentthatsuchtexts carry a performative power, they can tell us much about the practices of
various organisational or case contexts (Bourdieu & Wacquant, 1992; Yanow, 2000). In listing
organisational rules and structures, categorising actors and practices and constructinga public
identity and purpose foragiven organisation documents provide unique access to the overarching

grammar through which meaningis constructedin a given interpretive community.

In contrast the researchinterview, conducted under conditions of confidentiality and partial
anonymity (foradiscussion see below, pp.110-113), anticipates a singularinterlocutor. It makes
possible interruption, immediateresponse and questioning, and in some instance facilitates forms of
utterance and positioning that a participant may be reluctant to make more publicly. Inthissense,
the interview transcriptrepresents a co-authored or co-constructed text; wherein interviewer and
participant combine in the articulation of position (Holstein & Gubrium, 1995; Kvale, 1996;
Silverman, 2001). If discourse isto be conceived as a series of strategic choices and identifications
selected from abroaderfield of linguisticoptions (Thiesmayer 2003); interviews offer the researcher
opportunity to probe the choices made in formal documentary accounts of policy processes,
examiningthe silences and interpretive processes thatallow for particular meanings to be
constructed. Combining these approaches gives the capacity to examine both the officially stated
publicpositions of various organisations within the HFC community, but also to reactively probe
areas notalways coveredin an organisation’s publicdiscourse; the institutional logics and rationales
through which actors interprettheir position within the HFC community and develop strategies for

action withinit.
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The second rationale fora dual track approach lay in practical issues which emerged during the early
stages of methodological development and data collection; in particular challengesinjudging which
documents should be collected and how they should be interpreted. This was notinterpretationin
the formal analyticsense, but ratherin the sense of ascertainingthe role of particulardocuments
and statements withinthemin relation to the overarching community. In short, how could the
researchertell theirinterpretations of documents corresponded to those of its authors and intended
audience? Moreover, when it came to individual case organisations, how could the researcherjudge
the most important details of organisational context from the mass of product, financial and
corporate information often published by organisationalactors? Confronting such issues, interviews
were firstenvisaged as a means of crosschecking and validating researcher interpretation, and
identifying key features of organisational context that could informthe collection and interpretation
of documentary evidence. Interviews thus provided avaluable opportunity to engage with members
of the HFC community as expertsintheirrespective fields; individuals with volumes of tacit
knowledge and expertise negotiating the field developed in some cases over whole careers (Gubrium
& Holstein, 2000; Flyvbjerg, 2001). As was discussed above in relation to case selection, early
interviews, along with attendance and informal discussions at HFC community conferences, thus
played acentral role in providing access to practical knowledge and experience of individual case
contexts, allowingthe researcherto refine theirselections and readings of organisation documents.
Similarly laterinterviews provided forato cross-check initial early interpretations of the HFC
community with members operating within it, ensuring no significant cases of variation were missed
and that initial analyticconcepts bore credible relation to the interpretations of HFC community

members.

While itis wise to be sceptical of assuming contextualised expertise can be mined and accessed free

fromthe interpretation of the interviewer (Kvale, 1996); conductingdocumentary and interview
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research side by side, at least provides the opportunities for flagrant mistakes and
misunderstandings to be identified early, ensuring at the very least the production of a credible
interpretation of the key actorsandideasin play (Lincoln & Guba, 1985). The aim here was notsome
form of triangulationin the positivisticsense of discovering a ‘truth’ lyingsomewhere between
multiple biased oranomalous accounts. Inline with the interpretivist philosophy outlined above, it
was rather part of a broader process of articulating a thick description of the HFC community that
captured the multiplicities within it, grounded in the practices and identities the community itself

identified as central.

The decision to collect documents and generate interview accounts reflected the distinct advantages
offered by each form of data, and the additional benefits garnered by combining them. Publicly
available documentation facilitated a far broader coverage of the HFC community than would have
been possibleininterviews alone. Once greater sensitivity to the overarching context of the HFC
community had been established it often gave the basis forselectingindividual organisational cases
forinterview recruitment. Interviewrecruitment across multiple case sitesisatime consuming
process, andinitial documentary research helped to ensure cases were selected to ensure maximum
variation between interpretive contexts might be achieved. Atthe same time documents provided
valuable insightsinto the recognised categories and practices through which the actorsin the HFC
community constructed their collective interactions, and the positions they sought to adopt withinit.
Interviews conversely allowed a degree of interactivity, permitting the researcherto delve deeper
into the organisational contexts and interpretive processes that gave rise to particular constructions
of meaning; probingthe silences and unarticulated logics underlying more formal docu mentary
accounts. At the same time the interactivity of interviews provided a means of checking researcher
interpretations both in theirearly attempts to make sense of documents,andinlatteranalytical

efforts to make sense of the broader HFC community.
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II. Data Collection
Havingalighted upon documents and interviews as the empirical units most appropriate to the

research project the nexttask was to collect them. Having already partly discussed case selection
issuesinthe last chapter, this section jumps straightinto the more procedural aspects of document
collection andrecruitinginterviewees. In practice data collection ranin tandem with case selection.
At times this chapterwill referback to the case selection process to show how documents were
chosenas relevant to collaborativeinstitutions or organisational actors. Similarly while this chapter
devotes separate sections fordocumentary data collection and interviewrecruitment, thisis to
presentas clearly as possible the process undertaken, ratherthan how that process operatedin
practice. In reality, the collection of documents, recruitment and conduct of interviews was a
mutually constructive process with each informingthe other. Insight from interviews shaped and
refined the collection of documents as much as documents aidedin the identification of interview
participants. However, in writing up case research some methods are required to untangle the
complex contextualised relations experienced for the benefit of the reader. Distinguishing between
interview and documentary data collection may seem somewhat artificial but it offers the clearest

means of doing so.

Collecting Documents
Interview recruitment and documentary data collection largely took place simultaneously. The

preliminary intention was for case selection and recruitment to be driven primarily by documentary
research. As such document collection ranged widely from news reports, policy texts and many
organisations outside the 28 organisations refined forinterviews. Indeed the 149 documents
deployedinanalysis were drawn from 62 organisational and institutional cases (See appendix 1,
p.244-288 fora full list), only half of which were covered directly in interviews. This asymmetry

reflects the role of documentary data collection in sourcing contextual background on the overall
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HFC community case and informing the pick of emblematiccases forinterviewrecruitment. The
whittled down range of organisational cases culled forinterviews reflected the outcome of extensive
documentary research aiming to classify the wide range of collaborative institutions within the HFC
community, and emblematicvariations within and between them. Such variation was ascertainedin
a number of ways. Beginning with documents emanating from policy actors, key institutions forthe
delivery of HFCinnovation were established in the form of government departments and bodies with
responsibility forfacilitating HFCinnovation. Looking to documents coming from these bodies, in
particular pressreleases; funding calls; and policy briefing documents, arange of partnerships were
identified containing a spectrum of non-state actorsinindustry and academia. This led to swathe of

organisational actors participatingin policy partnership practices.

Thisis not to claim actors occupying every potential subject position across the HFC community were
chosenforinterviews or detailed documentary data collection. The field was far too vast for practical
coverage. Ratherorganisations were selected on the basis of judgements as to their relative
importance within the broader community and the likelihood of them displaying significant
differencesinthe waytheyinterpreted participationinthe HFC community. Documents fromall
national policy actors were examined in detail on the basis of their centrality to the community at
hand. Below this, two local authorities were also selected as emblematic of a broader range of policy
actors pursuing HFCinnovation atlowerscales. The remaining cases were d rawn from high profile
partnerships to reflect the mixture of organisations within them by size, market oracademicfocus
and the HFC application of interest. The key here was not to generate total coverage of the HFC
community but to capture as broadly as possible the archetypal range of institutions, interpretive
positions and contextual variation within partnerships and policy processes. During data collection,
one institution modified the overarching definition of the HFC community specified in the rese arch

design phase. Despite beinglargely outside of UK centricpolicy process, the European Fuel Cellsand
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Hydrogen Joint Undertaking (FCHJU) appeared prominently in documentary and interview accounts
of UK HFC innovation governance. Its significance is discussed furtherin Chapter 7 (in particular, see;
pp.165 & 172-3). For now simply note that this caused the FCHJU to be included as a distinct case

within the studytoshedlight onthe logics and powerdynamics within parallel UK policy processes.

Once an institution or organisation was picked as potentially relevant, aninitial search of its website
and organisational literature followed. Organisations reportin many ways makingitimpractical to
define distinct types of documentto be collected in advance. Determiningthe meaningand efficacy
of documents remained atask for subsequent analyticinterpretation (discussed below in Chapter6).
Nevertheless, collecting documents for this purpose would have been impossible without some on
the spot research judgementabout theirrelevance tothe project and likely importance withinthe
wider HFC community (Janesick, 2000). Here the subtle distinction between literature review, data
collection and analysis began to break down. Decisions had to be taken quickly to ascertain whether
a textwas relevantand, if so, what it might contribute to ongoinginterviews andinlateranalysis. To
help this, earlierliteral readings made during case selection were expanded to generate second order
interpretations (Mason, 1996). While not of the final orderreflexive and comparative nature later
developedinanalysis, suchreadings allowed for the identification of key documents speaking to the
context a given case organisationinhabited and their position withinit. In practice howevera
numberof documentary genres emerged as key data collection points. Policy briefings and
documents pertaining to competitions for state funding were material to analysing organisational
categories, goals and practices HFC community members deemed essential to HFCinnovation.
Conversely press releases; corporate brochures reporting and organisational websites proved
particularly useful as early indicators of the interpretive contexts through which organisations
developed strategies for participationinthe HFC community; providing aninvaluable early indicator

of variation forsubsequentinterview recruitment. Once identified these documents were annotated
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and savedinelectronicformat, along with references to and quotations from the webpages on which

theyfirstappeared for more detailed analyticattention later.

Interview Recruitment
As mentioned earlier, identifying case organisations forinterviews and recruiting participants for

themwas heavily informed by documentary research. As amore theoretically complex, interactive
method of data collection, the process of interview design and conductis reflected uponin more
detail in subsequent sections oninterview design and ethics (beginningon p.99 and p.109
respectively). Here the taskis simply to provide an overview of the interview recruitment process to
give some insightinto the nature and scope of casesin which interviews were conducted, and
provide some comments as to how these related to the overarching account of the HFC community
the research was subsequently ableto develop. Inthe interest of covering the maximum ambit of
collaborations and potentialinterpretive positions, organisations with exp erience of multiple
partnerships were distinguished from press releases and websites. Where possible documentary
reportingand previousinterview referrals were used to identify the named individuals leading
prospective cases HFCinnovation, governance and/or partnership activities. Elsewhere chance
encounters at conferences and other networking events fostered firstintroductions to future
interview participants. Where this was impractical, telephone and email approachestothe media
enquiry contacts on press releases orthe genericwebsite contactinformation proved useful. Initial
emails checked the most appropriate staff memberresponsible for collaborative governance
practices was being approached. Once spotted, introductory approaches were followed up witha
formal recruitmentletter (an anonymised sample of which can be found in Appendix 2, p.256)
detailingthe purpose of the study and the reason why the individual in question was being
approached. Interview arrangements were then agreed by email ortelephone depending on the

preference of the participant.
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In a numberof instances the initial staff memberidentified for recruitment was unwilling or unable
to participate fora range of reasons. In one instance availabilityconstraints led to the researcher
beingreferred toanother member of staff, and in three cases, multiple interviews were conducted
withinthe same organisation to coveritsinvolvementin multiple policy relevant processes. In
anotherthree cases, participants agreed to be interviewed on the condition that they not be quoted
orreferredtodirectlyinresearchreporting. The onlyinstance where asignificant gap emerged was
inrelationto civil servants working atthe UK national level, only two of whom were prepared to
have theirinterviews quoted. This reluctance, combined with the official published discourse of
government departments on HFCs itself proved a useful indicator of how policy actorsinterpreted
theirroleininnovation governance. Similarly, two representatives of industrial gas companies also
agreedto interview but opted out of subsequent quotation, however unlike civil servants, the reason
for these opt outs was less clear. The interviews themselves contained littlein the way of
controversy, oranything which may be construed as sensitive information. Possibly there is
something particularly cautious about employeesin this sector. However nothing else about these
interviews suggested this was the case, nordid the accounts generated differ substantially from
those of otherlarge industrial companiesinterviewed. The researcheris thusinclined to attribute

these opt outs as coincidental anomalies ratherthan to a particular pattern.

In any case, these unquoted interviews served to hone interpretation of documentary sources and
the interviews of others which proved more than adequate for the purposes of presenting and
illustrating analytic points and research findings. While it would have been useful to point to
guotations from these interviews inthe presentation of research findings, therewere noinstancesin
which interviewaccounts provided the sole source of eventual findings. In unquotable cases it was

thus always possible to substitute key quotes for more generalised comments; comparable passages
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from publicdomain documentation; or confirming statements from other quotable sources. Despite
the interview recruitment process causing some minorabsences in what could be presented, we can

remain confidentthis has not substantially altered the overallfindings of the study.

In total approaches were made to some 38 organisations of which 28 consented to some form of
interview. Of the 10 organisations that declined, thee failed to respond toinitial enquiry’s made to
named individuals or central contact points. Of the otherrefusals, reasons given related to time and
personnel constraints; orintwo cases reference to pre-existing non-disclosure agreements that
would have prevented speaking to key partnership or collaborative activities they were engaged in’.
Regrettable asthese refusals were,in each instance alternative case organisations occupying similar
institutional positions were found forinterviews. While divergencesin personaland organisational
contextwouldinevitably have led to subtle differencesin emphasis had interviews been possible
with alternate staff members orat alternate case organisations, from the preceding documentary
research the researchercould be reasonably confident that the emblematicvariation the research
soughtto speakto had been coveredin asystematicfashion. Given the confidential nature of
interviews, ithas not been possibleto provide afull list of case organisations participatingin
interviews, however Appendix 3 (p.256) providesabreakdown of these organisation by the sectorin
which they are based and the actor type to which they were subsequently classified as during

analysis.

2 Interestingly staff at other organisations subjecttothe samenon-disclosureagreements did feel ableto
participatewithoutcontravening their requirements. Given the widespread use of such agreements within the
HFC community; the lack of reference to commercially sensitiveinformationininterviews andintroductory
correspondence; and reassurances given on participantrights to withdraw from the study, the researcher
suspects such refusals were more likely to be excuses rather than genuine reasons for non-participation.
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I11. Interviewing as Practical Accomplishment
Methodologically speaking, once issues of samplinghad been addressed the collection of

documentary evidence for this study was relatively straight-forward. As amore invasive form of data
collection, interviews required some additional thought. Atthe end of this process 28 interviews had
been conducted, each lasting between 30 and 95 minutes, including six telephone interviews. The
process through which these were developedis the focus of this chapter. Atthe outset of the
research, numerous potential interviewtechniques were considered, all fallingsomewhere onascale
between unstructured, narrative forms of interviewing on the one hand, and more tightly focused
semi-structured interviewing on the other (Gillingham, 2005). In the former category, the less
structured approach offered benefits in allowing participants to identify in their own terms what they

thoughtto be central to collaborative practice.

Thisis notto say interviews aimed to generate some naturalisticdiscourse of the HFC community in
the style of direct speech analysis orethnographicobservation, but ratherto provide participants
with the space and flexibility to lead the discussion, drawing on discursiveresources that may not
have been anticipatedin advance. Atthe extreme end of this category there was aninitial
temptation to use interviews as a means of collecting a corpus of texts that could represent the
naturalisticdiscourse of the HFCcommunity in a style more suited to ethnographic observation and
interviewing (Lampropoulou, 2012). In the latter category, literature on ‘elite’ and other
knowledgeable interview participants recommends high degrees of preparation, and clearly
delineated topics and areas of questioning. This higher level of structuring refl ects the nature of
interviewing an expert witness both in terms of restricting (whatis often time limited) conversation
to those areas of the participants expertise mostrelevantto the research, and the need to
demonstrate appropriate levels of respectful preparationin orderto develop and maintain rapport
with elite participants (Healey & Rawlinson, 1993; Mikecz, 2012). The preparation forfieldwork
constituted abalancing act between adesire to leave space forconversations toleadin unexpected
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directionsand allow participants space to articulate their own positions, whilst at the same time
providing astructure to steerdiscussion to the mostrelevantinstitutions and interpretive processes

ina timely and professionalfashion.

In planningforinterviews it was decided that Holstein and Gubrium’s (1995) active interview would
provide the best formatto achieve this balance, providing space forthe interviewerto guide
conversationto areas of interest and offerstimuliin the form of questions and promptsto be
interpreted and responded to by the participant. This format envisioned the researcherin the role of
co-enquirer, seeking to develop anegotiated and mutually meaningful account of the participants’
position and practices within the fuel cell community. Interview accounts did not try to achieve a
Habermassian perfect communication situationin which agreement overatrue meaningisrevealed.
As an anti-essentialist enterprise, active interviewing proposes that participants will identify with
multiple institutional rulesets and interpretive positionsin relation to different topics and
phenomena. The task forthe intervieweris thus to offerarange of potential identificationsin their
questioning, and assistin building upon and clarifying those positions adopted. The account
generated thus does not claimto represent evidence of some true beliefor subjectivity. Ratherit
should be seenasthe product of a negotiation in which the participant seeks to position themselves
inrelationtotheinterviewerandthe topicunderdiscussion, thatis practically adequateto aiding the

understanding of both parties (Silverman, 2001; Holstein & Gubrium, 1995).

Viewedinthislight, the process of interviewingis fundamentally a discursive enterprise in which
togetherinterviewerand participant choose, from arange of linguistic options, the most appropriate
repertoiresto collectively make sense of a particular topic. Unpacking this further, Kvale’s (2007, pp.

74-75, see also; Rapley, 2007) brief discussion of discursive interviewing outlines three distinct aims;
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(1) that the researcheris sensitised to the potential differencesin discourse and understanding
betweenthemselves and the participant; (2) pays close attention to the range of discoursesin play;
and (3) seeks tofacilitate avaried exchange through adopting a conversational styleand making
efforts ‘stimulate confrontations between the different discoursesin play’. Ascheduleforan active
interview seeking to develop understanding of the HFC community demanded both arelatively
narrow range of topics to focus conversation while, atthe same time, leaving space forinterviewer
and participant to negotiate arange of institutional and interpretive positions thatshed lighton

them.

TopicGuide Development
Given the dual commitmentto structuring topics and interpretive flexibility active interviewing

required, itwas decided aflexible topicguide would be more appropriateto the study than a rigid
interview schedule. This guide (presentedin fullin Appendix 4, pp.258-293) contained boththe
introductory scriptforthe interview, explaining the purpose of the interview and briefly reiterating
the range of topics to be discussed, and, abroaderselection of issues and prompts to the researcher
for reference duringthe discussionitself. The interviewitself was introduced as a ‘conversation with
a purpose’ to manage interviewee expectations about the loosely structured questioning process and
authorisingthe participantto respond to specificquestions at whateverlength they deemed
appropriate. Onseveral occasions thisintroduction was met with adegree of surprise by participants
who, often coming from a natural science background had preconceived ideas equating social
research with more structured interview and questionnaire methods. In the overwhelming majority
of casesthisintroduction performed well in pavingthe way for relaxed and varied interview

discussions which covered the range of topicsintended in the complexity and depthintended.
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As areference pointforthe researcherthe second part of the topicguide contained anindicativelist
of topics, potential questions and prompts to guide interviewdiscussion. Given the somewhat
nebulous and theory laden conception of the study’s research questions, the guide was constructed
accordingto Wengraff’s (2001, pp. 111-149) recommendation that such questions be translated into
more readily accessibleformatsin ordertoinvite engaged, open ended narrative responses. To
facilitate this, topicguides were designed to offer concrete reference points around which
participants would be free to construct theirresponses. Four broad areas were identified from a
combination of the literature along with some researcher intuitions, a full topicguide template can

be foundin Appendix4(p.258) butthese can be summarised as covering:

1. Institutional/Organisational settingin which the participant was based
2. Practicescentral to the participants work
3. Relationshipswith external parties

4. NarrativesorvisionsforHFCtechnologies

Within each topiccategory, the researcherattempted to balance the framing of a rough area of
discussion with space for participants to engage in free discussion, guiding the interviewer through
whattheytook to be the key practices and issues intheirwork. The aim of specifying such broad
topics was to restrict discussion to those areas of participant expertise most of interesttothe
researcher, whilegenerating longer discussion of the institutional and organisational contexts
through which theyinterpreted and constructed theirinvolvementin HFCinnovation governance.
For example it was anticipated the discussion of institutional /organisational settings of particular
practices mighttriggerdialogue about the historicexperiences, ideas and motivations through which
actors interpreted theirstrategicinterestsin HFCinnovation governance. Similarly it was hoped
discussion of externalrelationships and broader narratives of visions forthe technology would
provide some insightinto how participants construed and positioned themselves and theirinterests

inrelationto the wider HFC community and otheractors withinit.
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Beneath each topica range of suggested subtopics and questions were included as potential prompts
duringinterviews. Following from Rapley’s (2004, p. 16) invocation to ‘just get on with interacting
with that specific person’, these were designed to be flexible in nature and deployed in responseto
the flow of conversation within the interview. However some questions were deployed routinely at
the beginning of interviews as a means of openingthe discussion and settingthe tone foropenand
conversational questioning. In particular, variations on; ‘how did you come to be here’, and; ‘ tell me
about x’ both functioned well as early conversational gambits, the first situatingthe participantina
domaintheyfelt confidentto speak upon. The second ‘tell me about’ question was occasionally used
in this way but more often provided a means of opening up conversation on anew topicthat had

beenintroduced by the participantearlierin discussion orto move discussion alongto a new topic.

As interviews proceeded, use of the guide became more fluid, with improvised clarifications playing a
more significantrole. Inthese latter stages of aninterview, the researcheralso soughttointroduce
alternative interpretive frames for discussion highlighting; contradictions emerging within the
interview itself; narratives emanating from othertypical actor positions or researcherinsights from
ongoinganalysis. Builtinto the topicguide inthe form of ‘why...”; ‘whatabout...’; or ‘have you
considered... questions, the researchersought to avoid offering up these perspectivesinan
oppositionalmannerbutrathersoughtto adoptthe role of devil’s advocate. This was notan attempt
at some form of ‘epistemicinterviewing’ seekingto test the accuracy of participantaccounts
(Brinkmann, 2007). Ratherthe aim was to develop and maintain a ‘phronetic’ or ‘deliberative’
interview style (Curaco, 2012; Thuesen, 2011), balancingan open endedfocus onthe experience and
discursive choices of the participant, and a more robust form of questioning seeking to make explicit
the contextualised logics through which actors interpreted theirinvolvementin particular practices,

partnerships and governance processes.
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Giventhe range of participants the research anticipated; from civil servants to industrial engineers, it
was anticipated a high degree of variation would be required in participant questioning. To thisend
the generictopicguide to be used across interviews was left deliberately vague to accommodate
variation between participants with unique organisational experiences and interpretive backgrounds.
Thisapplied both to the precise nature of practices to be discussed, and the means through which
questionswere framed orencoded inlanguages appropriate to participant contexts (Foddy, 1993).
These genericguides werethen subsequently modified priorto each interview with annotations
suggesting specificaspects of an organisation’s practice, relationships and broader discourse
discoveredin priordocumentary research fordiscussion in greater detail. Details of specific projects,
products or research orientations prominent in the organisation’s publicreporting were included as
bullet points and notes in the margins of the guide for discussion. The length of annotations varied
frominterview tointerview, in part depending upon the range of documentary resources availablein
the publicdomain, although across the project there was a tendency towards more annotation for
latterinterviews. This likely reflected the increasing awareness of the researcher of those aspects of
organisational literature of greatest relevance to the HFC community, which allowed for the better
framing of interview questions and prompts. Occasionally quotations from organisational texts were
alsoincludedininstances whereclarification was required on a particularlogicor aspect of an
organisations contextual narrative. Routesinto discussion of these subtopics were also identified and
noted; usually taking the form of “tell me about X”; or “how did you become involved in Y” ? In cases
where it was known a participant occupied multiple rolesinrelation to HFCs, either through
numerous relationships within a single organisation, oracross multiple organisations as partof a

wider career portfolio, these were also noted as potential discussion points.
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Interviewing in Practice
In taking the a deliberative oractive approach, interviews aimed to leave open as many potential

points of identification as possible for the participant, while at the same time working through a
series of topical prompts to facilitate discussion and elicit data. Thisrequired abalance ininterview
technique between arelaxed and open style of questioning and more active interventions designed
to move discussion along; open new channels of discussion; or gain clarification on a particular
construction or interpretive process. Thisis notto say topic guides always worked as planned, rather
interviewing was a process of continuous adaptation and improvisation. Often participants raised
specificpractices orrelationships priorto the interview reaching that pointin the topicguide. In
many ways such early arrivals were valuable as indicators of the interpretive links actors drew within
theirown organisational contexts, and as confirmations of early insights as tothe relevance of a
particular practice gleaned from documentary research. Such detours did however necessitatean
ongoing process of interpretation and adjustmentinthe conduct of the interview; juggling between
allowing participants the reigntointroduce new ideas or unanticipated linkages into the
conversation, while remaining alert to the range of discoursesin play and seeking clarification and
expansion where necessary. This process is attimes visible in the presentation of quotesin the
research findings where, due to the flexible fluid nature of interview discussions, it was necessary to

provide additional contextual information from elsewhere inthe interview.

In otherareasthe topicguide led to more productive surprises. In particularin early interviews topics
of organisational context and external relationships often collapsed into one anotherfarearlierthan
had been anticipated. This led to the identification of collaboration as a key form of organisational
practice in and of itself. In several cases participants would speak of ‘we’ notonlyinrelation to their
immediate context butalsoto collaborative consortiaand projects to which they were a party. This
discussion emerged initiallyininterviews with academics, but as the research proceededitbecame

clear collaboration played afar more central role in the ways industrial and governmental actors
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conceived of theiractivities in relation to HFC technologies. Combined with similar findings from
early documentary research, this collapsing of categories precipitated the refinement of the study’ s
case unitsto organisations participatingin partnership activities. Moreover given the centrality
accorded to collaboration by many participants, questionsinthisareatendedtotake upa

significantly larger portion of the overall interview than other topics within the guide.

Conversely, the section of the topicguide headed “narratives of fuelcells” proved more difficult to
access. In some interviews, narrative questions regarding how the participant came to be in theirrole
incited clear statements of normative orideological position. More often than not however, the end
of the interview was reached with the interviewer forced to ask more direct questions; “doyou have
avisionforthe hydrogen economy?”- “whatisit”? This approach was less thanideal, seemingto jar
with the flow and tone of interview conversations by inserting a new construct to the discussion that
felt out of context with the broader structure of the interviewdiscussion. Attimes the researcherfelt
compelledtoapologise forthe shiftintone of discussiontothe somewhat ‘naff question, and was
occasionally asked to further define the question. Indeed the mosttellingresponses to these
guestionswere when participants respondedinthe negative, offeringalengthy rationale fortheir
position. ltwasinthese sections, orthe explanation of a particular organisation practice thatthe
most valuable dataon discourse tended appear, tightly bound up in participant’s understandings of

theirown organisational context, institutional position and strategy relating to them.

The insight that cases of disagreement contributed invaluable data also found resonance insome
interviews more deliberative lines of questioning. Offering potential points of contestation for
discussion was often met with displays of approval; smiles; nods of the head; and clauses such as

‘good question...” or ‘hmm, interesting...’, indicated areas where the researcher had identified points
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of interpretive uncertainty or contention within broader constructions of the HFC community and its
practices. Such responses were helpful asindicators of whether questioning was on track, or
conversely whereinterviews were straying beyond the contexts relevant to the actor in question or
the interpretiveframes with which they were familiar. In latterinterviews in particular the use of
clarifying questions was also of great value, providing opportunity to gaininformant feedback on
formative analyticinsights and interpretations of their narratives and interpretive processes

(Schwartz-Shea, 2006).

As an additional check on researcherinterpretation, following interviews, verbatim transcripts were
produced, along with short summaries of each interview containingthose points and insights the
researcher had takento be keyin participant accounts. Participants were initially provided with
summaries, accompanied by invitations to request a full transcript, submit comments or clarifications
eitherbytelephone orinwriting by email. The rationale foradopting the summary approach to
informant feedback was two-fold. Inthe firstinstance it was anticipated that busy participants may
lack both the time and inclination to review an entire transcript. Secondly, by abbreviating
summariestoonlythose key points the researchertook to be crucial to analysis, it was hoped
obviousinterpretive errors, omissions, or miss-readings of context would be rendered immediately
obvious to participants who would then be free to offer clarification. Generally such communications
were metwith brief and courteous replies butlittle in the way of comment, adevelopment that was
unsurprising given the busy professional lives of participants and the initial difficulties many of them
experiencedin timetabling a date for interviews. Howeverin aminority of cases some significant
contributions were gained from this correspondence, particularlyin relation toimprecise
interpretations of commercial language within the community which served to further clarify and
refine analysis. That being said given the limited feedback generated from the process, it was the

deliberative approach tointerviewing that provided the more effective means of ensuring the
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interview accounts generated remained grounded in the interpretive contexts inhabited by the

actors participating.

Thisis not to say each and every interview was entirely successfulin generatingrich and detailed co -
produced accounts. There was a small minority of instances in which participants seemed rushed or
disinterested in the interview process orin which conversation remained stilted. These cases tended
to correspond to those in which participants had initially appeared sceptical of the time available to
participate inthe study, and had requested ashorterinterview period ortelephone interview as
opposedtothe formatinitially requested in recruitment letters. The most significant of these
difficulties arose in one interview in which poor choice in the phrasing of a deliberative question
combined with abad telephone lineto significantly alienate a participant. While the questionitself
was notintendedto be insulting orvalue laden, this was the inference the participantdrew and the
tone of the conversation became stilted despite the researchers’ best efforts to apologise. The
interview culminated with the participant withdrawing consent forthe use of quotationsinresearch
reporting. While the ethicality of thisapproach and the implications forthe broader study will be
discussedinthe nextsection, hereitis simply worth noting thatin many respects suchissues

resemble the nature of conversational discussion itself.

Giventhe hermeneuticuncertainty in any discussion, wherein interlocutors are always interpreting
each-other, never gaining direct access to some essential concept of ‘true intentions’ (Kvale, 1996;
Gubrium & James, 2003); it is unsurprising not every conversation was identically deep, activeand
engaging. This does not mean such stilted accounts should be ignored. Where interviews were more
stilted; this did not negate theirvalue as part of a broaderfield of documents and organisational

interviews through which arange of emblematic positions wereidentified. Indeed particular points

108



of contention orawkwardness yielded some useful analyticgains, albeit producing less datafor
subsequentanalysis. While we cannot know what may have come from this small number of
interviews had conversation been longer and more fluid, there is little reason to suspect that such
cases undermined the integrity of the overalldata available. As with refusals to participate and
unquotable interviews there was no case of emblematicvariation identified that was dependent on
only one interview. Ratherinterviews and documents drawn from multiple case organisations served
to elucidate thisfield of emblematicvariation. To the extent that those more stilted interviews were
notable intheirdivergence from others, suggests that overall the interview process was broadly
successful in generating contextualised co-constructed accounts of organisations involvementin the

overarching case of the HFC community.

IV. Process & Ethics
The ethical position adopted in this thesis takesits lead from accounts prioritising de liberation and

the production of contextually bounded rational case knowledge as the core goals of social scientific
research (Curaco, 2012; Flyvbjerg, 2001). As such, attention has been giveninthe above
methodology to facilitating deliberation within interviews and treating participants as interlocutors
more than capable of outlining theirown position and responding to potentially critical questioning.
In adopting this approach the aim was not to overwhelmthe participant with a barrage of critical
questioning, butto find a situational balance between a comfortable, participant-led account of their
own practice, and a more robust negotiation of how and why that practice has come to be. The
ethical aim withininterviews was thus to prevent the domination of interviewdiscussion by either
the freely speaking knowledgeable participant, or the overly aggressive and combative interviewer.
In this sense interviews strived to reach a deliberative middle ground; ‘the mean relative to us’
(Thuesen, 2011, p. 614). While the researcherretains a privileged role in the analysis of interviews
and othertexts, this analysis remains duty bound to reflect the range of orientations and logics
presentinthe original data, avoiding where possible the urge tothe reduce complexity or collapse
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categories. In particular efforthas been givento recoverand give prominence toimplicit logics and
articulations not widely held within the HFC community, but which nevertheless may constitute
under-examined alternate possibilities for the development of the technology. This deliberative
position has not however precluded aneed to engage with more procedural elements of research
ethicsand theirconcerns with issues of participant recruitment; informed consent; data handling and
storage. What follows below is a brief discussion of this engagement, the courses of action and
procedures adopted and a more reflexive discussion the unresolved tensions arisingin the course of

the study.

In the firstinstance itis worth briefly summarising the procedural account of interview ethicsin
which the interviewer makes an approachin writing outlining briefly the purpose of the research,
inviting participation and explaining why the prospective participants involvementis desired. Subject
to a positive response, interviews are preceded by areiteration of these key points and explanation
of; the right to withdraw; confidentiality; anonymity and data storage; and a frank discussion of any
potentialities for participantidentification. The culmination of this process tends to be marked with
theissuing of a consent form to be signed by both parties (Bryman, 2004; ESRC, 2010; SRA, 2003).
The key pillars to this approach; informed consent and the right to withdraw were central elements

of negotiation with Birmingham’s ethics committee priorto entering the field.

Howeverinthe course of the fieldwork itself some deficienciesinthis approach became clear. Inthe
firstinstance, whilethere isareasonable amount of ‘how to’ guidance on the writing of recruitment
letters, relatively little is said in the procedural literature on making first contact with interview
participants. In particular during the process of becoming acclimatised to the HFC community, first

contact was made with a number of interview participants through informal conversations at public
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lectures and conferences. In one ortwo such cases, on hearing of the project my interlocutor offered
to beinterviewed. In otherinstances the content of a presentation or details emerging from
discussion made it clearanindividual would be avaluable contributorto the research and a verbal
request was made in person, exchangingbusiness cards with a view to providing awritten
introduction latter. It could be argued thatas an ‘outsider’ to the HFC community with little benefit
to offerin terms of skills orknowledge, the benefits from these interactions were somewhat one
sided. More broadly one can imagine circumstancesin which making suchinformalapproachesina
publicsetting may be inappropriate, and the history of ethnographicand social researchis littered
with instances of ethically dubious modes of informaland cove rt data collection (Punch, 1986). In
thisinstance however, such introductions were not part of some covert observational branch of the
research, no data was collected and no formal commitments were sought priorto the sending of
recruitmentletters. Informal conversations took place within a space dedicated to professional
networkinginwhich those approached were actively making themselves available to new
professional contacts. In this instance making a brief personal introduction seemed not only
appropriate, but more ethically justifiable than the ‘cold calling’ approach signed off by Birmingham's
ethics committee. Indeed itis difficult to see how such approaches may have been describedtoan
ethics committee priorto conducting research, this route to meeting participants had not been
anticipated until the researcher found themselves doingit. Conversely, had procedural ethics been
followed tothe letter with the immediate production of recruitment letters and consent forms,
without continuing discussion orallowing new found contacts to take theirleave; thiswould have
taken up additional time from the networking sessions and constituted unusual, bordering on

presumptuous behaviour.

When contact was notinitiated viachance personal encounters, organisations were approached

directly. In many cases relevant staff email addresses were available on organisational websites and
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where this was not the case initial enquiries were directed to the standard email address for general
enquiries askingforthe personresponsible foragiven area of organisational practice. When
communicating with intermediaries, the researcher held back from sending official recruitment
letters until putintouch withthe member of staff mostappropriate forinterviewinorderto
preserve confidentiality of participants as far as possible. Introductory emails were thus phrased as
enquiries fromaresearch studentinterested in an aspect of the organisations operations. Oncein
touch withthe relevant staff member arequest was made by email, briefly outliningthe reason for
the approach. Further details and the offer of additional explanation by telephone or email
correspondence were contained in the official recruitment letter (atemplate of which can be found
in Appendix 2, p.256). Letters were supplied as attachments and referred toin the body of
introductory emails. This standard template contained indication of the purpose of the study as
examining the community emerging around HFC technologies in the UK; the length of interviews (45-
90 minutes); the conversational format to be adopted, as well as details of the researcher’s
institutional affiliations. Whilst conforming to procedural notions of transparency and informed
consent, thisintroduction was also of value in setting the stage for subsequentinterview
conversations, establishing the broad parameters of conversation and positioning participants as

knowledgeable informants.

Given the range of participantsto be interviewed the template recruitment letter contained an
introductory paragraph specificto the participant providing further explanation of why they had
been approached and providinganindication of the types of issues to be discussed. Arranging dates
for interviews and further clarifications were dealt with in follow up correspondence and phone calls
during which efforts were made to ensure participants had read and understood the implications of
participation. In some cases participants sought clarification of confidentiality and anonymity

procedures, whilstin others they simply wanted indication of the sorts of questions to be asked. This
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latter query initially caused some difficulty, somewhat contradicting the unstructured, conversational
formatintended forinterviews. In such instances the task became one of explaining the research
approach and desire forflexibility in asking follow up questions. The strategy alighted uponin
conversation with these participants was one whereby they weresentalist of indicative topics and
questionsinadvance of interviews, with the disclaimer that follow up questions would be asked and
participants would be free to withdraw or decline to answerany question on the day if they so
wished. Initially there was some concern such additionalinformation may lead to participants over-
preparingfortheinterview; arrivingarmed with reams of documentation and fully fluent in official
discourses already gleaned from textual research, this did not prove to be the case in practice. Rather
the indicative lists seemed to function simply as reassurance to participants that they were qualified

to speakto the topics of interest.

Negotiating Consent
Interviews themselves were conducted atthe time and location of participants choosing, in practice

this was almostalways at their place of work eitherin an office ora room booked specifically for the
purpose. The only exceptionsto this were anumberof 30 minute telephone interviews and one
participant wishingto visit Birmingham’s DTC for whom a tour of the university labs was arranged. In
thislastinstance, a room was bookedin Birmingham’s School of Chemical Engineering forthe
purpose of the interview. Short telephoneinterviews had not been anticipated priorto beginning of
the study and were conducted on the request of participants themselves. Whilst the researcher was
initially wary of gaining lower quality data overtelephone interviews, initial approaches had
emphasised flexibility of interview duration and not specified any particular media through which
interviews should be conducted. Given this it wasfelt bestto agree to whatever medium was most
convenientforparticipants who would be giving up theirtime forthe study. As noted above, in
practice the experience of telephoneinterviewing was mixed; in several cases the researcherfoundit
more difficultto develop rapport with participants (see pp.107-108for discussion),in part due to the
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constraints of the medium and short timeframe available for conversation. Thisis not to say all
telephoneinterviews experienced these issues however; others produced rich detailed responses,
and itis possible thatin several cases difficulty establishing rapport would also have been

experienced face to face.

On arrival at interviews (orviaemail inadvance in the case of phone interviews), the initial exchange
of pleasantries was followed by the administering of aconsent form. A full copy of the form used can
be foundin Appendix 5(p.261), butin summary it contained a brief reiteration of the purpose of the
study; data storage; the format and length of the interview. Priorto fieldwork it was decided that it
was important to gatherdetails on specifictypes of organisation and practice that, given the size of
the UK HFC community, could lead to the identification of participants. Assuch it was decided
participants could only honestly be offered confidentiality ratherthan anonymity. A section of the
consentform was thus dedicated to explaining to participants that quotes from interviews would
appearin the publicdomain under pseudonyms and vague job descriptions that could potentially
leave them identifiable to othersinthe community. The design of the form was subjectto some
discussion with Birmingham'’s Ethics Committee. Initially it was felt that asindividuals occupying
considerable positions of authority as scientists, business persons and civil servants, participants
should only be offered limited rights to edit their datafollowinginterviews. Thus while introductory
letters and consent forms made it clear participants would be able to withdraw atany time during
interviews, followinginterviews participants would not have the right to edit transcripts. Rather
participants were toreceive summaries and have the right to request transcripts on which they could
offer clarifications, with final editing rights remaining with the researcher. This being the case the
Committee felt participants should be given the right to opt out of quotation underapseudonym and
a tick box was subsequently added tothe consent form, which was offered to participants both prior

to and afterthe interview proper.
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In practice the final tick box proved to be something of adouble edged sword, intwo casesits
existence gave confidence to participate in the study to anindustrial representativeand a civil
servantwho otherwise would not have participated. Whilsttheirinput could not be referred to
directly, theirinsights were invaluableas a check on researcherinterpretations of documents relating
to their organisations. In two other cases however, the existence of these boxes prompted
participants to opt out of quotation atthe last minute, despite prior discussions in which they had
indicated they were happy to be quoted. While frustrating, the rationale forthese two opt outs was
reasonable. The first of these was the telephonerespondent who had inadvertently alienated in the
course of questioning. While the passage in which this alienation took place would have provided
some valuable insightinto what particular actorsin the HFC community deemto be out of boundsin
terms of acceptable behaviour, itis understandable the speakerin question would not wishto see
the exchange appearin print- even underapseudonym. In the second case, the researchercould see
nothing particularly contentiousin the interview transcript warranting an opt-out. Ratherit seemed
to be a response to a last minute sense of caution- possiblytriggered by sight of the box itself. In this
case we can be contentthat for whateverreason the box served its purpose in alleviating anxiety
overinterview participation, leaving the field, as far as possible, clear of any subsequentuneaseor

dissatisfaction from participationinsocial research.

Reflecting onthe issuance of recruitment letters and consent forms more broadly, there was a
distinctimpressionin many cases that the officious tone of the documents was at odds with
participants’ own values of collegiality. Many would have been happy to be interviewed with no
ethical assurances and for some the suggestion they required protection fromaPhD researcher
seemed faintly ridiculous. Thisis notto say participants were irritated by this approach, rather the

plethoraof documentation and assurances was accepted withironicshrugs and sighs that one
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associates with otherforms of auditing and institutional protections inhibiting social interaction. In
some cases participants took a verbal run through of the documentto be accurate andsigned
without reading. In many cases a contextually informed ethics prepared to adapt to the conventions
of the field and the stated wishes of participants was more valuable in negotiatingan appropriate
interview setting. However, the existence of amore structured form did at least ensure a space
within thisinformal complexto highlight some of the risks attendant to confidentiality in the
research process, and mechanisms to alleviate any anxieties participants may have had. Ininstances
where such anxieties were displayed, and in the case of the unfortunate telephoneinterview, the
procedural framework proved robustin ensuring any anxieties or concerns on the part of

participants could be dealt with.

Performing Informing
Itisworth noting here the inherent tension between the ontological positionimplicitin the

procedural notion of informed consent, and the interpretivist position outlined earlier. If we are to
rejectany notion of direct access to ‘true meanings’ beyond situated interpretation, the same would
apply to the communication of astudy’s goals and procedures. There are always arange of possible
interpretations and purposes social research data could be put to. Also discussed above, the symbolic
interactionistinsight thatthere is no guarantee thatintentions can be accurately encoded and
decoded can never be fully overcome, rather we are reliant on the construction of negotiated
meanings adequate to the understanding of both parties (Foddy, 1993; Silverman, 2001). As such, for
Punch (1986), some level of unintended deceptionisinevitable in gaining accessto any field. Given
this position, we are left with arather more limited notion of informed consentin whichitbecomes
the duty of the researcherto communicate as transparently as possible what participationis likely to
involve;its potential risks; the purposes of the interview and envisaged uses for any data produced.
In the case of what participation entailsand potentialrisks, thesewere both relatively easily
explained. Forthe former, the task was describing relatively well-known concepts of time and
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interviewing, the latteragenre of activity familiarto relatively informed citizens living in what has
beentermed ‘interview society’ (Gubrium & James, 2003). Explainingthe risks was also relatively
straitforwardin the sense of highlighting a generalised uncertainty around the possibility of
participants beingidentified; it was left to participants as expertsintheirfield to judge for
themselves the potential consequences. When it came to explaining the purpose of the study and
use of data however, the difficulty of arriving at ajointly held understanding of a study’s significance

becomes more challenging. Forthe BSA the responsibility for the researcheristo;

‘explainasfully as possible, and in terms meaningfulto participants, what the research is
about, whois undertakingandfinancingit, whyitis beingundertaken and howitisto be
disseminated’. (BSA, 2004, p. 3)

That we should communicate whoisfunding and undertaking researchininstances such as thisis not
indispute here. Howeverthere is arisk that in adopting the language of the participant; speaking to
their concepts and categories, the researcheroverplays the relevance and usefulness of their work to
the communitiesthey study. This latter point proved a challenge in writing recruitment lettersand
providing verbal introductions to consent forms. While the standard textin both referred generally
to research into the HFC community, its communication and practices, the amendablesection of the
recruitment letter template and verbal introductions provided an opportunity to communicate more
specifically what the research was about and hoped to achieve. In articulating theseintroductions
the researcherbecame increasingly aware that in attemptingto speakinterms meaningful to
participants, they may have generated expectations and anticipations of the research beyondits
central purpose. In particular, during several early interviews with participants fromindustrial
organisations, the research was phrased as beinginterested in the commercialisation of HFC
technologies. Although this was intended to communicate commercialisation as an object of interest,
latterreflections on transcripts suggested that some participants took this to mean the research

soughtto aid commercialisation.
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While this realisation was itself informative, it raises uncomfortable questions about the basis on
which consentwas being sought and offered. Were one to make explicit all details of ontological
inclination, epistemological position and theoretical constructsinformingaresearch project; consent
formswould runto the size of a thesis chapter. Some form of simplification is always necessary and
inthe absence of field experience and the contextualised knowledgeit brings, developing
introductionsis necessarily an uncertain process. Once it was realised a particularform of
introduction was problematicit was possible to shift to more neutral language aiming to avoid
confusion, but this reflected knowledge gained from early interviews. Given the success of providing
indicative topics and questions to participants who requested them, were the study to be repeated it
would be temptingto provide these as standard. This would at least provide a clearerindication of
the direction of interviews and the research more broadly, checking assumptions before they were
made, butthere is no guarantee the problem would be averted entirely. To the extent the research
was committed to providing outputs to the HFC community, presenting at conferences and to the
researchers own HFCresearch centre at Birmingham; the research has at least sought to feed its
findings back into the HFC community. We may simply have to accepta degree of mutual
misrecognition as attendant to the early stages research into a new community, and hope that the
inconvenience caused by unintentional deceptionsis outweighed by the value of the knowledge

produced.

V. Summary
This chapter has sought to outline the means by which datawas collected on various case

organisations within the HFC community. The beginning of the chapter outlined the selection of
documentary and interview methodologies as complementary approaches that enabled examination
of both the formalised constructions of the HFC community and its practices, together withamore
reflexive, interactive examination of the contextualised interpretive processes and logics that make

such constructions possible. Selected on the basis of their capacity to shed light onthe emblematic
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interpretive variations within the overarching HFC community, organisations were identified through
a process of documentary research which served to give an overview of the broaderinter-
organisational contextin which they were situated priorto makinginitial approaches forinterview. In
this sense documents performed two roles within the study. In the firstinstance early literal readings
provided factual information on the range of organisations and institutions presentin the HFC
community, from which case identification could begin. Inthe second they were readinamore
interpretive fashion as crystallisations of organisational position, providing indicators of the varied
waysin which organisations publicly constructed theiridentities and strategiesin relationto the
broader HFC community. In so doing documents provided initial indicators of the types of
emblematicvariation that case interviews hoped to flesh outin further detail. Evenin the instances
where case organisations were identified via snowball referral from pastinterviewees, documentary
research served to confirm the case was of interest and provide background detail before
approachesforinterview weremade. It was only through this process that it was possible forthe
researcherto be confident thatthe broad range of emblematicvariation within the HFC community

had been coveredin case interviews.

Interviews on the otherhand, offered a means of examininginstances of emblematicvariationin
greaterdepth, providinganinteractiveforathrough which the logics and interpretive processes
guiding organisational strategy could be examined in detail. While structured to the extent that they
allowed the researcherto home in on particulartopics of interest to the study, interviews provided
space for participantstoidentify those local contextual factors and institutional logics that gave
meaningtheirorganisational strategies and positions shown in more official documentation. This
does not mean thatinterviews sought out hidden meanings; ulterior motives, orsome form of
subconscious intentions of organisational actors. Ratherthrough a reflexive process of co -

construction (Holstein & Gubrium, 1995; Silverman, 2001), they allowed the researcherand
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participant to make explicit some of the logics guiding particular organisational or partnership
activitiesinways that were mutually comprehensible to both parties. Although interpretivist-
constructivist research must always remain sceptical of its capacity toidentically reflect the
meaningful interpretations of others (Yanow, 2007), interviews and participant feedback procedures
provided opportunities for member checking, both in terms of clarifying the accuracy of co-
constructed understandings withininterviews; and in subjecting researcherinterpretations of the
broader HFC community to critique from practically experienced communitymembers (Flyvbjerg,
2001; Schwartz-Shea, 2006). It was only through recourse tothe deeper, contextualised knowledge
of interview participants thatitbecame possibleto provide arich, deep account of the HFC

community that captured the nuancesinvariation between emblematicactor types.

In turningto research ethics, where appropriate the chapter has made referenceto the procedures
deployed forensuring participant confidentiality, data protection and participants’ rights of
withdrawal. More detail onthese can be foundin Appendixes 4& 5, howeverthe primary purpose of
the above discussion was to highlight some of the key points at which a procedural approach to
research ethics was found lacking. More specifically, the above discussion focused on some of the
uncertainties around properresearcherconduct when encountering potential participantsin
contexts outside of the formal data collection process, and some of difficulties inherent to
communicatingresearch intentions priortothe conduct of interviews. Encounteringtheseissues ‘in
thefield’ asitwere, the researcherfelt somewhat underprepared by the committee based ethical
approval process provided viathe host university. In falling back on context based judgements, the
researcherremains confidentthattheirresponsestothese issues underthe circumstances were
appropriate, and that approval supplied by the committee remains valid. Notwithstanding this

however, the proceduresinculcatedinthe studyinthe form of consent, participantfeedback and
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withdrawal mechanisms did at the very least ensure that any hesitancies participants may have

experienced within the process could be quickly dealt with and reassurances offered.

Finallyitshould be noted here that while the researcher does not claim perfectioninthe
management of every ethical dilemma, norin representativeness of the sample of documentsand
interviews collected; we can be confident that the procedures outlined in this chapter have ensured
that the research meetsthe standards of credibility, rigorand ethicality expected of contemporary
interpretive research. The combined documentary and interview based approach conducted ensured
no statementinthe researches subsequent analysis was dependent on asingle source or
interpretation but was evidenced in arange of documentary constructions and participant
interpretations. While the participant feedback process did not generate the levels of engagement
initially hoped for, the deliberative interview process itself proved highly successful as a means of
member checking researcherintuition. Engaged responses to interview questions and the occasional
correction, orin some cases participant queries astothe premise of a question, proved a powerful
means of ensuring discussion remained grounded in the practical experiences and interpretive

contexts of participants themselves.
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6. ANALYSIS

I.  Analytic Process
Upon being confronted with a mass of documentary and interview accounts of the HFC community,

fourtasks stood out at the start of the analytic process. The first was one of gaining familiarity with
the data at hand, a task achieved viaacombination of re peated listening to and transcription of
interview recordings, reading and re-reading policy documents. Beginning alongside the conduct of
fieldwork, it was possible at this stage to develop some initial ideas of key themes emerging from the
data. Duringthis process three elements beganto emerge as the basicunits of analysis through

which it became possible to make sense of the emblematicvariation within the dataat hand;

1) acast of actors which while heterogeneous; nevertheless corresponded to five categories
with distinct orientations and roles within HFC governance;

2) asetofinstitutional practices and metaphors which established the basicpracticesand
categories through whichHFC governance isinterpreted and enacted, and finally;

3) asetof meaningful constructions of strategy through which differentially positioned actors

have soughtto engage with HFC governance practices.

In practice these three unitsemergedin unison, with the analystinitially only partiallyaware of the
distinctness of each. The trifold distinction presented here and reflected laterin the thesis’
presentation of findings ratherreflects a process of conceptual tidying required to communicate as
clearly as possible the research process undertaken. In making this separation, the analysis owes a
debtto the interpretive policy analysis of Dvora Yanow (2000; 2007), whose interpretive concepts of
narrative, metaphorand categorisation provided the eventual basis for presenting findings. Oriented
towards the developmentand implementation of asingle policy however, Yanow’s account has been
adapted here to pay closer attention to institutionally and discursively mediated strategic practices
which are more commonly the focus of more actor-centred constructivist approaches (Hay, 2011;
Saurugger, 2013). The following sections correspond broadly to three parallel analytictasks. The first

task aimedtoidentify the varieties of agency and interpretive position present within the HFC
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community by examining narratives of organisational history and context, focussing on the
contextualised narratives through which actors interpreted theirinterests. The second task involved
examination of the intersubjectivelyrecognised institutions of the HFC community, including the key
institutional actors; practices and metaphors which shape the construction of HFCinnovation
governance. Finally those institutions were examined from the strategic perspective of different
actors within the HFC community, with aview to identifying the categories and power dynamics

which shape innovation governance in practice.

The three analytictracks outlined in this chapter were not conducted inisolation butratherviaan
iterative process of analysis, writing and cross validation, through which each trackinformed and
refined the others. Thisis notto say the analysis soughtto presentan abbreviated replica of all data
collected, ortotriangulate between accountsin orderto describe some underlying reality to the
actors, practices and meanings encountered. Rather we should recallour earlier discussion of case
study research (Chapter4, pp.70-74) as a means of providingan account of the community under
study which seeks to preserve the emblematic differences and divergences within it while providing a
simplifying narrative logicto renderthat community intelligible. The articulatory task thus required
the combination of priorinsights drawn from practical experience of and participationinthe
discourse of the HFC community, with theoretical knowledge and expertise of the analyst. In
analysingacross three different tracks, movingiteratively between each and the broader literature
around network governance and sociotechnical transitions, it gradually became possible to make
sense of the diversity of data collected during field work. Individual narratives of position became
fleshed outin examination of intersubjectively recognised practices and through examination of the
difference in meanings subsets of the communityattached to them. Thiswas a highly iterative
process; a numberof accounts were written, in particular relatingto intersubjective practices and
meanings. Anumber of articulatory attempts were made at reconciling these with the accounts and
interpretations of individual actors and documents within the study. Combined with efforts made
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duringthe interview processitself in which early analyticintuitions were crosschecked with
participants, the resulting process sought to ensure atthe very least categories and theoretical
constructs developed could account for the interpretations and constructions made by interview
participants. Thisis notto say every documentstudied orinterview participant would agree with the
analysis presented. Indeed given that the analysis identified multiple differentially positioned
interpretive communities, the bestit could hope toaimforwas to translate the categories and
meanings of those communities, and develop atheoretical construct; ‘world making’ in Yanow’s

(2000, pp. 86-92) terminology capable of elucidatingand accounting for that difference.

IL Actor Narratives
Early analysis began during field work without a full picture of the data. Initially analysis soughtto

make sense of each account interms of its situational specificity and the individual narratives or
storylines through which organisations made sense of their work with HFCs and, by extension,
innovation governance more broadly. Such narratives resembled the description offered by Yanow
(2000, pp. 58-61), speakingto the sense-making processes actors use to give meaningtotheirwork
and positioninrelationto policy making ordelivery. This was not narrative research in the sense of
traditional biographical interviewing, where life-course factors are prioritised to help understand
presentday experience (Squire, 2008; Shirani, etal., 2015), nor of the literary criticism inspired
variety in which components of narrative structure are examined to explore how actors seek to
construct relationships with otheractors and artefacts (Silverman, 2001, pp. 124-126). Rather
analysis took inspiration from argumentation theory and discourse analysis, looking to the contextual
premises and knowledge claims underpinning the causal stories actors deployed (Dryzek, 2005;
Faiclough & Fairclough, 2012; Tellman, 2012; Van Leeuwen, 2007). In so doingit was able to draw on
narratives of organisational history and experience presented ininterviews and the broader
rationales givenin press releases; corporate reporting; policy briefings and mission statements.

Analysis of these causal narratives allowed the researcher to unpack how actors interpreted their
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interests, and soughtto explain and legitimise their participation in the HFC community as; bankable
investment propositions; deliverers of reliable technologies; impactful researchers; or responsive
governance agencies. Inthis sense examining narratives helped understand how the wide group of

organisational actors found by field work framed theirinvolvement in HFCinnovation governance.

The second move made at this stage in the analysis meantreturningto the innovation studies
literature; especially concepts of niche innovators and regime incumbents (Geels, 2002; Rip & Kemp,
1998; Winskel & Radcliffe, 2014); and practice theoretical accounts of socio-technical systems which
emphasise the role of competencies, context and meaningin the reproduction and transformation of
regimes of practice (Shove, etal., 2012). While thisliterature did not fully account for the variety of
actors and differences speakingin the texts collected, it helped orient the analysis to the narratives

of organisational expertise and market position present within the data.

Thisreturnto the innovation literature happened alongside the field work, following the lead
different actors gave to established reputation orrelations with regime and niche actors. This
somewhat eclecticmix of analytic concepts was neitherthe product of a preconceived conceptual
framework noran uniformed reading emerging naturally from the texts examined. Ratheritreflectsa
gradual honingin on context; competence and meaning as key componentsin the individual
narratives of HFC community members, expressed in their framings of potential uses for their
technologies; claims to expert knowledge and skill; identifications of market opportunities and risks.
More specifically they emerged from the intuition, gleaned from cross examination between
narratives and the innovation studies literature, that particular narrative framings of context;
competence and meaning, corresponded to archetypal positionsinside existingenergy and transport

regimes.
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By treating competence; context and meaning as dimensions of a particular kind of actor narrative it
became possible toidentify three (laterrefined tofive)idealtypes of actors adopting common
means of interpreting and constructing their space for strategicaction within the HFC community. Of
these dimensions, the first ‘competencies’ spoke to the combination of expertise, skill and tacit
knowledge (cf. Shove, etal., 2012, pp.21-26) invoked by actors to explain and claim authority for
theirinvolvementin HFCinnovation, notinthe sense of specificskills and abilities, but rather the
more genericattributes through which they felt capable of contributing to the HFC community (Van
Leeuwen, 2007; Tellman, 2012). The second dimension, ‘context,’ referred to the aspects of wider
sociotechnical regimes and landscapes actors took to be essential to the emergence of HFC
innovation as a practice (cf. Shove, etal., 2012, pp.21-26). Such invocations of context were
examined fortheirfunctionin actorinterpretations of interestin HFCinnovation governance,
alongside theirrole as premisesin broader constructions of why their participation in such activities
was a desirable orlegitimate activity (Faiclough & Fairclough, 2012; Van Leeuwen, 2007; Yanow,
2000). The final dimension; ’'meanings’ refers to how particular actortypesinterpreted and framed
theirinterestsin providing solutions to particulartechno-scientific problematisations (cf. Shove, et
al., 2012, pp.21-26); constructed in light of their competencies and contexts; often using the
vernacular of ‘opportunities’ and ‘risks’. The latter dimension did not merely focus on actor
interpretations, it also sought to encompass the meaningful strategies of actors positioning

themselves within the broader HFC community.

Table4: Typological Dimensions

Dimensions
Type: | Competency: Context: Meaning:
Expertise, skills, tacit Relevant socio-technicalregimes | Interpretations of opportunities
knowledge and landscapes andthreats.
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In establishing thesedimensions and the actor categories derived from them (see p.159), validity was
established in two ways. Firstly across interviews, each account was examined with aview to
establishing relative homogeneity within each category. Thisis not to say actor interpretations of
each dimension had to be identical, butratherthat they fit within the broad band of dimensional
descriptors demonstrated. Forexample in one actortype a collection of meaning framings around
‘market opportunity’ served to definethe type, regardless of the specificity of the particular market

or HFC technology individual actors corresponding to it might be focussed on.

While the types established were ‘ideal’ in the sense they spoketo archetypal theoretical constructs,
this process of cross comparison led to a gradual expansion fromthree tofive types, to account for
notable differences within initial broad categories for ‘incumbent’ and ‘pre -commercial’ actors.
Secondly the validity of each categorical construct was itself tested to show a meaningful relationship
between the dimensions identified within it (Kluge, 2000). Multiple interviewand documentary
extracts were examined for each category to check that the interpretations of contextand
competency attributed to themin analysis adequately explained the constructions of meaning found
withinthem. While other analysts may well have found a different basis for creating types orteasing
out more categories; we can be confidentthat at the very least the constructs established here meet

these criteria of homogeneity and meaningfulinterrelation.

III. Institutional Analysis: Actors, Metaphors and Categories
The second analytictrack adopted concentrated on the institutions identified by actors across the

HFC community as influential in innovation governance. Suchinstitutions splitinto two groups. Firstly
there are institutions, often government departments and publicbodies which can be considered
agents. Theyare guided by institutionalrules and logics with the capacity to communicate and

interact with others displaying varying degrees of discretion in the actions they take. Revealed during
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the preliminary literaturereviews and sampling processes, several such institutional actors were
taken as beingrelevantto the study and worthy of recruitment forinterview.. Secondlythere are
institutions inthe sense of widely cited metaphors, categories and organised practices which
displayed high levels of intersubjective recognition, and featured consistently across texts collected.
The second analytictrack attempted to elucidate theseinter-subjectively recognised institutions and
categories. Initially institutional analysis began with texts coming from institutional actors (hereafter
referredto as policy actors). These early readings yielded various themes that seemed to act as key
principlesin HFCinnovation processes. In particularaset of relations between commerce, research
and government, were consistentin constructing how HFCinnovation and governance should be

managed in practice

In choosing policy institutions as institutional actors, there is considerable overlap between the first
and second analytictrack. At first policy actors were included in the typology of actors based on
competence, contextand meaning discussed above. The rationale for separating these actors out
and discussingtheminterms of institutions wasin parta product of writing up. Much of the
contextual detail and meaning attached by policy actors to HFC innovation was adequately covered
inthe literature review sections on energy and innovation policy, and in the background provided for
HFC innovation (seechapter 2;in particular Table 2, p.26). Moreover, in examining policy actor
narrativesit quickly became apparentthatthey did notidentify themselves as part of the HFC
community; ratherthey saw themselves as enacting particular policy remits and logics which
included HFC technologies. Given the influence of the institutional logics and categories employed by
policy actors on the broaderinterpretations and strategies of HFC community members, locating
discussion of them withininstitutions made greaterexplanatory sense thantreatingthemasjust
another category of actor. Thisis not to say policy actors were not subjected to the kind of narrative

analysis discussed above (an early narrative analysis forarange of policyactorscan be foundin
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Appendix 6, p.263), but ratherthat theiraccounts were more enlightening as sources of dataon the

metaphors and categories used to understand and enact processes of HFCinnovation governance.

From the outsetit was apparentthata wide variety of policy institutions undertake HFCinnovation
governance. While narrative analysis of these institutions’ histories revealed differencesin terms of
the concrete aspects of innovation; climate and energy policy that differentinstitutions emphasised
as motivatingtheirwork with HFCs, these divergences did not seem explicable in terms of divergent
contextual interpretations or competencies. Instead they reflected differentiated responsibilities
withinthe context of broader national and European policies forenergy and i nnovation. What did
emerge however was arelatively consistent set of metaphors and categories which institutions
deployed to conceptualise how HFCinnovation should be governed in practice. While in practice the
analytic process was less mechanical in distinguishing between metaphors and categories, the

remainder of this section teases these out as distinct as distinct forms of analysis.

Metaphor covers a range of substitutive functions through which areferent subject or objectis
replaced or modified by being placed in collocation with anotherterm to modify its meaning
(Chandler, 2007). Such substitutions not only operate to frame meaning, butin equating one often
novel or neutral referentto another, metaphorical substitution can appeal to a broaderrange of
discourses and policy paradigms to legitimise particularactions asappropriate andinline with the
expectations of that broaderdiscourse (Van Leeuwen, 2007). Yanow’s (1996) classicstudy of Israeli
community centres shows how the metaphorof the centre as supermarket framed expectations
and claimed legitimacy through the invocation of the modernity; variety and choice, associated with
supermarketsin 1970s Israeli society. While no single metaphor was as ubiquitously employed as
Yanow’s Supermarket, there were broader configurations of metaphorical substitutions and

modifications which, when compared side by side achieved similar operationsin constructing the
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governance processinterms of a definite end goal ‘commercialisation’; and a particular set of means

for governance actorsto achieve it- ‘partnership’.

In contrast categories refertothe concepts by which social and institutional relations are defined and
organised. Such categories are not just descriptive orlinguistic; they carry performative powerin
authorising particularforms of action and identity (Bourdieu & Wacquant, 1992; Yanow, 2000).
Embeddedininstitutional rules and structures, categories reflect pre -existing and entrenched power
differentials which privilege some social actors over othersinthe runningof institutions (Foucault,
1989; Fairclough, etal., 2003). These categorical differentiations play a key role in science and
technology studies accounts of the ‘boundary work’ done by scientists; engineers and policy makers,
specifyingthe forms of rationality and knowledge acceptable within science and technology
governance viadistinctions between expert/lay; science/politics; rational/irrational (Burchell, 2007;
Liskog, 2014). Aswith metaphors, across texts there was no single set of categorical distinctions
identically reproduced. However underlying the specificterminologies and foci of different
institutions, there was abroadly shared set of categorical assumptions underpinning how policy
actors interprettheirresponsibilities and those of the community they serve; and the expectations of

HFC community actors of the space opento themin innovation governance practice.

Identification of metaphors and categories arose from examining common referent practices
identified across texts. It started with text extracts referringto asingularinstitutional practice such
as conferences; funding meetings; project consortium or public-private partnership. Statements of
goals, tables and lists of organisational structures and rules were drawn from policy documents and
examined forthe metaphors theyinvoked and categorical distinctions being made. At first this
process was relatively unstructured and located within the process of narrative analysis. However the

analystincreasingly found themselves picking out metaphors that were accorded particular
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prominence in the narratives being examined. Working across institutions, alevel of recurrence
emergedinthe categoriesand metaphors encountered to the point that closerexamination and
elaboration was conducted in an effort to make sense of if, and how, a common set of meaningful

configurations underpinned all institutional interpretations and constructions of HFCinnovation.

Extracts containingagiven metaphor, and close variations onit, were examined side by side with a
view toidentifying the kinds of actions they referred to; the relations between actors they sought to
construct and the broader discourses from which they drew meaning and legitimacy. In so doing
analysis wentbeyondthe dataat hand, drawing on broadertheoretical literatures and
understandings of context to allow aricherelaboration than would otherwise have been possible
(Yanow, 2000, pp. 41-47). From this some substitutions and modifications emerged across policy
institution texts linked to commercialisation; the eventual goal of HFCinnovation. While
commercialisation was not always used metaphorically, the term and close synonyms proved the
most salient modifier of policy actors’ language attached to the subject of HFCinnovation.
Conversely partnership was amore difficult metaphorto pindown, at times speakingto particular
organisational forms, at others used synonymously with terms such as collaboration; being ‘customer
focused’ orpart of a consortium. In each case it spoke to the need for collaboration between policy
actors and othersinorderto deliverthe goals of HFCinnovation. Speaking to wider discourses of
market liberalisation and new publicmanagement, it was the relative role of different policy actors

and institutions that explained the variations in emphasis observed in the data.

Underpinning these metaphors were aseries of categories, sometimes implicit, but often becoming
explicitininstitutions’ rulesand membership criteria defining those actors mostrelevantto their
work. While these categories were distinct from metaphorsin capturing how policy actors (and HFC
community membersthemselves)interpreted the legitimate roles and practices allocated to actors
falling within them, the relations and hierarchies found within these categorical distinctions were
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informed by overarching policy metaphors of commercialisation and partnership. At broad estlevel,

‘industry’ (delivering commerecialisation); ‘researchers’ (providing breakthrough technologies and

research support); and government (partnerfunding the work of others and facilitating largerscale

collaborations) formed the central categories recognised across the HFC community. Unlike

metaphoranalysis where broader contextualised knowledge was introduced from outside the data;

here it was possible to elaborate distinct categories on the basis of their differentiation from one

another (Yanow, 2000, pp. 48-57), and the assumed values variousinterview participants and policy

texts projected uponthem. Table 5 provides anindicative list of the overarching categories which

shaped both how policy actors interpreted their core constituents in the HFC community, and from

which HFC community actorsinterpreted and constructed their respective rolesininnovation

governance.

Table 5: Indicative category analysis

Category: Industry Research Government
Synonyms: Business, private Universities; The state; the
sector academia commission (inthe
case of the EU)
Actors: Private companies | Universities; Government
governmentlabs departments
Rolein HFC Deliverer of Producers of Facilitationand
innovation: products and knowledge and know | funding
systems how
Assumed Profit Objective interest/ Environmental and
interestin HFC curiosity economicpublicgoods
innovation:

IV. Intersubjective and Strategy Analysis
Ifthe firsttwo analytictracks presented a cast of actors and an institutional architecture, the third

track examined the interplay of these actors and institutionsin practice, examining how actors

narrated theirresponsestothe institutional actors; categories; metaphors and practices they
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encounteredin HFCinnovation governance . While the findings presented in Chapter9 discuss a
strategicdifferentiation in terms of particularvarieties of governance practice (conferences; project
participation; planningand fund allocation processes; evidence creation and lobbying; and
partnership membership), these variations are analytic constructs seeking to capture arange of
practices referredtoin policy and HFC community actor texts. These constructs arose from the same
gradual process of cross-comparison between texts from which actortypes, metaphors and
categories appeared. However, whereas tracks one and two looked toindividual interpretations,
track three studied the differentiations; critiques and modificationsto common categoriesand
metaphors that actors employedin describing their positions and strategies compared to others.
These strategicexplanations often drew upon orre-stated interpretations of context; competency
and meaning, to narrate the relations underlying participation in a particular practice. Given this,
track three both informed and was informed by the narrative analysis of track one. However,
whereas narrative analysis sought mainly to examine the contextualised self-interpretations of
particularactors, inter-subjective analysis addressed actors’ narrative interpretations and
constructions of others withinthe HFCcommunity. Inso doing, it highlighted the strategic
adaptations made by individual actors and typesin light of their perceived position relative to other

actors and institutions.

Unlike analytictracks one and two, track three was not characterised by a single strategy of
interpretation. Instead itadopted the common interpretivist approach of question driven research,
using all means available to answer the basicquestion; “whatis goingon here?” In doing so this track
drew on the otheranalytic strands, theoretical knowledge, and more situationally specific
interpretations. The aim of this strand was to examine aspects of the individual and cross-case
narratives; the construction of particular practices and dynamics innovation governance; orthe

interpretive process deployed by different actortypesin developing their strategies. These strands
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stemmed from eithertheir commonality (they were typical of multiple accounts and narratives), or
because they were unusual or offerspecial insightinto an actor or types’ strategies. Sometimes
judging whetherthese unusual instances were singular exceptions or suggestive of more commonly
experienced yet unarticulated strategies was difficult to ascertain. Allusions in otherinterviews,
pausesand hedges around particular questions, provided the confidence to speak to such
exceptional statements with areasonable expectation that the strategies and interpretations
contained withinthem were more widely shared. Where such corroboration could not be found, and
exceptionality failed toyield a particularinsightintoanimportantactor’s strategy, they were
excluded from further consideration. This applied bothinthe wideranalytictask of understanding
particular practices,andin the narrowertask of presentingits findings. The overarchingaim was to
grow ourunderstanding of the processes of HFCinnovation governance in all its forms, notin the
sense of a topographical map focused oninstitutions, butratherin terms of a complex strategicfield
inwhich the actors of the HFC community soughtto pursue theirinterestsinlight of their
interpretations of competence, contextand meaning, and the institutional rules and metaphors

which shaped and were shaped by theirstrategicinteractions.

V. Summary
This chapter outlinesinas cleara way as practical the analyticprocess which generated the findings

discussedinthe following chapters. Inso doing a degree of conceptual tidying has been necessary to
communicate a highly messy and contingent analyticendeavour. The three tracks outlined above
were notdistinct analyticendeavours but three different tools working iteratively with and upon the
data. Separatingthem inthischapterreflects boththe needtosimplify and explain what was done
with the data analysed. It also prefigures the presentation of research findings which variously
presentanarratively derived typology of actors within the HFC community (see; Chapter7); a

description of the policy actors and institutions this community took to be key to theirwork (Chapter
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8); and a discussion of the intersubjectiveinterpretations and strategies adopted by particularactors

and actor typesin navigating the HFC community (Chapter9).

While the emphasis of each findings chapter corresponds to a particular object of analysis, each
section drawsinsights and exemplary extracts from all of the analytictracks. Institutional categories
and metaphors demonstrate key shapers of actors’ narratives of context and competence. Narratives
of policy actor practices shed light on the workings of particularinstitutional metaphors and
categories, whileactorstrategies are often discussed in the form of narratives or the actor categories
to whichthey correspond. Aiming for total correspondence between each analytictrack and findings
chapterwould be unnecessarily artificial, especially given the need to keep illustrative extracts brief.
Where extracts are usedin presenting findings, consideration was not given to correspondence
between track and findings section, rather extracts were chosen to quickly capture andillustrate a
particularfacet of actor interpretation; institutional meaning construction or strategic consideration.
There ishoweverlittledenyingalevel of correspondence between the three analytictracks outlined
above, and the findings presented below. This correspondence is aresult of the contingent
experience of conducting field work and making sense of the dataat hand, combined with the

equally contingent theoretical experience and leanings of the researcher.

Analysis underwent numerous drafts and attempts at world making before an eventual description of
the HFC community could be produced that was theoretically consistent with itself and the dataiit
drew on. Multiple interpretations were amended orabandoned in light of outright contradiction by
interview participants. In particular early anticipations of NGO involvement in the community and
suspicions thatdivergencesin discursiverepertoires and priorities may have lead researchers;

industrial participants and governance actors to operate at cross purposes proved unfounded. These
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intuitions; guided in part guided by naive readings of early actor network theory (Callon, 1986),
discourse theory (Fairclough, 2003) and interpretivist notions of meaning communities (Yanow,
2000), simply provided poor fits to the data collected. While some early interviews initially appeared
‘fit-able’ with theseintuitions; the more data collected the less likely this became. In contrast
subsequent searches of actor centred constructivist readings of institutions, governance, and
innovation provided aset of theoretical concepts that were more consistent with the data at hand
and offered a conceptual structure making sense of the community at hand. In particular, knowledge
of actor centred constructivism provided a conceptual language of actors, institutions and strategies
(cf. Hay, 2007; 2011; Saurugger, 2013) through which different aspects of the dataset could be

interpreted.

There was no one Eureka moment when this framework and the analytic process came together.
Rathera gradual process of interpretation and interpretive world making eventually gave rise to the
correspondence between the interpretivist-constructivist analyticstrategy embarked upon; the
theoretical framework which made interpretation possible and the articulation of findings presented
inthe following chapters. Itis possible, if not likely that another analyst with different theoretical
competencies given the same data, could provide an alternate account of the HFC community;
possibly one located in the imaginaries of ‘the hydrogen economy’; ‘homes of the future’ or
‘hydrogen mobility’. Alternatively one could examine the implicit value positionsin claims to
efficiency; sustainability and economicgrowth articulated in many of the texts studied. A host of
validinterpretations are available given the dataat hand, howevertothe best of the researchers
knowledge, none provide as adequate a description and explanation of the data as it relates to HFC
innovation governance as that made possible by the interpretivist-constructivist framework adopted

here.
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Before proceeding, itis worth noting that the analysis offered by the above approach does not claim
to representidentically some essential reality to the HFC community, ratherit seeks to sketch key
interpretive positions within it, each of which represents an analytic construct. While this construct
has soughtto avoid conflating and misrepresenting the accounts collected, inthe process of
complexity reduction some detail has been omitted from the resultant description. Particular
categories of actor; metaphorand categorisations spokentointhe analysis, represent amore
variegated set of interpretations and constructions, which may well be more permeable and liableto
modification than when they appearinthe single snapshot presented in the period of study and
momentsin which texts were first uttered. Bearin mind that while the purposeful sampling
framework adoptedinthe study explicitly soughtvariety and has been conceptually expanded within
the subsequentanalysis, it neveraimed for statistical randomisation orrepresentativeness. Giventhe
level of corroboration found between texts in the analysis we can be reasonably confident the overall
description providedis broadly representative of the community asitis perceived by the key policy
actors; researchers andindustrial actors involved. However when it comes to appropriately
weightingthe role of each within the finding the task is more difficult. In some placesthe roles of a
particularactor or type may have been overor understated. Certainly the ‘early mover firms’
identified in Chapter 8 comprise asmall group who, for varying reasons, lack the degrees of influence
otheractor typesexercise in HFCinnovation governance. The decision to accord thema prominent
role depite theirsmall sizeand numbers, was takenin part due to theirprominence inthe HFC
community despitetheirsmall sizeand numbers. Similarly their divergence from the mainstream
itselfillustrates the interpretive and constructive processes driving HFCinnovation governance. The
lack of a statistically weighted way to represent the HFC community reflects aweaknessinits
inability tocomment on how influential a given strategy or actor type may be, howeveralso reflects
the strength of the analysis’ capacity to respond to the contextualised relations emphasised by actors

intheirstrategicnegotiations of innovation governanceinstitutions.
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7. THE ACTOR LANDSCAPE

L. Actors: Competencies, Contexts and Meanings
Analytically making sense of the HFC community proved challenging. Atits mostbasiclevel this

community could be described as encompassing actors drawn from a heterogeneous range of
academic, industrial and policy making organisations. While academicscientists and engineers
shared institutional contexts and rationales similar enough to warrant discussion as a single group,
governance actors tended to construct theirrole as separate to but supportive of thiscommunity.
Giventhisand the special institutional position governanceactors occupy within the HFC community,
discussion of them will be deferred to the next chapter. The following chaptertherefore focusesona
somewhat narrowed community of academicand industrial actors thatidentify interestsin HFC

technologies.

Operating with arange of fuel cell types, across arange of applications, the HFC communityisa
multifaceted entity containing avariety of actors from academics; consultancy firms and small scale
producers of HFC technologies, through to multinational corporations such as; energy utilities;
industrial gas manufacturers and global automotive firms. Each organisation hasits own reasons for
undertaking HFC activities. For some, the technology is the primary point of identification for the
organisation, forothersit offers afuture opportunity; risk; oran opportunity for transformational
change. Within this diversity, collaborations coalesce around individual HFC applications. No single
organisation has so far demonstrated acomplete HFC energy system singlehandedly. We thus see
automotive firms combining their efforts with industrial gas companies; fuel retailers; energy utilities
and, at times; smaller producers of fuel cells and electrolysers, in order to demonstrate functioning
HFC transport systems. We see this replicated in micro-Combined Heat and Power (mCHP) and grid
balancing applications where actors with expertise in different parts of the system meetto articulate

and enactthe whole.
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Memberships of different application communities tend to form closest bonds but many
organisations operate across various fuel cell types and demonstrations in each application have
tendedtodraw inactors from others to develop full systems. Moreover, shared trade bodies like the
UK Hydrogen and Fuel Cell Association (UKHFCA), conferences and professional networks promote a
broadersense of mutual endeavour, makingit possible to speak of a community of communities
taking HFCs as its object. Thisis not to suggest equal commitment by all to HFC community actors. As
we shall see some organisations see the technology as peripheral to their own core activities. When
exploring HFCs as a peripheral activity, actorsinside these organisations get drawn into the HFC

community tovarying extents.

This chapter cannot outline each sub communityin detail, such ataskis outside the thesis’ scope;
this chapterjust tries to outline the key means through which actors of different types seek to
interpretand positionthemselvesin relation to their preferred technologies. In particularitexamines
the interplay between actors’ competencies, contexts and meaningfulinterpretations of interests,

findinginthe process five ideal types of organisational actor;

1. Researchinstitutes: academicinstitutions who canlay the clearestclaimto ‘objective’
techno-scientificcompetence, and take institutional criteriafor research funding and the
need to generate useful social impacts as the key contextual factors and meanings at stake in

theirwork.

2. Pre-commercial firms: private companies with significant techno-scientific capabilitiesin
HFCs. Yet to generate net profits, such firmsrely oninvestment and policy landscapes which

view low-carbon energy as a sound proposition. Combining these readings of competences
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and contexts encourages pre-commercial actors to perceive themselves as well placed to

exploitemergent market opportunities.

Enthusiasticlncumbents: large multinational companies with competenciesin the logistics of
delivering goods and services to arange of existing mass markets. Contextually such firms
believethey face unfolding landscape pressures from resource depletion; climate change;
business sustainability, which pose risks to business costs; regulation and corporate
reputation. Anticipating these issues, particularly in light of past oil shocks and longstanding
R&D experience, thesefirms have established techno-scientificcompetenciesin HFC
innovation, some going back 40 years. Enthusiasts embrace HFC technol ogies asavaluable

competitive edge and market opportunity.

Cautious Incumbents: large multinational companies with similar competencies and
contextual experience to their enthusiasticcounterparts butlackingin significant HFC
capacity. They engage with HFC technologies to reduce technological uncertainty and

managing the landscape risks they perceive.

Early Movers : small producers of niche HFC products who claim competence from their
techno-scientificexpertise and independence from those they perceive to be the vested
interests of incumbent energy and transport regimes. Adopting a more radical and
constrained view of the environmental and resource contexts such regimes face, early
movers see themselves asdisruptive nicheinnovators; ready to meetthe needs of amore

sustainable future.
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The above typology introduces the range of strategic positions open to HFC com munity members.
“Strategicpositions” here serves toindicate both actors’ understanding of their capabilities and
optionsinthe HFC community, and the positions they adoptin more publicconstructions of
organisational identity and purpose. There may not be a clear distinction between internal
interpretations and external constructions, participants themselves made no such distinctions, and
such aview finds little supportin the extended literature on qualitative social research (Holstein &
Gubrium, 1995; Kvale, 1996). Ratherinterpretation and construction should be seen as mutually
constituted viaan ongoing process of structurationin which interpretations of capability and context
are constructed through the practice organisational formation and strategizing (Giddens, 1991). The
remainder of this chaptercannotillustrate every conceivable typological position or combinationin
detail. Instead it portrays how the dimensions within the above typology function to produce

particularinterpretations and constructions of strategic position and meaningfulinterests.

IL Research Institutes
For researchinstitutes, HFCs are inextricably bound to questions relating to the future of UK and

international energy imaginaries, wherein the technology offers potential solutions toissues of CO2
reduction; energy security; and broader questions of economic competitiveness and growth. These
interpretations of context are not neutral, they draw onresearch funder priorities. One older
research institute professor gave a detailed history of oil shocks and earlier climate change concerns
stimulating periodicrisesin HFC funding and academicresearch. Others mentioned ‘funding fads’ for
varioustechnologies, and areas of publicpolicy concernintransport, grid balancingand the
decarbonisation of heat, as central motivating factors behind particularresearch programmes.
Researchinstitutes and theiracademics are not blind followers of funding priorities; ratherin
interviews and documents such priorities wereinterpreted as indicators of the broader public

benefits techno-scientificresearch can provide.

141



Engineeringand Physical Science Research Council (EPSRC) funding criteria emphasising energy as a
core thematicareaand expectations of industrial impact- the notion that techno-scientific research
should contribute to economic growth (EPSRC, 2010; RCUK Energy Programme, 2011; SUPERGEN,
2010), provided key frames through which research instituteactorsinterpreted the contexts in which
they are placed. Such meaningful interpretations formed key organising principles around which
research institutes built their broader strategies. The following extract from the first two

organisational aims of EPSRC’s H2FC Supergen Hub are exemplary here (Stockford, et al., 2013);

“1. To demonstrate and enhance the role of UK HFC research and to link this to the wider
landscape internationally. This will cover the issue of managingincreased penetration of
intermittent renewables, ensuring future secure and affordable energy supplies and low
carbon transport and heating systems.

2. To linkthe academicresearch base with industry to ensure effective and appropriate
translation of research to support wealth and job creation for UK plc.”

The quote establishes the primary aims of the Supergen Hub; a research centre based at Imperial
College atthe centre of a broad network of other research institutes with expertise in HFC
technologies. In aiming to demonstrate and enhance the role of UK HFC research, the institute
appealsdirectly to criteriaforresearch quality, international excellence and energy systems impact
espousedin broader EPSRC and Research Councils UK Energy Programme literatures (EPSRC, 2010;
SUPERGEN, 2010; RCUK Energy Programme, 2011). The subsequent reference made to landscape
issues regardingintermittent renewables; secure and affordable energy supplies; low carbon
transportand heating, similarly point to the aims of broader RCUK energy programme as the key
contextual factors through which the Hub interprets and legitimises its work. In claiming to address
these policyissues, the Hub does not positionitself as an interested actor. The contextual problems it
orients towards, and the differentiation from ‘industry’ provided in aim 2 both operate to establish
the Hub as an objective source of expertise, providing techno-scientific ‘research support’ to policy

makers and businesses (for expansion on this point se e pp.208-209).

142



The secondary aim, achieved through partnerships with private companies, again implies an
objective interest; this time in UK wealth and job creation. The means to this goal; the ‘appropriate
translation of research’, highlights the boundary the Hub (and the HFC community more broadly)
perceives between research institutes and industrial actor types. While academics provide useful
research, itis industry thatis expectedtodeliver utility. This extract, is representative of abroader
narrative in the discourse of research institutesin which the value of academicresearch isits
commercial potential. The identification of such benefits for ‘UK plc’, a metaphor conflating public
good with business success, underscores the shared interest of the publicly funded research institute
and the private industrial firm. This logicdoes not originate with the Supergen Hub, itis a key bi-
product of the distinction governance actors make between the publicsector’s role infacilitating

innovation and the private sector’s role deliveringit.

III. Pre-Commercial Firms
Pre-commercial firms often make similar claims to techno-scientificcompetence as research

institutes. However, whereas researchinstitutes interpret their expertisein the context of funding
priorities and objectivistassumptions regarding the publicgood, pre-commercial firms dosointhe
context of markets. Nevertheless their similar positions, combined with pressures on research
institutes todeliverimpactdrives a high degree of mobility between them. Collaborative research
networks and companies ‘spinning out’ of research institutesis typical inthe UK’s pre-commercial
landscape, as are informal collaborations and consultancy arrangements sometimes embedded
within publicly funded projects. Howeveritis the differentialinterpretation in context which allows
pre-commercial firms to espouse divergent meaning for HFCs and authorise alternate strategies to
realise them. Talking of the decisionto spin outa pre-commercial firm from a university laboratory,

this extractfrom an interview with a fuel cell micro-CHP manufactureris exemplary:
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‘Basically we started the business research in 2000, came out in 2001, erm the mantra was
to - the energy sectorwas all overthe financial news every single day, blackouts, big power
issues, CO2emissions, the whole environmental-energy side was ramping up, so the market
was ripe.” (Pre-Commercial Fuel cellmCHP manufacturer 1i)

Here the interviewee places HFCs as part of the widerregime and landscape of the UK energy
system; increasing enthusiasm for ‘environmental-energy’ technologies and emissions reduction.
The reference to blackouts reflects a particularinterpretation of energy security arising from
unreliable electricity supplies; often attributed to ageinginfrastructure in advanced capitalist
countries. This particular reading speaks both to the salience of thisissue in the period the
participantrefersto, butalsotheir own specifictechno-scientificcompetenciesin fuel cell mCHP; a
technology they feelcould enhance the resilience of the electricity grid by offering households’

independencefrom centralised generation.

This said, the firstand final clauses of the extractindicate that thisis not the objective ‘highlevel
picture that tended to be offered by research institute participants. The participant places their
expertisein the energy system as stemming from ‘business research’; conducted with the explicit
intention of creating a ‘spin out’ company fromthe participant’s formerbase ina research
institution. What we see described hereis afundamentally different type of techno-scientific
competence, geared towards commercial activity. The deployment of the term ‘ripe’ here functions
to communicate the participants’ interpretation of energy markets as ready toinvestin emerging
secure and low-carbon technologies. Continuing their discussion, the participant begins to highlight

theirown expertiseand institutional contextin relation to the markets they have identified:

‘Soin terms of trying to spina company outintothe energy areawith a technology that
offered something that was very unique; with a patentthat had been filed at the time, with
the capability of the scientists and the knowledge of the scientists around it, a lot of factors
came togethertosayactually, if you're goingto do itnow is the time to do it, and at the time
[the university] were ramping up and were very interested in trying to spin companies out
rather thanjustlicensingtechnology. Erm soa number of factors came togetherto sayit was
right’ (Pre-Commercial Fuel cell mCHP manufacturer 1ii)

144



In the second extract we see the participantidentifyingthe value of techno-scientificexpertise in and
around the firminterms of the unique knowledge and technological capabilities of the scientists
involved. Itis thisemphasis on unique benefits that provides the link between the market
opportunity elucidated above and the expertise outlined here- identifying a marketis one thing,
being capable of servingitisanother. The expertise signified in the extract by referencesto the
technology andscientists is wherethe participant locates potential value. Reference tothe patent
signposts the beginning of the embryoniccompany transforming its expertiseinto acommercial
asset. Simultaneously the participantintroduces anew elementto the narrative; their University’s
desire tospin outcompanies atthat time. Sowe see a triple thrustin which the participant’s own
reading of market opportunity, to which theirexpertiseis appropriate, combines with an institutional
logic privileging company formation as a desirable goal foracademicresearch. This combination of
institutional and policy structures, with constructions of contextand competence, lead the
participant to conclude, ‘the time was right’ to embark upon pre-commercial practice. Here isan
account of a rupture inthe individual and organisational identities of actorsinvolvedinthe early
stages of the firm’s existence from a more techno-scientificset of competencies and background

abilities, toanew set of ideational abilities of acommercial nature.

The above narrative isemblematic of the expertise claims and problem framings of pre-commercial
firmsina numberof ways. The interpretation of techno-scientificcompetence and market contexts
as opportunitiesistypical of pre-commercial HFC firms. In mCHP applications Ceres Powerand
CeramicFuel Cells Ltd (CFCL) pay great attention torising fossil fuel prices and the introduction of
governmentincentives such as feed-in-tariffs as indicative of growing marketreadiness fortheir
technologies (CeramicFuel Cells, 2012, pp. 10-11; 2011, p. 5; Ceres Power, 2012a, pp. 3-4). Similarly
ina single annual report, electrolyser manufacturer ITMPower (2012a) provides updateson

contextual shifts towards transport decarbonisation; the emerging need for energy storage capacity;
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and grid instability emerging from the introduction of intermittent renewables, as indicative of the
arrival of a marketfor hydrogen production and grid balancing products and services offered by the
company. It oughtto be noted here that inthe cases of ITM Powerand the above Fuel cell mCHP
manufacturers we see the same energy systemissue, grid instability, interpreted as heralding market
opportunities fortwo separate technologies; on-grid demand response for ITM’s electrolyser units
and Fuel cell mCHP distributed generation. Thisis not to suggest that there can be only one answer
to such problems, but ratherto highlight the extent to which a pre-commercial firms’ specifictechno-
scientificexpertise shape theirinterpretations of the energy system and subsequent constructions of

position.

IV. Incumbents
If pre-commercial firms claim competency in HFCinnovation, what competencies are emphasised by

larger multi-national corporations with expertise in today’s energy systems? Large UK and
international energy utilities; fuelretailers; and global producers of automobiles, industrial gas and
chemicals all possess expertise and capabilities pertinent tointroducing HFC based energy vectorsin
the UK. In such firms, competence is often unstated, theirsheersize and reputations reducing the
necessity for emphasis on techno-scientificexpertise. That said, competence is stillan essential
componentinthe positioning of incumbent firms within the HFC community. In the firstinstance,
claimsto expertiseinagiven market can be deployed to bolsterincumbent legitemacy as they enter
the new territory of HFCs. For example inabrochure promotingits hydrogen energy services,

industrial gas company Air Products boasts;

‘Today we’re a nearly $6 billion company with 17,000 employees in 30 countries, making
chemicals, gases, and related equipment’ (Air Products, 2002, p. 2)
This extractis positioned atthe end of the brochure briefly profiling the company andiits history.

While the rest of the document details the firm’s specificwork with hydrogen, notingits established

safetyrecord, hydrogen production and refuelling expertise; this section contextualises Air Products’
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expertiseasthose of a blue chip company, serving global markets for chemicals; gases and related
equipment. The broader claims within the brochure, particularly around hydrogen production and
transportrefuelling mark Air Products out as an enthusiasticincumbent, pointing to additional
competencies specificto HFC technologies. The quantifications the extract provides operateto
demonstrate the size and the reach of Air Products as a global company. The implication of this
statementisthat while hydrogen energy applications may be minor, non-profit generating activities
for the company, Air Products has the size; reach and expertiseto make ita success. This type of
framingis commonplace amongstincumbent firms, differentiatingthem from the smaller pre -
commercial firms with whom they may collaborate (cf. E.ON UK, 2009; Intelligent Energy, 2012; |E
CHP, 2012). Indeed, even when incumbents make claimstoleadershipin HFCs, forexampleinthe
collaborations announced between leading automotive firms developing shared systems,
components and standards for FCEVs (Daimler, Ford & Renault-Nissan Alliance, 2013; GM & Honda,
2013); discussion of collaborators expertise in hydrogen are enhanced by notes and reminders of

theirsize and expertisein existing markets.

Caution and Enthusiasm
Although incumbent firms share claims to expertise located in techno-scientificknowledge; size and

reach, this does not meanthey comprise one homogenous group. Contextual concerns affecting
differentindustrial organisations and sectorsinevitably have abearingon how incumbentsinterpret
and construct HFC technologies. In particular we may wish to distinguish between enthusiasticand
cautioustypes of incumbent. While enthusiasts see market opportunities pursuing HFCs, cautious
incumbents view HFCs as potential means to meet future energy system constraints but remain
uncertain or sceptical overtheircapacity to do so. This uncertainty has characterised energy utilities
identifications with HFCs to date, and is exemplified in the nextinterview extract from one utility

incumbent manager:
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‘Soourinterestinitisthat hydrogenisanotherof these um fuels which canbe usedina
numberof ways. Once you've created hydrogen you can eitherumuse itinfuel cellsto
powervehicles...oryouum potentially injectitinto the gas grid er to reduce the greenhouse
gassesiner heatingfuels; you can useitas an intermediate energy storage medium and then
use it to generate electricity through modified gas turbines. So all these sorts of er, potential
uses forit and y'know one of the ways of producing hydrogenis through an electrolyser
which obviously needs an electricity supply and thatis anotherkey area of interestforus.’
(Cautious Utility Incumbent 1)

Respondingtoaquestionabout why they were interestedin hydrogen, we see severalmarkers of
uncertainty throughout the extract. Punctuated by numerous pauses, the participant lists several
contextual factors relevant to the utility’s business through which HFCs are interpreted; however
here and throughoutthe interview they are reluctant to go into specifics. Here we see a brief listing
of potential new markets forthe company in electrolytic hydrogen production, mixing with
decarbonisation challenges relating to the natural gas grid, and requirements foron grid energy
storage driven by anticipated increases of intermittent renewable generation. The quick-firelisting
combined with hedgingterms (‘potential’ and ‘potentially’) and frequent pauses (‘um’/ er’), provide
a picture of an organisation lackingin expertise in the field and yetto develop aclear understanding
of its businessimpacts. Indeed, the desireto ‘understand’ formed a key elementin this participants
widerinterview narrative. Given the uncertainty over future markets for hydrogen and regulatory
constraints on electricity and natural gas grids, the participant’s uncertainty is unsurprising. It ought
to be notedthat this extract comes from one of the more active utilityincumbentsinthe UKHFC
community, who elsewhere inthe interview highlighted numerous efforts to become involvedin
projects and increase their expertise in the technology. Ratherthanreflectingignorance of the
technology or broaderenergy systemissues, cautious incumbents efforts to understand thus

function asa response to uncertainty over the potential of HFCs amidst uncertain regulatory futures.

For more enthusiasticincumbents, the purpose of HFC technologies is clearly defined as a future core

business area. Thus, recognising the growth inrenewable energy and low carbon technologies more
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broadly, Johnson Matthey- aleading chemicals company and marketleaderin platinum group metals
(a key catalystin PEMFCs), have devoted significant efforts to promoting HFCs as a future growth
market. Inresponseithas openeditsown fuel cells division and publishes the free-to-access industry
publicationand onlineresource FuelCell Today. The paradigmatic case of enthusiasticincumbents
howeverliesinthe industrial gas sector, and in particularthe bigthree international companies; Air
Liquide; Air Products and the Linde Group. Producing a range of gassesincluding hydrogen for
applications as diverse as petrochemical refining; electronics manufacturing and healthcare, these
companies have come to view hydrogen energy applications as a potential major growth segment
overthe coming decades (AirLiquide, 2012; 2013; Air Products, 2013; Linde Group, 2013a; 2013b).
Giventheirexistingcompetenciesin production and storage of hydrogen gas, they have invested
heavilyin developing hydrogen infrastructure and refuelling technologies, at least one developing
renewably produced hydrogen production capabilities specifically for use in energy applications.
Such efforts position industrial gas incumbents for market contexts in which H2 may be a major fuel

inenergy applications.

While industrial gas companies are united in their enthusiasm for HFCs thisis not the case in all
sectors. For example whilethe bulk of the automotive industry views HFCs as a long term solution to
future landscapesin which resource use and carbon emissions are more constrained (cf. Daimleret
al., 2009), some have interpreted this shift as an opportunity to leveragetheir current and historic
competenciesin HFCRD&D for marketand reputational position. Thusinthe UK webpage and press
pack for the iX35 fuel cell electricvehicle (FCEV), Hyundai presents the technology as the ‘Car of the
future’, recipient of prestigious engineering awards and demonstrative of the firms competence and
commitmenttoinnovation excellence (Hyundai, 2013a; Hyundai, 2013b). Thisis not to say the pack
and Hyundai’s surrounding literature ignores the environmental benefits of HFCs, they too are

foregrounded elsewhere inthe same document. However such benefits are constructed not as
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onerousrequirements but positive selling points for the vehicle, which in all otherrespectsis
comparable in experience and performance to aconventional vehicle. Indeed, this latter pointis
crucial forincumbentautomotive firms’ interpretations of the technology. Sofaras possible the
customerexperience should remain the same, maintaininga connectiontothe existing
competenciesinautomotive production and retail they have developed over decades (forexpansion

on this point, see pp.210-211).

Itisthis blending of HFC specificcompetences with the more generic mass marketand logistical
competencies of the incumbentthat allows enthusiastictypestointerpret their market contexts as
representing opportunities. Thisis nottoimply aclear dividingline between cautious and
enthusiasticincumbent. Closely following Hyundai and other enthusiasticautomotive firms are
others who, while lackingthe same level of competencein FCEV development, are nonetheless
heavilyinvestedin the technology. We should not see cautious incumbents as HFC sceptics; while
they may be hesitantand uncertain they are oftenamongthe firstin theirsectorto publicly engage
with HFC technologies. Of the ‘big six’ UK energy companies the ‘cautious’ utility participant cited
above isemployed by one of only three currently involved. Also at the cautious end of the spectrum
we see firms not traditionally engaged in energy technology orinfrastructure provision, who
nonethelessinterpret HFC programmes as a means of positioningthemselves as forward looking, or
environmentally responsible organisations. Thus large vehicle fleet operator Commercial Group, have
joined ademonstration of hydrogen fuelled vans and provided inputinto UK H2 Mobility’s research
programme (Commercial Group, 2012; UKHM, 2013a). In constructingthemselvesas
environmentally sustainable house-builders Crest Nicholson have trialled CFCL’s Fuel cellmCHP unit
(CFCL, 2012). While such activities are relatively minor engagements, often within the bounds of
publicly subsidised and time limited projects, cautious actorsin sectors at the edge of the HFC

community are likely to be amongthe early adopters of HFC products. The terms ‘enthusiastic’ and
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‘cautious’ thus function to delineate two poles within the broader category of incumbent;
established private companies with high levels of competency in their existing markets, looking to
similar contexts of increasing resource scarcity; consumerand regulatory expectations of carbon
reduction. Whethersuch contexts are interpreted enthusiastically as op portunities, or more
cautiously asrisks, rests more on past experience and emergent competency in delivering HFC

technologies than on existing core competence or contextual interpretation.

V. Early Movers

For a minority of pre-commercial firmsin the HFC community, meaningis foundin more radical
interpretations of context thanthose seenin otheractortypes. These actors perceive the
environmental and resource landscapes the world faces as more pressing than incumbent firms have
accepted, necessitating fasterintroduction of HFC technologies and significant alterations to existing
patterns of production and consumption. Similar to cautious and enthusiasticincumbency, the pre-
commercial firmand early mover represent two poles of a continuum where firms position
themselves at different points. Itis not unusual fora pre-commercialfirm to call for earlier or faster
introduction of HFCs, or to emphasise the disruptive nature of the technology as a broaderenergy
vector. Howeverforthe purposes of clarity, discussion here focuses predominantly onthe sectorin

which the early movertype finds its fullest expression - the niche automotive sector.

For early movers future environmental, resource and regulatory landscapes are not mere market
opportunities orrisks, rather they form a fundamental imperative to alter patterns of production and
consumption. This extract from automotive early mover RiverSimple’s corporate Information Pack is

archetypal:

‘Businessisfacingaconvergingfunnel of increasing regulation and decreasing resource
availability. Today’s autoindustry does what it does brilliantly, butit was shaped by the
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prevailing conditions of the 20™ century. The constraints of the 21° century are quite
differentand the existing approachis nolongerfitfor purpose.’ (RiverSimple, 2010, p. 5)

Above we see RiverSimple provide a narrative of how shifting regulatory and resource contexts are
likely to undermine the existing motorindustry. The ‘converging funnel’ metaphor nominalises policy
and economicprocesses as naturalisticand unchangeable corollaries of environmental degradation
and resource depletion. Flowing from this assessmentis the argument that this new landscape poses
unique challenges to the competencies of the automotive industry, itis no longer ‘fit for purpose’.
RiverSimple offers abackhanded compliment toincumbent automotive firms; they are ‘brilliant’ at
whatthey do, perfectly adapted to the globalised mass production of conventional vehicles. However
as the final sentence makes clear, RiverSimple’s claim to competence lies in the be lief that the
context upon whichincumbent competencies are builtis undergoing astructural shift. In so doing
RiverSimple both interprets and constructs incumbents as mal-adapted to the prevailing conditions
of the 21°* century. Implicitin the extractand explicitin the widerinformation pack s the view that
incumbent firms are incapable of embracing this new future. Conversely, RiverSimple’s claim to
competence restsin more sustainable technological characteristics of flexibility, longevity and

resource minimisation:

‘[We have] developed amodel thatis highly flexible and rewards longevity and resource
minimisation as opposedto obsolescence’ (RiverSimple, 2010, p. 5).

Thisidentification with more radical regulatory and market contexts and competencies, and their
placementwithin the company’sinvestorrelations literature operates both as promotion and a filter.
In the firstinstance itframes the company as a desirable investment to a certain type of
environmentally aware investor, one who shares the company’s alternate construal of environmental
and resource imperatives. Adopting such aradical framingin corporate reporting literatureis
uncommon. While many pre-commercial HFC firms attempt to advertise their products and services
as timely adaptations to future markets; such wholesale rejections of incumbent business models go

againstthe received wisdom and authority of these widely recognised experts. As such they are far
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lessamenable to equalisation to the ideas and goals of many mainstream investors and potential

incumbent partners.

In expressing anti-incumbent sentiments RiverSimple explicitly betrays a normative understanding of
what good businessin the 21 century will look like. Longevity and resource minimisation will be
virtues; obsolescence an outdated vice. Such value laden constructions of context carry with them
consequencesforearly mover’s organisational structures and their attempts to raise capital.
RiverSimple operates on the basis of an unusual ownership structure, in which shareholders’
interests are given equal weight to custodian boards foremployees; commercial partners;
communities; the environment and usersin the appointment of the company board and long term
strategicdecision making (Riversimple, 2014). The firm has relied heavily oninvestments from
similarly committed investors, in particularthe family of Sebastian Piech. Formerly a major
shareholderinautomotive group Porsche, Piechis now chairman of Singapore based Horizon Fuel

Cellsand alongterm HFC enthusiast.

While not all early moversrely oninvestment from wealthyindividuals, they do tend to employ
similarunorthodox funding strategies. For some equity swap arrangements with suppliers, public
bodiesandresearchinstitutes have provided means of obtaining access to funding, resources and
staff which would otherwise be unavailable tothem. Indeed all early mover firmsidentified in the
study have, at leastin the early stages of their development, formed relationships with such allies to
reduce overhead costs. The basis of such relationshipsisvaried, for publicbodies and research
institutions such reciprocal arrangements can help meet theirown remit. Coventry University’s
housing of Microcab provides evidence of impacteveninthe absence of revenuefrom the financial

stake they holdinthe firm. Likewise Arcola Energy’s housing within Arcola Community Theatre
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reflects the educationaland sustainability work builtinto the Theatre’s charitable purpose. Other
early movers may have the additional backing of small groups orindividual investors who forarange
of reasons may subscribe to the more radical interpretations of context and constructions of

meaning early movers expound.

As a form of pre-commercial firm, early movers partly claim competence, through reference to
techno-scientificexpertise. Automotive early movers RiverSimple and Microcab, boast managing
directors with backgrounds in motorsport. Expertise in light-weighting and vehicle efficiency are
crucial to these firms’ claims to offerleaner, greenervehicle designs than those pursued by
automotive incumbents (MicroCab, 2011; RiverSimple, 2010). Howeverallied to such expertise we
alsoseeaclaimbasedinindependence from the compromises of incumbent automotive
manufacturers. Inthe pressrelease announcing the founding of Microcab, its managing director
JohnJostins explicitly defines the firmin opposition to the ‘vested interests’ of automotive
incumbents (Jostins, 2003). In so doing he differentiates Microcab by allegingincumbents desire to
maintain existing production, consumption patterns and maximise returns on existinginvestmentsin
combustion enginetechnology. What we see in this and similaraccountsis nota questioning of
incumbents commitments to HFCs. Ratherthey claimincumbents existing expertise, production
capacities, and reputational considerations prevent them from bringing HFCs to market quickly
enough. In contrast, early movers identify as experts free from compromise. The following interview
narrative fromthe founder of a pre-commercial fuel cell firm displays many characteristics of an early

mover:

‘Well Iguess | got bored, so obviously working for [incumbent engineering company], you
couldn'task for much better- amazing people. Butit’s slow, eventhenit was pretty obvious it
was gonnatake a whiletogetready. | thinkfor [them] it was eitherits perfectorwe're not
doingit.Um and | guess | was impatient.” (Early Mover1)

154



In the excerpt the participant shares their decision to move from a fuel cell teamin a multinational
engineeringincumbentto foundingtheirown pre-commerecial fuel cell company. The participants
cites boredom with the slow moving nature of hisemployer’s fuel celldevelopment, the notion that
the technology must be ‘perfect’ slowing down development and introduction of the speaker’s
technology. Here the term perfection indicates levels of reliability and performance matching
existing fossil fuel powered technology in the same application. It ought to be noted the participant’s
hedging withregardto their colleagues, and admission of impatience both function to ameliorate the
critique of incumbency, drawing attention to other fuel cell enthusiasts remaininginthe firm. At the
same time eagernessto get on with producing marketable fuel cell products, regardless of perfection
isforegrounded as motivating the formation of an early mover firm. Here we see anideational
rupture in which the participant comes to question the identity of the incumbent engineer, in which
focus on ‘perfection’ comesto be problematized as too slow. While continuingto recognisethe
virtues of thisidentity interms of the ‘amazing people’ and facilities, itis this desire to move faster

that characterises early movers’ interpretations of their competencies and contexts.

While the above extract reflects the highly subjective interpretations and account of an individual
pre-commercial firm founder, it reflects several dispositions common to early mover firms, in
particulara desire to move fasterthanincumbents and acceptance of the technological
imperfections this may bring. The confluence of competencies located inindependence, and more
radical interpretations of the climate and resource contexts, go togetherin constructingthe
meanings early movers attach to their strategies for HFC technologies. While not explicitly aiming to
displace incumbent firms, early movers instead perceive nichesin existing market contexts where
theirtechnological competencies are particularly suited. In automotive applications such niches tend
to be those favouring short-range, lightweight FCEVs forlocal use, as taxis and return to fleet
vehicles, orinlocalised carclub/rental applications (Microcab, 2013; Macdonald, 2010; RiverSimple,

2010). In othersectors pre-commercial firms displaying elements of the early mover disposition
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mirror this approach. ArcolaEnergy’s HFC powered event lighting service and ITM Power’s trial ling of
hydrogen powered fork lift trucks aim to provide advantages of ‘green’ off-grid power generation
and improved forklift availability (due to elimination of battery charging times), incumbent
technologies are unable to match (Arcola Theatre, 2010; ITM Power, 2012). In constructing these
niches, early movers see themselves as hastening the broaderintroduction of low-carbon
technologies, by demonstrating what can be done, assuming (as does the broadertransitions
management literature) that niche success can translate into broader patterns of industrialand

environmental transformation.

VI.  Summary
Althoughthe above typology (summarised intable 6 below) to an extent mirrors other forms of

organisational definition based onsize or core activity, itis the role of competence, contextand
meaningthatare of primaryinterest here. Thisis to say organisations of similarsizesin the same
sectorcan and do pursue markedly different strategiesin relation to HFCs, differences rendered
explicable through reference to theirown claims to competence and meaningful interpretations of
context. Thus automotive firms with well-established competenciesin HFCs tend to be found
occupying more enthusiastic positions than counterparts with lesser expertisein the technology. Pre-
commercial firms looking to different market contexts, do so informed by the particulartechno-
scientificexpertise of their staff. Secondly it should be noted that while the typology operates onthe
basis of a distinction between context and meaningful interpretations of position, these are not
mutually exclusive. Actor's competencies inform the contextual factors they deemrelevant, and the
meaningstheyinterpretand construct forthemselves and HFC technologies. Through this additive
processthey construct their organisational competencies, identities and interests as equal to
meeting emergent opportunities, or threatened by the emergence of different regime and landscape

constraints.
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Thisis not to claim competence and context are the only variables at play however. The long-term
position of actors within existing energy regimes also has abearing. It is no surprise thatindustrial
gas companies are uniformly enthusiasticabout HFCtechnologies, northat utility incumbents are at
the cautiousto disengaged end of the spectrum. The latter collectively occupy central positions
within existing energy policy regimes, which could easily be threatened by unfamiliar technologies
and market entrants. Given privatised utilities’ shareholder responsibilities to protect corporate
value and market share, a certain reticence in engaging with them may be a prudent strategy.
Industrial gasincumbents conversely exist today outside the major energy policy regimes of the UK
and Europe; should H2 become a significantvectorin future energy regimes, thiswould representa
sizeable new marketforthe sectorasa whole. A detailed examination of contextual interpretationis
not necessary to see the basiceconomiccalculation at work. Nevertheless the typology does capture
fundamental differences. Early movers’ competency fortechno-scientificinnovation and action free
from ‘vestedinterests’, allows themto more radically interpret environmental and resource
landscapes. Without specialist techno-scientificcompetencies, pre-commercial firms have no
opportunities to identify. More importantly, as we shall see in Chapter9; a distinction based on
meaningful interpretations of context and competence reflects the strategies different actor types

are able toadopt in the constitution and practices of the emergent HFC policy community.

Hinted at in this chapter, but notfully articulated, isa broaderinstitutional landscape which partly
informs interpretations of contextand strategies for HFCinnovation and governance. While these
shall be discussed in more detail inthe following chapter, itis worth pausingfora momentto
considerits limitations. Firstly it should be remembered the above typology (re-presentedintable 6
below) remains the product of an analytic marriage between the constructions of HFC community
membersthemselves and a broadertheoretical framework. The above categories are ideal types,

articulated to make bettersense of the HFCcommunity. The distinctions drawn betweenthem are
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not absolute. Some organisations straddle two categories; others may seek to move fromone to
anotherovertime. Even research institutes remaining within the publicsector may seek to ‘spin out’
profitseeking pre-commercial firmsinthe course of theirwork with HFCs. Nonetheless, some means
are required to reduce the complexity of multiple organisational contexts and interpretations. As
analysis progressed, itbecame clearthat typological combinations of competency and context
generated particularinterpretations of meaning and position; which in turn carried significant
implications for how different types of actorinterpreted the institutional contexts and practices they

encountered and constructed strategies forengagementin HFCinnovation governance.
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Table 6: Actor Typology

Dimensions
Type: Competency: Context: Meaning: Industry Sectors: Examples:
Research Objective techno- Energy as impactful Utility/impact opportunity Academia, national labs & H2FCSupergen Hub
Institutes scientific expertise research agenda research centres
Pre- Techno-scientific Increasing demand for New Market Opportunities | FCand Electrolyser CFCL; Intelligent
commercial expertise novel energy Producers Energy; ITM Power

Enthusiastic
Incumbent

Cautious
Incumbent

Early Movers

Intellectual Property

Expertisein existing
sectors

Techno-scientific
expertisein H2and/or
FCs

Expertise in existing
sectors

Technological expertise

Independence from
vestedinterests

technologies

Core markets changing

Core markets changing

Existingregimes
unsustainableand slow to
respond

Opportunitiesin changing
markets

Technological and
regulatory risk

Opportunity for niche
experimentationand
disruption

Some automotive &
chemical manufacturers

Industrial gas companies

Some automotive, energy
and utility producers

Regulatory aware business
users

Niche automotive and fuel
cell manufacturers and
retailers

Air Products;
Hyundai

SSE; Tata Motors;
Crest Nicholson

RiverSimple;
Microcab; Arcola
Energy
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8. THE INSTITUTIONAL LANDSCAPE

L Governance Architectures
This chapter sketchesthe institutional architecture around which HFC community actors are

congregatingas a policy community or network. This architecture functions as a relatively fixed
landscape HFC community actors must navigate in orderto access funds for collaborative RD&D
ventures, and shape innovation policy and funding priorities to suittheir needs. In navigating this
governance landscape HFC community actors try to construct and reproduce theirvisions for HFC
innovation by: developing and refining new technologies and business models; expanding toinclude
new commercial and governance allies; articulatingand demonstrating visions for future HFC energy
systems. Governance institutions are not staticbearers of structure however. Whilethey do
apprehend HFCs through the lens of pre-existing policy paradigms and organisational remits, actors
withinthemspeakand behave asifthey possess agency inseekingthe input of experts, andin
monitoring and reacting to developments and representations made by otheractorsin the HFC
community. The institutions referred to in this chapter were identified ininterviews as key points of
convergence ororientation for HFC community members as bodies with funding; resources and, in
some cases, regulatory powers of relevance to the development of the HFC community. Introducing
thislandscape, the chapter sketches the organisational arrangements, metaphors and categories of
HFC governance, highlighting the key institutional logics through which policy actors have sought to
structure their practicesinrelation to HFCs. While this approach may seem at odds with the desire to
provide an actor centred approach to the HFC community, this institutional contextual is vital to
understanding some of the central strategicassumptions and practices in which HFC community

actors are engaged.

Before launchinginto a discussion of departments, publicbodies and partnerships, itis first worth
noting whatthese actorslook to achieve when promoting HFCRD&D. Given the historical shiftin
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energy systeminnovation paradigms towards notions of market liberalisation (cf. Helm, 2007;
Mitchell, 2008; Winskel & Radcliffe,2014), itis unsurprising that policy institutions tended to divide
competencies between state funding and support for HFC innovation and private sector

responsibility for delivery. Thus the European Fuel Celland Hydrogen joint Undertaking aims to;

‘Place[s] Europe at the forefront of fuel cell and hydrogen technologies worldwide and
enable[s]the marketbreakthrough of fuelcell and hydrogen technologies, thereby allowing
market forcesto drive the substantial potential public benefits.” (FCHJU, 2011, p. 4)

Similarly the UKH2 Mobility Project seeks to;

‘ensure the UKis well positioned forthe commercial roll-out of hydrogen fuel cell electric
vehicles’ (UKHM, 2012, p. 1)

The above extracts shows two HFC oriented public-private partnerships positioning HFCs as offering
benefitstothose states and economies ‘at the forefront of’, or ‘well positioned for’, their
development. Atthe same time, references to ‘market breakthrough’ and ‘commercial roll-out’ both
emphasise privatesectortechnology delivery as the primary means to realise these benefits. Thisis a
very particularchoice, terms such as ‘scientific’ or ‘engineering’ used elsewhere in the discussion of
HFC research are here absent, displaced by acommercial or market language in discussion of the
concrete roll-out or deployment of HFC technologies at scale. Both extracts fulfil metaphorical and
categorising functions central to the conduct of HFC governance. Firstly use of marketand
commercial termsin each extract operate as modifiers situating HFC technologies within a particular
sphere of economicactivity, drawing terminology from the established policy discourse of energy
market liberalisation to give meaning and legitimacy to the process. Inso doing each extractinvokes
an implicit categorical distinction or boundary between the respective roles of publicand private
sectormembers of the partnership. Technological breakthroughs, the driving of benefits and
introduction of HFCs are construed as being within the remit of commercial or market members.
While both extracts come from organisations self-defining as public-private partnerships, the

maintenance of a public/privateboundary is not a product of organisational structure. Ratherthis
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chapterarguestheyreflectan entrenched institutional logic, inscribed across the institutional

architecture for HFC innovation governance.

The following sections attempt to track how this commitmentis realised in practice across the UK
policy architecture for HFCs, in the structure of institutions and operating logics of their staff. Inso
doing, itseeksto capture the wide range of governance institutions identified by members of the UK
HFC community as key funders of RD&D activities; sources of policy relating to such funding; oras
sites of policy making of relevance to their work. In the institutions own terminology, they can be
broadly divided into three categories; government departments, non-departmental publicbodies,
and publicprivate partnerships. This distinction refers not only to specificscales of governance and
authority. It also reflects a functional distinction through which innovation governance has been (to
varyingly degrees) devolved from government to arms-length bodies thought betterable to assess

and meetthe needs of the industrial and commercial expert communities they serve.

IL Departments
At the UK national level three government departments; Business Innovation and Skills (BIS); Energy

and Climate Change (DECC); and Transport (DfT) have interpreted HFCs as relevant to their policy
domains. Tightly bound by paradigmaticcommitments to liberal markets and limited state
intervention, these departments aimto deliverlarger policy goals of promoting economic
competitiveness, decarbonisation and energy security. Itis through the lens of these remits that
departmentsinterpret HFCs, tending to do so as relatively peripheral technologies that
displaypotential for contributing to long term policy goals. So hydrogen sits amongst technologies
underdiscussionin DECC’s Strategy for the decarbonisation of heating to 2050, in areas ranging from
fossil fuel based fuel cellmCHP (micro-combined heat and power) to the injection of hydrogen into

the natural gas grid and the longerterm possibility of converting this grid to pure hydrogen. Similarly
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BIS and DECC’s Low Carbon Industrial Strategy, makes asingle reference to hydrogen and fuel cells
(2009, p. 40). Here HFCs are deployed as one example of the TSB’s broader demonstration
programme forlow carbon vehicles, the overall goal off which is framed as fostering low carbon
economicgrowth and employment. The treatment of HFCsin this documentindicates their position;
crossing both departments remits but occupying a background role to more prominent technological

‘solutions’ to sustainable development.

While the research was initially tasked with afocus on the HFC communityinthe UK, during
fieldwork it became clear no study of this community is complete without some reference to the
European Union, a key funder of HFC activities to whom multiple participants referred and were keen
to orientthemselves. Asinthe UK, the EU’s Directorates for Research; Energy; Innovationand
Transport have broad policy remits coveringissues of international competitiveness (particularly vis-
a-visthe USA, Chinaand Japan); employment; job creation, and sustainable development (European
Comission, 2013; European Council, 2000; High Level Group, 2004). These directorates were never
mentionedininterviews, seldomin documents, and were notexamined in detailduring the study.
They are introduced here predominantly as a precursor to the far more influential Fuel Cellsand
Hydrogen Joint Undertaking (the FCHJU- discussed further below), a public private partnership which
they partially fund and appeared in texts as a major point of orientation forthe UK HFC community.
While ultimate responsibility for long term policy affecting HFCs may lie with directorates and
departments, they often did notappearin the accounts of HFC community actors themselves.
Instead participants cited otherautonomous and semi-autonomous publicbodies, public private
partnerships and industry associations as their most frequent points of contact for accessing public

funds or influencing broaderfunding and policy programmes.

The dispersal of responsibility for HFCinnovationin the UK is not the outcome of some ad hoc

process. It reflects a deliberate rejection of asingle hydrogen coordinating body in favour of the
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more dispersed system for fundingand governing HFCinnovation offered by the UK’s existing energy
innovation architecture (DTI, 2004). As opposed to centralising decision makingin asingle body, as
was recommended in earlier DTl commissioned reports (E4Tech, etal., 2004); the stated preference
for diversity reflects a desire to maintain some distance between central government departments
and the innovation communities they serve. This reflects a paradigmaticcommitment to
technological neutrality associated with the perceived failings of state planning and ownership of
industriesinthe 1970s. Successive governments have thus been keen to avoid the impression they
are ‘pickingwinners’ between emergent technologies, rather choosing to emphasise amore hands
off role setting regulatory and incentive frameworks for low-carboninnovation (DTI, 2003; DTI, 2007;

BERR, DEFA & DUIS, 2008; DECC, 2011).

Departmental discourse constructs the state as an unreliable judge of marketand technological
potential; atask best leftto the market, or where amarketis yetto be created, those withrelevant
technological and market expertise capable of making aninformed decision. The following account
froma departmental civil servantis exemplary of this logicin operation:

‘Well, Imean, | — I think organisations like OLEV [Office for Low-Emission Vehicles] and TSB
[the Technology Strategy Board], | mean, are probably more customerfacing. Er, | shall...|
shall be gettingcriticised forimplying that [own department]isn’t, but I mean | think; well, |
mean, they have a greater level of practical involvement, erm, and therefore, perhaps, over
time, theirviews asto whatis realisticor otherwise, erm, you know, are, are, are more
soundly based. Erm, but, you know, they, er, they are closerto makingthings happen’ (Civil
Servant)

Explainingtheir preference forchannellinginnovation funding for HFCs through publicbodies, the
participant expresses themselves through metaphors of customerservice and distance, which
construct greaterlevels of day-to-day contact with HFC community actors (‘practical involvement’) as
facilitating the development of realistic expectations and sound policy. In contrasting the practice of
theirown departmentfrom two publicbodies; the Office for Low Emission Vehicles (OLEV)and the
Technology Strategy Board (TSB), these and similar publicbodies are defined as being more

‘customerfacing’. The participant appeals to broaderdiscourses of governance and new public
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management which see statutory bodies as service providers and their users as consumers (cf.
Rhodes, 1996). The customer metaphorhere frames the HFC community in a particular way, as
autonomous experts ontheirown needs - the customeris always right. The participants’ anticipation
of criticism fornotbeingseento be customerfocused is symptomatic of this widerrationalein which

practical involvement with customers is seentoleadto efficiency and sound policy.

Metaphors of distance and customerservice thus mark a boundary between departments as funders
and the publicbodies responsible foridentifying priorities and allocating resources . While the former
is, by necessity operating at a distance overa wider policy area, the greaterindependence and
specialism of publicbodies allows them to maintain closerrelations with the constituencies they
serve. Thisis notto say government departments have no contact with the HFC community. Viawide
ranging reviews; consultations and calls forevidence they do seek information aboutand from HFC
community members and otherinnovation communities over questions of current and future
regulation and incentive structures. However on day to day issues of innovation management
departments have tended to cede responsibility to more autonomous publicbodies and

partnerships.

III. Public Bodies
Referencedininterviews more commonly than national departments, publicbodies representa

mainstay of HFC community members’ engagement with governance institutions, facilitating the
efforts of and channelling fundingto, appropriate actors and technologies within the HFC
community. Itisthis channellingrole that requires publicbodies to remain in close contact with the
subsectors of the HFC community they fund. Howeverthere remains somevariationin how such
bodies are structured. While OLEV (the Office for Low Emission Vehicles) functions more as an

interdepartmental working group between BIS, DECC & DfT; other publicbodies have greater
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degreesofindependence. The Engineering and Physical Sciences Research Council (EPSRC) and TSB
are both arms-length publicbodies reporting to BIS. EPSRCs remitisfor ensuringthe quality and
relevance of academicresearch and trainingin British science and engineering. TSBis responsiblefor
fostering private sectorinnovation to promote UK wealth and job creation. Formerly reporting to
DECC, the Carbon Trustis a self-financing not-for-dividend private company, it continuestoforma
major plank of innovation policy delivery by running technology assessments and innovation
competitions on behalfof DECC. Underscoring theirindependence from government and proximity
to the communities theyfund,both TSB and Carbon Trust emphasise the i ndustrial expertise of staff
and managers. providing online profiles of board members and in-house experts which foreground
their private sectorexperiencein energy extraction and generation; finance and management
consultancy (Carbon Trust, 2014; TSB, 2013). Similarly EPSRC draws its Council and Scientific Advisory
Committees from senior positionsin UK academiaand prominent Engineering and technology
companies (EPSRC, 2014b; EPSRC, 2015). Non-departmental publicbodies such as the Carbon Trust;
EPSRC and TSB have been delegated the task of assessing the needs of the HFC community in terms
of research and project funding, while others such as OLEV have taken on longerterm policy and
infrastructure planning for hydrogen transport. In referringto these bodies, participants tended to

emphasise themas enablers, providing funds that could be used to pursue future RD&D efforts.

For theirpart, publicbody civil servantstended tointerprettheirrolesin similar ways tothose
constructed by their departmental counterpart quoted above. They maintain proximity to HFC
community membersinorderto generate soundlytargeted and focussed RD&D funding calls and
project programmes. The extract below from one such publicbody employee describing theirrole is

indicative of such efforts:

‘Er, it’srunningaround the country visiting businesses and talking to them. Sometimes | get
to do thatina workshop, and we’ll getabunch of people ina forumthrough the KTN
[Knowledge Transfer Network] and, and have a discussion around an area with flip charts and
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all the rest of that normal stuff. And sometimesit’s me picking up the phone and saying,
“Look, can | come and visit? It'd be really good to talk to you about this, understand what
you’re tryingtodo here”.” (Civil Servant 2)

The overall image portrayed in thisaccountis one of freneticactivity; ‘running around the country’,
picking up the phone, and hosting workshops conjure s animage of mobility and busynessinvolving
great variationinthe locationsvisited and people met. Reference tothe KTN here refers tothe HFC
specialist subgroup of the broader Knowledge Transfer Network for Energy Supply and Generation, a
free membership organisation run by the TSB to facilitate networking and information sharing
between academia, industry and government (Fuel Cellsand Hydrogen Group, 2014). Atthe same
time the participant’s language speaks to a degree of familiarity and informalitythrough which they
perceive theirrelationship with the wider HFC community. Their capacity to be seento ‘run around’
and geta ‘bunch of people’ togetherinaforumis a reflection both of their status within the
community as a project funder, butalso of the types of relationships they seek to engender with the
community they serve. The participants stated willingness to visit (as opposed to calling meetings),
and pick up the phone to determine convenience also speaks to the logic of expert customerservice
guidingtheirwork. Theirshortandto the point conversational style (‘look, can | come and visit?’),
and preference forface to face meetings speaks to abusiness-like yet responsive attemptto respond
to the needs and timetables of HFC community experts. That the participant constructs their practice
inthisway reflectstheir broaderinterpretation of their remit, understanding and facilitating business
effortstocommercialise HFCtechnologies. In this light, activity thatinitially appeared frenetic, rather
fits well within the guiding logics of realistic; customerfocused and informed policy making,
developed viaclose proximity to experts. It oughtto be noted here the participants focus on
understanding does not necessarily relate to the empirical aspects of HFC development, which can
be equally well communicated in product specifications and research reports. They alsowish to
understand the practical challenges RD&D projects can be designed to address such as; access to
knowledge and laboratory equipment; finding collaborators, customers and investors; or managing

transitions to volume production and manufacturing processes. . Itisthe practical experiences of
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these challenges that publicbodies seek to understandin orderto better design and support HFC

innovation governance.

IV.  Public Private Partnerships
Public-private partnerships (PPPs) marked the most frequently and enthusiastically mentioned

institutional formininterviews with HFC community actors. Characterised by higherlevels of
collaboration between HFC community actors and political authorities; PPPs were spoken aboutin
relation tothe setting of agendas and allocation of collective resources for HFC development and

deployment. However, the overall purpose and functions of PPP’s vary significantly.

UK H2 Mobility isa PPP bringing together representatives of BIS; DECC and DfT with representatives
of the automotive; energy; electrolyser; fuel cell; fuelretail; and industrial gas industries (for
membership list see appendix 7 p.265). This consortium aims to accelerate the marketintroduction
of hydrogen vehicles and associated infrastructure inthe UK through a programme of collaborative
research, business and regulatory planning. Conversely the European FCHJUis a publicprivate
partnership between the European Commission and two not-for-profit membership organisations;
the Industry Grouping (IG) representingthe European fuel cell industry, and N.ERGHY representing
the European HFC research community. Established via CouncilRegulation 501/2008 the FCHJU was
granted a budget of €450 million from 2008-2012, a sum to be matched by Industry Grouping
membership feesandin kind contributions to the running of collaborative RD&D projects. As such
the FCHJU combines the characteristics of a publicbody providing RD&D funding, with those of a
publicprivate partnership actively encouraging cooperation and coordination between industrial;
research and governance actors to promote the development of a European HFC industry. At more

local scales, PPP’s have been established in Aberdeen; Birmingham; London and Teesside, witha
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view toleveraginglocal planning capacity; academicand business expertise to accelerate local

economicgrowth and bid for national and European funding for HFCRD&D projects.

It is within PPPsthatthe policy metaphorof partnership findsits fullest expression. While
departmentsand publicbodies emphasisethe need for proximity to expert communitiesinthe
development of sound innovation governance, PPP programmes at the local ; national and European
level aimto generate arange of benefits viathe engraining of such relationsinto their organisational
rulesand structures. While publicbodies have soughtto enact partnership viathe structure of their
boards and consultation procedures, PPP’s go furtherin attempting toinscribe not only proximity but
industry leadership into their organisational decision making structures. Local and regionally based
PPP’sdisplay agreatdegree of variationin theirinstitutionalisation; from relativel y informal
arrangements around particular demonstration projects seenin Birmingham, to more formalised
arrangements such as the Hydrogen London partnership. Whilethe former functionsasa loose
networkincorporatingthe city council; local universities and a selection of more orless locally based
FCEV manufacturers; consultancy firms and industrial gas companies (Birmingham City Council, 2008;
2011; SWARM, n.d), the latteris housed within the Greater London Assembly itself; is chaired by a
Deputy Mayor and involves a broad swathe of HFC research institutes; pre-commercial and
incumbent firms with interestsin developing HFCs in the capital (Hydrogen London, 2012, p. 2). In
both cases however, the role of local authorities themselvesis limited to providing secretarial
support and facilitation forinfrastructure and planning decisions, leaving research and industrial

expertsto give the lead on what technologies; projects and funding opportunities to pursue.

Similarly at the FCHJU, while representatives of the European Commission are employedin
secretarial roles, the primary direction fortechnological priorities and funding allocation is an

industry led process. Thisisreflected both in the organisational structure of the Undertaking,
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whereinthe industry grouping controls 50% of the seats onthe governing board and takes central
positionsin committees settingthe FCHJU's strategicresearch agenda; annual and multi-annual
RD&D priorities (FCHJU, 2014, pp. 45-49). The following extract from a senior FCHJU official
describingthe process of drafting Annual Implementation Plans (AlPs), exemplifies this institutional
commitment toindustry led decision making:

‘It’s a consensus- consensus making process wherethe peopleare being puttogetherinto
one room, and we only open the door again when they have a consensus of what needs to
be called. I meanthat’s the way it goes, they have to come out with one plan of whatthey’re
goingto call forinthe nextyear; and yesthere are political, how to say, forces pushing back
and forth a little but that’s what we expect to come out. So that’s why it's also called the
public-private partnership where the industry is leading, the industry is giving the direction’
(FCHJU Official)

The above account is paradigmaticof a tension between two key concepts at the heart of the
FCHJU’s governance procedures; ‘consensus’ and ‘industry leadership’, which form the central
metaphors around which the participant organises theiraccount. Consensusis not merely the
preferred outcome of decisions,itis mandated; ‘the door’ does notopen until unanimityis reached.
While ‘political forces’ push back and forth, the ultimate goal is the production of agreement.
Consensus does not pre-exist the meeting, itis made. Here ‘political forces’ stand as the antithesis to
sound decision and policy making, implying self-interested organisations seeking to steer fundingin
areas suited to theirown agendas. Interestingly, in otherinterviews academicand industrial
participants also used the term ‘political’ toidentify self-interested activity, always in the conduct of
others. Politics came to signify ugly and inappropriate interjections in rational policy deliberation.
The above participant’s delicacy in word choice; ‘how to say’, reflects the perceived vulgarity of non-
consensual deliberation and the desire to find rational compromise. Consensus in contrastis
positioned as arational expertview of the priorities to which all participants can subscribe. Itis this
deliberative process which makes partnership possible. Cutting across this description of consensus
howeveristhe notion of industry leadership, wherein the direction of travel is provided by Industry

Grouping members. The repetition of the termindustry in the final sentence, underscores the central
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positionthe Industry Grouping occupiesinthe partnerships deliberations and organisational
structure. If consensusis to be made, itis a consensus forthe benefitthe nascent fuelcell industry
with researchers taking asupporting role. Thisis not to say every member of the FCHJU (or other
PPP’s) musttake part in every activity the partnership undertakes. Rather, consensus decisions and

actions are expectedto be tothe benefit of the widerindustry.

While the terms ‘consensus’ and ‘industry leadership’ are particularly prevalent as organising
metaphors forthe FCHIU, these terms (industry leadership in particular)and close variants on them
alsoappearedinthe texts of some UK publicbodies and HFC community interview participants as
metaphors forvarious innovation governance processes. Uniting these disparate actors and
institutions was a series of metaphorslocated around concepts of commercialisation (market
leadership;industry leadership; customerfacing) and partnership (customer facing; partnership;
consensus); which fulfilled similar functions in specifying the legitimate means by which HFC
innovation governance should proceed, and the goalsitshould serve. Ratherthan constitutinga
particular paradigm of innovation governance then, the FCHIU’s emphasis on ‘consensus’ and
‘industry leadership’ is better considered a particularinstitutional arti culation of broader policy logics
of commercialisation and partnership. Theselogics were not unique to the FCHJU, but affected UK
institutional structures and discourses as well and are best thought of as engrained atan ideational

scale that transcends both governance architectures.

While the large scale and highly structured approach the EU adopts viathe FCHJU is notably distinct
fromthe less structured efforts of UK institutions, viewed through anideational lens the two bear
significant commonalities in theirshared inscription of commercialand partnership logics. Given the
thesis’ focus on UK HFC innovation governance, its constraints do not afford the space for detailed
interrogation of the variegated experiences of market liberalisation and industrial policy reform that

would be likely be required to specify and explicate these differences adequately. Whilesuch a
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comparative exercise may well yield important variations, our attention here should be limited to the
significant similarities in the logics of commercialisation and partnership underlying HFCinnovation

governance in both polities.

V. Partnership, Categories and Boundary Interpretations
While policy actors and HFC community members tended to emphasise partnership and consensus

as key means of forming sound innovation policy, their deliberationsin general and those of PPPsin
particular can be highly bounded activities, involving clearly defined and recognised categories and
criteriaformembership and participation. Atits most basiclevel, this bounding was expressed in
terms of ‘industry leadership’ and public private partnership, through which governance institutes
soughtto defertechnological decision makingtoresearch instituteand industrialexperts. In
constructing HFC innovation as set of commercial and partnership relations, policy actors and
institutions specify particularexpert constituencies as relevant forinclusion and consultation, while
relegating otherstolowerlevels of participation or exclusion. Thissection does notseektodescribe
the specificcategories and means by which every governance institution bounds the roles of the
expertgroupsitrecruitsto inform policy. Ratheritoutlines key features of this boundary work in two
high profile PPPs; the European FCHJU and the UK H2 Mobility Consortium. Thisis not to suggest that
such boundaries are unique to these institutions orto PPPs as an institutional form. Ratheritisin
these organisations’ widely published structures and rules that more general categories of inclusion,

marginalisation and exclusion are rendered most legible.

FCHJU: Bounding the Undertaking
Withinthe FCHJU and its precursor consultative bodies and technology platforms, deliberation over

innovation goals and specificRD&D priorities have tended to be conducted by working groupsin five
Application Areas (AAs); Transport & Refuelling; Hydrogen Production & Storage; Stationary Power &

CHP; Early Markets and; ‘Cross CuttingIssues’, the latter coveringissues of regulation, trainingand
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education to support market entry for HFCs (European Hydrogen and Fuel Cell Joint Technology
Platform, 2005; FCHJU, 2011). Recruited from prominentindustrial and research organisations
interestedinthesesectors, membership of AAworking groups reflects the broader categorical
differentiation policy actors draw between themselves as facilitators and funders; researchers as
providers of objective knowledge, and; commercial organisations as deliverers of end technol ogies,
productand systems. As such, since 2008 AA working group memberships have been exclusively
drawn from FCHJU’s industry and research groupings (the IGand N.ERGHY). Never problematized
withinthe FCHJU’s organisational discourse, this categorisation assumes research institutes and
industrial actors alone hold the key to unlocking the future potentials of HFC technologies. However
relations between the two categories are not equal. Given the Undertaking’s emphasis on
commercialisation and industry leadershipitis unsurprising thatindustrial organisations are
constructed as of singularimportance within its partnership structure. This extends not only to the
industry grouping’s 50% control of the FCJHU’s governing board (relative to the 10% and 40%
controlled by N.ERGHY and the EU Commission-see Appendix 8, p.267, and; FCHJU, 2014, pp.45-49),
but alsointhe way research institute actors feel authorised to participate in the deliberations of

working groups.

The following extracts, taken from the official website of the FCHJU’s research grouping (N.ERGHY) is
indicative of the boundaries members recognise in theirassigned roles within the Undertaking.
Discussingworking groupsintwo application areas, these extracts construct distinct roles and
opportunities forresearchers as relativeto the distance of each HFC application from market. Thus,
the AA group for transportis constructed interms of ‘domination’ by the more powerful interests of

the IG:

‘This AAis dominated by demonstration activities and the Industry Grouping (IG) is actively
pursuing theirmajorinterest of getting vehicles onthe road, and thisis clearly reflectedin
IG's priorities.” (N.ERGHY, 2009a)
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Conversely, the lower budgetarea of hydrogen production, storage and distribution® is depicted as a
researchintensivefield further from commercialisation, in which N.ERGHY members have more

space to contribute:

‘This AAis dominated by research activities and therefore the ideas of N.ERGHY are very well
recognised within the actual annual implementation plan.” (N.ERGHY, 2009b)

In choosingto publish these two extractsonits’ website, N.ERGHY constructs the FCHJU in terms of a
differentiated range of opportunities forresearchinstitutes depending on their AA expertise. As
technologiesinagiven AAmove closerto market, the requirements of the Industry Grouping are
granted greater priority. The second extractin particular points to N.ERGHY’s strategicinterpretation
of the FCHJU, in which those AAs dominated by research, as opposed to demonstration or product
focused activities, are more susceptibleto academicinfluence and research priorities. Given the
underlying programmaticlogic of FCHJU projects, wherein the development of techno -scientific
competenceisseenasa precursorto more marketoriented activities (see Chapter8.VI, p.181); the
space currently given to N.ERGHY in the AAfor Hydrogen Production and Storage may be liable to
shrink as emerging technologies move through the FCHJU’s programme. In publicly presenting this
description onits websiteforcurrent and prospective members, N.ERGHY is not seekingto critique
the FCHJU or AA working group structures. Ratherthe above extracts appear as a strategicguide to
researcher participation inthe partnership, highlighting the best opportunities for research actors to

becomeinvolvedin AAworking groups.

The above extractillustrates how institutional emphasis onindustry leadership and
commercialisation become deeply embedded in the strategic calculations and interactions of
community and policy actors, enacting strong boundaries around the areas and forms of input

differenttypes of actorare authorised to provide. In most circumstances such boundingformed an

? Between 2008 and 2013 the FCHIU's ta rget budget for transportwas three times higher than that for
Hydrogen production, standingat 36% and 12% of spending in each AA (FCHJU, 2014, p. 26).
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implicitassumption orunwrittenrule builtinto the institutional assumptions of HFC community and
governance actors. Thus when questioned about participation of environmental NGOs within its
Stakeholders advisory group, FCHJU members and officials expressed a certain amount of confusion.
In responding, such participants stated that it was not that such groups were barred from
membership, rather they could think of limited reason why NGOs would wish to attend. While space
is provided forsuch categories of actor in the stakeholder advisory bodies builtintothe FCHJU’s
governance structure (see Appendix 8, 267), the category of environmental NGO was simply notone
they considered relevantorsoughttoinvolveintheirwork. Insuchinstances whatwe see are a set
of implicitassumptions deeply embedded in the institutions and actor networks involved in HFC
governance regarding the appropriate actors to be engagedin HFC innovation. These assumptions
affect not only the membership rules of collaborative governance institutions but also the way such
rulesare interpreted and acted uponin recruitmentto and the day to day running of their
deliberative and advisory bodies. While N.ERGHY members and NGOs can in principal contribute to
AAworking groups and Stakeholder advisory meetings respectively, in practice they are expected to
have limitedroles. Itis this expectation, driven by logics of commercialisation that shapes the
participation (orlack thereof) of different categories of expertin partnerships forinnovation policy

development.

The Exclusive Logic of UKH2 Mobility
While the boundaries for participation in the FCHJU remain in principal relatively porous, relianton

its staff and membersinterpretinga commitment to commercialisation fromits organisational
discourse and structure, one governance institution was more exclusive. UK H2 Mobility (UKHM), a
PPP geared towards the commercial roll-out of FCEVs and associated infrastructure in the UK (see
p.168); adopts a more restrictive range of criteriato limit participation. While ostensibly an open
consortium, UKHM requires new members be able to; ‘demonstrate an ability to play a significant
role in contributing to the co-ordinated roll-out of hydrogen-fuelled vehicles and refuelling
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infrastructure inthe UK’ (UKHM, 2014b). Whileitis not clear what such a demonstration might
involve, the national scope of the sentence combined with the phrase ‘significant role’ indicates
incumbent competencies of size and reach are likely to be important. Similarly, the focus on the roll-
out of physical vehicles and infrastructure suggests abounding of the overall discussion. Itisonly the
ideasand visions of those expected to be contributingto this roll-out in practice that qualify for
membership- research institute experts and broader stakeholder groups need not apply. In addition
membership fees act as a secondary filtering mechanism within UKHM. While the FCHJU also charges
such fees, costs there are relatively low and no organisation interviewed cited these as abarrierto
participation. Although subject to the FCHJU's confidentiality agreement, multiple participants
(includingan enthusiasticand cautious incumbent) cited UKHMfees as prohibitively expensive.
When questioned on this, interview participants tended to respond through references to
commitmentand simplicity, accepting exclusions as necessary to ensure aswift research and
reporting process and commitment on the part of members. As one pre -commercial participant

discussing fees putit:

“It's enough so that there are no people around the table who are not committed to making
it work; err or who, who hadn’tthoughtaboutit. There are no err pressure groups or
anything. It's largely companiesand errand the audience around the table. Andthat'svery
importantto make sure that we have a business-oriented outcome that can make sense with
respectively the Government.” (Interview with Pre-Commercial UKHM Participant)

This extractis indicative of the categories and logics of e xclusion UKHM members seek toemploy. In
the openingsentence the participantinterprets fee levels as a guarantee of commitmentto the
broadergoals of the project. Willingness and ability to pay is equated to rational forethought and
commitmentto the goals of the consortium. As one of only two pre-commercial members, the
speakeris here highlightingtheir own organisation’s commitment to the aims of the consortium.
Despite theirlimited resources they have the commitment to pay to participate ina PPP of national
significance. Unprompted, the participant specifically identifies civil society organisations, ‘pressure

groups,’ as key categories of expertactorto be keptout. Conversely the description of the

176



consortium as ‘companies’ and ‘the audience around the table’ depicts the participants desired
composition, wherein committed companies conduct research and planning, forthe benefitof a
governmental audience. Whilethe wordingin this sentence is somewhat unclear, audience
potentially referringto othercompaniesinthe consortium, the notion of government as audience is
reiteratedinthe final sentence. Here we see the participant’s understanding of the ultimate purpose

of the project: a ‘business oriented outcome’ to be communicated to government.

Interestingly outside of UKHMs membership, contestation of this pattern of exclusion was largely
non-existent. Speaking to one niche-automotive provideran accountemerged in which UKHM was
seenassomethingforindustryincumbents, too costly and grandiose initsaims forsmaller playersto

participatein:

‘I doknow quite a few of the partnersand peopleinit [UKHM], but it’s very much an OEM
[Original Equipment Manufacturer]/government agency kind of, consortium, it’s not really,
it’snot... because we can’t offer much industry pull compared to say, Toyota or whatever, it's
not forus to sort of, to be involved, | think that’s the way I've seenitanyway.’ (Niche FCEV
manufacturer)

The above extract illustrates the success of UKHM's boundary work in deterring organisations lacking
incumbent expertise from applying for membership. While the participant’s own firm would fitinto
the category of Original Equipment Manufacturer (OEM), here the termis being deployed toreferto
the larger players; automotive and industrial gasincumbents, and those larger pre-commercial firms
who have been successful atinsertingthemselvesintoincumbent automotive supply and value
chains. The sentence the participant begins but neverfinishes; ‘it’s notreally, it’snot..." hasonly one
conclusionthatthey chose to articulate differently, UKHMis not for them. Taking the cue offered by
the consortiums requirements fora ‘significant contribution’, the participant recognises theirown
limited capacity to offer ‘industry pull’. Thisis not to say they question the legitimacy of UKHMs

boundaries. Elsewhere inthe interview the participant describes friendly relations with other UKHM
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participants, particularly Intelligent Energy and ITM Power who remain members of the same
associations; networks and conference circuits as the participant. Subsequently in the same interview
the participant expresses enthusiasm forthe new refuelling stations they hope UKHMwill provide.
What we see here is the effect of the overarching |l ogic of expertise at work within UKHMand the
HFC community more broadly, as a smaller playerwith radically different vision for future mobility
systems (fora brief discussion see Chapter 7.V, especially p.157) ; the participant views themselves as

unsuited to meetingthe goals of the consortium.

While UKHM is a particularly exclusive governance institution with clear limits on who can be
involved, the underlying categories and logics behind its boundaries mirror those of the FCHJU and
othergovernance institutions. While ostensibly open organisations seeking to identify the best tasks
and technologies forthe roll-out of HFCs, such opennessis significantly constrained and shaped by
commitments to commercialisation, privileging the input of industrial organisationsin general and
incumbentsin particular. These commitments are builtinto the organisational structures and
membership categories of thesetwo PPPsin the relative weight assigned to N.ERGHY; the IG; and
advisory bodies atthe FCHJU; and the fees and membership criteria of UKHM. Howeverthe exclusive
framing of aims and participationin highly techno-scientificand economictermsis by no means
unique tothese bodies. Such framings operate atan ideational level, shapinghow PPP members,

employees, and non-membersinterpret theirroles and capability to influence governance decisions.

In so doing such organisations legitimise particular forms of participation overothers, limiting the
scope of discussion tothe relatively narrow set of techno-economic questions theirmembers are
competenttoaddress. Thisis not to say such limitations are essential products of the institutional
structures governance institutions adopt. Both UKHM and the FCHJU claim some level of opennessin
theirmembership and governance structures. Neither specifies the precise techno-scientific
competencies they require, and the FCHJU has specifically developed additional advisory fora for
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states and stakeholders. In so doing these partnerships anticipate the possibility that other
competencies and insights may at some pointbe requiredin the introduction of HFC technologies.
Howeverinadoptingastrong narrative of commercial purpose and techno-scientificexpertise, these
partnershipstendtodiscourage alternate forms of participation. Insome instances such as the pre-
commercial UKHM member cited above thisis a strategicadvantage, speed and simplicity are
importantgoals, allowing fora clearer case to be made with government. The boundaries and
exclusions enacted by PPPsand othergovernance fora, thus reflect adegree of ambivalence at the

heart of partnership activities, between openness and purpose; consensus and industry leadership.

VI. Projects
The final aspect of the governance architecture discussed in this chapter refers nottoa particular

organisational form as such, but to a collection of practices referred to by policy and HFC community
actors alike as ‘projects’. Unsurprisingly, given their status as the key tool policy actors have at their
disposal for promoting HFCinnovation, projects were the most ubiquitously mentioned governance
practice in interviews and documents. The term occurredin reference to academicresearch
programmes, larger multi-company RD&D programmes, and even some PPP activities such as UK H2
Mobility. Forthe sake of simplicity, henceforth referenceto projects will be limited to publicly
funded RD&D activities, leavingto one side other partnership activities dealing with issues of policy
or large scale technology deployment. Nevertheless, the term ‘projects’ belies the wide range of
practices supported by policy actors, from small business adviceand mentoring for pre -commercial
firmsto large, multi-country field trials and demonstrations of HFC products. While the institutional
remits of different publicbodies and PPPs limits to a degree the kinds of projects they tend to fund®,

thereisa considerable degree of overlap between the goals of bodies such asthe TSB, Carbon Trust

* The EPSRC being a research funder in UK Higher Educationis unlikely tofund largescalecommercial field
trials unlessthey contain a significantacademic component; similarly the TSB does not fund research with a
purelyacademic focus.
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and FCHJU. Assuch we see a plethora of RD&D programmes across the governance landscape, each

using slightly different terminology but reflecting similar overarching rationales.

Publicfunding of projects begins from the assumption that on theirown, nosingle actor withinthe
HFC community is capable of commercialisinga complete HFC energy system. Reasons given for this
difficulty ininterviews with policy actors and HFC community members varied, howeveralmost all
fellundertwo broad metaphors for market failure; ‘the chicken and the egg’ and ‘the valley of
death’. ‘Chickenand egg’ problematisations dealt with questions of sequencing and coordinationin
applications requiring substantialinfrastructure provision, wherein fuel cell and infrastructure
providers each lacked incentives to bearthe risk of going first deploying theirtechnologies. ‘Valley of
death’ problematisations focused on the distance between the development of a concept or product
and realisation of sales revenue, which mark a key period of vulnerability for pre-commercial firms
during which they experience high running costs for RD&D and low income.. Both metaphors begin
fromthe assumption that commercialisation of HFC technologies remains the ultimate goal and
legitimate means for pursuing HFCintroduction, while at the same time problematizing the
uncoordinated and competitive nature of commercial marketsin achievingit (House of Commons
Science and Technology Select Committee, 2013). In so doing, these metaphors operate to
rationalise and legitimate departures from the day to day assumptions of liberalised energy and
industrial policy to allow foradegree of intervention by state actors to support the
commercialisation of desired technologies. The embedding of these metaphorsin HFCinnovation
projects operates to frame both the range of activities that can be legitimately undertaken and the

categories of actor and action required.
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We see the embedding of chicken and egg and valley of death metaphors most clearlyinthe RD&D
project programmes adopted by publicbodies and PPPs to support HFCinnovation. The diagramin
figure 3, taken from the FCHJU’s Multi-Annual Implementation Plan (MAIP)is exemplary in this
regard. Coveringthe broad range of projectaimsthat are dispersed across the remits of multiple UK
publicbodies, it orders distinct goals of HFCinnovation towards the ultimate goal of
commercialisation, in so doing pointing a bridge across the ‘valley of death’ and providingan

overarching structure through which coordinative questions can be addressed.

Figure 3: MAIP Structure
(Source: FCHIU, 2011, p.6)

Public Awareness, Education

Market Support (SME Promotion, Demand Side Measures, etc.)

Demonstrations

Vehicles & Low Carbon System Readiness
Infrastructure Supply Chain Manufacturability

Backup/UPS

Off-road H2 Vehicles
Micro/Portable FC

Technology, Sustainability & Socio-economic Assessment
Framework, RCS and PNR

Research and Technological Development

Stack & Processes & Systems &
Subsystems Modules Integration & Testing

Components New Technologies Material & Design & Degradation & Durability

Long-term and Breakthrough Orientated Research

Transport & Hydrogen Stationary
Refuelling Production & Power
Infrastructure Distribution Generation & CHP

Early
Markets

Drawn from the FCHJU’s Multi-Annual Implementation Plan; figure 3 orders distinct goalsto be
achieved by projectsintoasingle arrow, signifying a six staged process through which HFC
technologies are to progress towards the eventual goal of commercialisation. Longterm
breakthrough oriented research, feeds upwards through research and technological development;

technology assessment; demonstration; market supportand publicawareness programmes. At each
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stage the MAIP allocatesfundsto support ongoing RD&D efforts, aiming to both accelerate the
process of innovation and avoid the potential foremergent technologies to fail on route to market.
While the integration of these phasesinto asingle programme is uniquetothe FCHJU, we see across
the UK governance architecture asimilararray of project programmes oriented towards similar
goals. Thus EPSRC’s attention to long-term basicresearch corresponds to the FCHJU's category of
long-term and breakthrough oriented research, focussing onthe development of emergentideas and
technologies such as novel forms of hydrogen production which, while not essential to early market
introduction, are likely to provide valuable refinements to future mass market HFC energy systems

(EPSRC, 2006; FCHJU, 2012a).

Moving up the diagram ‘Research and Technological Development’ aims to translate basicscience
into marketable artefacts and systems; often integrating components and competencies of multiple
actors into a single artefact or production system. Projects conducted under the auspices of the TSB’s
Manufacturing and Supply Chain Competition are indicative of this aim, funding firms toincrease
theirscale production facilities; redesign products for mass manufacture; and develop systems for
component providerstoinserttheirproductsintothe fuel cell stacks and systems of supply chain

partners (TSB, 2014).

The third stage of the JU programme; ‘Technology assessment’, isinthe UK produced via a range of
academicresearch centresincluding the Supergen Hub and UK Energy Research Centre, and also a

key activity forthe Carbon Trust and Department sponsored consultancy reporting cf. (E4Tech etal,
2004; H2FC Supergen, 2013; UKERC, 2014). Combined with market gauging and planningactivities,

oftensupported by PPP’s (cf. Hydrogen London, 2012; UKHM, 2013a), such activitiesaimtorefine
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future innovation priorities and coordinate industrial and regulatory expectations with aview to

eventual marketintroduction.

‘Demonstrations’ allocated 41-46% of total fundingin the MAIP; returns the focus of projects to the
development of concrete artefacts, specifically the trialling of complete products and systems, often
with real life customersin publicsettings. Demonstration activities such as the FCHIU’s SWARM FCEV
demonstrator play adual role in project discourse, incentivising the development of HFC supply
chains;infrastructures and scale manufacturing processes, while showcasing the feasibility of HFC
energy systems priorto full market entry (SWARM, n.d; FCHJU, 2012b). In so doing demonstrations
act to stimulate early markets for FCEVs, whiletesting the latest generation of products and systems
inanticipation of marketintroduction. Due to the order of magnitude difference in budgets between
the FCHJU and UK publicbodiesand PPP’s, itis the primary funder of UK based demonstration
programmes. However at smallerscales, the TSB has also piloted small scale hydrogen based energy
generation and transport systems (TSB, 2012a), while local authorities and PPP members have often

contributed resources to the running of FCHJUand their own smaller scale demonstrations.

The final two tiers of the diagram; ‘Market Support’ and ‘PublicEngagement’ tend not to be pursued
unilaterally but ratheralongside the former project goals mentioned; referring to actions designed to
enhance the business networking expertise of pre-commercial firms, and prepare future consumers
for the arrival of HFC products through demonstration programmes. The Carbon Trusts’ PEM Fuel
Cell Challenge initiallyconducted atechnology assessment, and addressed through its funding call
the latest developmentsin PEMFCs with potential to drive substantial reductionsin FCEV costs
(Carbon Trust, 2012b). Successful applicants took partin market support projects, receiving business

advice and networking supportto gain access to incumbent automotive manufacturers.
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In dividing the marketintroduction of HFCs into discreet project goals, governance actors seek to
supportthe HFC community and channel its emergence as a network of actors geared towards
collective goals of coordinated marketintroduction. Rather than fundingindividual actors to pursue
theirown purposes unilaterally, the overarching structure of the European and UK project
programmes operate tointegrate each stage of the RD&D processinto a channel through which
emergenttechnologies can progress to market. The collaboration between actors incentivised in the
development and demonstration of completed HFC systems, likewise seeks to incentivise
collaboration between actors of different type and in different sectors towork together, developing
confidence in emergent technologies and coordinating efforts towards technology deploymentand
marketintroduction. While maintaining the boundary between academicand industrial experts and
policy making, the structuring of projectsin this way functions as a key form of meta-governance,
guidingactors seeking funding towards the key technology areas of interest for UK and European

energy innovation and the eventual goal of marketable HFC technologies.

VII. Summary
What we see inthe emergentinstitutional architecturefor HFC governance is a polycentriccollection

of publicbodies and PPP’s with overlapping remits in different geographical and sectoral areas of the
UK and Europeaninnovation system. Geared towards the marketintroduction of HFC’s and operating
accordingto shared logics of deference toindustrialand research expertise, theirwork can be read
as enactments of two overarching logics captured in the metaphors of commercialisation and
partnership. These logics delegate governing authority from centralised departments of state to
partnershipsand publicbodies, deemedto be closer and more responsiveto the needs of research
and industrial experts, and better positioned to make sound decisions as to market potential and

technological priorities. Underpinning this institutional architecture is a set of categorisations which
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broadly distinguish between researchers as generators of independent techno-scientificknowledge
and assessments; industry as the appropriate users of this knowledge forthe delivery of products
and systems; and policy actors whose mainrole isto supportthese actors on route to
commercialisation viathe provision of project grants and coordination activities. Such boundaries
serve both to delineate the appropriateroles different categories of partner should take, and

distinguish between desirable and undesirable forms of membership.

Giventhese logics and categories, itis unsurprising that categories of HFC community member
identified during data collection took the forms they did, northat they identified publicbodies; PPP’s
and projects asthe primary reference points fortheirinteractions with policy actors. Such
arrangements are not simply the result of bottom up practices of lobbying and political engagement
made by that community. Ratherthey reflect an entrenched institutional logicwhich while
differentiallyrealised, cuts across both UK and EU approachesto energy andinnovation policy;
categorisingand specifying the appropriateroles forresearch; commercial and policy actors, and

coordinating their partnerships towards the overarching goal of market introduction.

To claimthat the institutional landscape forthe HFC community is governed according to logics of
commercialisation and partnership implies that this community does not pre -exist governance
processes. Given that HFC community actors routinely included shifting energy system regulation and
research funding prioritiesin their organisational narratives, thisis difficult to deny completely.
However, giventhe broader global environmental and resource contexts several actorsin the
community invoked, it would be difficult to argue their existence and constructions of meaning are
solely predicated on UKand EU policy architectures. In seeking proximity and partnership with an
HFC community, policy actors both assume its existence and call itinto being, drawinglessons and

leadership fromit whileshapingits emergence. As such, the UK policy architecture for HFC
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innovation and the HFC community seem to exist in a state of co-evolutionary emergence, each
shaping and beingshaped by the other, in the context of more global ideas around decarbonisation
and the appropriate roles of the state and market. It is to this mutual shaping the following chapter

turns.
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9. STRATEGIC PRACTICE IN THE HFC POLICY COMMUNITY

L. Constructing a Policy Community
Thus far, the thesis has laid out the institutional architecture through which the HFC community

moves, and a typological description of the actors comprising this community. Such adescriptionis
of little relevance without an accompanying discussion of how the se fit together; both in terms of
relations between actors of different types, policy actors and governance institutions.
Notwithstanding the distinctions enacted by logics of commercialisation and partnership, the
specialist competencies that define different actortypes tend to limittheiractivities to developing
smaller components, devices oror sections within wider energy system evolutions. HFCinnovation
governance thus takes relations between HFC community actors asits startingassumption. Pre -
commercial firms seekinvestmentand orders fromincumbentindustries and national funding
bodies; cautious incumbents seek knowledge of fuel cells through participationinindustry bodies
and collaboration with pre-commercial entities. Publicbodies aim tofacilitate and accelerate these
processes. Thischapterexaminesthe main collaborative practices through which the HFC
community is enacted, via participation in professional networks and collaborative RD&D. In
addressingthese practices, it examines the strategies through which different actors pursue new
competencies, knowledge and understanding of HFC technologies and seek to shape the priorities of

innovation governance interms of funding allocations and regulatory planning.

Thisaccount does not aim to be universal, purely commercial partnerships and investor-investee
relations do exist outside of the partnership networks established between policy actors and
members of the HFC community. These commercial relationships are addressed in this chaptertothe
extentthat, in manyinstances, participationin public-private partnerships and projectsis
constructed as contributing to organisational reputation and investor confidence. However the main
emphasisison collaborative practicesinvolving policy actors and institutions, asitisin these fora
that we see the HFC community taking shape as a network forinnovation governance.
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The following chapter examines four key varieties of collaborative practices through which the HFC
community is constituted; conferences and networking; project participation; project planning;
evidence creation and lobbying. As with the above discussion of the institutional landscape, each
variety of practice discussed in this chapteremergedininterviews and documents as a key site of
strategic partnership practice and positioning foractors in the HFC community. Thisis to say
practices were identified in cases where multiple actors spoke to the importance of a particular
variety of practice (i.e. conferences asakeysite for partnership buildingand consortiaformation), or
insome cases where several different actors referred to the same enactment of that variety of
practice (i.e.the Hannover Messe Fuel Cells conference as a key site of conference activity). The
resulting analysis does not present these participant descriptions unaltered however. Overlaying
descriptions of practices and participantinterpretations of theirroles within them, is adiscussion of
how and why particularactor types adoptthe strategies and positions they doin relation to

particularforms of practice.

In so doing, this chapterseeksto characterise the HFC community in terms of what Foucault, and
those followingin his footsteps mighttermits strategicsituation orfield of power, the complex of
relationships through which differentially positioned actors draw on the institutional resources at
theirdisposal to act out theirown strategies, affect and respond to the strategies of others (Foucault,
1989, pp.71-79; 2003; Flyvbjerg, 2001, p. 122). Thisis not to suggest the HFC community sketchedin
this chapter constitutes asingle strategicalliance, or some collection of multiple competinginterest
groups. Ratherit isto suggest that the innovation governance inthe HFC community is constituted

through the strategicinteractions of differentially positioned actors taking partin it. .
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Conferences & Networking
Conferencesand networking activities provide key sites in which the HFC communityis articulated,

drawing policy; research; pre-commercial; incumbent and early mover firms, and sometimes
governance actors to a single collectively experienced event. In interviews participants often cited
attendance at conferences; networking and briefing events hosted by project funders as key to
generating asense of shared identity; goals and trust within the HFC community. At the same time,
discussing their own participation at such events, participants made it clearattendance was by no
means a neutral practice. Events were constructed as sites of strategic positioning and engagement
inwhich actors attempt to make themselves known as credible potential partners with something to

contribute to prospective investors and collaborators.

Beyond theirstated aims of bringing togetherthe HFC community for the purposes of networking
and knowledge sharing, conferences within the HFC community have avariety of aims. Individual
conferences may be categorised accordingto application; fuel celltype, or; distinguished between
‘technical conferences’ aimed at fuel cell type or application specificexperts and those with more
generalistthemes. Thus the Birmingham International Conference for Hydrogen and Fuel Cells has
for the past two years, divided its programme between an opening generalist day focussed on broad
policy directions; funding opportunities and visions for HFC energy systems, and technical days
focusingonscientificreporting and detailed discussion of systems and componentsin particular
applications (Climate Change Solutions, 2014a; 2014b). The European Fuel Cell Forum’s Lucerne
Conference is more technically oriented. Alternating annually between high temperature fuel cells
(predominantly SOFC) and low temperature PEM technologies, Lucerne aims to facilitate focussed
discussion of specifictechnology challenges and closer ties between narrower expert communities.
This distinction between technical and generalist events serves to mark different orientations of

networking practice; the formerframing outward looking attempts to attract non-specialists such as
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policy makers and cautiousincumbents; the latterlookinginwards at specifictechnical challenges

and cutting edge solutions.

The goal of conference attendance varies between different types of organisation. At the technical
endresearch institute actors spoke of a desire to disseminate research findings and develop
impactful partnership relations with industrial organisations. Pre -commercial firms tended to referto
the search fornew research, emerging markettrendsand adesire tofind partners with
competenciesinsectorsrelated totheirowninterpretations of market opportunity. Enthusiastic
Incumbent firmstended to give less prominence to technical conferencesintheiraccounts, those
who did offering similar rationales to their pre-commercial counterparts. Conversely attendance at
generalist conferences and research funderorganised briefing events tended to be framed by all
actors as a means of learningabout emergent policy and funding goals. For cautious incumbents with
little prior knowledge of the technology, such events offered ameans of learning about the field and
identifying potential projects through which they could gain low risk experience working with HFCs.
Enthusiasticincumbents and pre-commercial firms conversely saw generalist events as public
platformsto articulate theirown visions for HFC futuresinthe hope of shapingemergentagendas for
HFC innovation and commercialisation, in orderto attract new commercial and project partners. The
below interviewdiscussion from a pre-commercial electrolyser manufacturer exemplifies the mixed

dynamics presentin conference practice:

‘When we speak at conferences we want to be saying things that provide thought leadership.
A lot of the bigindustrial companies, whentheyhave anewideathatno one’sdoingthey
keepitto themselves. Forasmall company the bestthingyoucan doistell everyone and try
and lead thinking, that way people will rememberyou and come and visit... One of the best
thingswe do in networkingis having people come visit our factory.’ (Pre-Commercial
Electrolyser Manufacturer)

The strategy outlined above was indicative of several pre-commercial and early mover narratives

regarding conferences, in which attendance was constructed as a precursorto commercial and
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project relationships and the investment they bring. Categorising theirfirmas a ‘small company’, the
above participant constructs their presentational strategy via differentiation from those of larger
incumbents (‘bigindustrial companies’), bothinterms of presentation contentand theiroverallaims.
In thisaccount itis notthat incumbents do not seek opportunitiesto present, butthey are
constructed as adopting a careful approach to what information they place in the publicdomain.
Perhaps wary of setting difficult to achieve goals or damaging established reputations with more
speculative statements, incumbents are presented as keeping their more innovativeideas secret. In
contrast, the participant’s strategy is predicated on theirsmaller stature and reputation; they wish to
be seenas innovative and memorable. Demonstrating thought leadership functions as a rhetorical
equaliserfor pre-commercial firms, compensating for their smaller stature and differentiating them
fromothersin theirfield. While incumbents may possess reputational and resource advantages, their
very reputation as low riskinvestments means they lack the freedom to make statements as bold

and radical as those of pre-commercial organisations.

This account reveals a picture of conferences and networking events as strategicspaces where firms
position themselves as prospective collaborators. Incumbents merely need to demonstrate their
presence in the HFC community. Smallerfirms seek to turn theirlimited reputations to their
advantage, offering radically innovative ideas and technology in the hope of being noticed. Thought
leadership strategies thus bear some similarities to the overall position adopted by early movers.
Howeverthey do not necessarily entailthe adoption of aradical early mover position, rejecting
incumbent competencies. They can also operate to position pre-commercial firms as potential
partnersfor cautiousincumbents lacking the confidence to take onriskierinnovationsinternally. The
eventual goal of making such statementsis not just the distinction of beingseentolead. As the final
line of the extract demonstrates, the goal is to translate recognition into networks and factory visits

from potential investors, partners and research funders.
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While conference presentations; networking and visits represent tools for pre-commercial firms to
attract potential partners and funding, this goal is not shared by all actor types. Academics tended to
narrate conferences as opportunities to disseminateresearch findings and engage in new
collaborations, and by extension generate industrial impact. Such actions are indicative of contextual
requirements on researcherinstitute actors to continue attracting limited funding for RD&D from
project funders and largerincumbent firms whose size and reach provides greater resources for HFC
RD&D. For their part incumbents attend such eventsin aposition of relative power. Whilesome
incumbents (including the cautious utility manager quoted on p.146) interpreted conferences a
means of enhancing theirunderstanding of HFC technologies and potentials, they do notrequire
themto sustain their core business activities. This may explain why, for enthusiasticincumbentsin
particular such practices were accorded farless prominence. While such events afford some
opportunity to shape expectations of future markets for HFC technologies, relative to the largerscale
publicdemonstrations and partnership activities in which they are engaged such events are of
relatively low impact. While pre-commercial and research institute actors compete for attention,

incumbentsin attendance are relatively free to pursue more cautious presentational strategies.

IL. Project Participation
At the heart of conference and networking practicesis the desire toreport on past, and build

consortiafor new projects. Across interviews ‘projects’ was deployed as a catch all term referring to
a variety of collaborative practices geared towards HFCRD&D. Having already briefly summarised the
overarchinglogics of projectsin HFCinnovation governance, this section examines the ways in which
different actortypes have engaged in projects to furthertheir organisational interests. Within the
community ‘projects’ canreferboth to collaborative relationships generated and funded solely

withinthe community, and those conducted underthe auspices of departmental, publicbody and
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FCHJU funding schemes. This section deals primarily with the latter, although many of the logics and
practices discussed here may well hold for projects conducted between commercial organisations. If
the development of publicly funded projects is informed primarily by logics of commercialisation and
market failure, the enactment of projectsin practice assumes adesire on the part of different types
of actor to gain access to competencies beyond theirexisting capabilities. Project participants seek to
enhance their knowledge of the technologies theyare developing and theirfitintowiderenergy
systems and markets. Bolstering capabilities through project participation reflects a collaborative
processthrough which different actortypes seekto interpret and equip themselves to face future

regulatory and marketlandscapes.

For researchinstitutes, project participation can provide avaluable source of grantincome, and
several academicsinterviewed highlighted collaborations with ‘industry’ as valuable in ensuringthe
relevance and utility of theirresearch. Combined with EPSRCrequirementsforindustrial impact,
builtinto the fundingcriteriaforspecificprojects and broader funding agendas (EPSRC, 2006; EPSRC,
2010; EPSRC, 2011); participationincollaborative projects withindustry tended to be constructed as
the high pointto which research institute activity aspired. Surprisingly early moverfirmsand
enthusiasticincumbents displayed remarkably similar constructions of project practice, showing
particularenthusiasm fordemonstrations. In these accounts demonstration was constructed as a
means of testing latest generation HFC products, while at the same time illustrating the feasibility of
theirrespective visions for the technology. Enthusiasticincumbents tended to discuss
demonstrations as aform of pre-market preparation activity, ironing out potential technical bugs and
spreadingthe word about HFCs. Conversely early movers constructed demonstrations as a means of
showcasingthe possibilities fortheiralternate business models and visions forlifein more carbon
and resource constrained energy systems. However, perhaps the significant role of projectswasin

their capacity to draw more cautiousincumbentsinto emergent networks for HFCinnovation to
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supportthe commercialisation of pre-commercial technologies and itis on these relations the

remainder of the section focuses.

For more cautiousincumbents, and even some teams within more enthusiastic firms, projects were
interpreted as ameans of engaging atrelatively low levels of cost and risk with HFC technologies.
Perhaps even more significantis the additional authority the existence of projectfundingcanlendto
technology teams and HFC specialists withinincumbent firms, arguing for greater resources to be
diverted towards the technology. The following account from a technologist employed by a cautious
energy utility is exemplary of the way project funding can be deployed to modifythe interpretations

of HFCs within such organisations:

‘Even bizarrely to companies like [us] who could quite well afford to do it withoutthe help, it
actually makesiteasierif we can go to the board and say; | know it’s costing us [£]5,000,000,
but we're getting [£]5,000,000 from the EU as well so y'know, we're getting value for
money...Andit’s sort of a confidence thing, erit’s notjust the moneyit’sthe fact that
somebody out there thinks what we're doingis worthwhile.” (Cautious Utility Incumbent 2)

Discussingtheir experience of participationin FCHIUfunded projects developingfuel cell mCHP, the
participant situates project fundingin awider narrative of their efforts to promote the technology
withintheir company. Here the authority to divert funds to HFC technologies lies with the company
board, their decisions contingent on arange of concerns. While the participant believes the firm
possesses the necessary resources, they interpret the boards as cautiousand reluctantto investin
the emergent technology without some form of commercial incentive. Recognising this context, the
participant first describes availability of European funding as providing a ‘value for money’
legitimation forthe proposed project, allowing appeals to financial logics to justify the additional
expenditure. Atthe same time, the participantrelies on the implicitauthority of the EUto legitimise
theirwork with HFCs as a ‘worthwhile’ pursuit. In so doing, they imply the existence of notonlya
financial incentive, butalso the implicit threat that future integration of EU energy markets and

regulatory regimes may require utilities to engage in higher degree of energy efficiency technology
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promotion-atheme theyreturnedtorepeatedlyinthe interview. The provision of project funding
thus operates as a means of empowering smaller technology enthusiasts within largerincumbents to

draw theircompanies closerin the HFC community.

The above extract does not refersolely to the cautious utility, ratherit was raised in the context of
discussion of ongoing project collaborations with a pre-commercial fuel cell MCHP manufacturer.
Pressreleasesfrom both firmsinvolvedin this project, construct the collaborationintermsofa
sharing of competenciesinwhich the utility is the beneficiary of bespoke mCHP technology forits
own trialsretail operations, while the technology provider gains access to orders and funds for
continued development of their product; manufacturing and logistical systems. In this way the
project functions to bridge the boundaries between the distinct organisational capacities and

competencies of each party.

Viewing project participation by HFC community actors as a mutually beneficial activity does not
mean RD&D risks are evenly shared. Oftenincumbentinvolvement can be hesitant and subject to
change. In a limited number of cases incumbents have left the HFC community on project
completion, ‘capturing’® the knowledge gained pending the arrival of more commercially viable
futuresforthe technology. More commonly, memoranda of understanding underpinning incumbent
relationships with pre-commercial firms allocate payments and investments according to phased
project ‘milestones’. Such agreements provide incumbents with access to pre-commercial HFC
technologies, while minimising their exposure to the costs and risks of internally conducting RD&D.
Linkedtothe release of further partnership investment and prominently enshrined in the business

plans and investor reporting of pre-commercial firms, ‘milestones’ were narrated as essential stepsin

> The term ‘knowl edge capture’ was deployed by one cautious incumbentin particular, reporting on their
experience of participatinginand ceasing engagement with HFC technologies inthe UK and globally. Dueto
confidentiality constraints providing a fuller description of their efforts is not possible
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the process of realising market opportunities (Acal Energy, 2011; Ceres Power, 2011; ITM Power,

2011; IE CHP, 2012).

In outsourcing fuel cell development to pre-commercial partners, incumbents both limittheirown
liability should the technology fail to materialise, and gain a degree of inputinto the product design
and development timetable (Ceres Power, 2009; E.ON UK, 2009; Acal Energy, 2011). Thisis not to say
pre-commercial firms derive no benefit from such arrangements. Intelligent Energy’s 2014 IPO,
raised £40m of investment, partially on the back of their reputation for successful collaborative
projects (The Financial Times, 2014; Winand & Maguire, 2014), and; priorto Ceres Power’s
withdrawal from manufacturing complete Fuel cellmCHP units, their partner British Gas made over
£2millionin milestone paymentsin addition to taking 9.9% equity stake in the company. Moreoverin
announcing project partnership updates via press releases, often automatically linked to investor
relations pages and external finance and stock listings websites, pre-commercial firms seek a
reputational boostintheirsearch forfurtherinvestment. However, within such strategic
partnerships, ittends to be the pre-commercial actor that bears the brunt of financial and
reputational risks. When Ceres Power missed milestonetargetsinits productfield trials, British Gas
invokedits rightto withhold payments leaving Ceres to collapse (Ceres Power, 2012b; The Telegraph,
2012). While the incumbent was left out of pocket, Ceres was forced to radically alterits
interpretation of the market opportunities available forits technology. In continuing to trade the
restructured company has had to abandon its strategy of becomingan end product manufacturer
and is now operatinga licensing business modelin which its core technology will be embeddedin

incumbent manufactured products.

What we see emergingin actors constructions of project participation can thus be read as a process
of strategicengagement with the overarchinginstitutional framework for HFCinnovation

governance. Actors of different typesinterpret the possibilities for project participationin light of
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theirown contextual interpretations and competencies. Theseinterpretations also structure their
relative powerin engaging with project practice. Whileincumbents enjoy position in existing markets
and possess resources forthe independent pursuit of their preferred technologies, pre-commercial
firms need project grants, togetherwith the additional investor confidence and commercial
credibility they bring. Thus while project funding may go some way towards ameliorating ‘the valley
of death’ experienced by pre-commercialfirms and technologies, it does so by reinforcing the lock-in
of incumbentfirmsandtheirpreferred technological trajectories. This strategy has advantagesin
enrolling cautious incumbents that may otherwise be reluctant to participate in HFCinnovation.
However, given the unequal position of these actors and their pre-commercial partnersin existing
market contexts, , it isunsurprising that project agreements and memoranda of understanding tend

to outsource financial and reputational risk to pre-commerecial firms.

In building acommercially driven HFC community by funding strategic partnerships, projects and
theirfundersincentivise and instantiate arange of commercial relations and dependencies between
pre-commercial technology providers, incumbent manufacturers and end users. Itistoo early to say
what the outcome of such partnership models may be, howeverthey are afar cry from the niche
innovation to regime transformation models which have characterised most previous cases of
sociotechnical transformation studied inthe broader literature (Christensen, 1997; Rip & Kemp,
1998; Geels, 2012). Instead the institutional logic of commerecialisation and partnership being
pursued aimto encourage innovation withinincumbent led socio-technical systems, maintainingand

reproducing the pre-existingimbalances of powerbetweenincumbent and pre-commercial actors.

ProjectPlanning & Funding Allocation
By offering away to establish and develop partnerships between actors in the HFC community,

project programmes aimto bringthe overarching commercialisation goals of HFCinnovation
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governance closerto realisation. The process through which such programmes are developed forms
the focus of this section. While the design of RD&D programmesis partly a product of broader
institutional logics of commercialisation, decisions regarding the technological criteriaon which
project funding should be allocated have tended to be delegated to deliberations within PPP’s or
producedthroughthe networked forms of engagement pursued by publicbodies. These
deliberations do not function to enact the HFC community as a single entity. Instead they operate as
sites of strategiccommunication between HFC community actors and governance institutions,
through which future RD&D funding priorities are negotiated. In helping to shape agendas for RD&D
funding, HFC community actors seek to ensure that theirtechnological interests will be reproduced
insupportive RD&D programmes. Thisis to say project planningitselfis akey site of strategic
manoeuvre in which, HFC community actors seek to collectively construct project programmes

sympatheticto theirown organisation’s development.

Withinthe HFC’'s governance architecture a broad range of practices are geared towards the design
of HFC innovation projects. From the informal visits, workshops and knowledge transfer networks
used by publicbodiesto highly structured and formalised processes employed by PPPs such as UK H2
Mobility and the FCHJU, two standout features emerge. Firstly, as was specified in Chapter 8, each
form of governance institution was committed to aform of expertled decision making. Close
consultationinvolvingindustrial organisationsin particular, isakey criteriaforpublicbodies and
PPP’s policy makingand even departments are expected to consult widely over future regulatory
directions. Secondly, consultation practices tended to be structured to allow forthe involvement of a
relatively broad cross-section of the HFC community. Not all research institutes, pre-commercial and
incumbent firms enjoyed the same statusin designing project programmes and allocation of funds.
However, atleastin principle processes of programme design and funding allocation are opentoa

range of actors.
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Deliberative processes displayed high degrees of flexibility and complexity, allowing awide array of
interactions which were difficult to capture given the methodology being pursued. The researcher
was not presentinworkshops and project design working groups, nor able to observe one toone
meetings between funders and HFC community actors. When asked, participants often struggled to
discuss specificmeetingsin detail; sometimes due to confidentiality issues, and in part we may
speculate due to the length and variety of such meetings relative to the breadth of interview
discussions. However, most participants seemed to believe their presence within such forahad
positive outcomes on eventual project funding criteria. This was especially true for non-incumbent
actors whofelt, without their presence, funding may converge around a narrower band of incumbent
favoured technologies and priorities. The following extracts from a pre-commercial fuel cell mCHP
manufacturerstands out, both in the participant’s reluctance to enterinto specificsandin their

perceptions of theirinfluence in such meetings relative toincumbents:

‘So [we have] sat ona number of those bodies to make sure that the funding calls when they
come out are erm broad enough to make it attractive, notjust to the big incumbents. Erm
and that | think we've been fairly successful at doing, particularly this last call. | think the
disappointmentthen comeswhen you look at the number of projects they can support
underthose, you know, ones ortwos, automatically by their definition against risk, will tend
to favoura biggerorganisation, they’ve done itbefore, and they're deemed to have the
horsepowertodeliverit.” (Pre-Commercial FuelcellmCHP manufacturer)

The extract begins with the participant’s rationaleforattending funding body meetings bothinthe
UK and the EU, linking broadness of the call (the technical criteria against which project bids will be
judged), tothe likelihood of the firm obtaining funding. Here broadness is constructed positively, in
opposition to narrow calls that may function to benefitlarge incumbent firms. Such a constructionis
predicated onthe participant’s self-categorisation in opposition to ‘bigincumbents’ possessing the
resourcesto attend all such meetings. Incumbents fortheir part are not defined by the participant,
but theiruse of the term seemsto be in the colloquial sense of large industrial companies as
opposed to the more specificdefinition offered above. This opening sentenceimplies that the
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speakerbelievesthatif they did not attend and provide oversight, larger firms would be willingand
capable of generating anarrower consensus around their preferred technologies, locking pre -
commercial competitors outfromapplying for project funds. The participant’s sense of successin
preventingthis speakstothe space multiple governance institutions try to afford a broad range of
partnersinthe design of fundingcalls and project programmes. Thisis not to say non-incumbent
actors are willing or capable of maintaining membership of all such bodies; as one pre -commerecial
electrolyser manufacturer putit; ‘l could spend mywhole life goingto “interesting” European
meetings’ [emphasis theirs]. Ratherthey seek to engage such bodies strategically, attending only
those bodies and meetings where relevant and sympatheticfunding discussions are likely to take

place.

Developing a capacity to make such judgementsisitself alearning process for HFC community actors,
the above reference to success ‘particularly in this last call’ speaks to agrowing competence in
engaging project funders. Continuing their narrative however, the participant claims that despite
such successes, the limited number of projects which can be funded means bid assessors tend to
favourlargerorganisations thought to have the size and reach to make them a success. Whilst
partially accepting this risk averse logic, the participant is nonetheless disappointed that otherwise
open processes canstill lead to outcomes favouring larger organisations. In claiming processes of
RD&D planning and fundingallocation were to some extent skewed towards the benefit of
incumbent firms, the overwhelming majority of pre-commercial firms and other non-incumbent
actors interviewed sought means to overcome the biasesthey perceived. One automotive early
mover expressed limited confidence in their ability to effect funding agendas ( ‘if you’re a policy
makerwho're you goingto listento Daimler Benz or [us]?’), others adopted more strategic
responses. Assertions of ‘thoughtleadership’; project collaborations with incumbents and strategic
meeting attendance, all reflect tactics to influence funding agendas while minimising the risk such

efforts will be wasted. For one research institute actor collaborating with a coalition of early mover
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automotive firms and anindustrial gasincumbent, bidding for funds was itself a strategicexercise,
timed during a year when total funds available were too low to attract competing bids by automotive

incumbents.

In interviews withincumbents, participants did notinterprettheir participationin funding
deliberations as an exercising power, rather participation tended to be framed in highly rationalistic
terms. Technical standards such as refuelling pressure for FCEVs, embedded in recent criteriafor
FCHJU funding calls and the assumptions of the UK H2 Mobility Partnership® were presented as the
neutral product of customer expectations, and what was technically feasible fora mid-range family
vehicle tocarry. To incumbents no controversy had taken place, however, for several early mover
and research institute participants, this shift was seen as effectively limiting publicsupport for more
radical schemes. In particularthe phasing out of lower pressure refuelling was interpreted as a threat
to more radical transport systeminnovations based on short range private vehicles; multi-modal

publictransportand shiftsto novel vehicle share and leasing business models.

Thisis nota question of whose accountis empirically accurate. Itis entirely possible those actors
with alternate interests simply were not present at the range of European and international meetings
where pressure standards were agreed upon, orthat they took the strategicdecision thatengaging
ina longrunning controversy would not be a productive use of theirlimited resources. UK H2
Mobility does not feature research institute or early mover participation (for fulllist of consortium
participants; see Appendix 7, p.265), and so likewisethese concerns would not likely have been
raised. However, the case of refuelling pressures doesillustrate animbalance of powerbetween
different actortypes within the HFC community. Participationis relatively open but the capacity to

influenceis unequally distributed. If we accept the notion that RD&D funding hopesto shape the

® UK H2 Mobility assumehigh pressure 700bar refuelling as thestandard for new stations;atthe FCHJU
successivefundingcallshaveseen standards shiftfrom 350 or 700bar for demonstration projects to a
requirement for all refuellingstation stationsto be capable of providingthe more expensive 700bar standard
with 350bar becoming an optional extra (FCHJU, 2009; 2010;2011; 2012c).
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emergence of particulartypes of technology and commercial producer, then this unequal
relationship may carry longerterm consequences for the range of HFC technology that reach
commercialisation. It effectively filters out those that do not conform to competencies or meaningful

interpretations of future markets favoured by incumbent organisations.

III. Evidence Creation and Lobbying
Notall engagement between HFC community members and governance actors requires face to face

meetings however. Researchinstitutes and coalitions of industrial organisations have, through a
variety of reporting styles, sought toinfluence the development of RD&D fundingcriteria, as well as
the broader regulatory environments forthe emergence of particular HFC technologies. Several
participants did not construct such activities as lobbying; preferring to think of themselves providing
relatively neutral knowledge inputs into policy deliberations. This section uses the term as shorthand
to describe all attemptstoinform policy making decisions regardless of stated intentions. The
rationale isto provide a shorthand label forthe type of practice being described, varieties of which
will be discussed in more detailas the section proceeds. Inso doing the chaptersketches how the
more neutrally framed lobbying efforts of research institutes seeking to recommend the optimal role
for HFCsin future energy systems, have nevertheless been shaped by theirinterpretations of
liberalised markets and research impact. It then moves to examine howincumbent and pre-
commercial firms have sought to develop collective voices to lobby for favourableregulatory
environments fortheir preferred technologies; deploying many of the same documentary strategies
as researchinstitutes, and seeking to identify the correct policy language with which to frame their
claims. The final part of the section turns againto the powerof incumbentfirmsinframing
collaborative research questions and evidence creation practices, steering collaborative evidence

construction towards outcomes favourableto theirvisions for HFC technologies. In so doingthe
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section draws together preceding discussions of research, partnership andincumbent powerand

highlights the ways in which strategicpractices help reproduce the interests of incumbent actors.

Interpretation and Objectivity
Lobbying, inthe sense of the provision of datato inform publicpolicy makinghas been a central task

of HFC research institutes, and individual academics. The International Journal of Hydrogen Energy
makes explicit reference to political and economicaspects of the technology inits author guidelines,
and several institutes seek to influence funding agendas via the generation of research publications
and technology summaries. The UK Energy Research Centre’s Research Landscape documents outline
UK capabilitiesin HFC and technological assessments mapped against the global market potentialfor
HFC products and services, with aview toidentifying optimal areas for further RD&D in line with
national policy (Brandon, 2013; Dutton, et al., 2013). Respondingto successivecalls by DECC (20123;
2013) forresearchintothe longterm potential of fuel cellmCHP in the decarbonisation of domestic
heating, the H2FC Supergen Hub’s recent white paper on the technology takes such efforts astep
furtherinseekingtoinformlongtermregulatory planning for wider energy systems (Dodds &
Hawkes, 2014). Ininterviews discussing the use of research outputs toinform longterminnovation
and energy system governance, research institute actors did not tend to constructtheirwork in
terms of the manipulation of funding agendas, but as part of an objective effort to highlightthe
specificapplicationsin which the technology may have arole to play. The following extractand
discussion from the narrative of one seniorresearchinstitute professorand publicbody consultee

illustrates this insistence on objectivity:

‘You can’tjust championfuel cells regardless. | think you have to truly understand where
theirstrengthslay and where their weaknesses lay, so that you can provide a balanced, high-
level picture.’ (Research Institute Professor 2)

Respondingtoaquestionabouttheirwork ‘championing’ (aterm borrowed from earlierin the
participants own narrative) HFC technologies, the above extractis indicative of the claim research
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institute actors make of objectivity as acore competence they possess. Disputing the premise of the
interview question, the participantis keento emphasise they do not ‘champion’ the technology as an
endinitself. In contrastto an earlierdiscussion of fundraising work for their research centre (in
which such championing was seen as vital to securing project and other forms of grant funding), here
the participant constructs theiradvisory work with publicbodies, and publicationsin support of it, as
balanced. Understanding of weaknesses as well as strengths and a high level systematicview of the
wider UK energy system are here interpreted as essentialin the role of evidence production and
lobbying. However, in seeking to provide evidence of use to policy institutions, researchinstitutes

interpretations of policy priorities necessarily come to shape their problem framings.

Later intheirinterview, expanding on the high level picture they perceived, the above participant
outlined arange of strengths and weaknesses HFCs possess in transport; CHP and grid balancing
applications, providing heavy emphasis on their market prospe cts should they be ‘brought through at
theright price’. Inadoptingacommercial terminology for their systematicaccount, the participant
implicitly accepts the overarching commercial logics informing their organisational context and the
widerinstitutional architecture foracademic HFCresearch.. In the participant’s narrative, this
acceptance servestounderscore theirown objectivity, however this objectivityis guided by a
commercial logicthat specifies whatitisto be an impactful research actor. This form of
commercialised interpretive process was universal to all research institute actors interviewed, while
a minority maintained some ambivalence towards the market power of some incumbentactors, the
prevailingassumption was thatthe need for marketability was as much an objective criteriafor HFC
introduction as the techno-scientifically measurable factors of HFC efficiency and performance that

characterise theirempirical research.
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The claimto being producers of evidence was not unique to rese arch institute actors. Evidence
productioninthe support of lobbyingactivities was acommon strategy for a range of incumbentand
pre-commercial actors seeking to make their case forspecificHFCtechnologies. One energy utility
participant heavily engaged in fuel cell mCHP projects provided a prolonged narrativeregarding a
successful series of trials conducted with trade association and project partners, seeking to dispute
the findings of aless promising Carbon Trust study of that technology. While evidence production
was positioned at the forefront of the incumbents account, they were keen to position this within

the context of a broaderindustry and trade association led lobbying effort:

“We needtobelievethat we can influence the policy makers to provide aframeworkin the
market that meansthe technologies actually do what they're meantto do. So as much as the
kind of technology development, we are quite active in lobbying and you know, and not just
the lobbyingitself but providing the evidence to support the lobbying.” (Cautious Utility
Incumbent 2)

In the above extract, the participant’s ‘need to believe’ (as opposed to asimple belief), reflects their
experience of disputed process of evidence production they had experienced in relationtoapublic
body technology assessmentfor mCHP technologies. Nevertheless, as the remainder of the extract
makes clearthe participant organisation’s lobbying practice remains predicated on the hope that
policy can be influenced through the production of evidence. Inframing theirlobbying activitiesin
terms of evidenceand ensuring regulatory frameworks incentivise technologies ‘do what they’re
meantto’, the incumbent actorseeks to claim the same mantle of objectivity as that of the research
institute professor. Thisis notinterested lobbying but rather an effort to develop sustainable and
manageable future energy systems. As with the professor however, the utility manager’s criteriafor
system efficiencyis shapedin part by their organisational contextand competencies;inthis case asa
network distributorforelectricity with substantial expertisein fossil fuel domestic heating
technologies. Immediately preceding the above extract, the participant provided alongernarrative
problematizing solar photovoltaicforms of micro-generation fortheir unstable generation profiles

and daylight limitations. While the latteris amore generic problem associated with solarenergy, the
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formerimpliesasignificant challengeto the centralised mode of electricity generation and grid
managementtheirorganisationis competentin. Thisis notto suggestthatthe participant conflates
theirown corporate interest with objective evidence production, but ratherthat such interestsand
competences shape the interpretive framework through which their objective for the criteria for

judging what a given energy technology is ‘meantto’ do.

We see similarinterpretive shapingin the collaborative evidence production of the UK H2 Mobility
Partnership, aimingto specify the requirements for high pressure hydrogen refuelling networks. In so
doingthe partnership gives substantial emphasis to ‘consumerrequirements’ gleaned from market
research with target fleetand private consumers for major automotive firms (UKHM, 2013a, pp. 6-
12). In theirresearchreporting, the partnership repeatedly deploy markers of scientificrigourin
describingits ‘robust fact based analysis’, and ‘credible roadmap’ for FCEV deployment, providing
methodological information detailing surveys and focus groups held with currentand recent
purchasers of new (petrol ordiesel drive train) vehicles. In adopting the requirements of current
majorautomotive firm customers as the central category for specifying how emergent FCEV systems
should function, UK H2 Mobility unproblematically adopts the currentinterpretive framework of its
largest membership group as the sole criteria by which successful commercialisation can be
objectively predicted. Alternate models based on publictransport deployments ; multimodality;
leasingand car club models favoured by early movers (Microcab, 2013; RiverSimple, 2010) or H2
combustion; methanol and other niche based FCEV expansion scenarios developed wider academic

literatures (Eames & McDowall, 2010; Ekins & Hughes, 2010a), are simply not considered.

Collective Voices
In engaginginlobbying activities, commercial firmsin general andincumbentsin particular,

recognise the potentialfortheirinterventions to be interpreted by others not as the objective
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outputs of disinterested researchers but as shaped by theircommercial concerns andinterests. Such
concernsfoundvoice ininterviewsin two ways; the first outlined by consultants and trade
association actorstended tofocus on the fearthat multiple industrial claims had the potentialto
disorient policy actors and institutions, undermining the potential for the collective articulation of
more coherent claims on behalf of the industry. The second related concern which was left more
implicit, was the notion thatindividuallobbying created the potentialforindividual firmsto be left
‘outon a limb’ (Cautious Utility Incumbent 2); being seen to articulate relatively narrow sets of
organisational interest at the expense of the wider HFC community. Given such concerns, there
appearsto be a clearpreference inthe lobbying strategies of commercial organisations to submit
representations collectively where possible; via partnership activities such as UK H2 Mobility, or; via

the formation of industry associations.

In articulating potential innovation pathways; providing long term technology assessments for
preferred HFCtechnologies; and respondingto publicconsultations, actors within the HFC
community have often opted to lobby collectively viaindustry associations and collectively funded
consultant authored studies (Ecuity, 2013; Fuel Cells UK, 2005; Hayter, 2014). In interview narratives,
there was no single body emphasised. Ratheractors tended to gravitate towards sector specific
bodies such as the Society of Automotive Manufacturers and Traders; the MicroPower Council; and
Combined Heatand Power Association (CHPA). Thesewiderindustry bodies were afforded greater
prominence ininterviews than the more technologically specific UK Hydrogen and Fuel Cell
Association (UKHFCA). Incumbentindustrial gas manufacturers and some pre-commercial actors
seemedtolacklinksinto technology specific bodies, preferring to ally themselves with organisations

more closely aligned to theirtechnological competencies.
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In several interviews more technologically inclusive, sectoral associations were constructed as more
effectiveatinfluencing regulatory development. Testingthe accuracy of such perceptions was
beyond the bounds of the study, however a brief examination of DECC’s 2011 consultation on Feed-
in-Tariff bandings for non-photovoltaictechnologies suggests this may be the case. The three utility
incumbents thatrespondedto the consultation did so alone, oras members of the technologically
non-specific MicroPower Council and Combined Heat and Power Associations. This group made
coordinated recommendations for generation payments of 15pence per kilowatt hour (p/KWh)’.
Additionally the associations made a collective request for areview of the 4.5p/KWh flat rate
paymentforexporttothe electricity grid (CHPA, etal., 2011; CHPA, et al., 2012; SSE, 2012) to better
reflect the benefit of heat driven CHP technologies overtheir renewable counterparts®. Conversely
the major UK based mCHP manufacturers maintained adual approach lobbying alongsidetheir
incumbent partnersin broaderindustry bodies, and as members of the UKHFCA which called fora
higher rate of 17.5p/KWh specifically for fuel cellmCHP (justified on the basis of the higher
efficiencies of fuel celldriven mCHP; UKHFCA, 2011). However, given the wider commercial
consensusthe broader based associations were able to articulate, it was their proposals that were
subsequently adopted for future feed-in-tariff bands ( DECC, 2012b; DECC, 2012c). While HFCs
continued to qualify for tariff support they received no additional support beyond that available for

other mCHP technologies.

The desire to ‘speak with one voice’ in lobbying over energy system regulation was expressedin
interviews with industry association members and representatives, as deriving both from the
interpretations of HFC community actors themselves, and requests from civil servants for clearer

views of the needs of industry in relation to particular challenges. If we are to accept thislogic, the

’ The consultation documents had proposed a risefrom 10to 12p/KWh for mCHP

®Ba nding of export payments would likely benefit fossil fuel driven fuel cell and stirling engine CHP
technologies due to their capacity for reliable peak time export, something photovoltaic electricity generation
cannot guarantee.
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failure of the UKHFCA to make its case inthe above consultation is attributable toits failing to
articulate a broader consensus around feed in tariffs beyond the relatively narrow band of HFC
community actors that currently comprise its membership. The CHPA and MicroPower Council were
able to respondin systemicterms across a range of CHP technologies but UKHFCA’s response
focusedsolely onthe relatively narrow benefits of HFCs. This is not to say UKHFCA’s strategy has
beenstatic. Ininterviews with members and officials, and examination its publications (and those of
its precursors the UK Hydrogen Association and Fuel Cells UK); analysis found a clear shiftin narrative
emphasis away from an earlier narratives of an emergent ‘hydrogen economy’, to perspectives closer
to those of more application orsectoral industry associations. Fuel Cell UK’s (2005) Development and
Deployment Roadmap played heavily on ‘the hydrogen economy’ as a metaphor positioning HFCs as
a dominantvectoracross the energy system, UKHFCA’s (2012) Manifesto makes no mention of the
hydrogen economy atall, preferring to focus on distinct commercial sectors within the broader
energy system. This shiftin discourse is reflected in the organisations’ set piece documentation as
well as the association’s select committee evidence, contributions to parliamentary events and
position papers (Hayter, 2014; PRASEG, 2013; UKHFCA, n.d). Acrossthese textsandininterview
narratives, we see aclear shiftinlobbyingstrategy from raisingawareness of HFCs benefits as an
energy technology, to one based on amore sophisticated interpretation of the UK policy architecture
and institutional logics favouring more commercially oriented representations, speaking to specific

sectors within established energy systems and markets.

To briefly summarise, HFC community actors were keen to emphasise the objectivity of the evidence
they produce for lobbying purposes. Many have gone to considerablelengthsin forming
partnerships; hiring consultants; joining associations; conducting and publishing research, in orderto
rationalise the claims they make for sympathetic regulatory reform and incentive provision for HFC
innovation and commerecialisation. This section has not sought to dispute the techno-scientificrigor
of thiswork but ratherto illustrate how actors pre-existing competencies and interpretations of
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context shape the objectivecriteriaon which the base theirclaims. In seekingto collectivisetheir
voicesviaindustry associations, commercial actors seek additional authority in theirlobbying efforts,
sacrificing technological specificity for the capacity to speak to the interests of the widerenergy
system and larger commercial sectors withinit. Given the reluctance of UK policy actors to be seento
‘pick winners’ between low carbon technologies, itis unsurprising this strategy appears to have been
more successful in the case of the 2011 DECC consultation. Thisis notto say the UKHFCA isan
irrelevance. While sector (as opposed to technology) specific industry associations appeared more
influential in consultation outcomes and some interview narratives, the UKHFCA retains an important
rolein keeping HFCs on the agenda of policy actors and as a key consultee for publicbodies designing
HFC innovation programmes. Moreoverin the shifting narratives of the UKHFCA regarding the role
for HFC technologies, we seean increasing awareness among HFC community actors of the broader
institutional landscapethey seektoinfluence. The shift toidentifying commercial sectors within
existingenergy regimes reflects amore finely grained interpretation of this institutional architecture,
and an efforttoadoptitslogicsinlobbyingactivity. As such, while we may suggest that contextual
interpretations shape actors criteriafor evidence generation and lobbying strategies, such
interpretations are notsetinstone. As HFC community actors engage with policy actors and

institutions, theirinterpretations and constructions adaptto them.

IV.  Summary
This chapter has explored arange of strategic practices through which the HFC community

constitutesitself as a policy community and, sought to provide a sketch of that community as
constituted through strategicinteractions that are shaped by logics of commercialisation and
partnership. Although these interactions overlap with and are shaped by the widerinstitutional
architecture for HFC innovation governance, they are also specificto the contextualised

interpretations of competence, context and position of the actors involved.
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While the confines of the study precluded a detailed examination of every strategic practice in detail,
the analysis presented has sought toillustrate how imbalances in position affect: the various
presentationalstrategies of actors attending conferences; the unequal partnership relations realised
in project consortia; actor interpretations of, and strategies in project planning and funding
allocation meetings; the agreement of objective criteriainindividual and collective evidence
production andlobbying practices. As such it characterises the HFC community as a complex field of
power relations within which actorinterpretations and strategy are shaped by expectations of
currentand future regulatory contexts, and of the legitimate forms of strategizing and participation
permitted within the confines of different practices and institutions for HFCinnovation governance.
The practices discussed here are notthe result of preconceived ideas about whatinnovation
governance shouldlook like. Theyare drawn from actor narratives and texts which specified key
sites of interaction with policy actors and other members of the HFC community. Some analytic
refinement has beenrequiredin communicatingthesefindings. Not all participants and HFC
community members would agree with every juxtaposition or strategic comparison. Many would
dispute the conflation between research orevidence production and lobbying, or the distinction
between project participation and planning, and indeed therare significant interdependencies and

feedback loops between the two.

However, given the nature of the study and the constraints of academicwritingit would never have
been possibleto capture each and every strategicposition adopted withinthe broader HFC
community. Some means were required to distinguish and speak to divergent sets of strategic
practice and relation. While some subtleties have inevitably beenlostin the world making
description provided inthis chapter, it characterises to the best of the analysts’ ability; the broad

range of practices HFC community actors see as relevant to theirstrategicinteractions, together with

211



the key relations and power dynamics which characterise them. In so doing, the analysis has sought
to foreground the means by which nominally open and consensus based forms of partnershipin HFC
innovation governance, have often acted to entrench a privileging of commercial competence over
the techno-scientificknowledge of research institutes; incumbents over pre-commercial actors; and
pre-commercial actors overtheirearly mover counterparts. Thisis not to say that actors lowerdown
the categorical hierarchy of HFC innovation governance have been passivein accepting their position.
While the overwhelming majority of narratives examined in the study accepted, at least tacitly, the
categorical positions allocated to them, strategies of thought leadership; partnering; strategic
engagementinfundingallocation and project applications, all comprised key means for actors to

compensate fortheirweak positionsininnovation governance.
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10. DISCUSSION & CONCLUSIONS

L. Methodological Reflections, Limitations and Future Work
The preceding three chapters have soughtto provide an actor centred constructivist account of the

HFC community outlining three distinct butinterrelated phenomena; the competencies and
contextualised interpretations through which actors identify interests in HFCtechnologies; the
institutional configurations which shape these interpretations and guide collective action, and finally;
the strategic practices through which collaboration, deliberation and social learning take place within
it. In so doing this thesis has made a number of contributions to our knowledge of HFCinnovation
governance, specifying; the key actors present withinit; the institutional processes and ideas shaping
itsdevelopment, and the strategicpractices through which itis being constructed. Before shiftingto
alongerdiscussion of these findings, itis worth pausing to note a number of limitations to this study,

in particularthe extent to which the account provided may be a product of the methodology it self.

In aiming to study emblematicvariation within the UK HFC community, the methodology developed
for this study explicitly sought to balance the need for broad coverage with more detailed
examination of situated agents’ meaningfulinterpretations. The result could be read as a study that
risks falling between two stools, offering neither a detailed microanalysis of interpretation and
strategicrelations within individual organisations and institutions; nor a statistically representative or
generalizable account of innovation governance inthe UK writ large. Ratherthe actor centred
constructivistinspired approach adopted, aimed to generate an account of the emblematicvariation
withinthe HFC community, grounded in the meaningfulinteractions of its members. Inso doing
analysis was reliant on the accounts of actors engaged in overlapping policy processes; cross
categorisation and member-checkingto developitstypologies and description of the community. To
the extentthe researcheris confidentthese reflect credible, reliable accounts thisis not overly

problematic(Lincoln & Guba, 1985; Schwartz-Shea, 2006). Howeverthe strategy of sampling
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emblematicactors has had an effect onthe form of HFC community it has been possibleto specify,
and more significantly whatit has been possibleto say aboutit. These effects form the basis of the
following reflections on the study’s limitations and recommendations for future research to address

them.

Bounding the Case: inclusions, exclusions and the HFC community
Firstly we should note thatinadoptinginvolvementin UK policy processes as the bounding criteria

for the study, the research effectively excluded organisational actors who might very well take aview
on HFC technologies. Given the relative exclusion of NGO’s from some partnership activities and the
narrow economicand techno-scientificframings of others, the community the research has thus
been narrowed to a relatively group of expert actors and policy makers. This narrowness has
importantimplications for the legitimacy and effectiveness of HFC governance which shall be
discussed furtherbelow. Tothe extent this narrowness reflected how HFC community actors
themselves viewed their strategic context, bounding the community according to those participating
init conformsto standardinterpretive principals of working with the concepts and identifications of
the members of a giveninterpretive community (Yanow, 1996; 2000). We should however be aware
of the possibility that arange of actors may existthatare excluded from ordisengaged with HFC
governance processes which have not been capturedinthis study. More specifically we should note
that the HFC community identified in this study is limited to a ‘core’ community mutually recognised
by policy makers, relatively senior academics and staff of industrialfirms. Other varieties of
organisational actor not taken to be key by this community, and individuals working lower down
organisational hierarchies, may nevertheless consider themselves members of the HF Ccommunity.
These actors may interpret HFCsin very different ways to the community identified in this study. As
such, thisthesis can only claimto speak to an HFC community insofaras this communityislimited to

those engaged incurrentgovernance processes.
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Givenresearchin STS and environmental policy has shown the potential forlatent policy networks,
to presentsignificant opposition (Shackley et al., 2005; Toke & Marsh, 2003), delaying deployment
and even contributing to the transformation of narrow policy communities; this limitation to the
study is potentially significant. Future work should thus aim to identify the full range of potential
stakeholder groupsin HFC technologies currently excluded from innovation policy making. Recent
work by Boucher & Gough (2012) has soughtto achieve similar outcomesin relation to CCS
technologies, surveying the ethical positions adopted in the discourse of environmental NGO’s. Such
areview on HFCs may provide aninitial starting point foridentifying NGO’s and potentially wider
media, publics and consumer groups that may take a position on HFCinnovation governance as the
technology approaches deployment. This would provide avaluable counterpoint to this study and
provide abridge betweenitand the public perceptions research already underway into the HFCs

(Cherryman, et al., 2009; Ricci, et al., 2010; Sherry-Brennan, et al., 2010).

Given the stated focus of this thesis on the UK HFC community, the inclusion and prominence given
to the FCHJU in itsresearch and conclusionsis also opento question. As aninstitution subject to
formal control entirely separate from the broader UK policy architecture for HFC innovation, its
inclusionin the study may seem difficulttojustify. Indeed at the outset of the research, there were
no plansto include the FCHJUin the final study. However, the snowball sampling approach adopted
and frequentreferrals tothe FCHJU ininterviews made its inclusion a necessity. In shaping
expectations of HFC marketintroduction viaits demonstration projects and funding activities, the
impact of the FCHJU on UK based HFC community actors s significant. Moreover without FCHJU
funding, many UK based companies; projects and partnerships may never have emerged and, had
they done so, they may have taken very differentforms. Whileit would have been desirableto move
upwards from the FCHJU to higherscales of European governance, giventhe EU’s fragmented intra-

state structure and the vastly expanded range of industrial actors involved at this level, the scale of
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thistask would have been far greaterthan that of the UK HFC community. As such, the study of EU
wide HFCinnovation governanceis atask suited to a different project; mostlikely operatingata

higherlevel of analysis than actors and theirstrategies, atleastin the firstinstance.

Breadth & Depth: correlation, interpretation, interests and values
Related tothe above concerns, the second limitation of this study liesin the level and variety of

analysis to which the data collected lends itself. Specifically, the level of abstractionimplied by the
analyticcategory ‘emblematicvariation’is somewhat more abstract than some interpretivist
researchers may desire, while also lacking in the capacity for statistical validation amore
guantitatively inspired approach may have provided. Asaresultitis conceivable the research may
have overemphasised or overlooked importantinterpretive nuances and correlations within and
between the actors; institutions and strategic practices it examines. Moreover, while the study points
to theroles of ideas and interest, it struggles to characterise the process through which they interact
in specificcontexts, and; the relativeimportance of each in shaping organisational decisions and
strategies. Whilethe actor centred constructivist approach adopted has been useful in specifyingthe
emblematicvariation of actors within the HFC community, to some extentits capacity to explain this
variationin terms of meanings and readings of organisational and institutional contexts leaves some
gaps. Why is it some research institute actors spin out pre-commercial firms while others do not?
Why have some incumbent firms spentyears and even decades developinglongrunning HFCRD&D
programmesand competencies, while othersin the same sector have not? What differences
between pre-commercial and early mover firmslead to theirradically divergentinterpretations of

the energy and resource contexts in which they find themselves?

There are two potential answers to such questions. Firstly, given the multinational and multi-sectoral

nature of many HFC community actors, different organisations may identify differentinterests due to
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different historical experiences of markets and regulation in theirhome markets. Focussing on these
interests would require astudy castingits netwiderand focussing on a narrowerrange of variables
to testthe interactions between ideas and more specificfeatures of marketand regulatory context.
The second potential explanation may be that, for some actors at least, the interpretation of contexts
and identification of interestsis not the result of rationalistic calculation; but rather results from
some deeperrooted concept of identity and values. Examining such processes would thus

necessitate more contextualised focus on the experiences andideas of a narrower group of actors.

One potential explanation for divergences in why actors of the same or similartypes identify
differentinterests may lie in historicaland regulatory featuresinthe home markets of HFC
community actors. In focusingon meaningfulrelations within the relatively narrow polity of the UK
HFC community, some of the international aspects of HFCinnovation and the gl obal energy and
technology markets surrounding them have been sacrificed in favour of depth. Inso far as this made
possible the identification of emblematicforms of actor variation within the HFC community, this
depth may facilitate future studies looking to these international regulatory frameworks as part of
broader, economically informed survey research. Conducted undera more explicitly material-
semioticontology (cf. Jessop, 2010), such a study would pay greater attention to international
regulatory landscapes, energy markets and their effects upon actorsideas and interpretations of
economicinterests. Such an approach may be capable of capturing historical regulatory effects on
the competencies displayed by different forms of actor within the HFC community that this more
time-bounded and localised study has been unable to capture. To the extent such competencies are

identified in thisthesis as shapinginterests, this marks a potential gapinthe account it provides.
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Conversely, amore contextually based study would also have provided additional insightinto the
interactions between ideas and interests albeit across a narrower range of actors or institutions.
Working across multiple institutions and partnerships, all aiming towards the generation of industrial
consensus, the research at times struggled to scratch the surface of consensus documents and
decisions. The complaints of aminority of research institute and early moveractors suggested higher
levels of controversy than accounts provided in officialdocuments and incumbentinterviews.
Howeverthe lack of access to open debate focussed on asingle policy decision or partnership
process made it difficult for the study to track comprehensivelythe ideasand interests at play
throughout. Had the decision beentaken tofocuson a single case of governance, forexamplea
particular partnership; projector publicbody, the research may have revealed greater levels of
disagreement or ‘institutionalised knowledge conflict’ (Hisschemdller & Bode, 2011), than was

possible in taking the HFC community asa whole as the phenomena under study.

Such a study, ideally conducted longitudinally would have further clarified how pre -existing actor
competencies and contextsinformed theirinterpretations of and interestsin particularinnovation
trajectories; as well asif and how suchinterpretations shifted during collaborative processes.
However, given the lack of pre-existing knowledge of the HFC community presentinthe literature
and the absence of a single institutional structure mirroring Dutch innovation governance practices,
settingthe scope of the study broadly was not an unreasonable starting point to adopt. While the
researchercan now confidently point to the FCHJUworking groups and UK H2 Mobility as key points
at which innovation priorities; infrastructure; RD&D and regulatory agendas are set, this was by no
means clear at the outset of the research. Indeed UKH2 Mobility only came into beingin 2012, as the
researcherwas enteringthe field. As such more detailed studies of these sites represent akey area

for future research. Giventhe tendency for such activities to be governed by various confidentiality
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and non-disclosure agreements, it may be advisable forsuch a project to seektowork withinthe

evaluation andreporting procedures of the partnership or publicbody itselfin orderto gain access.

Moreovera more contextually focused account would have facilitated additional exploration of the
role of values and identity in shaping actorinterpretations of ideas and interest. Analysis touched at
times on claims to values of objectivity and environmental concern which appeared tied to the
identities of some early moverand research institute actors. Giventhe research focus on identifying
emblematicvariation, the reasons forthis division were not examined in great depth or detail
beyond theirrelationships to the widerinstitutional architectures, ideational and market landscapes
inwhichthey emerged. Recentworkin practice theory, on actors ‘investmentin practices’, pointsto
a process of mutual structuration through which the development of competencies and psychosocial
attachments emerge together, shaping interpretations of interest and rational decision processes at
the level of individualand communal experience (Adam & Groves, 2011; Groves, et al., Forthcoming;
Hards, 2011). Although thisthesis has selectively borrowed some analyticconcepts from practice
theory, in operatingatthe level of emblematicvariationin actorsinter-subjectiverelations, it has not
afforded the space to explore possibilities for synthesising its more psychosocial insights with
constructivist policy analysis. However to the extent they may shed furtherlight on why particular
actors with particular competencies emphasise particularinterests and value positions, such a

synthesis may constitute avaluable direction for future research to take.

The suggestion that either psycho-social study atthe level of individual or organisation; orlarger
scale surveyresearch might offeradditional insightsintothe actors, interests and values of the HFC
community, does not mean thatthe study presentedinthisthesisisinherently flawed. Initsaim to

identify emblematicvariation between key actortypes, the study always aimed at providing alevel of
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analysis between the systems and deep interpretivist levels. Inhighlighting research institutes; pre-
commercial; early mover; cautious and enthusiasticincumbent actors; as well as the broader policy
architecture and range of strategic practicesincluded within the HFC community, this thesis has
broadly achieved its goals. Whileit does not claim to be the definitive account of the HFC
community, it provides agroundingin case knowledge outlining key actortypes and practices taken
by HFC community members themselvesto be vital totheirwork. Work proceeding on the basis of
thisaccount should however note that, given the contextual specificity of the HFC community, care
must be taken when translatingits findings to otherfields of innovation and policy making.
Moreover, as an initial scoping account aimingto characterise the community, this thesis
necessitated compromises between representative breadth and interpretive depth. Its account
shouldthus not be read as a naturalisticorrepresentative study capturing the entire HFC community
as it existsinreality, butratheras narrative (Creswell & Miller, 2000; Flyvbjerg, 2011;) or articulation
(Glynos & Howarth, 2007). Grounded in credible, systematicand rigorous research, it nevertheless
represents atheoretically refined simplification of the irreducible complexity of actors, ideas and

meaningful relations encounteredin research.

II. Actors and Membership of the HFC Community
A keyfindingillustrated in the preceding chapters has been the typological description of the HFC

community as a collection of actors whose ideas and interests are shaped by meaningful
interpretations of their competencies and contexts. The thesis has sketched the emerging
relationships between actors of different types, and those between previously distinct application
sectorsindomesticheating; electricity; and transport. Inthe latter case the research has pointed to
an uneven process of integration between these sectors which are at times treated as distinct areas
for RD&D, and at othersrequiringintegration forthe development of complete HFCenergy systems.
Giventhe sheerrange of actors and practices examined, and the ongoing evolution of this integrative

process, characterisingit fully proves challenging. However, inthe sense that the research initially set
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out with relatively littleidea of the actors involved in the HFC community, it has been successfulin

identifyingthe emblematicvariation or key types of actor involved.

Despite the focus of the research on three distinct cases of HFC technology in domestic heating,
energy, and transport, a notable finding has been significant commonalities between actors working
across these applications. In particularactors working within and across sectorsinterprettheir
interestsin HFCsinvery similar ways, through the lens of their own material and ideational
competencies; and their organisational; regulatory and market contexts. While policy actors stand
ready to assist the HFC community, they do notidentify as members of it. In so far as these actors
can be saidto have clearlyidentifiable interestsinrelation to HFCs, they are located at the level of
policy paradigms and associated logics which guide the approaches they deem appropriate to
fosteringenergyinnovation more broadly. The key actors within the HFC community conversely
interpretthe technology to be central totheirinterests. Thisis notto suggest, in a positivisticfashion
that thereissome real, necessary relationship between HFCs and the wellbeing of these actors.
Ratherthey are shaped by experience of context; the competencies at their disposal, and through
strategicrelations with otheractorsin the community. Research institutes thus orient themselves to
the technology through recourse to theirtechno-scientificcompetencies and objectivity, and
institutional contexts that privilege energy innovation as animpactful activity. Inso doing they
identify theirinterestsin HFCs astied to research funding regi mes, and the generation of broader
social utilitiesinthe form of renewable, low carbon technologies for the improvement of the
environmentand energy system. Pre-commercialfirms and enthusiasticincumbentsinterpret their
competenciesin HFCtechnologies and existing markets as key strengths looking forward to
emergentenergy system contexts thatare likely to reward low carbon technologies. In so doing they
identify theirinterestsinthe market opportunities and competitive advantage afforded by their HFC
expertise. Early movers conversely viewtheirinterests through more radical readings of resource and
regulatory landscapes that they believe will constrain human energy systems far more than their
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mainstream counterparts willadmit. Possessing techno-scientificcompetencies and identifying
freedomintheirlack of ties to existing energy regimes, such actors view HFC technologiesasa

means of radically breaking with resource and energy intensive systems.

In describing thesefive categories of actorthe thesis has characterised, forthe first time, the
emblematicvariation present within the UK HFC community. While the organisational cases
examinedin documentary research and interviews all corresponded to this typology, the boundaries
betweentypesis somewhat porous. Many pre-commercial firms begin life in research institutes
before they are spun out as private entities. Similarly thereis noclearline between cautious and
enthusiasticincumbents. Competence in HFCinnovation can be gained and lost overtime, and for
some cautious actors initial low risk project engagement may well eventually lead to the adoption of
a more enthusiastic positioninrelation to the technology. While some enthusiastic firms such as
industrial gas companies are heavilyinvested in the sectorthrough theirexisting marketinterests
and competencies, others could divest themselves of HFCinvolvement at little reputational or
financial cost. Given this thesis represents a snapshot of the HFC community overarelatively short
period, the movement between enthusiast and cautiousincumbentis not somethingit has been
possible totrackin great detail. Howeveranecdotally several participants made referenceto
formerly enthusiasticincumbent firms delaying or abandoning plans for marketintroduction.
Likewise, although early movers are in part defined by theirradical interpretations of context, itis
possible thesesmallerfirms are simply yet to generate partnerships with incumbents that would
necessitate amoderation of theirnarratives. Considering the strength of oppositionto ‘vested
interests’ seeninsome early mover narratives, the later move seems unlikely, but without stronger

longitudinal data coveringthe sector, such a questionis difficult to answer.
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In establishing aframework for categorising actors in the HFC community, this thesis makesa
number of theoretical contributions. Firstly it expands uponthe niche, regime landscape model
offered by conventional accounts of socio-technical transitions (Geels, 2010; Rip & Kemp, 1998;
Rotmans, etal., 2001); drawingin constructivistinsights ontothe importance of ideasand
institutions in mediating the interpretation of landscape pressures at niche and regime level. Inso
doing, italso elaborates the multi-layer perspectives three-fold distinction; distinguishing between
early moverand pre-commercial firms at the niche level, and; cautious and enthusiasticincumbents
at the regime level, which may be of use to othersinthe study of alternate innovation communities.
Moreover, in drawing on practice theoretical concept of context, competence and meaningsasa
means of analysing and categorising actorinvolvementin policy practice, this thesis contributes to
our understanding of how and why regime actors seek to extend the lifetime and lock in of their

preferred technologies and manage innovation processes to suittheirown interests.

Secondly, indeveloping atypologicalaccount of the actors within the HFC community, itbecomes
apparentjust how narrow the community isinterms of the organisational contextsand
competenciesinformingthe bulk of its members. During the research process, the documents and
relational identifications made by interview participants pointed to arelatively narrowly defined
group, drawn predominantly from academia, industry and policy. While initially it was thought this
would extend toinclude NGO’s and user groups, this did not prove to be the case. As a policy
community, the HFC community has been broadly successfulat drawingin ‘expert’ knowledge.
Howeverindoingsofrom a relatively narrow range of domains it conforms more closely to Rhodes &
Marsh’s (1992) definition of ahomogenous policy community comprisingeconomicand producer
interests with shared aims and values, than it does to a more open network. Given the focus givenin
much of the literature on networked governance and responsible research and innovation on the

capacity of public-private networks to democratise decision making and ensure legitimacy (Hajer,
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2003; Hoogma, et al., 2002; Schot & Geels, 2008; Sgrensen & Torfing, 2009; Torfing, 2007), the

absence of a broaderrange of stakeholders was somewhat surprising.

While policy makingin otherfields of low-carbon innovation have been similarly characterised by
relatively narrow communities with shared aims, goals and ideas about what constitutes appropriate
knowledge and governance practice (Stephens, etal., 2011), itis also the case that significant efforts
have been undertakentoensure awiderrange of ideas; interests; stakeholders (including publics
and NGOs) are incorporatedinto the innovation process (Gough, etal., 2014; Shackley, et al., 2005;
Toke & Marsh, 2003). Moreover, as Toke (2011) arguesinthe case of renewables, policy support has
been underpinned by strong supportfrom awider community of NGOs and environmental activists
alliedto the renewablesindustry. Giventhatwidespread deployment of HFCsis generally considered
to require significantand prolonged policy support, and; deployment of potentially contentious
infrastructure for H,, a highly combustible fuel (Ekins, 2010a), this thesis raises questions as to
whetherthe HFC community constitutes a broad enough coalition to secure the eventual roll -out of
the technology. Moreoverit provides avaluable reminder that, despite multiple articulations of best
practice regarding the inclusion of broadersocial groupsin technological innovation (European
Commission, 2012; POST, 2001; Schot & Geels, 2008; Willsdon & Wills, 2004;), innovation

governance canstill be guided by relatively narrow expert communities.

Sectoral Expertise: Electricity, Heating and Transport
The HFC community constitutes a network of organisations whose interests coincide around HFC

technologies. This coincidenceresultsinlarge part from the fragmented nature of technological
competenciesinthe energy and transportsectors, in which noone organisation possesses the
capability tointroduce acomplete HFC energy system. Be itin domesticheat and power, transport or

grid back-up applications, the expertise to introduce these systems lie across different organisations
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and indifferent sectors. Competence in a particularaspect or component of potential HFC energy
systems thus comesto form the key membership criteriaforthe HFC community, and the primary
rationale for collaboration withinit. The three technology sub-groupings identified as of particular
interest forthis study, HFCs for electricity; domestic heating and transport, thus come to appearless
distinctthaninitiallyimagined. Actors with competence in each areaare viewed asimportantin
bringing HFCs closerto commercialisation, and they are treated in similar ways by policy actors and
institutions. Whileitistrue actors are ofteninvolvedindistinct projects and strategic practices tied
to theirdistinctapplication area, these lines are increasinglyblurred. In forging links between
electricity sectoractors and providers of domesticheating or transport technologies, institutions
such as OLEV, the FCHJU and UK H2 Mobility are increasingly drawing them togetheraround a shared

setof concernsand priorities.

This blurring of lines between energy consuming sectorsis arelatively newdevelopment. Long
foreshadowed by the emergence of fuel scarcity and decarbonisation on the sociotechnical
landscapes forelectricity; heating and transport, theirintegration has been made possible by
institutional reforms and the more recent emergence of ‘smart’ grid technologies capable of
integratingthem. The formation of DECC as a department responsible for ‘energy’ as a distinct cross-
sectoral domain marked aninitial move in this direction. The emergentinstitutional architecture for
HFC innovation represents an acceleration of this processes that can be seeninwidergovernment
commitments to electrificationin domesticheatingand transport (DECC, 2011; 2013). To date, the
implications of this boundary blurring has been under explored in the literature on UK energy policy.
Hitherto, policy makingin this sector has been dominated by arelatively narrow band of utility
companyincumbents, with transport managed under an entirely different department with separate
priorities and concerns (Mitchel, 2008; Geels et al., 2012). While this thesis has highlighted a more or

lessintegrative process of collective socialisation and learning between incumbent electricity and
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transport sector actors, it is uncertain just how far this integration is likely to proceed. Moreover, we
do notknow how the UK energy policy regime will adaptto the incorporation of a powerful new
industrial interest group inthe shape of the automotive sector. This emergent processis of central
importance tothe emergence of HFCinnovation governance and energy policy more broadly and
should be a key priority for future research in both fields. Given the overarching focus of this study
on emblematicvariation across applications, an interesting follow up would be to focus on a single
application such asdomesticheating and examinethe relations and process by which actors from
othersectorssuch as builders and boiler manufacturers come to enterintoit. At present this process
seemsto be farthestalongin the transportsector. Given that battery technologies carry similar
implications forelectricity demand and grid management to those of HFCs, a study focused onthe
entrance of energy system actors into automotive innovation, possibly centred on a partnership such
as UK H2 Mobility may provide afiner grained analysis of these emergent cross-sectoral relations

than has been possible in this study.

III. Institutions & the Logic of Commercialisation
In discussingthe institutional architecture into which the HFC community is emerging, Chapter 7

described apolycentriccollection of formal institutions engaged in HFC governance practices. In
particularfourvarieties of formal institution were identified; government departments; public
bodies; partnerships and projects. Inline with the dual goals of supporting private sectorregulation,
while maintaining a distance between the centralised state and the selection of emergent
technologies, theseinstitutions are distinguished by their relative proximity to and engagement with
private sectoractors. Thus central government departments have tended to remain distant from the
day-to-day processes of decidinginnovation policy priorities. While departmentsretainarolein
settingregulatory criteriaandincentive systems, theirinvolvement with HFC community actors tend
to be conducted at a distance viaformal consultation procedures covering a broad range of

technologies. Atthis level interaction does not take place between departments and HFC community
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actors, butrather with broader coalitions of technology interests. However, at the level of providing
support for innovation,arange of additional institutions have been established. A number of arms -
length bodies such as the EPSRC; Carbon Trust and TSB have taken an interestin HFCs within their
broaderremitsforsupporting the UK energy innovation system. Charged with the design of RD&D
support programmes, these bodies draw many of their staff and funding priorities from the industrial
sectorstheyserve. Inso doingtheirworkis shaped by a commercial logicwhich positions expertsin
research institutes and industrial organisations as the most appropriate groups fordeciding on RD&D
priorities. Inso doing, institutions for HFCRD&D have operated asa means of delegating authority

over RD&D priorities; funding decisions; and policy delivery toindustrial actors.

Across these institutions, we see a picture in which the higherthe level of technological specificity,
the lesserthe role policy actors deem appropriate forthemselves to have. From networked policy
making processes based around publicbodies, toindustry led deliberations over partnership
activities, a picture emergesin which energy innovation is emerging as a more significant aspect of
policy- albeitaligned to overarching goals of marketintroduction. In seekingto explain this
institutional architecture, this thesis drew attention to alogic of commercialisation. Expressedin
metaphors such as ‘chicken and egg problems’ and ‘the valley of death’, this logic partially operates
to authorise state intervention in private sectorinnovation activities previously considered the
appropriate domain of the market. However, such activities remain bounded by the overarching goal
of commercial introduction which specifies the generation of profitable, private sector produced HFC
technologies as the ultimate endsto be achieved. Assuch thislogicserves bothtolegitimise and
constrain state interventionin energy innovation systems. Policy actorsin publicbodies and public
private partnerships are permitted to facilitateand fund, while not encroachinginto specific

technological decision making or picking winners between emergent technology options.
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The logicof commercialisation represents a confluence of ideas and interpretations regarding the
appropriate means of pursuing HFCinnovation within the confines of UK and European energy

policy. Three central assumptions underpin this logic;

1) HFCs represent a promising and marketable technology for supporting goals of economic

growth and decarbonisation.

2) The marketand private businesses are the most appropriate mechanismsfor delivering

and deploying HFC products and systems.

3) Giventhe existence of marketfailures, a degree of state supportis necessary and

permissible tofacilitate the commercial roll-out of HFC technologies and system:s.

While the logicof commercialisation can thus be read as a relatively simple formula, it draws on
paradigmaticideas of energy market liberalisation and imperatives to decarbonise energy production
and consumption thatexist at higherorders of policy discourse. As such the logic of
commercialisation functions as anideational lens or grammar through which instruments for HFC
innovation policy are designed, interpreted and enacted. We see this reflected in policy actors’
commitments to professional networking and ideas of customerservice, through which they seek to
assess funding priorities according to the needs of the communities they serve. We see italsoin the
programmaticstructure of the FCHJU; the remits and funding criteriaforindividual publicbodies
such as the EPSRC; Carbon Trust and TSB. In each instance RD&D goals are designed to channel
breakthrough research and emergent technologies furtheracross ‘the valley of death’ towards
commercial realisation. At the same time however, responding to ‘chicken and egg’ metaphors for
the commercialisation process, suchinstitutions seektoembed not only acommercial focus butalso
a collaborative one. Bringing together networks of pre-commercial and incumbent firms in different
sectors, suchinstitutions seek to establish patterns of cross sectoral knowledge exchange, learning

and partnership to bridge the gapsin competencies the commercialisation of HFCrequires.
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The logic of commercialisation thus carries powerinanumber of ways, shaping; what poli cy actors
perceive as appropriate strategies for meeting their remits; the institutional structures and meta-
governance rules for publicprivate partnerships and RD&D networks. In the firstinstance this logic
provides arationale and legitimacy forthe categorical distinctions and exclusions underpinning the
hierarchical organisation of the HFC community. Secondly, in establishing an expectation thatthe
state will support the roll-out of HFC technologies, policy actors and institutions have arolein
shapingthe contextual interpretations of HFC community actors. In making funds availableand
addingtheirauthority to HFC projects and partnerships, policy seeks todraw in desiredincumbents
that may otherwise be cautious of HFC technologies, and, shape the research and evidence
producingactions of research institute and pre-commercial firms. Thirdly, in shaping the
interpretations of civil servants and HFC community actors engaged in HFC innovation governance,

thislogicservestode-politicise its conduct by closing off alternate roots of discussion.

Paradigms and De-politicisation
In identifying logics of commercialisation as the key principal of HFCinnovation governance, this

thesis offers valuable clarification of whatis going on within the paradigmaticbricolage
characterising contemporary UK energy policy (Kern etal., 2014). More specificallyit provides an
account of how partially contradictory policy ideas of market liberalisation; decarbonisation and; cost
reduction, are beinginterpreted and enacted atlower orders of policy makingand delivery, inthe
day to day governance of energy innovation. Decarbonisation imperatives provide important
legitimation for policy institutions limited interventions into innovation processes usuallyleft to the
market. Atthe same time, market liberalisation eraideas continue to play arole inthe scepticism
departments and publicbodies display overthe states capacity to arbitrate between competing

technologies, and their corresponding deference to actors with commercial and techno-scientific
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competencies. Added to this the resurgence of industrial policy under the rubric of low-carbon
innovation, ties energy innovation to economicgoals of economicgrowth and job creation. The logic
of commercialisation refers to the fusing of these three paradigmaticlayersinto the ideas, routines

and structures of policy actors and institutions.

Thislayeringis not without its frictions and contradictions. As was seen in examinations of funding
deliberations; evidence creation and lobbying, decisions are often taken on the basis of consensus
betweenindustry actors presentatthe meeting; the largest alliances of industry bodies; or the
relatively narrow research processes framed by incumbents. While decarbonisation potentialis often
a considerationinthese practices, it appears secondary at best, and we rarely see actors engagedin
such practices attemptto compare such potential against alternate HFC energy systems. Similarly the
commitmenttoindustrial consensusinfunding deliberations and consultations sits uneasily besides
competitionin desires for future markets and current fundingallocation practices. This leads to some
interesting tensions between professed openness to new innovations and the realities ofincumbent
power, it may well be anarrow selection of HFCtechnologies that are granted the opportunity to

competeinfuture markets.

To the extent this thesisidentifiesincumbents as privileged within HFCinnovation governance, it
servestocorroborate Winskel & Radcliffe’s (2014) description of anincumbentled accelerated
energyinnovation system operatingin the UK. Beyond thisitraisesinteresting questions as to the
quality of governance this represents. In Wood’s (2015) recent account of puzzlingand powering
within policy paradigms, he draws a distinction between sociallearning at second order policy
change, and de-politicisation at the level of the paradigm. The formeris thus situated as opening up

potential options, while the latter seeks to enact a discursive closure in which wider contingencies
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are closed off to discussion. However, in the case of the HFC community we see de-politicisation
enacted at both levels. Inrestricting membership to relatively narrow coalitions of actors around
specifictechno-scientificchallenges and funding prioritisation process, the meta-governance of the
HFC community carries many hallmarks of technocraticsocial learning. Claims of objectivity, evidence
production and expert consensus are all suggestive of this quality of governance. At the same this
technocraticmode de-politicises the power of incumbents and the contingency of theirtechnological
preferences on existing market competencies. Collaborative learning in this sense comes to mask the
exercise of incumbent power. In failing to challenge the position of incumbents from established
policy regimes, the community participating HFCinnovation governance takes the form of Eagleton-
Price’s (2014) ‘governance in the spirit of capitalism’. While not designed forthe strict benefit of any
single incumbent party, it serves to reproduce the assumptions and technological configurations on
which theirposition depends. To the extent such power may override the relative benefits of
alternative technologies in terms of decarbonisation potential, this raises significant questions over
the appropriateness of prominence given toincumbents ininnovation policy processes, and the

commercial logicunderpinning their position.

Meta-Governance and Sustainability Transitions
Mirroring otherinstances of networked innovation policy development (Smith & Kern, 2009; Winskel

& Radcliffe, 2014), the institutional architecture for HFCinnovation governance has been developed
inanticipation of high levels of incumbent participation and leadership. While some of the ‘customer
focussed’ means of developing understanding employed by publicbody civil servants suggest
recognition that some pre-commercial actors may prefera more flexible means of engagingin
governance processes, thiswas notthe case at the FCHJU level. Nordo we see itinthe consultation
strategies employed by departments orthe membership criteria of partnerships such as UK H2
Mobility. The reason forthis unevenness liesin the contradiction between partnership and market

roll-out atthe heart of the logics driving HFCinnovation governance, and creates the possibility for
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differentialinterpretation of the relative importance of non-incumbent technologies and visions.
While in some cases it may allow forthe incorporation of a broad range of pre-commercial actors
and techno-scientificexperts, in others it enacts a hierarchical categorisation between different
forms of organisational expert within which industrial actors tend to be privileged over research
institutes. Insuchinstances, the overarching goal of marketroll-out leads institutions to look to the
established size and reach of incumbents as a means of speeding up deployment at the expense of

more radical innovations and visions of energy system transformation.

The logicof commercialisation thus comes to formthe key meta-governing principal underpinning
HFC innovation governance inthe UK and at the FCHJU. This is not meta-governance of the variety
favoured by some of the more normative accounts of network governance, whereby the framing and
agendas are left opentothe widest possible range of stakeholder groups (Hudson, et al., 2007;
Serensen & Torfing, 2009). Rather, commercial logics frame HFCinnovation as an activity best suited
to organisations with competenciesintechno-scientificresearch and product development, often
favouringthe visions and preferred technological trajectories of the incumbent actors deemed most
capable of deliveringthem. Itis this mechanism which makes possible the relatively exclusive nature

of the HFC community and the narrow range of actors we find withinit.

Similarly in promoting expectations of future commercial viability for HFCs, and drawing together
incumbent; pre-commercialand policy actors in collaborative deliberation over energy innovation
priorities, the commerecial logic of HFC innovation governance bears some similarities to the learning
based model of socio-transitions advocated by innovation theorists (Geels, 2010; Rip & Kemp, 1998;
Rotmans, etal., 2001). UK H2 Mobility’s collaborative research and planning; attempts by the FCHJU

and UK publicbodiesto encourage supply chain links between pre -commercial and incumbent
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actors, and; cross sectoral project participation all pointin similardirections. Notwithstandingits
similarities, the commercial logicshaping HFCinnovation departs from transitions theory
recommendationsinitsreliance onincumbentactors at the expense of greaterincorporation of the
technologies and visions of more radical niche players. Thus whileincumbent visions of mass market
introduction of HFCs remain contested by early movers, and some academicstudies (Ekins & Hughes,
2010b; Hardman, et al., 2013), such actors are afforded far lowerlevels of legitimacy in innovation
governance processes. Given the history of disruptiveinnovation and past socio-technical transitions,
inwhichincumbents remain locked-in to particulartechnologies and unable to compete with
emergentniche producers (Christensen, 1997; Geels, 2002), the position they are accorded within

innovation policy processesis at the very least questionable.

To the extentthatexperience inthe Netherlands, wherethe institutionalisation of transitions theory
recommendations did not have the desired effectsin terms of fostering radical niche innovation
(Hisschemoller & Bode, 2011; Smith & Kern, 2009; Kemp, et al., 2007), this may not ultimately have
mattered. Howeverif both transitions managementapproaches, and less formalised attempts at
policy reformseeninthe UK have difficulty incorporating and empowering expertise from outside
established regime networks, this raises significant questions forinnovation policy and other forms
of networked governance. If primacyis notto be granted on the basis of established reputation and
competence in existing markets; how are policy makerstojudge the expertise of those they seek
leadership from? Here the normative recommendations of deliberative approachesto ecological
modernisation, and some of the more inclusiveiterations of innovation theory may offersome
recommendationsintheirinsistence on recruitingand empowering broader ranges of niche actors
and societal stakeholders, beyond established energy policy regimes (Willsdon & Wills, 2004; Dryzek,
2005; Schot & Geels, 2008; Lehtonen & Kern, 2009). However, if the Dutch example of transitions

managementisto be used as a yardstick forrecommendations, this approach still has limits (Smith,
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et al., 2005; Smith & Kern, 2009). More significant changes would require a more fundamental
challenge to the current paradigm for UK energy innovation, and a concerted challenge to the logics
of commercialisation which have tended to privilege incumbent expertise at the expense of others.
Such a challenge would likely require the mobilisation of abroad coalition of civils society groups and

environmental NGO’s allied to pre-commercial and early mover technologies.

Early mover coalitions such as that we see in RiverSimple’s ownership structure granting
representation to community and environmental interest groups, points to anovel developmentin
thisarena. Howeveritis unclearwhetherthis case or anotherlike itis capable of, or eveninterested
in mobilising abroad coalition for paradigmaticchange. However the space the existingregime for
HFCinnovation providefor the support of these smaller players, and notional commitments to public
engagementasa form of pre-market activity leaves open agap that may be exploited by these more
radical actors. Given the focus of this thesis on characterising the HFC community viaemblematic
variation, examining the historical development and trajectory of policy withinits sub-groupingsis
beyonditsscope. However, future process tracing studies analysing where incumbent led innovation
isleadingus;if and how more radical niche based coalitions are emerging should be priorities for
future research. Process tracing studies of these phenomena may offervaluable insights into the
trajectory of the existing regime for HFCinnovation governance, and whether further paradigmatic

contestation might be expected inthe comingyears.

IV.  Practices and Strategies
In suggestingthe HFC community is structured to the interests of incumbents, this thesis does not

mean to claim otheractor types are entirely passive, many enthusiastically pursue strategies of
partnering with largerincumbents as a means of obtaining additional funding, investment and

reputational capital. Where institutional structures for policy or funding deliberation prove
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cumbersome, pre-commercial actors have engaged strategically, lookingto the meetings and
industry associations that offer greatest opportunity for shaping relevant policy priorities. While at
times presentational strategies of thought leadership are invoked, pre-commercial actors and HFC
specificindustry associations have been learning to tailortheirrhetorictothe language and priorities
of currentregime actors, shifting from earlier discourses centred on ‘the hydrogen economy’, toone
of energy system optimisation. Early movers, while limited in numberrepresent the pointat which
the relatively narrow HFC policy community becomes a more heterogeneous network. Less willing to
moderate theirdiscourse and sceptical of their capacity to shape innovation priorities, they limit
theirstrategicinterventions to biddingforfunds atthe correct times, forming limited partnerships

where possibleinthe hope theirtechnological niche will take off.

Despite these strategicdifferences, across the HFC community we have seenthe emergence of a
range of intersubjectively recognised practices and procedures, designed to facilitate deliberation
and decision making overthe form future HFC energy systems should take and the specific
technological priorities that should be pursued. Conferences and networking events provide
relatively openforafora range of actors from different technological and sectoral backgrounds to;
exchange views and visions for HFC technologies; make the case fortheir preferred technologies; and
develop relationships with potential project collaborators. As such they can be read as bridging
points between nicheand regime actors, allowing them to identify others with compatible visions
and competencies with whom to work. Projects conversely offer space for technological
development; testingand learning, through which common product and system designs can emerge.
However unlike conferences, project participationis less open. Structured by competitive bidding
processes and often shaped by the technological requirements and milestones of incumbents, their
orientation towards commerecialisation also operates as a means of filtering niche technologies and

actors for those mostamenable toincumbentinterests. Similarly the formal and informal network
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and institutional structures developed to deliberate upon and allocate funding priorities appear
operate both to generate collective priorities and programmes for RD&D funding, while in some
instances, narrowing collaboration to those actors most able to participate. Finally although arange
of discursive strategies are visible in relation to evidence creation and lobbying practices, there is
widespread agreement that the production of evidence provides the primary means of influencing
guestions of market structure and regulation when it comes to emergent HFC technologies. While
some of these practices are subject to exclusionary commerciallogics which operatetolimitthe
range of participation and shape actors strategic engagement within them, they none-the-less
constitute ameans of generating collectively agreed priorities and enactments of HFCinnovation

governance.

In identifying these strategic practices this thesis shedslight on how, inthe absence of aformalised
transitions based approach to energyinnovation; the UKand EU have none-the-less engaged a broad
range of industrial and research actors in HFC innovation governance. While this process has notled
to the construction of a single overarching policy discourse, ora common set of institutional rules
and procedures;it hasallowed forthe development of common projects and facilitated the
generation of consensus based agreements over specificinnovation funding priorities. However, we
should be wary of overstating the potential for such strategicinteractions to generate more
significant policy outcomes beyond the relatively narrow and technocraticrealms of RD&D priorities.
In accepting overarchinglogics of commercialisation and partnership, HFC community members
accept an incremental approach to energy system transformation, led by large incumbents. Given
the disincentivesto challenging such visions, pre-commercial and research institute actors have
instead opted to modify the claims they make, constructing HFC technologies as artefacts for energy
system optimisation. Inso doing they forfeit the opportunity to articulate broader visions of

sustainable hydrogen economies. Whereas advocates of nuclearorsolarenergy have been able to
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articulate cleardiscourses of securitisation and decarbonisation (Scrace & Ockwell, 2009; Toke, 2011;
2013), the HFC community is essentially de-politicised, limiting discussion to relatively narrow
technical questions asked by publicbodies and government departments. Thisis not to say such
guestionsareirrelevant. However, in lacking an overarching narrative for the benefit of HFC
technologies, the HFC community limits its potential for developing alliances with NGOs and other
normative entrepreneurs that might facilitate more significant policy learning and adaptation (Borzel
& Risse, 2003). Thisissue iscompounded by the relativelack of interest within the community and
public-private partnerships forattracting the participation of NGO actors. The resultisa policy
community active atthe level of fundingand RD&D deliberation, but lackingin significant recognition

as a priority for central government.

Agency Centred Constructivismin Policy Networks
In focusing on logics and actor strategies within the HFC community, this thesis has sought to locate

itsaccount at the level of rational action within a particular set of ideational and institutional
structures (Saurugger, 2013). In so doing, it has identified the ongoing process of HFCinnovation
governance as permitting adegree of strategicagency, constrained by overarchinglogics of
commercialisation and partnership that limit the range of participatory and discursive options
available. What we see in this picture is aform of bounded or cognitive rationality (Boudon, 2003), in
whichideas;values and beliefs inform decision makingin addition to narrower considerations of
contextual position; costs and benefits. Actorsin the HFC community adopt strategies based on
meaningful, and on occasionvalue ladeninterpretations of their capabilities and institutional
contexts. Forsome, strategies reflect consequentialist attempts to realise opportunities or minimise
risks. For others, the realisation of scientificobjectivity; environmental publicgoods; or the
disruption and transformation of systems perceived as unsustainable, reflect the ultimategoal. For

policy actors and institutions, logics of appropriateness derived from ideas of ‘customer service’ and
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commercialisation seem to outweigh consequentialist concerns relating to theirown individual or

institutional interests (March & Olsen, 2004; Saurugger, 2013).

In elucidating these nuances, this thesis has provided a valuable illustration of the value of actor-
centred constructivist research (Saurugger, 2013), specifically its ability to account for both material
interestsandideasin guidingthe strategicinteractions that constitute policy processes. The
structural position accorded toincumbentsin this account stems, not only fromthe widely held
beliefintheirexpertiseand power, butalso from the capacities at their disposal for large scale
participationin HFC activities, and the economiccapital they bring to collaborative RD&D activities.
To the degree incumbents reputations operate to conferinvestor confidence and credibility on their
pre-commercial allies, there isan economiclink tying together these actors’ interests and socio-
technical visions. While early movers ideationally opposed to incumbent visions can and do decline
to collaborate with them, such a position comes at the price of reducedinvestmentandinfluencein
governance processes. At the same time the privileged position incumbents are afforded within
policy institutions and processes, is a product of higherorderideasand policy paradigms which
assume these actorsto be best positioned to deliver goals of economicgrowth; efficientenergy
systems and decarbonisation. Moreoverthe belief in decarbonisation as a desirable objective, while
grounded in substantial evidence and scientific consensus, is more often deployed by HFC
community membersasanideato legitimisetheir central focus of generating marketable products

and systems.

While thisthesis does not claim to have resolved debates regarding the role of interestsandideasin
policy making, in pointingto the role of situated interpretation of existing competencies and contexts

informingactors strategicinterests, it contributes to the ongoing development of actor centred
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constructivist thinking (Saurugger, 2013). Moreoverit illustrates how an actor centred constructivist
approach can act as a remedy to the relatively structured approach to agency assumed in much of
innovation and sustainable transitions theory (Rip & Kemp, 1998; Brugge, etal., 2005; Kemp, etal.,
2007), and the over-emphasis given to discourse and deliberation in some of the ecological
modernisation and networked governanceliterature (Hajer & Wagenaar, 2003; Christoff, 1996;
Sgrensen & Torfing, 2009). Thisis not to say these alternate approaches are inherently flawed.
Examination of the economics and infrastructures underpinning existing and future regimes are still
necessary to tracing possibilities for systematicreconfigurations of existing socio-technical regimes,
and may well yield furtherinsightsinto the interests of HFC community actors. Likewiseafocus on
the shifting discourse of the HFC community, and the deliberative forain which its members meet
may offer more finely grained analyses of the strategies and power relations between different
coalitions of actors. However, in providing aframework for sketching the emblematicvariation
betweenthe ideasandinterests of HFC community members, the actor centred constructivist
account providedinthisthesis provides an additional analyticframe that may prove valuable for

furthering and synthesising such work.

V. Summary & Conclusions
In seekingto provide an actor centred constructivist account of the HFC com munity, the research

reported oninthis thesis has soughtto address a gap at the intersection between science,
technology and innovation studies; network governance; UK energy policy literature as they relate to
HFC innovation. In particularitdrew insights from constructivist policy analysis and network
governance literatures to suggest attention be paid notonly tothe broad systemicandideational
landscapes, but to the relations between networked actors involvedin energy innovation
governance in practice. Proposing a case study of the HFC community as a means of elaboratingon
the HFC community while achieving adegree of cross-disciplinary synthesis between theseinsights;
the research embarked upon aninterpretivist-constructivist study at the level of the community
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itself, centred upon particular points of partnership and collaborative practices. Inso doing the
research has made a number of significant contributions to our knowledge of the HFC community

and literatures on transitions theory, energy and innovation policy.

Firstly the research outlined in this thesis has enabled the elaboration of the first formal description
and typology of actors currently present within the UK HFC community. Developed througha
synthesis between the datacollected, and insights from practice theory (Shove, et al., 2012),
constructivist policy analysis (Hall, 2011; Saurugger, 2013), and transitions approaches (Geels, 2002;
Schot & Geels, 2008); this typologyis notonly unique inits substantive focus. Italso provides
significantinsightinto the role of contextualised interpretation of interests in explaining how actors
at the level of the socio-technical nice orregime come torespond to developments at otherlevels.
Moreover, inidentifyingthe HFC community as comprising actors drawn from organisations which
share relatively narrow commercial and techno-scientificcompetencies and contexts, the thesis
raises questions asto the extentitcan claim legitimacy for greater policy supportfor HFC

technologies.

In identifying the logicof commercialisation as the primary rationale through which HFCs have been
incorporated into the formal institutions for UK energy innovation governance, Chapters8and 9
provide an account of how HFCs have beenincorporated intothe policy process. Moreoverin
identifying this logic, the thesis has shed additional light on how the emergent mix of market
liberalisation, decarbonisation and innovation paradigms (Mitchell, 2008; MacKerron, 2009; Kern, et
al., 2014) are beingrealisedin practice in formal institutions, governance networks and the

interpretations and strategies of policy actors.
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By looking to strategicpractices, the research was able to detail the formal and informal institutions
through which the HFC community has developed as a policy network; establishing links between
research institutes, early-mover and pre-commercial firms at the niche level and policy actors,
cautious and enthusiasticincumbents of the existing regimes forenergy and transport policy making.
In examining the strategicrationales guiding these actors interactions, the researcher was struck by
the extentto which, despite theirvaryinginterests and strategies, actors displayed high levels of
agreement asto what constituted legitimateand appropriate forms of participationinthe HFC
community. In particularthere existed ageneral agreement that conferences, projects, funding
deliberation, evidence production and lobbying were key focal points forthe formation of the HFC

community as a governance network.

However, the thesis has also noted that pre-existing economicand reputationalimbalances between
incumbent firms and otheractor means that while the formerare able to pursue their strategies
relatively freely, the latterare often required to adjust theirtactics and discourse to accommodate
the priorities of their more powerful network partners. Thisimbalance is to an extent the product of
the overarchinginstitutional structures and meta-governance strategies employed by policy actors,
groundedinthe logicof commercialisation. While actors within the HFC community retain adegree
of freedominthe strategies they pursue, itisunclearif any will be capable of challengingincumbent
led regimes for HFCinnovation, or where such regimes may be headed given their relatively narrow

base of support.

Finally while the researcher remains confident these conclusions remain crediblygroundedinthe
context of the HFC community, thisis notto say the claims made here will be directly translatable to

otherpolicy communities forenergy innovation. HFCs are a highly specifictechnology crossing not
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justenergy buttransportinnovation policy making, and the strength of automotive incumbentsin
shapingits development should not be understated. Moreover, they representasmall sample of the
overall range of emergent energy technologies being governed. While itis quite possiblethat the
findings presented here hold true for broader paradigms forenergy innovation policy and other
technology communities falling underthem, researchers looking to transfer the findings of this thesis
will need to attendto the specificorganisational and institutional contexts involved at these
alternative sites orlevels of analysis. Furthermore in speaking to the emblematicactors, institutions
and strategies of the HFC community, the thesis does not claim to speak to the HFC communityin
full, orto the specificity of individual cases withinit. In practice there existanumber of nuances and
differentiations that could not be presented here, ratherthis accountitself reflects aconstruct
designed to make the complexity and heterogeneity of the HFC community communicableto a wider
audience. Inthisrespectthe author hopesitwill be useful, bothin helping HFC community actorsin
clarifying their understandings of their wider networked context, and to the broader community of

constructivist, energy innovation and transitions theory scholars.
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APPENDIX 2: PARTICIPANT RECRUITMENT LETTER
Institute of Applied Social Studies

Muirhead Tower
University of Birmingham
Edgbaston

Birmingham

B15 21T

I
]
[date]

Dear [title] [firstname] [surname],

| am writingtoyou to request your participationin aresearch project currently runningjointly
between the University of Birmingham’s Centre for Hydrogen and Fuel Cell Research and Institute of
Applied Social Studies. The study is working to examine the role of social practices such as work;
language; and relationshipsinthe research and development of agreen energy technology. The
purpose of the projectisto gain an understanding of how a research and development of hydrogen
fuel cellsisworkingin practice.

[personal paragraph-why they have they been asked to participate note: referees should only be
named ifthey have agreed to be]

Your participation would involve an interviewlasting up to two hours at a place and time of your
choosing. Followingthe interview you willbe sentasummary of your interviewrecording should you
wish to add clarifications or comments, followed by a summary of preliminary findings which you will
also be able tocommentuponinwriting. Selected participants may also be asked to take partin
follow upinterviewsin 2013, though you will be able to opt out of all further participation following
the firstinterview.

Your participationin this project would be very much appreciated and findings from the study wil |

feed backintothe hydrogenfuel cell and technology policy communities with aview toimproving

communication and practices. Should you wish to participate in the study, orwould like toreceive

more information about the project please feelfree to contact me by email ortelephone using the
details provided above. Alternatively you may wish to contact the Project Supervisor; Dr Stuart

Connorby email at I . | look forward to hearing fromyou.

Yours faithfully,

Gareth Thomas

Doctoral Researcher

Institute of Applied Social Studies &

Centre for Hydrogen and Fuel Cell Research
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APPENDIX 3: ANONYMISED LIST OF INTERVIEW PARTICIPANTS

Case Description

1.

L 00Nk~ WN

=
o

11
12.
13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

*Note:

Consultancy Firm to Governmentand HFC
Industry
Early Mover Automotive Manufacturer 1

Early Mover Automotive Manufacturer 2
Energy Utility Incumbent

Energy Utility Incumbent 2

Government Department

Incumbent Automotive Manufacturer 1
Incumbent Automotive Manufacturer2
Incumbent Automotive Manufacturer 3

Incumbent Engineeringand Chemicals
Manufacturer
Incumbent Industrial Gas Manufacturer 1

Incumbent Industrial Gas Manufacturer 2
Incumbent Primary Energy Company

Industry Association

Local Authority 1

Local Authority 1

Local Authority 2

Pre-Commercial HFC Manufacturer 1
Pre-Commercial HFC Manufacturer 2
Pre-Commercial HFC manufacturer2
Pre-Commercial mCHP Manufacturer
Pre-Commercial mCHP Manufacturer
PublicBody 1

PublicBody 2

PublicBody 3

PublicBody (EU)

Research Institute 1

Research Institute 2

Research Institute 2

Research Institute 2

Research Institute 3

Indicative Participant Job Title*
Partner

Chief Executive

Chief Executive

Head of Micro Generation Technologies
Manager

Civil Servant

Head of HFCs

Manager

Government Relations Officer

Analyst and Manager

Manager-Hydrogen Energy Team
Manager- Hudrogen Energy Team

Head of HFCs and Public Body Board Member

Chief Executive

Civil Servant

Civil Servant

Civil Servant

Chief Executive

Chief Executive

Chief Financial Officer
Technology Officer

Chief Operating Officer

Chief Executive

Civil Servant

Civil Servant

Civil Servant

SeniorResearcher

Senior Professor

Manager

Professorand PublicBody Advisor
Professorand Public Body Advisor

Some Jobtitles have been altered to protect participant anonymity.

Case numberingrefers to different organisations/contexts
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APPENDIX 4: INTERVIEW SCHEDULE & TOPIC GUIDE

Interview Schedule and Topic Guide

BACKGROUND

Research Goal: To address the role of social actorsin the research and development of agreen
energy technology (hydrogen fuel cells) and increase our understanding of how low carbon
transitions policy is workingin practise.

Purpose of the interview: As someone whose work has adirect bearing on hydrogen and fuel cell
innovation yourresponses will be valuable in providing a description of the practices your work
involves, the views whichinformit and the wider community of which yourwork s part.

Research Questions:

1. Who are the keysocial, governmental andindustrial actorsin the field of Hydrogen and other
renewable energy promotion?
2. What strategies do actors employtoargue their case for or against Hydrogen energy?
3. How dothese actors and strategies affect furtherresearch and development of fuel cell
technologies?
INTRODUCTION

Introduce self and exchange pleasentaries

Briefly reiteratethe purpose of the study and explain the format of the interviewas a flexible
‘conversation with apurpose’, outlinethe topics to be covered,types of questions and ask if
participant hasany queries.

Ensure the participantis aware they will be contacted afterwards to provide feedback for
comments and possibly to request participationinafollow upinterview. Assure them they
may opt ut of thisat any time.

Provide reassurance of confidentiality, but remind participant of possibility they could be
identified ininterview extracts published under psuedonyms. Reassure them of theirrightto
commentoninterview summary priorto publication.

Remind the participant of theirright to withdraw at any time.

Askif the participantiswillingforthe interview to be recorded and gain writteninformed
consent usinginformation sheetand consentform.

Ensure participantis ready and begin recording.

THE INTERVIEW

Interviews in this study are with awide variety of individuals from a wide range of professional
backgrounds. Itis unlikely thatidentical question wording will be appropriateto each participatant,
differentterminologies may be necessary for questions on the same topic, and clarifications sought
insome cases where they are not necessaryin others. The following guideisintended to be used
flexibly and reflexively in the way most appropriate to the context of the interview and the
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participantin question. Belowisalist of five key topicareas that will require covering, they may be

coveredinanyorder that makes senseinthe context of the interview conversation.

Key topics:

Narratives of fuel cells or greentechnology: Getting the participanttodiscussthe ‘story
lines’ through which they understand fuelcells, the need forthem, the oppertunities and the
constraints on furtherresearch, development and adoption. Free narrativeis most
appropriate here butinitial questions might focus on the wider environmental, political and
economicclimate, publicattitudes, the reasons or purpose of the participants ownworkin
the field. Challenges may also be offered by suggesting alternate narratives tho those being
used by the participant which which they may chose to explore, contest orignore.

Institutional Setting: The organisationin which the participant works, its purpose, status and
culture. Questions may also relate to how decisions are made and actions carried out, and
how the organisation works with other organisations both in terms of officialand unofficial
relationships. Discussion of this topicmight begin with questions relating to the participants
roleinthe organisation, ‘what brings you here?’ orthe more general ‘how do things work
here?’, ‘who does what?’ beforeshiftingtothe percieved role of the organisation ‘what does
this organisationdo?’, ‘how’, ‘why?’. Final questioning on relationships with other
organisations might be approached by asking after percieved competitors, partners,
suppliers or customers.

Relationships: The participants role as a member of a professional community, the types of
people engaged with closely and those with whom contactis more remote. Questions may

relate to personal labels or short hand for their ownidentity in relation to others; engineer,
academic, environmentalist, research sponsoretc.

Practises: The day to day work of the participant, what this actually involves in terms of
concrete action and the meaningattributed to these actions. Begin with askingabout the
apparently mundane day to day activities of life inthe lab or office, ‘whatdoyou do?’, ‘how
do youdo it?’. Meaning might be discussed later using ‘why’ questions orinrelation to the
practices of others e.g. colleagues, competitors etc.

ENDING THE INTERVIEW

Once the above topics have been covered informthe participantthetyou have no more
guestions. Sum up whatyou understand as the key pointsinthe interview and askif the
participant would like to add or clarify anything you may have missed.

Offerthe participantthe opportunity to add anything theyfeelisimportant orshould have
been covered in more detail before shuttingdown the recording equiptment.
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Turn off recording equiptment and thank participant fortheir time, ask if they have any
guestions.

Explainthe process of participant referral and askif the participant knows any one who
might be prepared to be interviewed. Discuss how this may be arranged.

Remind participantyou will be intouch forthe purposes of:

- Mailinginterview summary & summary of findings forcomments

- Participantreferral (if relavent), and possibly;

- Arranginga follow upinterview

Reiterate that such contacts are optional and the participant will be able to withdraw from
themat any time.

Thank participant again leaving contact details should they have any furtherthoughts or
follow up questions.
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APPENDIX 5: PARTICIPANT INFORMATION AND CONSENT FORM:
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Gareth Thomas, Principal Investigatorus

Dr Stuart Connor, Project Superviso
Institute of Applied Social Studies, University of Birmingham

Information for Participants

Research Goal & Purpose: To address the role of social actors in the research and development of a
green energytechnology(hydrogenfuelcells).

Purpose of the interview: As someone whose work has adirect bearing on hydrogen and fuel cell
innovation your responses will be valuable in providing a description of the practices your work
involves, the views which informitand the wider community of which yourwork s part.

Nature of participation: The interviewwill be recorded and followa semi-structured, conversational
format. The interview shall last up to two hours, should you wish to take a break at any time please
informthe interviewer who can pause recording. Followingthe interview you will be sentasummary
of yourinterview recording, and later, asummary of the research findings, accompanied by requests
for any comments you may wish toadd. You may be contacted again to arrange a follow up interview
in 2013, participationinwhich will be subjecttoyourconsentat that time.

Topics Covered: The interview will coverthe work of yourselfand your organisation, your
professionalrelationships and the meanings you attribute to green energy technologies. Afterthe
interview youwill also be asked if you know of anotherrelevant person who you recommend we
interview, thisis optional and you are free to decline forany reason.

Confidentiality: Whilst best efforts will be made to maintain participant confidentiality, interview
extracts may appearunder pseudonymsin subsequent publications. Thereis therefore arisk that
participants may be identifiable through the content of such extracts. For this reason participants will
have the opportunity tocommenton or clarify interviewsummaries, and request access to full
transcriptions priorto any material being published. Alternatively you may opt out of beingdirectly
guotedinresearch outputs altogether, todoso, please tick here....................... []

Right to Withdraw: Should you wish to withdraw during the interview forany reason, please inform
the interviewer. Following the interviewyou will have a period of two months during which you may
withdraw from the study and have yourinterview data destroyed, after which time your datashall be
usedinline with the purposes outlined above. Participants will retain the right to withdraw fromall
follow up work at any time and can do so by contacting the principal investigator.

Data access and Storage: Interview summaries will be sent to participants by recorded mail within 1
month. Only the researcherand participant will have access to full recordings. Interview data will be
stored electronically until the completion of the project and destroyed thereafter. At all times data
will be stored under password protection, in line with the provision of the Data Protection Act
(1998). You may request access to your data at any time.

Participant Consent

| hereby agree that| give myfree andinformed consent to participatingin the research projectand
subsequent uses of myinterviewdataforthe purposes outlined above. | understand that my
information will be stored in accordance with the Data Protection Act (1998), and that all data
referring to my participation will be destroyed on completion of the project.lam aware that | am
free towithdraw from this projectat any time.

Signed (Participant):......ccceceeeeieeeeeeeeeeeieieeeeeeeeeeeeeeeeeeaesssssssnnnens Time & Date: ...........
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APPENDIX 6: EARLY NARRATIVE ANALYSIS FOR POLICY ACTORS

Body Parent Department & Context Meaning Relevant Activities Example actions
Competence and projects
TSB BIS GovernmentInnovation Agency | Energy and Transport are Funding competitions for UK Low Carbon
operatingunderthe auspicesof | largestamongthe 18 priority | businesseslookingtodevelop | Vehicle
Funderofinnovationfor | BIS. The TSBis tasked with areas the TSB funds onthe and demonstrate products, Innovation
business growth funding RD&D activitiesinareas | basis of theirglobal market upscale manufacturingand Platform
with global market potential for | potential. HFCs projectscan | build relationships with
UK companies. fall underboth. potential customers.
EPSRC | BIS Funded via BIS with strategic HFCs are funded under Open competition for SuperGen
inputfromotherbodies. Funds | ‘Energy’ as one of EPSRC’s academicresearch funding,as | Network Hub
Funderof academic academicresearchand seven core thematicfunding | well asfunding competitionsto
research postgraduate training to areas. host pre-designated centres CDT in H&FCs
develop knowledge and skills for research and postgraduate
pertinentto business, training.
governmentand capable of
making an impactto areas of
societal concern.
Carbon | Formerly DECC Not-for-dividend company HFCs as promising low- Providesfundingforlow- Investmentin
Trust established but by but carbon technologyinneed of | carbon technologiesviaequity | CeresPower
Business independent from DECC. investmentand support. investments, R&D funding
Decarbonisationand Tasked with acceleratingthe competitionsand tailored PEM Fuel Cell
Technology Assessment | move to a low-carbon economy businessand partnering Challenge
through CO, reduction, energy advice.
efficiency, and commercialising
low-carbon technologies.
OLEV BIS/DECC/ DfT Cross-Whitehall coordination FCEVsas ultra-low emission | Coordination between UK H2 Mobility
group for low emission vehicles. | vehicles governmentandindustryand | Project
Cross departmental Staffed by civil servants from provision of grants to reduce Low Carbon Car
knowledge of low BIS, DECC and DTI. purchase cost of Low emission | Grant
carbon transport vehiclesandinfrastructure.
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infrastructure,
regulationand
technologies
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APPENDIX 7: UKHM MEMBERSHIP AND RESEARCH PARTICIPANTS
The membership of UKHM has been somewhat fluid, and has expanded since field work forthe study
concluded. Table 1 contains those organisations participating during the period to which this thesis

refers, with Table 2 containing new entrants that have publicly announced their participation since
April 2013. Table 3 contains a list of organisations credited as participating in UKHMs market

research process.

Table1: UK H2 Mobility Participating Organisations to April2013

Participant Organisation

Nature of Business

Participation

Daimler AG

Hyundai Motor Company

Nissan Motor Manufacturing (UK) Limited
Tata Motors European Technical Centre plc
Toyota Motor Corporation

Vauxhall Motors

Johnson Matthey PLC

Intelligent Energy Limited

ITM Power PLC

Air Liquide Hydrogen Energy, SA

Air Products PLC

The BOC Group Limited

Scottish and Southern Energy plc
Department for Business, Innovation & Skills
Department of Energy and Climate Change
Department for Transport

Fuel Cells and Hydrogen Joint Undertaking
Morrisons

Incumbent Automotive
Incumbent Automotive
Incumbent Automotive
Incumbent Automotive
Incumbent Automotive
Incumbent Automotive
Incumbent Chemicals &
Engineering
Pre-commercial HFC
Pre-commercial HFC
Incumbent Industrial Gas
Incumbent Industrial Gas
Incumbent Industrial Gas
Energy Utility

Government Department
Government Department
Government Department
Governance Institution (EU)
Supermarket & Fuel Retailer

Phases1,2& 3
Phases1,2& 3
Phases1,2& 3
Phase 1
Phases1,2& 3
Phase 1

Phases1,2& 3
Phases1,2& 3
Phases1,2& 3
Phases1,2& 3
Phase 1
Phases1,2& 3
Phases1,2& 3
Phases1,2& 3
Phases1,2& 3
Phases1,2& 3
Phases1,2& 3
Phases2 &3

Table2: UK H2 Mobility Participating Organisations postApril2013

Participating Organisation

Industry Sector

Participation

Sainsbury's

Transport Scotland
Welsh Government
Greater London Authority

Supermarket & Fuel Retailer
Governance Institution
Governance Institution

Local Authority

Phases2 & 3
Phase 3
Phase 3
Phase 3
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Table 3: UKHM Research Participants

Company Nature Of Business
Arval Incumbent Car Hire
BVRLA Incumbent Vehicle rental and leasing association
CAP Incumbent Risk managementand valuations for

auto industry

Commercial Group

Incumbent Business Services

DHL Incumbent Logistics

Lex Autolease Incumbent Car Hire and Vehicle Leasing
National Grid Incumbent Grid Regulator

Sainsbury’s Incumbent Supermarket & Fuel Retailer
Shell Incumbent Fuel Retailer

UPS Incumbent Logistics
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APPENDIX 8: FCHJU GOVERNANCE STRUCTURE

FCH Joint Undertaking _

Governance Structure

External 'E

" FCHStates
; Representatives
1 Group :

e
e

Source: FCHIU, 2014, p.46
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