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Abstract

This paper focuses on arguably the single most striking contrast in contemporary major energy politics in
Europe (and even the developed world as a whole): the starkly differing civil nuclear policies of Germany and
the UK. Germany is seeking entirely to phase out nuclear power by 2022. Yet the UK advocates a ‘nuclear
renaissance’, promoting the most ambitious new nuclear construction programme in Western Europe. Here,
this paper poses a simple yet quite fundamental question: what are the particular divergent conditions most
strongly implicated in the contrasting developments in these two countries. With nuclear playing such an
iconic role in historical discussions over technological continuity and transformation, answering this may assist
in wider understandings of sociotechnical incumbency and discontinuity in the burgeoning field of
‘sustainability transitions’. To this end, an ‘abductive’ approach is taken: deploying nine potentially relevant
criteria for understanding the different directions pursued in Germany and the UK. Together constituted by 30
parameters spanning literatures related to socio-technical regimes in general as well as nuclear technology in
particular, the criteria are divided into those that are ‘internal’ and ‘external’ to the ‘focal regime
configuration’ of nuclear power and associated ‘challenger technologies’ like renewables. It is ‘internal’ criteria
that are emphasised in conventional sociotechnical regime theory, with ‘external’ criteria relatively less well
explored. Asking under each criterion whether attempted discontinuation of nuclear power would be more
likely in Germany or the UK, a clear picture emerges. ‘Internal’ criteria suggest attempted nuclear
discontinuation should be more likely in the UK than in Germany — the reverse of what is occurring. ‘External’
criteria are more aligned with observed dynamics — especially those relating to military nuclear commitments
and broader ‘qualities of democracy’. Despite many differences of framing concerning exactly what constitutes
‘democracy’, a rich political science literature on this point is unanimous in characterising Germany more
positively than the UK. Although based only on a single case, a potentially important question is nonetheless
raised as to whether sociotechnical regime theory might usefully give greater attention to the general
importance of various aspects of democracy in constituting conditions for significant technological
discontinuities and transformations. If so, the policy implications are significant. A number of important areas
are identified for future research, including the roles of diverse understandings and specific aspects of
democracy and the particular relevance of military nuclear commitments — whose under-discussion in civil
nuclear policy literatures raises its own questions of democratic accountability.
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EXTENDED ABSTRACT

This paper focuses on what is arguably the single most striking contrast in contemporary major energy politics
in Europe (and even the developed world as a whole): the starkly differing nuclear policies of Germany and the
UK. Germany is seeking entirely to discontinue nuclear power, aiming to phase the technology out by 2022.
The UK professes the aim of a ‘nuclear renaissance’ and plans to promote the most ambitious new nuclear
construction programme in Western Europe. With nuclear power continuing to assume such iconic cultural
and political salience worldwide — and constituting such a significant part of these and other countries
institutional and energy mixes — the stakes are high.

This paper is based around a simple yet quite fundamental question: what are the particular divergent
conditions that most contribute to producing such contrasting energy developments in these two countries?
Answers to this question may assist in wider understandings and conceptualisations of sociotechnical
incumbency and discontinuity. And they may be especially salient because — as we shall show — more fine-
grain appreciation of the circumstances of these two countries actually compound (rather than relax) the
evident discrepancy. The present study seeks to address this by developing and applying nine criteria from a
wide set of literatures concerned with explaining sociotechnical change. These are in turn constituted by 30
more detailed parameters, designed to explore key relevant and visible factors bearing directly on nuclear
incumbency and discontinuity in these two countries.

The nine criteria are: 1) general market conditions in the two countries in respect of different kinds of capital
investment in electricity supply; 2) the comparative degrees of penetration (and thus — to this extent —
associated influence) of nuclear power in the electricity generating mix; 3) the relative strengths of national
nuclear engineering sectors in terms of performance in manufacturing and operational equipment supply and
associated industrial lobbies; 4) the relative magnitudes and costs of the available national renewable resource
potentials; 5) the scale of established national industrial capacities and interests around technological
alternatives to nuclear power as a low carbon energy option (including solar, wind, offshore technologies); 6)
the relative scales of military-related nuclear activities and interests; 7) characteristics of relevant national
political institutions and elite policy cultures and procedures; 8) public opinion and the broader presence and
activity levels on the part of relevant anti-nuclear social movements; and 9) contrasts in variously-construed
ideas of the respective overall ‘qualities of democracy’ in the two countries. Together, these address a range of
factors that one literature or another has invoked in seeking to account for contrasting degrees of
entrenchment around nuclear power (or, indeed, more generally).

Despite the complexities, this ‘abductive style’ analysis finds a relatively clear picture with respect to the first
five criteria. These involve dynamics internal to the ‘focal regime configuration’ around nuclear power and
associated — variously construable — nested or overarching concepts of ‘sociotechnical systems’, ‘niches’ or
‘challenger technologies’. On this basis, it might be expected that Germany would be significantly less likely
than the UK to discontinue nuclear power. Indeed, these five criteria together might in this case be taken quite



confidently to predict the opposite of the observed pattern. Yet these criteria address the key basic ‘internal’
factors that tend to be emphasised in conventional analyses of dynamics in sociotechnical regimes and
sectoral patterns of innovation. In short, in these ‘conventional’ terms, the UK’s renewed enthusiasm for
nuclear in comparison to Germany’s nuclear phase-out seems rather hard to understand.

It is under the remaining four criteria — relatively remote from the focal regime configuration around nuclear
power — that seem to align more with the observed pattern of developments in the two countries. Particularly
important here, are the strongly differing military nuclear strategies and the contrasting qualities of democracy
in the two countries — which are alone in very clearly favouring the observed pattern of discontinuation in
Germany rather than the UK. As correlation rather than causality, this does not definitively explain the
contrast. But the fact is, that it seems in this important case of sociotechnical discontinuity, that the criteria
representing the most potentially relevant drivers involve dynamics that are quite remote from the focal
regime configuration.

Of course, nuclear power (like all large infrastructures) displays many distinctive features. There are many
ways in which this examination (like any analytical framework) might miss significant factors. But the fact that
a pattern so challenging to theory should apply in such an important case, does raise potentially significant
questions for conventional analysis of sectoral innovation and sociotechnical regimes in general. Crucial here is
that the dynamics of the focal regime configurations do not seem merely to be of secondary importance, but
are actually quite clearly aligned towards an entirely opposite outcome. So the observed pattern of events in
this case, apparently suggest that broader political factors typically marginal to existing theory, actually
dominate and reverse what would otherwise conventionally be expected to be the opposite picture.

In this respect, the present analysis reinforces some wider emerging literatures in this field. There seems
considerable scope fruitfully to move attention away from such exclusive concern with relatively narrow
dynamics specific to a focal regime configuration - involving specific (but variously-construed) categories like
‘regimes’, ‘landscapes’ 'niches’, ‘incumbents’ and ‘challengers’. What seems to come more to the fore in this
case, are more general and pervasive qualities in wider political structures, discourses and processes.
Seemingly especially important, is a rich body of recent discussion concerning diverse qualities of democracy —
which (despite many differences of framing) is unanimous in characterising Germany more positively than the
UK. Given associated levels of secrecy, it is relatively difficult to ascertain the importance of the additional
stark contrast in nuclear military strategies in Germany and the UK. This is currently the focus of some parallel
research by the present authors. But in the event this were a significant driver in its own right, the fact that
military nuclear commitments remain virtually unmentioned in British policy documentation concerning
rationales for supporting nuclear power, such secrecy would anyhow compound similar implications for
democracy. In other words, in that such poor transparency would support a hypothesis positing a wider lack of
democratic accountability.

Whatever the precise drivers, then, it seems quite compelling in at least this specific case, that this particular —
especially prominent — sociotechnical discontinuity is rather poorly understood by reference to the
circumscribed concepts highlighted in conventional narrow versions of transitions theory. What is evidently
more important here, are wider political factors relating broadly to general 'qualities of democracy'. Perhaps
then, democracy is itself — in all its diverse, multidimensional and contested forms — a relatively neglected
factor in the achieving of transformative sociotechnical change? Of course, this raises many counter-questions,
precluding any unequivocal conclusion even in this case. But there do at least seem important implications for
further research.



CONCEPTUAL AND EMPIRICAL BACKGROUND

Introduction

This paper is based around a simple yet under-explored query in relation to research on Sustainability
Transitions (ST) and socio-technical change: why are radically different pathways to sustainability undertaken
by different countries that are fairly similar in terms of their profiles regarding development, wealth, size and
existing portfolio of energy provision? The paper explores this question by examining perhaps the most starkly
differing examples of ‘sustainable’ energy policies in the ‘developed’ world: Germany and the UK. Germany has
set in motion a complex shift towards a decentralised low carbon energy system through phasing out nuclear
power by 2022 following the Fukushima nuclear disaster in 2011 (World Nuclear News, 2011). From the
perspective of some European governments and energy policy stakeholders, this is highly controversial. It is
also at this stage simply a policy commitment, rather than a realised end. But it is precisely in this role as a
firmly committed strategy, that the contrast is pronounced with the contrasting commitment in the UK,
concerning equally as-yet-unrealised plans to undertake a low carbon energy transition involving the most
ambitious nuclear new build programme in Europe (DECC, 2011). In both Germany and the UK, radical
emissions reductions constitute a key factor justifying the contrasting transitions. The difference in
motivations generating these general commitments cannot therefore simply be explained in terms of differing
intensities in policy interests favouring a low carbon economy. Rather, these two countries highlight the
diverse, ambiguous, contested and dynamic nature of pathways to sustainability (Leach, Scoones, & Stirling,
2010).

In these terms, these two contrasting case studies may provide fertile ground for building understandings
concerning the factors that generate divergent trajectories in socio-technical transitions — of a kind that
transcend singular notions of ‘low carbon transitions’. It is only a relatively recent development in the
sustainability transitions literature, that serious efforts have been made to build understandings of why such
divergences exist between differing national contexts (Coenen et al, 2012). And, as is discussed in more detail
below, the understanding of factors bearing upon different trajectories in relation specifically to civil nuclear
power, remain a relatively understudied aspect of sustainability transitions research in general. This case study
of the contrasting nuclear trajectories of Germany and the UK aims to contribute to both these agendas.

The Richness and Diversity of 'Regime Theory'

In assessing the differences between the cases of Germany and the UK this paper builds on burgeoning work
related to ‘sustainability transitions’ (Markard, Raven, & Truffer, 2012) and what might broadly be understood
as socio-technical regime theory (Geels, 2004). Central to such approaches is the idea that technological
change entails co-evolutionary interactions between technological artefacts, institutions, and agents. Over
time, new and innovative ‘niche’ technologies diffuse, transform and stabilise at ‘the regime level’ (Kemp,
Schot, & Hoogma, 1998) In so doing, new regimes arise, with differing sets of artefacts, rules and regulations
becoming apparent (Smith, 2007).



The idea of a technological regime was developed by Nelson & Winter (1982), conceptualising the dominant
engineering factors that guide technologies along particular ‘trajectories’. These ideas were further developed
by Dosi (1982), whose work on technological paradigms explored how impacts on contrasting directions of
innovation and associated patterns of continuous and discontinuous change are shaped by the interplay
between scientific advances, institutional variables, economics and technology. Focusing strongly on
sustainability challenges, recent studies of technological trajectories have been further developed to build
more detailed understandings of how markets, socio-technical, scientific, and cognitive aspects interact in
technological change (Geels & Schot, 2004; Kemp et al., 1998). As part of this broader body of study, the Multi-
Level Perspective (MLP) has been an especially dominant approach (Geels, Hekkert, & Jacobsson, 2008; Geels,
2002, 2006; Jgrgensen, 2012; Markard & Truffer, 2008). Beginning with a particular instrumental focus on
policy strategies for ‘Strategic-Niche Management’ (SNM), ‘niche’ technologies have been identified as a focal
point of entry — often understood as the key driver behind socio-technical transitions (Berkhout, Smith, &
Stirling, 2004; Kemp et al., 1998; Schot & Geels, 2008; Witkamp, Raven, & Royakkers, 2011). Successful niche
technologies may acquire momentum and eventually grow to such a scale that they constitute ‘challenger
innovations’ (Strunz, 2014) contesting the dominant position of whatever in this context is held to be the
‘incumbent’ sociotechnical regime (Grin, Rotmans, & Schot, 2010).

Socio-technical change is thus seen as usually occurring incrementally over a period of decades, as ‘niche’
technologies struggle to develop because they do not ‘fit’ with the dominant technological regimes already
established (Berkhout et al., 2004). Due to a range of factors including economics, guiding principles, industrial
structures, user relations and markets, policy and regulations, regimes are conceptualised as entailing semi-
coherent and mutually stabilising sets of rules and material constraints that make it challenging for new ‘niche’
entrants to emerge, as they do not conform to dominant technological regimes (or are even seen as
potentially destabilising threats by associated incumbent actors) (Nill & Kemp, 2009). However, it has been
noted for some time, that there has perhaps been too much attention on ‘niches’ as the central drivers of
socio-technical transitions (Raven, 2005; Smith, Stirling, & Berkhout, 2005), and not enough focus on
‘interactions’ between niches and regimes for example (Witkamp et al., 2011), where further explorations of
processes of ‘lock in” (Unruh, 2000), ‘path-dependency’ (Arthur, 1994; Pierson, 2000), ‘endogenous renewal’
(Berkhout et al., 2004; Geels & Schot, 2007), ‘entrapment’ (Walker, 2000) and ‘obduracy’ (Hommels, 2005) are
required to understand the regime level.

Recent attention in the sustainability transitions community has turned towards questioning how dominant
regimes maintain stability against ‘challenges’ from the niche level. This turn has been motivated partly in
response to the experiences of the practical application of the ‘transition management’ (TM) approach in the
Netherlands, where sustainable technological niches did not develop in the widely-desired way, but faced
significant challenges from incumbent actors ‘capturing’ and ‘resisting’ change. Here, the key formative
processes appeared to be dominated by wider political dynamics of various kinds (Hendriks & Grin, 2007;
Kemp, Rotmans, & Loorbach, 2007; Kern & Smith, 2008; Verbong & Geels, 2007). Such resistance by
incumbent actors within unsustainable regimes is argued to compound increasing urgency surrounding climate
change (and perceived policy failures in other responses), such as to further reinforce a dissatisfaction with
incremental understandings of socio-technical transitions, prompting instead attention to more ‘radical’
transitions enacted over shorter time frames (Markard et al., 2012; Nill & Kemp, 2009; Smith, Vo, & Grin,
2010). Incremental development of niches is increasingly thought of as an unreliable way to bring about the
necessary rapid change, without corresponding efforts targeted directly at ‘undoing’ and ‘destabilising’ the
incumbent regimes themselves (Geels, 2014; Turnheim & Geels, 2012). So, recent work has highlighted the
importance of dedicated governance interventions not only to support growing niches and challenger
technologies, but also deliberately to discontinue (Bergek, Berggren, Magnusson, & Hobday, 2013; Stegmaier
& Kuhlmann, 2013) incumbent unsustainable technological trajectories (Geels, 2014).



This paper takes this rich body of what we will call ‘regime theory’ as a starting point from which to seek to
build a specific understanding of why the intended discontinuation of nuclear power for electricity production
is taking place in Germany, whilst continuation and renewed nuclear enthusiasm are evident in the UK
following Fukushima. Whilst taking the ‘focal regime configuration” around nuclear power as the primary point
of enquiry, the present comparative case study, also seeks to speak directly to wider themes in the field of
‘sustainability transitions’ as addressed by the MLP. The MLP is of key relevance here, because its central aims
are so strongly identified with this interest — in seeking to influence “...the possibilities for inducing a regime
shift in energy technology away from fossil fuels” (Rip and Kemp, 1998); explaining how “...technical change is
locked into dominant technological regimes” (Kemp et al, 1998: 175), and answering the question of “...how
we can understand inertia, and how it is overcome” (Geels, 2002: 1258). The German Energiewende is
arguably the most pertinent example of a currently occurring politically deliberate ‘regime shift’. So, the extent
to which the MLP might be judged to provide requisite explanation or understanding of this case, remains a
matter of considerable relevance and legitimate interest.

However, the MLP is not the only relevant body of theory bearing on these phenomena. Indeed, this focus as a
starting point on ‘regime dynamics’ departs in some ways from much earlier comparative analysis of the
respective energy systems of the UK and Germany. These variously draw on frameworks and methods from
political economy, innovation and science and technology studies and critical policy analysis. Given their
purpose, many earlier studies justifiably take renewables policy as the primary focus of analysis, with
contrasting German and British nuclear decisions constituting an exogenous factor in building longitudinal
understanding of renewable energy policy developments. Such studies are generally not concerned with close
inspection of the regime dynamics around the nuclear industries of the UK and Germany in their own right
(Bailey, 2007; Kleiner, 2008; Klessmann, Nabe, & Burges, 2008; Lipp, 2007; Lockwood, 2014a; Lovinfosse, 2008;
Mitchell, Bauknecht, & Connor, 2006). Yet in previous literatures, nuclear technology has been highlighted as a
paradigmatic example of processes driving regime stability — providing canonical examples of constitutive
processes of ‘autonomy’ (Winner 1979), ‘lock in’ (Cowan, 1990) and ‘entrapment’ (Walker, 2000). Taking
account of this, other literatures have recognised the role played by nuclear power as a dominant force in
shaping wider energy regimes (Elliott, 2006). But again, the particular dynamics that mediate such effects in
the UK and Germany have only rarely been a focus of comparative attention.

The Present ‘Abductive’ Approach

This paper seeks to help remedy this relative lack of recent direct attention to the key elements that constitute
nuclear regimes. It does this by focusing commensurate consideration on key characteristics both of the focal
incumbent nuclear regimes in each country and on what are widely recognised as the principal ‘challenger’
technologies (Ansari & Krop, 2012). In the case of the present contrast between the UK ‘nuclear renaissance’
and the German renewables-based Energiewende (both aimed at low carbon transitions), the most relevant
supply side challengers in both contexts are renewable energy technologies. But — as will be elaborated later —
this immediately raises a question. The complex dynamics under scrutiny are crucially set within wider
contrastingly-defined sociotechnical regimes concerned with energy production and electricity generation.
And sociotechnical systems associated with both nuclear and other energy technologies may also be
subdivided into notionally more circumscribed, contiguous, overlapping or partly-nesting ‘regimes’. Likewise,
the constituting and bounding of what counts as a relevant ‘niche’, or ‘challenger’ will also be ambiguous and
contestable. For this reason, the assemblage of interacting sociotechnical phenomena at the centre of
attention here, will not take for granted the salience of a single self-evident ‘regime’. More will be said on
these conceptual issues below. But for now, the point is that the present effort to help understand conditions



for continuity or disruption, will be directed not at notionally definitive categories, but at the relationships
between them —referred to as a ‘focal regime configuration’.

This focus still allows due account to be taken of key insights in the broad body of ‘regime theory’ bearing on
this topic of large scale sociotechnical change. Based on central insights in these literatures, the paper
interrogates this focal regime configuration with a broad range of nine criteria constituted by 30 parameters
addressing (as will be shown) factors variously implicated in these literatures. Together, these criteria
articulate operational indicators for a wide range of what are variously held to be salient technical, economic,
social, and political aspects. As such, the resulting explicit and systematic framework is intended to encompass
a broad diversity of perspectives on regime dynamics in sustainability transitions, rather than a single
theoretical framework. It equally encompasses general theories concerning the orienting of directionality in
technological trajectories, as well as studies focussed on implications of attributed economic, technical, and
political features of nuclear power and renewable energies more particularly (Hultman, 2011; Jewell, 2011;
Linares & Conchado, 2013; MacKerron, 2004; Sovacool & Valentine, 2012; Verbruggen, Laes, & Lemmens,
2014). It is because of the resulting lack of dependence on a particular deductively explanatory framework or a
definitively testable inductive theory, that the present approach might be considered to be more ‘abductive’ in
style (Peng & Reggia, 1990; Josephson & Josephson, 1996; Aliseda, 2006; Magnani, 2009). In other words, as a
systematic abductive exercise, this study is an effort to explore a potential novel hypothesis in the context of
alternatives and inform a general understanding of its salience, rather than definitively test or assert this.

Taking each criterion in turn, provisional observations are made individually and transparently on a ceteris
paribus basis concerning the most likely hypothetical respective ‘directions of travel’ of the ‘nuclear regime' in
Germany and the UK with respect to the picture yielded under that criterion. Here, a distinction is helpful
between criteria that relate most strongly to dynamics that are ‘internal' to the ‘focal regime configuration’
around nuclear power (and its associated constituting and directly challenging structures), and those that
implicate wider and more pervasive 'external’ social and political factors. ‘Internal’ factors thus include those
processes most strongly explored by conventional regime theory, concerning relations within variously-
definable ‘regimes’ within or encompassing nuclear power itself and its supply chains (including the wider
electricity generating industry). Factors internal to this conventional focus of attention also include more
agonistic relations directly and immediately mediated by sectoral market, industrial and policy processes, with
emergent niches and potential ‘challenger regimes’ around renewable and other candidate strategies for
sustainable electricity production.

These ‘internal dynamics’ contrast with factors that might be understood to be ‘external’ to this focal regime
configuration, like general political culture, elite policy discourse, patterns of public opinion and wider
attributes of democratic governance. Some of these factors are not specific to the particular context of the
nuclear power regime within its sectoral setting in electricity supply, but are instead more generally pervasive
through each national political environment taken as a whole. This distinction can also be found in analysis of
‘regimes’ in approaches such as the MLP. Geels and Schot (2007) for example, differentiate between ‘regime
insider’ dynamics and ‘external pressures’ caused by ‘outsiders’ such as societal pressure groups, social
movements, “outsider professional scientists” and “outsider firms, entrepreneurs, or activists”. In one sense,
these external factors might be held to relate to what is often characterised as ‘the landscape’ in conventional
regime theory (Baker, Newell, & Phillips, 2014). But they are not just about ‘high level’, ‘long run’ processes
overarching regime developments (Hess & Mai, 2014). They are broader in scope, but also include many fine-
grain details of social and political culture that deeply pervade very particular constitutive features equally of
regimes and niches.

In this sense, some of what are referred to here as ‘external’ factors are increasingly well addressed in the
recent ‘political turn’ in sustainability transitions studies (Coenen, Benneworth, & Truffer, 2012; Geels, 2014;



Kern, 2012; Lockwood, 2014b; Meadowcroft, 2009; Normann, 2014). This involves attention extending away
from narrower policy aspects alone, to also encompass wider political dimensions of regime dynamics and the
actions of incumbents and new entrants (Baker, Newell, &Phillips, 2014; Geels, 2014; Hess, 2014;
Meadowcroft, 2009; Smink, Hekkert, & Negro, 2013; Stirling, 2014a).

But, in crucial respects, the scope of the present attention to ‘external’ political implications goes beyond
much of this discussion. It highlights the potential relevance of very general and pervasive constituting
features of political environments, that are not necessarily best viewed hierarchically as overarching levels, but
perhaps rather in more horizontal ways, as fabrics that constitute even the most specific loci in implicated
regimes or niches (Stirling, forthcoming). An example here concerns multidimensional consideration of the
general qualities of democracy in each respective national setting (criterion nine). And "external’ criteria also
include quite specific factors that are beyond the immediate environment of the focal regime configuration
around nuclear power, but which are nonetheless perhaps best understood as parallel characteristics in other
sociotechnical regimes rather than overarching ‘higher level’ environments. An example here concerns military
dispositions in each national case — and the depth of strategic commitment to capabilities for delivering
weapons of mass destruction (criterion six).

Although not central to conventional ‘regime theory’ in its present forms, the potential relevance of including
attention to these ‘external’ factors in this case, is highlighted more in older literatures on the political and
industrial circumstances of nuclear power. Anteceding the development of contemporary regime theories, this
work goes back to Ellul, Oppenheimer, Russell and Eisenhower’s ‘military industrial complex’ in the 1950’s
(Camilleri, 1984). Here can be found intense discussion bearing on the particular relevance of and for nuclear
technologies, of general considerations of democracy. For Lovins (1977) nuclear represented a “hard”,
centralised energy path which in part due to proliferation potential had profound effects on the very fabric of
society in terms of authoritarian forms of governance. Bookchin (1996) argued very explicitly that the
extension of democracy through decentralisation of power was prevented by the continuation of nuclear.

Such themes were also highlighted by Patterson (1977) who in a description of the ‘fissile society’ outlines the
ways that the specialist knowledge and historical military emergence creates an under-scrutinised technical
elite to which politicians ‘bow’ to without proper deliberation on differing technological trajectories that do
not include nuclear, later addressing the secretive nature of the ‘plutonium business’ (Patterson, 1984).
Langdon Winner also used nuclear to interrogate the ‘politics of artefacts’ arguing that there is a risk of the
‘mentalities’ and ‘social structures’ associated with nuclear ‘spilling over’ into society as a whole, with negative
effects on democracy (Winner, 1980). Indeed, discussions of ‘democratic deficits’ within nuclear decision-
making was previously a major theme of academic enquiry in many disciplines (Blowers & Pepper, 1987;
Massey, 1988; Schrader-Frechette, 1980; B Wynne, 1982). This comes together with issues around the nuclear
power industry itself, the huge military implications of national nuclear technological capabilities both in the
production of fission and fusion weapons and propulsion for high performance submarine platforms for their
effective strategic delivery. These links have long been strongly disavowed — even ridiculed — in much industry
documentation and associated policy analysis. A unique international regulatory regime has been developed in
order to assure effective separation. But — irrespective of the answers — the resulting persistent questions
raised by critics concerning secrecy and covert drivers in policy making, do also bring together issues of the
military salience of nuclear power with issues around the qualities of democracy.

In order to address (rather crudely) this issue of general contextual ‘qualities of democracy’, the 'external’
criteria developed for this paper will focus on a recently-emerging dedicated literature on exactly this theme
(Bihlmann, Merkel, & Miller, 2011; Economist Intelligence Unit, 2010; Hess & Mai, 2014; Lijphart, 2012;
Munck, 2014). Although well addressed in the earlier literatures sketched above, these issues are relatively
neglected in conventional regime theory. Indeed, some emerging concerns coming out of the Dutch transitions



experience have involved recognition that the TM approach reveals potential democratic tensions over who
decides the course a particular transitions pathway takes, and the means through which such decisions are
reached (Hendriks & Grin, 2007; Hendriks, 2009; Shove & Walker, 2007). In putting forward a countervailing
case for the democratic potential of TM, Jhagroe & Loorbach (2014) confirm a gap in the literature focussed on
democratic issues in the field of sustainable transitions. And outside the ‘transitions management’ field, recent
important work by Hess & Mai (2014), uses data on democratic ratings of countries from the Economist
Intelligence to draw attention to the overlooked factor of democracy in determining differing directions in
sustainable energy policy in South East Asia. So the present focus on ‘qualities of democracy’ as ‘external
factors’ not only chimes and builds on this recent work, but offers a way systematically to test in a particular
case, some of the key implications.

Some Conceptual Issues

In addressing these complex issues, some care is necessary at the outset to avoid an impression of
insufficiently nuanced or discriminating usage of terminology — for instance around concepts like ‘regime’ or
‘democracy’. On the latter, it should be especially emphasised, that it is not the purpose of this paper to seek
to draw conclusions concerning the relative ‘levels’, circumstances or overall status of ‘democracy’ in Germany
and the UK (whatever this may mean). Indeed, the paper will conclude by stressing the need for more dynamic
interpretations of democracy as processual and relational (rather than categorical) and as situated and scale-
independent (rather than synoptically-structured and context-free) (Stirling, 2014b; forthcoming).

A similar point might also usefully be made with respect to other concepts used above in setting the scene for
this study — like those developed in what is termed sociotechnical ‘regime theory’ (Rip and Kemp, 1998;. Geels,
2002; Smith & Raven 2012]. Here, the most important point distinguishing this study from much of the
literature surveyed above, is that it seeks to avoid simply reproducing the form of elaborate prior — deductive-
style — theoretical frameworks (like those concerning the ostensibly individually discrete and collectively
complete ‘levels’ of regime theory). Regime theory has been used as a deep and rich basis of thought from
which to formulate criteria for deductive-style reasoning and inductive-style hypothesising of contending
candidates as drivers of sociotechnical discontinuity. But the findings that this will yield will very deliberately in
this study, not be explicitly framed in advance in terms of the well-established categories like ‘niches’,
‘regimes’, ‘landscapes’, ‘phases’, ‘incumbents’ or ‘challengers’. Instead — as has been mentioned — this study
focuses on the less fine-grain relational concept of a ‘focal regime configuration’. This addresses what is for
our purposes, the most important locus for salient dynamics and relations operating between this
constellation of analytical categories. But it does this in a fashion that acknowledges that the resulting picture
is structured by ‘polar’ co-ordinates around the subjective focus of the observer, rather than implying an
objectively complete ‘Cartesian' framework of ubiquitous ‘levels’ or assuming that the boundaries and
mechanics of implicated entities and drivers have been precisely determined (Stirling, forthcoming).

Beyond the practical issues already discussed, the general conceptual reasons for this, centre on the under-
determined, relational and multidimensional nature of the social dynamics in this field. This arguably in any
case means concepts of ‘niches’, ‘regimes’, ‘landscapes’, ‘phases’, ‘incumbents’ or ‘challengers’ (like associated
broader social theoretic categories: actors, structures, relations and processes) are better addressed not with a
“monothetic glance”, but each as a “polythetic flux” (Ritzer, 2000). In simple terms, the ostensibly definitive
analytical categories used in this kind of theory are not actually self-evident, but to a significant extent in the
eye of the beholder. Crucially, the problem here is the categories themselves and their idealised relations, not
just the empirical instances. And if categories themselves are not necessarily definable in the kinds of clear-cut
ways suggested in their assertive usage (Borgatta & Montgomery, 2000; Schutz, 1967), then the implications
are profound for understanding and action.



So, with respect more specifically to the present case, it is often far more ambiguous than is typically conceded
which instances of real-world phenomena relate to which particular analytical categories (like ‘levels’ or
‘phases’) and what the implications might be. For instance, what exactly is a 'regime’ in this context (Shove,
2012): a particular nuclear design complex (Cowan, 1990); nuclear power as a whole (Berkhout, 1997); the
national electricity generating system in which these are embedded (Strunz, 2014); wider international
infrastructures and supply chains associated with electricity supply in general (Malerba, 2002) or the entire
technological and institutional environment of energy provision within which it is seamlessly entangled
(Hughes, 1989). Likewise, the most formative processes and relations behind incumbency or discontinuity may
in principle be more due to ‘horizontal’ relations linking continguous or overlapping regimes — within a ‘level’
rather than between them. And broader political theory also suggests balanced attention be given to
processes and power gradients that transcend any particular picture of relevant sociotechnical regimes, but
which are nonetheless less comprehensively expansive than ‘the landscape’. These are the reasons for
introducing the analytical device of the ‘focal regime configuration’ in order to recognise that what counts as
any one regime may be expected to be radically polythetic and ambiguous and only poorly captured in an
ontology of three nested ‘levels’ (Coenen et al, 2012).

This is important, because there is in this field as elsewhere in social science, a typically much stronger
reflexive relationship than is declared, between representations of the supposedly objective phenomena
under scrutiny and the subjective circumstances of analysis (Zizek, 2006). Assertion of analytical schemes using
these kinds of category may often be much less precise than they purport — saying more about the disciplinary
and policy imperatives bearing on the system of research, than the phenomenological dynamics of the systems
under research. As a result, all such formally codified category schemes may offer a good basis for building a
research community, at the same time as seriously under-characterising the totality of salient relations in the
real world with respect to which that community is ostensibly defined. Pressures for policy justification,
discipline-creation and identity-forming can foster more serious vulnerabilities than are admitted, to unduly
reductive simplification and hubris — and associated uncertainty, ambiguity, indeterminacy and surprise. The
fact that a reified single notional ‘eagle eye’ view of ‘the regime’ is very useful for the purpose of justifying
intended high level policy making, is not of itself necessarily sufficient to warrant its acceptance as a
satisfactory framework for describing the phenomena themselves, especially in the ‘toad eye’ view of typical
rea-world practice (Allouche, Middleton, & Gyawali, 2014).

Of course, as a general issue in academic enquiry, this latter point would bear as strongly on the current
analytical framework as those to which it owes a debt. It is for this reason that the present study attempts a
more abductive approach as described above, with respect to a range of specifically-defined criteria grounded
in other literatures, rather than an elaborate array of finely disaggregated but under-defined categories and
mechanisms. It is also for this reason, that the empirical argument forming the main part of the paper, is
substantiated wherever possible by reference to independently verifiable statistics (with all their
imperfections), rather than just the narrative interpretations of the authors. The categories used in defining
these parameters are relatively independent from those used to develop resulting understandings. So the
evidence deployed here remains socially-constructed and contestable. But the absence of such a close circular
relationship between constituting assumptions and concluding interpretations at least offers some measure of
accountability for the argument as a whole.

One possible reaction to this, concerns the apparent exception of the treatment of the concept of democracy
introduced in the last section. As observed above, the analytically problematic nature of this term combines
with its normative loading to present particular difficulties. These will be returned to in light of the empirical
discussion at the end of this paper. But for the moment, the use of the concept itself can be justified (in
keeping with the abductive style of this analysis) as a heuristic for addressing a relational process, rather than
a fixed framework for addressing a static category. In other work in this vein, democracy has been
characterised as a continual open-ended process of struggle by the least powerful to the capabilities for
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challenging power (Stirling, 2014) Drawing on a wide literature (Bourdieu, 1998; Gramsci, 1971; Luhmann,
1995; Lukes, 2005; Sen, 2000; Simon, 1991; VeneKlasen & Miller, 2002), this addresses 'power’ in all its diverse
and multidimensional forms as ‘asymmetrically structuring agency’ (Stirling, 2014b). So, the use of the concept
of democracy here does not invoke a singular apparently straightforward category. Instead, it implicates the
broad character of encompassing and constituting power relations, again allowing a more abductive, situated
and relational understanding of what ‘qualities of democracy’ might mean in any given setting. And this
characterising of democracy In terms of multiple polythetic relational qualities, rather than single notionally
unambiguous category helps avoid the dangers criticised above in relation to key concepts in conventional
regime theory. In setting the scene for this study, it can at least be argued that the concepts employed in the
framing of this enquiry aim neither at an axiomatic deductive structure nor a definitive inductive test for a
particular causal explanation. What is aimed at instead is an abductive contribution to understanding —
involving a robust exploration of the context, meanings and implications of one particular hypothesis in the
context of possible alternatives. Further elaboration of what this might mean, is best left until the findings
have been presented.

Case Study Background: Nuclear Power in the UK and Germany

Civilian nuclear power finds itself at a pivotal juncture. The technology could provide a source of low carbon
energy and has been compared in various life cycle analyses to wind and solar power in terms of the amount
of carbon emitted during mining, construction, and electricity production (Fthenakis & Kim, 2007; IPCC, 2012;
Lenzen, 2008; Sims, Rogner, & Gregory, 2003). Although there are critical assessments of such conclusions
(Barnham, 2015; Sovacool, 2008), what remains undisputed is the emissions produced through the life-cycle of
nuclear power are substantially lower than those produced from comparable fossil-fuel ‘base-load’
technologies such as large coal-fired power plants and gas-fired power stations (Kleiner, 2008).

However, predictions of an impending ‘nuclear renaissance’ (Nuttall, 2004) routinely espoused by industry
(Nuclear Industry Association, 2013) and governmental policy (DECC, 2013) remain far from certain.
Scepticism regarding the apparent imminent nuclear renaissance is justifiable not only due to the various
governmental phase-outs and cancellations occurring after the accident at the Fukushima Daiichi nuclear
power plant In March 2011 (Ramana, 2013), but also by rigorous analysis that simply points out the gap
between the rhetoric of nuclear advocacy compared with the actualities of new build programmes — a result of
various economic and political impediments, not to mention the presence of concrete policy alternatives
which further complicate any notion that a ‘renaissance’ is inevitable (Bradford, 2012; Schneider & Froggatt,
2014; Thomas, 2012).

Nuclear policy continues to be infused with a plethora of political challenges, controversies, and uncertainties.
These include unresolved issues surrounding waste disposal, on-going risks related to proliferation of nuclear
weapons, recent accidents, ‘negative learning experiences’ in terms of increasing costs over time, long lead
times for construction, public concern and protest, to name a few (Hultman, 2011). For these reasons nuclear

IH

remains one of the most “iconoclastically controversial” of modern technologies (Wynne, 2010: 1). The
multitude of issues highlights the important point that nuclear remains a ‘political choice’ rather than a
‘scientific necessity’ - the latter being a status often afforded to nuclear by certain contemporary analysis

(King, 2005; Lynas, 2013).

This recognition of nuclear as a ‘political choice’, relates precisely to the case study focus of this paper.
Arguably the comparison between the respective responses of Germany and the UK in response to the
Fukushima accident in Japan in March 2011 illuminates most clearly the political dimension of nuclear policy
and sustainable transitions more generally. Germany with its pre-Fukushima nuclear portfolio of 17 reactors
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producing a quarter of electricity, made the decision to phase-out nuclear completely by 2022, with the
immediate closure of 8 reactors (World Nuclear Association, 2015a). The UK with its nuclear portfolio
comprised of 16 reactors producing 18% of total electricity, reaffirmed its pre-Fukushima commitment to
construct around 16GW of new nuclear power by 2030, with potential for a total of 19GW after that (ibid).

Much has been written regarding the range of potential implications and challenges concerning the German
Energiewende (Bruninx, Madzharov, Delarue, & D’haeseleer, 2013; Griffin, Buisson, Criqui, & Mima, 2013;
Huenteler, Schmidt, & Kanie, 2012; Smith Stegen & Seel, 2013). Similarly, the UK’s nuclear policy has been
scrutinized mainly in terms of the potential difficulties that aiming to construct 16GW of nuclear power in a
liberalised energy market presents (Harris, Heptonstall, Gross, & Handley, 2013; Linares & Conchado, 2013).

What has not been focussed on to the same extent, is an inspection of the factors that influence the differing
direction of travel of the respective socio-technical regimes of the UK and Germany with respect to nuclear
power. This is the area this paper contributes towards. This paper speaks to literature that is focussed on
understanding the dynamics of ‘innovation journeys’ (Geels & Verhees, 2011; Geels et al., 2008; Schot & Geels,
2008; Verbong, Geels, & Raven, 2008), and why certain technological trajectories evolve in the way they do.
The comparison between the UK and Germany is also of importance in terms of understanding energy policy
more generally. As Ramana (2013:73) observes, “The Fukushima crisis, unfortunate as it is, offers a rare
opportunity to observe the shifts in nuclear policies of multiple countries in response to a common event”. It is
also identified that this remains an understudied line of enquiry. Researchers have shown great interest in why
some countries choose to pursue nuclear weapons or not, however not much work has been done on civilian
nuclear power, the literature remaining ‘sparse’ (ibid: 73). This paper contributes directly to this gap in the
literature.

Jewell (2011) focusses on the pressures acting in the ‘developing world’, with some previously non-nuclear
countries also deciding to pursue nuclear strategies based around a study of attributes of countries originally
adopting nuclear power, and the capacities that are required for such a path to be feasible. This outlines
wealth, large economy, political stability, ‘effective’ government, large electricity grid, security of fuel supply,
and international grid connections as being determinate in whether countries are likely to have the capacity to
adopt. This analysis however, focuses on decision-making prior to any nuclear programme being present in
the country rather than an understanding of what policies have recently emerged in countries with long
established nuclear programmes, and does not focus in more detail on aspects of politics, governance and
technological alternatives. Sovacool and Valentine (2012) focus on a varied set of socio-technical dimensions
which contribute to the evolution and maintenance of nuclear power programmes. They identify (amongst
other things), ‘centralised’ governance structures as being a necessary factor for a large nuclear power
programme. More specifically related to the case studies under consideration in this paper, the divergent
European responses to Fukushima and the political factors giving rise to Germany’s closure have been studied
(Jahn & Korolczuk, 2012; Winter, 2013; Wittneben, 2012).

However, these papers tend to look at the political conditions relating to the short time span following
Fukushima such as the local elections which were a main influence on the decision-making of the Merkel
Government, or aspects such as protest movements, and whilst such conditions are clearly important to an
analysis of the policy responses to Fukushima, this paper seeks to cover a broader range and time frame than
done so by work so far. However the present paper seeks to explore the wider and more long-term dynamics
that enabled such responses to occur, in order to build towards an understanding of the divergences between
the respective British and German nuclear policies. Exploring more long term processes of incumbent nuclear
technology in the Germany and the UK requires further literature related to stability and change within socio-
technical regimes.
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In seeking to address the questions defined above concerning nuclear power in particular and sustainability
transitions literatures in general, the selection of Germany and the UK as two country-based case studies is not
only warranted by the focal contrast in nuclear trajectories (Yin, 2003) The choice is also justified in relation to
other variables under which these two contrasting contexts are relatively similar on a world stage —in relation,
for instance, to rough parity of industrial development, broadly shared northern European political and
institutional cultures, similarly established histories of nuclear engineering, jointly secure penetration of
nuclear power in the generation mix — as well as the very general scales of population size, land area and
economic output. The point of the focal comparison around the divergent currently-committed nuclear
strategies, is not to imply that either case can be generalised to apply to radically divergent contexts
elsewhere. The central challenge point is more to take the opportunity afforded by this fortuitous conjunction
of similarities and differences, to explore in an abductive fashion, which kinds of factor might offer the most
persuasive basis for understanding the observed contrasts. Among other features, the relatively abductive
style of the analysis is underscored by the factors in question being quite intuitively applicable and constituted
by reference to a range of relevant disciplinary perspectives, rather structured in advance by reference to a
single theoretical framework for axiomatic deduction or inductive hypothesis testing (Peng & Reggia, 1990;
Josephson & Josephson, 1996; Aliseda, 2006; Magnani, 2009). The fact that the two countries are each
important equally in their own right and as arenas for global nuclear developments, together with the absence
of previous similar comparative studies, also reinforce this particular research design.

Factors Bearing on Nuclear Discontinuity in Germany and Continuity in the UK

This section introduces the particular criteria utilised to interrogate the cases of the German and UK nuclear
policies. It is developed both through a discussion of literature relating to key aspects of ‘innovation journeys’
and transitions (such as lock-in and path dependency), alongside general political economic considerations
hinging on resource endowments and industrial capabilities as well as factors arising in literatures on nuclear
power more specifically. Given the emphasis on the empirical case studies occupying most of this paper and
the following discussion, the authors are aware that the brevity of the discussion in each section of key
literature related to directions of innovation journeys does not do justice to the richness of this literature.
However, the discussion as a whole remains long, so for reasons of space each section has to be kept relatively
brief. Through the establishment of wide-ranging criteria related to nuclear power and innovation pathways,
the key factors requiring further exploration related to how incumbents in arguably stronger positions in
Germany are destabilised, whilst those in the UK in arguably more challenging circumstances maintain
positions of power, are identified.

A number of distinct concepts have been developed in order to understand the ways in which transformation
is inhibited in socio-technical systems and incumbency is maintained. These include ‘autonomy’ (Winner,
1999), ‘lock in” (Cowan, 1990), ‘path dependency’(Arthur, 1994), ‘entrapment’ (Walker, 2000), and ‘obduracy’
in ‘socio-technical imaginaries’ (Jasanoff & Kim, 2009). More recently, notions of ‘incumbent strategies’ have
been developed, adopting political-economic perspectives to analyse the ‘resistance’ of incumbents to the
diffusion of alternative technologies (Geels, 2014; Smink et al., 2013). Similarly recent attention has turned
towards understanding how such path dependent configurations can be ‘destabilised’ (Turnheim & Geels,
2012), as well more recent attention to the active discontinuation of well-established socio-technical systems
(Stegmaier & Kuhlmann, 2013).

Lock-in and path-dependency are focussed on here to draw attention to economic, technological, and

institutional dynamics which form barriers to transformation and sustain incumbent positions within socio-
technical systems. As Geels et al (2008: 522) illustrate, the lock in mechanisms which perpetuate incumbent

13



positions for existing technologies include periods of increasing return’, ‘learning by doing’, ‘scale economics’,
favourable regulations’, ‘sunk investments’ and ‘vested interests’. These factors can contribute to the ‘lock-
out’ of alternative technologies (Delrio & Unruh, 2007), and from an economic perspective it follows that the
greater the levels of industrial strength, sunk capital, Research and Development expenditure, stronger
networks, and more economically efficient a certain sector is, the stronger the tendencies towards path-
dependency and lock-in (ibid).

However, focussing on socio-technical regimes also draws attention to other crucial factors including struggles
over ‘framing’ of a particular technological artefact taking place in the public domain (Geels & Verhees, 2011)
which influence the direction of a particular innovation journey. Also crucial are ‘discursive struggles’ in the
policy domain (Kern, 2012), and the role of social movements in influencing technological selection. This
relates more to the political contestations taking place within innovation journeys (Meadowcroft, 2009),
opening traditional evolutionary economic approaches up to a wider analysis involving a wider set of political
and cultural factors. From the perspective of Science, Technology Studies (STS), the cultural significance of the
national political contexts in which technological development takes place has been explored using concepts
of ‘socio-technical imaginaries’ (Jasanoff and Kim, 2009) and ‘civic epistemologies’ (Miller, 2005). Identifying
this as an understudied line of enquiry, these frameworks examine the relationship between scientific
knowledge and political institutions including the state (Jasanoff & Kim, 2009). Understandings of socio-
technical imaginaries highlight how repeated patterns of decision-making and technological commitments
remain entrenched beyond the levels of individual regimes, pervading the entire domain of public policy
related to science and technology.

In terms of examining features of nuclear power itself and assessing why particular countries make the
decisions they do with regard to the technology, the main criterion cited in existing policy literatures have
essentially been limited to climate change mitigation and energy security, energy demand issues, and public
opinion (Sovacool & Valentine, 2012). It is fair to say that social science research on nuclear power has been
slow to catch up in terms of the analysis of a range of broader issues outside of these three dimensions, and in
particular, interrogation of factors relating to the political dynamics and vested interests that contribute to
choices over nuclear energy remains sparse (Sovacool, 2011) . This stands in stark contrast to previous rounds
of nuclear development where a range of political and democratic issues formed a focal point of analysis
(Blowers & Pepper, 1987; Byrne & Hoffman, 1996; Camilleri, 1984; Eckstein, 1997; Kitschelt, 1986; Massey,
1988; O’Riordan, 1988; Purdue, Kemp, & O’Riordan, 1984; Schrader-Frechette, 1980).

The criteria established to contrast the cases of the UK and Germany thus seek to encapsulate concerns
relating to a broad range of factors including technical, economic, political and cultural domains. Verbruggen
et al (2014) assessed what they referred to as the ‘actual’ sustainability of nuclear power by developing a set
of 19 criteria extending beyond the usual preoccupation with carbon alone. Their criteria are based around
four categories including environmental/ecological, economics, social, and governance/ policy (politics). These
include concerns such as the wider economic framework in which nuclear is proposed in consideration that
nuclear struggles to operate in more liberalised energy markets (Kahn, 1997; MacKerron, 2004). Hultman
(2011) identifies other key dimensions of nuclear technology which can be used as useful criteria including
military-related nuclear activity and how competitive a country’s particular nuclear industry is in terms of
general performance and economic efficiency.

As well as a focus on the incumbent nuclear industry, certain criterion also relate to the ‘challenger’
technologies within a ‘focal regime configuration’. Some environmentalists advocate gas (with or without
fracking) as a technology that might be utilised to reduce carbon emissions (Podesta and Wirth, 2009).
However, such scenarios are strongly disputed elsewhere (Davis and Shearer, 2014). In any case, it is
renewables that have persistently been identified as ‘the challenge’ to centralised nuclear power and fossil-
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fuels in literatures specifically related to the focal phenomenon of the Energiwewende. Neither gas nor
‘fracking’ are identified as having any long-term role in the Energiewende (Federal Ministry of Economics and
Technology, 2012; Morris and Pehnt, 2012). Thus, renewables can confidently be identified as the key
‘challenger’ technologies in this context, with gas remaining for present purposes beyond the scope of
analysis. The observed patterns in relation to nuclear and renewables apply in any event, irrespective of the
wider dynamics around gas. Similarly, energy efficiency could be identified as a ‘challenger’ policy. However
whilst it is true that Germany has demonstrated greater progress towards implementing energy efficiency, this
is balanced out by the fact that the UK has a larger unexploited ‘resource’ in terms of energy efficiency
measures, thus this factor is unlikely to be an important source of bias, unlike the variability in renewables.
Differences between energy efficiency policies of Germany and the UK and how this may impact on
technological choice, is an important area of future research however.

So, each individual criterion developed here, represents a consideration which arises in respect of some
literature or another as a factor that, all else being equal, might reasonably be expected to exert an important
influence on the prospects for the discontinuation of nuclear trajectories and its substitution by alternative
energy strategies. The resulting broad array of economic, technical, political, and social dimensions have been
assembled from a mix of literatures related to socio-technical regimes as well as nuclear specific studies. Taken
together, the group of criteria as a whole constitutes a set of considerations that might collectively be taken in
any interdisciplinary understanding to assume a generally more significant explanatory value, than any other
particular factors. The table below outlines the criteria, identifying whether they are ‘internal’ or ‘external’, the
rationale for each, and a selection of relevant literature.

Table 1: Criteria, associated parameters and selection rationale.
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EMPIRICAL APPLICATION OF CRITERIA TO CASE STUDIES

This section outlines empirical findings related to the set of criteria listed above. For each criterion it is
proposed whether discontinuation would be more or less likely to take place in Germany or the UK at the end
of each section. These propositions have their basis in literature on socio-technical change as well as nuclear
specific literature as detailed above. It is assessed whether the factors present in Germany or the UK related to
each criterion would be more or less likely to influence discontinuation in terms of how these factors are
thought to impinge on the direction of socio-technical systems in the broad sets of literature identified. What
was found to be the case was that criteria that related to the ‘internal’ factors of a focal regime configuration
would be thought to produce the opposite direction of travel than has actually occurred — the UK initiating
discontinuation policies and Germany continuing with nuclear power. Those factors ‘external’ to the focal
regime configuration fit with the direction of travel thereby suggesting these factors have an overriding
influence on discontinuation policies related to the focal regime configuration surrounding nuclear power. The
table preceding this page (table 2) summarizes the findings from the empirical section before each criterion is
discussed in detail.

1:0 General Market Conditions in the Two Countries
1:1 Market coordination

Nuclear energy has traditionally relied on strong levels of coordination by the state and has struggled to be
economically viable in liberalised energy markets (Thomas, 2010). The nuclear regime has depended on high
levels of state intervention in markets and coordination by government. A ‘varieties of capitalism’ analysis (Hall
and Soskice 2001) identifies paradigmatic differences in economic and market conditions in the UK and
Germany. In this view, Germany is the main example of a ‘coordinated economy’. This entails a strong role
played by the state in intervening to steer markets towards desired ends. Indeed, proactive support of a
variety of innovative energy technologies, suggests Germany as a possible example of an even more strongly
defined ‘entrepreneurial state’ (Mazzucato, 2013). Germany contrasts with the UK, which a varieties of
capitalism analysis holds to be (with the USA) a paradigmatic example of a ‘market economy’. In this case, the
prevailing trend is for lesser degrees of coordination from the state, allowing private investment and ‘price
signals’ to be not just the main instruments — but also key drivers —of policy. The coordinated approach of
Germany can be thought to be more in tune with the kinds of governance arrangements that favour nuclear
power.

1:2 General Public Spending

Over the past 20 years, the ‘coordinated’ nature of Germany’s economy has seen significantly greater levels of
general public spending as a proportion of GDP than is the case in the liberalised market economy of the UK. In
2011, public expenditure accounted for 44% of German GDP, with the same figure for the UK at 39% (Cottarelli
& Schaechter, 2010). In the year 2000, German public spending increased to 47% of GDP, with the
corresponding figure for the UK reducing to 37% (ibid). This general picture is compounded by specific figures
for energy R&D considered later in this article, but is in its own right potentially relevant to the general
conditions for transformation.
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Ceteris paribus proposition
Given the upfront capital costs and history of strong state involvement and spending with regards to nuclear

power, it could be argued that Germany’s higher levels of public spending and state intervention in markets
would favour the continuation of nuclear power and discontinuation would be more likely in the UK.

2:0 Degree of penetration of nuclear in the electricity generating mix
2.1: Top eleven nuclear generating countries

In 2009, before Fukushima, Germany generated more than twice the amount of electricity from nuclear power
than was produced in the UK (fig. 1)

Figurel: Top 11 nuclear generating countries, 2009 (billions KWh)
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Source: IAEA (2010)

The graph below shows in absolute terms that Germany produced significantly more electricity from nuclear
power in 2013 than did the UK, ranking seventh in the world for total nuclear generation, compared with the
UK positioned at ninth. This is despite having closed 8 reactors following events at Fukushima in 2011.
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Figure2: Top ten nuclear generating countries, 2013 (billions kWh)
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Source: Nuclear Energy Institute (2014)
2.2: Dependency on Nuclear power

The picture is even more pronounced when considering the longer timeframes over which the divergent cases
of the UK and Germany have developed. Table 3below outlines some key further differences that applied prior
to the Fukushima accident, in respect equally of the absolute scales of respective nuclear electricity production
and the relative degrees of national dependence on nuclear power. Figure 3 shows that the significantly
greater scale of the German nuclear electricity production extends back into historical periods well before the
development of the German Energiewende. Even as late as the Fukushima accident in 2011, the nuclear share
of total electricity production was 25% in Germany and 19% in the UK and the total amount of electricity
produced from nuclear in Germany was more than double that in the UK.

Table 3: Indicators of nuclear size and penetration in the UK and Germany

GERMANY UK
Total nuclear capacity MWe | 20,339 MW 10,038 MW
(2010)
Historic maximum nuclear | 171,305 99,486
production in one year (GWh) | (in 2001) (in 1998)
% share of electricity | 22.2% 16.27%
generation in overall mix
(2010)
Historic maximum % share of | 31% 28%
nuclear in generation mix
Number of reactors in 2010 17 16
Average size of individual | 1048 MW 581 MW
reactors (MW)
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Source: IEA (2015a); IEA (2015b) World Nuclear Association (2015a); World Nuclear Association (2015b)

Figure 3: German and UK Production of nuclear power (GWh) 1990-2012
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Figure 4: Percentage share of nuclear power in generation mix
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Ceteris paribus proposition

It is clear from this both in relative and absolute terms, that nuclear generation has long been significantly
more important in Germany than in the UK. Considering this particular factor in isolation then, it might
reasonably be inferred that Germany would face far greater challenges than the UK in seeking to close its
nuclear power facilities. On these specific grounds, any ceteris paribus assessment of likely relative degrees of
lock-in, would consider transformation in Germany correspondingly less likely than the UK.

3.0: the relative strengths of the nuclear engineering sector in terms of performance in
manufacturing and operational equipment supply and associated industrial lobbies

3.1: Performance of plants

The most crucial general measure of performance in the nuclear generating industry is load factor, referring to
actual output as a fraction of total possible output. In these terms, the 13 highest performing nuclear power
plants worldwide are sited in only 3 countries: 6 in South Korea, 5 in Germany, and 2 in Finland (Thomas,
2005). German reactors hold the first eight positions in Nuclear Engineering International's league table of the
reactors that have generated the most electricity to date (World Nuclear News, 2008). Load factor is an
important proxy for manufacturing and equipment quality, because it is dependent to a large extent on system
engineering. So it is relevant in this regard, that, the top three lifetime electricity generators (TWh) at the end
of 2011 were all in Germany - Grafenrheinfeld, Grohnde, and Philippsburg 2 (Nuclear Engineering
International, 2012). The best performing reactor in the world in terms of average lifetime load factor is
Grohnde in Germany (ibid). On many other indicators including construction costs, capital costs, operating
costs, and load factor, Germany is considered to host one of the best performing nuclear engineering
industries in the world (Bruninx et al., 2013). This is in strong contrast to the UK, where, as documented by the
Environmental Audit Committee report, Keeping the Lights On (2006) the UK performs strikingly poorly overall
on most international comparisons related to plant performance.

3.2: Comparison of constitution of respective nuclear industries in Germany and the UK
This section provides a broad overview of the different aspects of the nuclear supply chain that are present in

Germany and the UK. As background, figure 5 below summarises relations between these key nuclear
industrial activities:
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Figure 5: aspects of nuclear supply chain
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Source: World Nuclear Association (2015c)

The focus in this analysis is nuclear power itself (rather than ancillary industries). And it can be seen from the

above diagram that this holds a central place in the industry structure. Indeed, this is the activity that accrues

the vast bulk of the exogenous revenue streams that sustain the sector as a whole. So, it is reasonable to

begin an inspection of the industrial strength of each country’s respective overall nuclear industry with those

activities that relate most directly to the operation of nuclear generating plant. Table 4 details these.

Table 4: main nuclear industry in Germany and the UK

Germany UK
Reactor Vendor companies Siemens one of the most | No nuclear reactor vending since
successful reactor vendors in | the 1960s when UKAEA sold a total

world. Decades-long reactor sales
experience. Reactor sales to Bratzil,
Iran, Argentina and Eastern
European states until abandoning
nuclear operations in 2012

of 2 reactors to Japan.

Companies involved in
operation, ownership and sale
of nuclear electricity

RWE, E.ON, EnBW, all international
nuclear operators headquartered
in Germany

There is no UK headquartered
company that is a major nuclear
power utility company

Total commercial Turnover

£10 billion

£4 Billion

Nuclear labour force in civilian

nuclear power (directly
employed by nuclear
companies)

38,000 (civilian nuclear
excluding waste disposal)

power

30,000 (excluding waste disposal
such as Sellafield that employs
10,000 people)
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Sources: (Cogent, 2009; DECC, 2013; Environmental Audit Committee, 2006; Piening, 2001)

It must also be added, however, that the UK does have substantial nuclear expertise in other areas. In
particular, Rolls Royce manufacturers component parts for nuclear plants. Rather than new build however, the
UK’s nuclear industrial expertise now lies mainly with ‘backend’ processes, including decommissioning and
waste disposal, as seen in the figure below.

Table 5: Examples of other areas of nuclear activity

Germany UK
Provision of components and | Advanced Nuclear Fuels, Bilfinger | Rolls Royce (safety-critical
systems control technology Berger Power Services, Nukem | instrumentation and control
Energy technology), AMEC, Thompson

Valves, Glowserve Worcester
controls, Doosan Babcok

Decommissioning and waste | Gesellschaft Fiir Niklear-Service | Magnox LTD, Energy Solutions,
disposal (GNS), Nukemtechnologies Sellafield LTD, Dounreay Site
Restoration LTD, Cavendish
Nuclear Waste Management

Fuel Enrichment and associated | Urenco  (uranium  enrichment | Urenco
technology consortium between Germany,
Netherlands, and the UK)

Sources: (GNS, 2015; Nuclear Industry Association, 2015; NUKEM Technologies, 2015; NUKEM, 2015; URENCO,
2015)

3.3: Research and Development in nuclear power

Research and development in nuclear fission also provides an interesting basis for comparison between the UK
and Germany. The UK used to be a world leader in the development of fission technologies, with an R&D
workforce in excess of 8,000 and an annual R&D budget of over £300m/year in the 1980s. At present the
human capacity is less than 600 and funding less than 10% of the historical level (House of Lords Science and
Technology Select Committee, 2011). The UK Spends around 1.8% of its energy R&D budget on fission
research. This contrasts strongly with Germany, which as late as 2009 (despite a long term policy of phasing
out nuclear power), still spent 7.3% of its energy R&D on nuclear fission technology. Of the corresponding
figures for the UK, the Birmingham Policy Commission Report (2012: 80) found that “[t]his level is more
commensurate with a policy to phase out nuclear energy than an ambition to build new nuclear plants”.

Germany has consistently spent more money on nuclear-related R&D than the UK (fig. 6). The graph below

charts historic UK and German expenditure on nuclear R&D. The following graph (fig.7) which shows the
nuclear proportion of total civilian energy R&D spend in each country:
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Figure 6: UK and German civilian nuclear R&D expenditure in million Euro (2013 prices & exch.rates), 1974-
2013
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Figure 7: nuclear R&D spend as a percentage of overall energy R&D spend (%)

100
90
80 \
70 A
60 A

50 WW e GERMANY
40 \ \\

e UK
30 \’\

20

e

1974
1977
1980
1983
1986
1989
1992
1995
1998
2004
2007

2001
2010
2013

28



Source: IEA (2015c)

What is notable, is that despite phase-out being set in motion since the 1990s, German nuclear spend as a
share of overall energy R&D remains higher than the UK between 1993-2013. Regardless of nuclear policies,
then, the respective R&D pictures can be summarised as follows: the UK resembles in this respect a country
that is committed to a phase-out of nuclear power, whilst Germany’s expenditure resembles a country that
has a resurgent programme (Birmingham Policy Comission, 2012). As emphasised in a Carbon Connect report
chaired by pro-nuclear policy advocates Baroness Bryony Worthington and Charles Hendry MP, “despite the
return of new nuclear power to Government plans for power sector investment since 2007, a 2013 review by
the Government’s then Chief Scientific Advisor found that the institutional landscape and funding still reflected
the policy environment of the 1990s and early 2000s” (Lévéque, 2014: 25). What is more, as Figure 7 shows,
nuclear activity in the UK is focussed on “the past (decommissioning) the present (safety and performance)
and the very long term future (fusion), but not on developing new nuclear fission technologies or fuel cycles
for the medium to long term” (ibid: 25). This is not indicative of any significant pressure from vested interests
in R&D, towards attachment for nuclear power in the UK rather than Germany.

3.4 Share of global nuclear Patents (national aggregate and by company)

Another indicator of the relative strength of nuclear engineering activity, is the volume of patenting for nuclear
fission technologies. Whilst there are many pitfalls in seeking to use patent data as indicators (Pavitt, 1985),
there are nevertheless some striking results. The graph below (fig. 8) compares German patenting activity of
Germany with that of France, as arguably the long-run historic global leader in this field (Hecht, 1998). Despite
the contrast between a long-term nuclear phase out in Germany and a continued globally-leading commitment
to nuclear power in France (for instance, at 75% of electricity generation), this ‘innovation index’ approach
suggests Germany nuclear patenting activity actually increased from 1990 onwards despite policies putting in
place the beginning of nuclear phase out following the Chernobyl disaster.

Figure 8: German and French Innovation Index

0,140
0,120
0,100
0,080

— rman
0,060 Germany

0,040 \/V\_/\/\/\

0,020

France

Innovation Index

0,000

29



Source: Lévéque (2010)

As described by the author, “Despite this decision [to phase out nuclear power], Germany seems to innovate
more in nuclear technology than France. It has a better innovation index (as defined as the number of yearly
national patent applications in nuclear technology divided by the number of yearly national patent
applications in all technological fields) than France.” (Lévéque, 2010).

Another important comparison relates to the share of total patents relating to nuclear power over the past
few decades between countries. As seen in Figure 9, Germany has the second largest share of patents
following the USA, with 25% of patents, whilst the UK has 2% of the patent share. What can also be seen are
key differences in terms of what are considered to be the most innovative companies related to the nuclear
sector, where Germany also outperforms the UK (fig. 10).

Figure 9: Share of nuclear patents by country
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Source: Berthélemy (2012)
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Figure 10: patent applications for civilian nuclear power by country
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Three German companies (Siemens, Kraftwerk Union A.G, and Hochtemperatur-Reactor) can be found among
the top ten in the world for nuclear patent applications. The UK Atomic Energy Authority, has the second
lowest number of patent applications of the surveyed organisations, whilst the UK firm Babcock and Wilcox is
higher up, at 7" lowest from bottom. Babcock and Wilcox, is the UK’s largest defence contractor after BAE
Systems and Rolls Royce, and much of its activity relates to military nuclear technology developments.

In concluding this overview of key features of nuclear industry activity in the Germany and the UK, the table
below (table 6) summarises the overall picture.
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Table 6: Summary table of Nuclear industry in the UK and Germany

Germany UK
Total R&D spent on civilian nuclear | €31.4 Billion €16.6 Billion
1974-2012
% of total Energy R&D expenditure | 47% 51%
dedicated to civilian nuclear power,
1974-2013
Amount spent on nuclear R&D in | €11.7 million €3.4 million
2010
% of overall expenditure of Energy | 11.5% 3.4%
related R&D in 2010
Approximate number of patent | 1050 250
applications 1974-2008
% total of civilian nuclear patent | 25% 2%
applications 1974-2008

Ceteris paribus proposition

It is clear that Germany has a far stronger nuclear industry on nearly all counts as opposed to the UK, and on
this basis, the discontinuation of nuclear in Germany could be said to be less likely than the UK context.

4.0: Relative magnitudes and costs of available national renewable resource potentials
4.1 Overall renewable Resource

An important consideration when thinking about low carbon technological alternatives, are the potential
reserves available in the respective countries, and the costs and operational ease with which this can be
harnessed. This is a separate matter, to the relative capacities of the respective renewable industries, which is
a distinct criterion. In these terms, then, the renewable resource base is best understood as the energy that
might potentially be utilised under comparable assumptions concerning resource availability and economic
costs of exploitation. This involves both theoretical and technical considerations that are well explored in
various intensive studies conducted across different European countries on a comparable basis (European
Renewable Energy Council, 2010). The overall position as between Germany and the UK is quite unambiguous
and — again — quite surprising in relation to the pattern of developments in this field.

The UK has 40% of the total economic wind energy resource in Europe. It is repeatedly and without
controversy assessed to enjoy the best wind resources on the continent (HM Government, 2014). Scotland
alone has 25% of the total for the whole of Europe (The Scottish Government, 2014). As the ‘windiest place in
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Europe’ (EDF Energy, 2014), the UK also has vast potentials for viable offshore wind power. With one of the
longest coastlines in Europe at an estimated length of 12,429KM (CIA, 2014). the picture is similar for wave
and tidal power, where the UK alone is assessed to hold 50% of the total economic European potential (HM
Government, 2014). The Severn estuary alone presents one of the most attractive sites in the world for
development of large scale tidal power. In the case of hydroelectricity, most feasible sites in the UK are
considered to already be utilised (DECC, 2009), with the technical challenge lying simply (and more marginally)
in plant improvement. For these resource reasons, Wilson (2012) notes that a series of UK government reports
in the 1970s identified the UK renewables industry as being potentially the cheapest in Europe, leading to a
series of R%D proposals that will be discussed in the next criteria.

For its part, Germany has a significantly smaller share of the European economically-exploitable resource for
wind, wave and tidal energy. The German coastline is an estimated 2,389km (CIA, 2014) substantially smaller
than the UK, so there in absolute terms there is less potential for offshore wind, wave and tidal development —
the latter especially less favourable through the lack of exceptionally attractive sites like the Severn estuary
(House of Commons Energy and Climate Change Committee, 2013).

An important factor to also consider is the ‘Cost-resource Curves’ and future potential capacities and costs of
renewable resources of the respective cases of Germany and the UK. This combines economic data related to
wind turbines, the assessment of the number of ‘full load hours’ calculated by wind speed in a location at hub
height, as measuring the available land that is suitable for deployment that along with wind speed. Thus an
idea of potential amounts of production of wind power and the cost of achieving this amount is projected. The
graph from Held (2012) below (fig. 11) displays comparative cost-resource curves for on-shore wind across
European countries:

Figure 11: Cost resource Curve for onshore wind in European countries
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Clearly, the UK has the largest potential of exploitable wind resource as well as the cheapest wind resource in
the Europe, outperforming Germany. This is also the picture for offshore wind as seen in Figure 12 below:
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Figure 12: Cost resource curve for offshore wind resource in European countries
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Cost Curves for solar are harder to come by, however the Green-X study in 2003 does nevertheless give an
indication of capacity potentials for 2020 and cost estimates in €/ MWh. As detailed in Resch et al (2003) some
parts of the UK have comparable solar resource as Germany yet have not exploited this resource and
discrepancies between resource potenti