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B research article

Nuclear energy and path dependence in Europe’s
‘Energy union’: coherence or continued divergence?
ANDREW LAWRENCE1*, BENJAMIN SOVACOOL2, ANDREW STIRLING2

1 International Relations, Vienna School of International Studies, Vienna, Austria
2 SPRU – Science Policy Research Unit, University of Sussex, Brighton, UK

Since its initial adoption, the EU’s 2020 Strategy – to reduce its greenhouse gas emissions by 20%, increase the share of
renewable energy to at least 20% of consumption, and achieve energy savings of 20% or more by 2020 – has witnessed
substantial albeit uneven progress. This article addresses the question of what role nuclear power generation has played, and
can or should play in future, towards attaining the EU 2020 Strategy, particularly with reference to decreasing emissions and
increasing renewables. It also explores the persistent diversity in energy strategies among member states. To do so, it first
surveys the current landscape of nuclear energy use and then presents the interrelated concepts of path dependency,
momentum, and lock-in. The article proceeds to examine five factors that help explain national nuclear divergence: techno-
logical capacity and consumption; economic cost; security and materiality; national perceptions; and political, ideological and
institutional factors. This divergence reveals a more general weakness in the 2020 Strategy’s underlying assumptions.
Although energy security – defined as energy availability, reliability, affordability, and sustainability – remains a vital concern
for all member states, the 2020 Strategy does not explicitly address questions of political participation, control, and power. The
inverse relationship identified here – between intensity of nuclear commitments, and emissions mitigation and uptake of
renewable sources – underscores the importance of increasing citizens’ levels of energy policy awareness and participation in
policy design.

Policy relevance
This article highlights the significance of non-market forces in shaping the EU’s energy markets. It finds that intensities of
national commitment to nuclear power tend to be inversely related to degrees of success in achieving EU climate policy goals.
While the nuclear sector is increasingly economically uncompetitive and appears to be in decline for the EU as a whole, an
abiding political challenge remains one of increasing interests and incentives in popular participation and interest in energy
systems management.

Keywords: energy systems; governance; nuclear energy; path dependency; post-materialism

1. Introduction

The European Union’s (EU) 2020 Strategy aims to reduce greenhouse gas emissions by 20%, increase

the share of renewable energy to at least 20% of consumption, and achieve energy savings of 20%

or more by 2020. Since its initial adoption, this strategy has achieved substantial, albeit uneven,

progress. Between 2000 and 2014, the EU’s aggregate power plant capacity increased by
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116.8 GW for wind power, 101.6 GW for natural gas, and 87.9 GW in solar, while nuclear capacity

decreased by 13 GW, and coal and fuel oil each by 25 GW. Renewable energy increased in aggregate

from under 8% of commercial primary energy in 2004 to 15% in 2014, providing over 28% of total

EU electricity (848 TWh), of which 13% was generated from non-hydro renewable sources, and

recently surpassing nuclear energy’s 27.7% (831 TWh) contribution, which has declined by

47 TWh since 1997 (Schneider et al., 2015, p. 96).

This article addresses key questions around the appropriate role to attribute to nuclear power gen-

eration – both historically and prospectively – in achieving this strategy. This is a salient issue,

because nuclear power is a prominent and long-standing low-carbon electricity generating technology,

one widely considered essential to any plan for reducing carbon emissions but see Sovacool et al.

(2013). But this policy position raises a number of questions. For instance, it may be that persistent

commitments to nuclear power as a large-scale, capital-intensive, ‘lumpy’, centralized ‘baseload’

thermal generating option can actually impede contemporary moves towards more liberalized,

organizationally diverse, distributed, and networked systems of energy service provision, integrating

supply and demand in innovative, more information-intensive ways. Nuclear commitments can

have the effect of reinforcing institutional structures, market practices, and operating procedures

that militate against a move to renewable energy technologies of kinds that arguably offer a

more effective long-term basis for achieving low-carbon energy futures (Nugent & Sovacool,

2014). Other work have predicted a sobering number of likely future nuclear energy accidents on

the scale of Chernobyl and Fukushima as long as older reactors remain in use around the world,

questioning the underlying security and reliability of the technology (Wheatley, Sovacool, & Sorn-

ette, in press a, in press b).

It is questions such as these that this article seeks to address. First, it will discuss patterns of per-

formance across different groups of European countries in delivering carbon emissions reductions

and explore how these relate to the diversity of nuclear energy strategies observable among EU

member states. To do this, it first surveys the differing patterns of uptake of – and visions for –

nuclear energy. It then examines an array of interrelated concepts forming the basis for a range

of cross-disciplinary frameworks for understanding the dynamics of large technical systems like

nuclear power. Regardless of whether they be called ‘industrial sectors’, ‘technological innovation

systems’, or ‘sociotechnical regimes’, all are centrally defined by dynamics variously referred to as

path dependency, momentum, autonomy, and lock-in, of a kind that yield powerful forces of

self-reinforcement in technological, institutional, and cultural configurations such as those

around nuclear power.

The article then proceeds to examine factors that might help explain countries’ use and accep-

tance of nuclear power. These include differing technological capacities and consumption; econ-

omic conditions; energy security imperatives; political, ideological, and institutional factors; and

national perceptions. We analyse the record of nuclear power, compared to alternative low-

carbon energy technologies, in relation to these criteria. Although there exists much room for

interpretation, it is difficult to conclude from this that the contrasting patterns fully justify

countries’ commitment to nuclear power relative to alternatives. Apart from economic and security

considerations, it appears that additional – more political – factors must be taken into account in

order to understand more satisfactorily the differing degrees to which different European countries

are committed to pursuing nuclear power relative to other low-carbon options. The article
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concludes by asking questions about the role for more effective democratic engagement in addres-

sing general challenges of momentum, autonomy, and lock-in.

2. European Union nuclear energy diversity

While several EU countries are far from achieving any one of the 2020 Strategy goals, others are at or

near these goals; in some cases, without recourse to nuclear power as a ‘bridge’ to reduced emissions.

Nonetheless, despite a continuous decline worldwide since the mid-1990s as a proportion of total

electricity generation, energy generated from nuclear power plants (NPPs) – remains a significant

power source for the OECD, and even more, for Europe.1 Worldwide, all those countries with a gener-

ation of nuclear energy of over a million tons of oil equivalent (i.e. 1000 ktOE) per million population

are in Europe (i.e. Sweden, France, Finland, and Belgium), as are 8 of the top 10 per capita nuclear

energy generating states worldwide.2 Indeed, worldwide, three quarters of all countries with above-

average per capita nuclear energy production are European, as are 13 of the 14 countries worldwide

relying upon nuclear power for at least one-third of electricity generated.3

Moreover, in 2015 Europe was home to 132 reactors that produced one-quarter of the world’s

nuclear-generated electricity, and the UK, the Czech Republic, Finland, and Hungary have all formally

reported to the International Atomic Energy Agency (IAEA) that they plan to build new nuclear units

soon. The most recent data from the International Energy Agency (IEA) estimate $704 billion invest-

ment in European NPPs (and associated facilities for waste and decommissioning) from 2010 to

2015, the third largest of any region after China and the US (see Table 1) (IEA, 2015). Taken together,

all this serves to illustrate the continuing importance of nuclear power in wider European energy strat-

egies, as well as underscore the importance of European policies for the global future of nuclear power.

Crucially, however, this significant aggregate presence of nuclear energy in Europe masks a high

degree of diversity among EU nations. Nearly half of EU reactors are French, and an additional

quarter of the total are located in Britain, Sweden, and Germany. Indeed, European countries can be

Table 1. Nuclear Power Investment Projections from the IEA (USD billion)

Country/region 2012–2020 2021–2030 2031–2040 2041–2050 2010–2050

US 90 216 288 118 713

European Union 113 168 259 164 704

Other OECD 83 153 178 162 577

China 209 309 350 157 1025

India 21 120 114 158 412

Middle East and Africa 18 70 82 133 303

Russia and former Soviet Union 96 94 176 182 548

Other developing Asia 14 68 40 31 153

Other Americas 12 5 3 6 25

World 656 1210 1493 1115 4473
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divided into four groups with contrasting orientations in industrial-policy commitments to nuclear

power. Some EU countries have never had nuclear energy and have no plans to introduce it (e.g.

Ireland, Norway, and Denmark), or have had nuclear plans or functioning plants in the past but

have abandoned them over time (e.g. Austria and Italy). A second group retains some continuing

nuclear commitments, but has adopted deliberate plans to decommission existing nuclear plants,

eventually, without constructing new ones (e.g. Germany, Switzerland, Netherlands, and Sweden).4

A third group of countries plans to replace ageing nuclear units with new ones (e.g. the current impli-

cation of UK policies), or add new nuclear units to existing stock (e.g. Finland, Hungary, and Slovakia).

A fourth group includes countries planning to introduce nuclear energy for the first time (e.g. possibly

Poland). These groupings, together with each country’s Strategy 2020 progress in reducing emissions

and increasing renewables share, are shown in Table 2.

Several implications are evident from Table 2. Europe’s three patterns of active nuclear commitment

are roughly equally divided in scale. Those countries with no NPPs (Groups I and IV) together, are about

as populous as the Group II states (those with existing plants but explicit plans to decommission all of

them) and Group III states (those planning on continuing or expanding NPPs).

With reference to reductions in carbon emissions and adoption of renewables, clear relationships

emerge between patterns of achievement in these 2020 Strategy goals and the different groupings of

nuclear use.5 Significantly, it is Group II countries (planning to decommission nuclear power) that

have the highest average percentage of reduced emissions – 11% – with Sweden in the lead at 17%,

and all but Slovenia achieving reductions.6 Also significantly, the nuclear-free Group I countries

have the second highest average, 6%, with only Estonia and Latvia substantially increasing emissions.

The most uneven progress is among the Group III states (those with continuing commitment to

nuclear power), clearly divided between established democracies (Belgium, Finland, France, and the

UK) achieving substantial reductions, and former Soviet Bloc states (Bulgaria, Czech Republic,

Hungary, Romania, and Slovakia) significantly increasing their emission levels. The aspiring new

nuclear states in Group IV also show similarly increasing emission levels.

Regarding patterns of renewables adoption, the picture is even more striking. Non-nuclear Group I

countries (especially Iceland, Norway, Latvia, Austria, Denmark, Portugal, and Estonia) are making the

most progress at an average of a 26% increase in renewable energy consumption. Nuclear phase-out

countries in Group II are also at or close to 20%, averaging 19% (with Sweden the outlier at over

52%). The more nuclear-committed Group III and IV countries are falling slightly short, averaging

16% and 17%, respectively.

This empirical survey suggests that nuclear power will remain a significant presence in Europe for the

immediate future. However, it is likely to persist in only a minority of European states. Perhaps most

germane – and without necessarily implying causality – there appears to be a prima facie pattern

among the disaggregated groups of countries presented above: namely, progress in both carbon emis-

sions reduction and in adoption of renewables appears to be inversely related to the strength of conti-

nuing nuclear commitments. This article therefore addresses two related questions: Why did Group II

and Group III states initially adopt, and Group III states maintain, nuclear commitments? And in light

of these factors, why have Group II states decided to withdraw from these prior commitments? The first
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Table 2. EU/EFTA nuclear power profiles and 2020 Strategy progress, in %a.

Group averages in parentheses

Number of NPPs in parentheses Emissions reductions Renewables share

G I: no nuclear ( 2 6) (26)

Austria 2 16 32.6

Cyprus 2 5 8.1

Denmark 2 20 27.2

Estonia 11 25.6

Greece 2 4 15

Iceland NA 75

Ireland 2 20 7.8

Italy 2 13 16.7

Latvia 17 37.1

Luxembourg 2 20 3.6

Malta 5 3.8

Norway NA 65.5

Portugal 1 25.7

GII: all NPPs to be decommissioned ( 2 11) (19)

Belgium (7) 2 15 7.9

Germany (9) 2 14 12.4

Netherlands (1) 2 16 4.5

Slovenia (1) 4 21.5

Spain (7) 2 10 15.4

Sweden (10) 2 17 52.1

Switzerland (5) NA 21.1

GIII: extend, replace, and/or add NPPs (3) (16)

Bulgaria (2) 20 19

Czech Republic (6) 9 12.4

Finland (4) 2 16 36.8

France (58) 2 14 14.2

Hungary (4) 10 9.8

Romania (2) 19 23.9

Slovakia (4) 13 9.8

UK (16) 2 16 5.1

GIV: initial/resumed NPPs likely (15) (17)

Lithuaniab 15 23

Continued
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question raises the potential analytical relevance of path dependence. A brief review of several inter-

related insights in the economics and politics of technology – namely, ‘path dependency’ (David,

1985; Mahoney, 2000; Peters, Pierre, & King, 2005), ‘momentum’ (Hughes, 1994), and ‘lock-in’

(Arthur, 1989) – is therefore in order.

3. Path dependency, momentum, and lock-in: unpacking some key concepts

Social scientists have long observed self-reinforcing tendencies in interlinked configurations of tech-

nological and institutional infrastructures (Ellul, 1989). Philosopher of technology Langdon Winner

later noted that ‘technological systems’ have the tendency to become highly concentrated and centra-

lized, such that when they reach a certain level of dominance, they become institutionally and finan-

cially self-supporting (Winner, 1986; Winskel, 2002).

These well-established dynamics feature prominently in an array of more recent theories for under-

standing large-scale technological transitions, including the ‘technological innovation systems’

approach (Andreasen & Sovacool, 2015; Freeman, 1987), ‘technological determinism’ (Dafoe, 2015;

Wyatt, 2008), ‘the multilevel perspective’, and other kinds of sociotechnical regime theory. Yet

many scholars articulating some of their more elaborate recent incarnations have lost sight of the

essentially political nature of these dynamics of self-reinforcement. Imperatives for political justifica-

tion acting on both policy appraisal and academic analysis can lead to pressures to treat policy making

as a more managerial process, and to diminish the acknowledgement of the roles of incumbent vested

interests and power in shaping transition policies.

It is for this reason that some contemporary analysis in this field is urging a more deliberate refocus-

ing of attention on the dynamics of incumbency and power. Some of the most decisive ways in which

entrenched industrial interests can appropriate new policy agendas, and use them to resist governance

pressures that might otherwise destabilize and discontinue their constituting interests and commit-

ments, is by conditioning the terms of policy analysis and academic research themselves. In order to

avoid this, it is important to highlight the essentially political nature of sociotechnical change, in

Table 2. Continued

Group averages in parentheses

Number of NPPs in parentheses Emissions reductions Renewables share

Poland 14 11.3

aSources: EU Commission (2015, p. 27); Schneider et al. (2015). Emissions reductions are compared with 2005; efficiency measures the percentage
change from 1995 energy intensity per capita levels to 2013 levels. Renewables data includes various RE sources, including biomass co-firing and
existing hydroelectric generation.
bIt is debatable whether Lithuania should be categorized in Group III or IV. Lithuania’s Ignalina plant was in operation from the early 1980s until its
closing in 2009. Despite an October 2012 consultative national referendum on the future of nuclear power in which 63% voted against new nuclear
construction, in July 2014 the Lithuania Energy Ministry and Hitachi signed an agreement to set up a joint venture for the construction of the Visaginas
NPP. However, as of June 2015, further agreements with project partners Estonia and Latvia had yet to be signed (Schneider et al., 2015). It should be
noted for present purposes, however, that the general interpretation drawn here on the basis of this evidence in this table is not sensitive to the choice
of assigning of Lithuania to Group III or Group IV.
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ways that transcend claims to notionally comprehensive, supposedly definitively ‘evidence-based’

objectivity, of the kind typically invoked in more managerial accounts.

This is why it is worth revisiting how some of these foundational perspectives in the study of

technological transitions viewed nuclear power infrastructures, in particular. Whereas nuclear is

nowadays often regarded simply as one type of sociotechnical regime among many, several

decades ago theorists recognized that the way they operate is quintessential of the deeply political

self-reinforcing dynamics in infrastructures and institutions – and even more widely, in economies,

cultures, and political discourse – that are better understood as conditioning systems of governance

themselves.

Nuclear technologies appear deeply woven into the politics of modernity, fundamentally con-

ditioning modalities for the exercise of power and the experience of citizenship (Blowers, 1999; John-

stone & Stirling, 2015; Stirling, 2014.) As one environmentalist lamented in the 1970s: ‘The increased

deployment of nuclear power facilities must lead society toward authoritarianism. Indeed, safe

reliance upon nuclear power as the principal source of energy may be possible only in a totalitarian

state’ (Winner, 1999, p. 19). Entrenchment of nuclear technologies require the structuring of social

environments in particular ways (Winner, 1986, p. 32). Put simply, the distinctive nature of

nuclear technologies provides a convenient means for reinforcing wider pressures towards concen-

trated power and authority.

Nuclear technologies may also be viewed as autonomous because they embed in their design particu-

lar forms and imaginations of human autonomy, involving specific values, interests, and understand-

ings of the world. The sheer scale of a typical NPP reflects a very particular notion of progress,

highlighting principles of gigantism, scientific expertise, and the presumed domination of people

over nature.

More materially, the average capital cost of a typical contemporary NPP ranges between $5 and 7

billion, not including the costs of decommissioning and facilities for storage of spent nuclear fuel.

With investments of this scale and capital intensity, development of nuclear power requires a

society with access to particular forms and levels of financing. The continuous nature of nuclear

power production also fits best with energy-intensive societies in which electricity demand is also rela-

tively concentrated and stable. The distinctive hazards associated with the use of fissile and other

special nuclear materials mean that nuclear power infrastructures also require extremely tight security

precautions and associated authoritarian management of a society that must ‘become increasingly well

policed’ (Winner, 1986, p. 175).

A further discussion of more specific, well-explored mechanisms illuminates additional ways in

which these general kinds of self-reinforcement take place in technological trajectories, including

processes of path dependency, momentum, and lock-in. These describe how large-scale sociotechnical

systems (such as nuclear power infrastructures) become embedded in society and act, in turn, to

effect particular kinds of social and political relations. Energy systems are paradigmatic of the

ways in which massive volumes of labour, capital, and effort become ‘sunk’ into particular insti-

tutional configurations (Scrase & Mackerron, 2009). These can display strong ‘path dependencies’,

in that early formative conditions – even if only historically contingent – can exercise strong

lasting impacts on the continuing form of the sociotechnical systems. These impacts can be mani-

fest as a kind of ‘inertia’ that makes digression from the initial path very difficult (Knox-Hayes,

2012).
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Although such path dependency or inertia can be predicted, it need not occur in a linear fashion.

Mechanisms furthering path dependence can be complex, especially in sectors such as electricity

where nuclear power is deployed (Hughes, 1983, p. 15). Here, a technological system’s tendency to con-

tinue along a given path results from the actions of numerous stakeholders, such as educational and

regulatory institutions, those investing the necessary billions of dollars in equipment, and the

people working within an industry whose work and culture help shape this path. This kind of momen-

tum can be reinforced through an emphasis on ‘conservative’ inventions, that is, new technologies

that preserve the existing system. Managers of the system, wishing to maintain their control of

affairs, may seek increased efficiencies and profits, but do not want new and disruptive ‘radical’ tech-

nologies introduced.

Other legacies, including political regulations, tax codes, banking practices, and educational insti-

tutions can also come to protect the status quo. These can all co-evolve with the focal system in

such a way as to reinforce a particular trajectory and its associated social and institutional structures

and constituencies (Brown, Chandler, Lapsa, & Sovacool, 2007; Goldthau & Sovacool, 2012). In a

sector as large as the global fossil fuel sector, these political, technological, and behavioural forces

can serve to ‘lock-in’ otherwise diverse societies into similar kinds of structural configuration

(Unruh, 2000).

In sum, established approaches to the dynamics of technology and innovation across many disci-

plines support an understanding of nuclear infrastructures as much more than simple collections of

substitutable technical artefacts. Instead, nuclear infrastructures should be seen as heterogeneous con-

figurations of interlinked technological, institutional, cultural, and discursive patterns, embedding

particular kinds of social values. As a result, the configurations of interest around nuclear power

display much more formidable degrees of momentum and obduracy in their own particular favoured

directions for development. Simply arising from these emergent structures and gradients of power –

rather than from any conscious conspiracy – these resulting path dependencies consequently can

prove singularly effective in resisting or re-appropriating what might otherwise be challenging

forms of change.

Taken together, these tendencies are recognized in these wider literatures on sociotechnical change

as having the potential to bestow upon allied interests a high degree of autonomy. This perspective

informs the following hypothesis: that European commitments to nuclear power might be better

understood as superordinate, rather than as subordinate, to policy frameworks like the EU 2020 Strat-

egy. And it is in this light that it becomes necessary to be open to questioning whether nuclear infra-

structures are best seen as instruments of low-carbon energy policy, or as effectively autonomous

configurations of interests of a kind that can actually militate against effective alternatives for reaching

climate change goals. The following sections will explore key factors that arise in considering these

issues.

4. Explaining national nuclear divergence

The preceding discussion explains the still-dominant phenomenon of nuclear power’s persistence.

What then explains nuclear divergence in Europe? Amidst a diversity of financial, regulatory, and pol-

itical contexts bearing on nuclear power developments, two distinct conjunctures appear to be
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especially pertinent: the initial decision of whether or not to build NPPs and (for those that so decided)

the decision to maintain, expand, or terminate existing NPPs.

4.1. Capacity and consumption
Most states that have never actively pursued the development of a nuclear power programme have

lacked a sufficiently large, reliable, and/or regionally connected grid, capable of taking full advantage

of the large capacity (i.e. at least several hundred MWe) of a typical NPP. Thus, most Group I European

states are smaller (e.g. Luxembourg) and/or more remote, clustered on the coasts of the Baltic Sea

(Estonia, Latvia, and Denmark), the Atlantic (Norway, Iceland, Ireland, and Portugal), and the Mediter-

ranean (Malta, Cyprus, Italy, and Greece). Italy is more populous than the other states in this group,

and thus better placed to exploit nuclear power’s characteristic scale. But political factors deterred

the nuclear path in this case, just as they had done (albeit at the final stages in the commissioning

of a plant) in the case of the remaining Group I state, Austria.

By contrast with the Group I pattern, most states that established NPPs were larger and wealthier

than the global average, and had experienced higher than average growth rates for electricity consump-

tion in the years prior to the construction of their first NPP. In Europe, during the five years prior to the

construction of their first NPP, all the GII and GIII states experienced a wave of consumption growth of

at least 50% (and sometimes 100–200%) higher than the average electricity growth rate for the sub-

sequent three to four decades. All these states, except Romania, had prior growth rates of at least 5%

(with the former West Germany’s and Spain’s exceeded 10%), in contrast to Europe’s average rate

from 1960 to 2006 of less than 5% (Jewell, 2011, p. 1046, Table 2). Compared with the period from

the 1960s to 1980s, consumption growth rates have moderated for the EU as a whole over the past

two decades, but efficiency gains and the increased prominence of renewable energy sources have

changed this calculus considerably. Particularly with the liberalization of household electricity

markets since 2007, cost considerations have become increasingly prominent in discussions over

nuclear power.

4.2. Economic cost
Complete assessments of the relative costs of nuclear power require stipulation of factors (such as

assumed discount rates, time frames, subsidy rates, waste disposal arrangements, financial

regimes, contract structures, industrial policy, and alternative resource endowments) that are

highly specific to particular national settings. The calculus informing cases variously for maintain-

ing or extending existing NPPs (relevant to GII and GIII states) will obviously be different from

those informing new construction (relevant to all states). Nonetheless, it is possible to justify a con-

fident general observation (equally valid for Europe and beyond) that nuclear power has tended to

become increasingly expensive over time, whereas renewable cost curves have tended generally to

come down.7

NPP cost overruns are the norm, rather than the exception. In Europe, AREVA, the French state con-

trolled integrated nuclear company, went effectively bankrupt in 2015 after accumulating E5.8 billion

current debt on an annual turnover of E8.3 billion. This was in large measure due to cost overruns

associated with its Flamanville-3 NPP construction project, whose cost has more than doubled since

construction began, to E8.5 billion (US$11.6 billion) as of December 2012. Its associated delays have
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contributed to France becoming a net importer of power from Germany (by 5.9 TWh in 2014). Simi-

larly, Finland’s AREVA NPP is a decade behind schedule, and the latest official cost estimate has risen

to E8.5 billion (US$11.6 billion) (Schneider et al., 2015).

The underlying pattern is not the result of specific European attributes, administrative errors, or

design flaws, but appears to be intrinsic to the features of nuclear power itself. The US Energy Infor-

mation Administration (EIA)’s 2015 Annual Energy Outlook finds it to be the most expensive

among non-renewable technology and much more expensive than several renewable energy

sources, such as hydroelectric and (by almost 30%) onshore wind (US EIA, 2015). It should be noted

that these figures do not include subsidies or environmental costs. Once these are taken into

account, differences can be even greater.

The sheer complexity of NPP technology makes a substantial direct and indirect state role in the

various phases of its construction and operation inevitable, and with it, a substantial level of subsidies.

These include various capital costs, including subsidized access to credit, direct government guaran-

teed loans and investment in nuclear-related infrastructure, favourable amortization rates, and

higher permitted energy prices that effectively shift performance and investment risks from owners

to ratepayers. Subsidies that the sector enjoys include support for plant construction, capital goods,

research and development investment taxes or production tax credits, and capital write-offs, as well

as for operating costs; for building, operating, and remediating fuel chain facilities; and for access to

uranium ore, as well as for insurance costs for all participants of nuclear fuel chain.

Finally, adding to total costs is the public financing of government oversight of domestic industry,

international oversight through IAEA, carbon credits, nuclear waste management, on-site plant

decommissioning, and various market price supports. All these factors lead to the predictable

outcome that, in Europe as elsewhere, nuclear energy’s historically cumulative share of subsidies out-

weighs those of all other energy sources (see Schneider, Thomas, Froggatt, & Koplow, 2009, cited in

Sovacool & Valentine, 2012). Over the period 1970–2007, this has amounted to over E220 billion in

direct support to nuclear energy alone. Nuclear also commanded the lion’s share of indirect support

for research, development, and demonstration – over E60 billion, more than all other sources com-

bined. With reference to contemporary support levels, the EU-28 contribute over E6 billion to

nuclear energy, behind only biomass, coal, solar, and onshore wind, and ahead of offshore wind,

geothermal, hydro, oil, and natural gas sources (Ecofys, 2014, pp. iv–vii).

A useful baseline for assessing the opportunity costs of NPP support is the proposed subsidy of

the UK’s Hinkley Point C NPP. If constructed, this would be the UK’s first new NPP since 1989. The

European Commission (EC) estimates overall capital costs to be E43 billion, and in October 2014,

concluded that the modified terms of project financing for the plant ‘are compatible with EU

rules’. These terms include a feed-in-tariff strike price guaranteed for 35 years and initially set at

108 E/MWh with a UK Treasury credit guarantee. At this level of support, a static calculation of

costs – assuming no future change in either Hinckley’s or renewables’ costs and economies of

scale – shows clearly that more electricity could be generated using small-scale hydropower,

biomass co-firing, or onshore wind, than is forecast for Hinkley. While total energy cost savings

for replacing Hinkley with investment in onshore wind are calculated at 2% for the UK, for

France they would amount to 63%. Similarly, equivalent investment in small-scale hydropower

would yield France 51% savings, and Poland 31% (Mraz & Wallner, 2014, p. 82).
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Moreover, this static calculation is unduly conservative, since it assumes (optimistically for nuclear

power) no cost overruns or malfunctions for Hinkley and (pessimistically for renewables) a sudden halt

in the steady improvements in cost and efficiency of renewable sources. A more realistic calculation

taking the latter factor into account (and a concomitant reduction in need for renewables’ subsidy)

sees the UK’s savings increase to over 8%, France at 25%, the EU-28 average at over 37%, Germany

at over 39%, the Czech Republic at nearly 52%, and Poland a savings of nearly 75% (Mraz &

Wallner, 2014, p. 84).

A fuller account of environmental costs yields even greater discrepancies. Recent analysis by Ecofys

commissioned for the EU that includes estimated environmental costs for various energy sources prices

plants fired by hard coal at roughly 95 E/MWh, by lignite coal at over 80 E/MWh, by natural gas at

35 E/MWh, nuclear at over 20 E/MWh, utility scale solar at 15 E/MWh, and onshore and offshore

wind-, geothermal and hydropower each at under 10 E/MWh (Ecofys, 2014, p. 37). In short, in

several assessments, nuclear power is not price competitive (Goldberg, 2000; Koplow 2004, 2011). Simi-

larly, the carbon footprint of nuclear power is found to be larger than that of renewables or policies pro-

moting energy efficiency (Cooper, 2014; Jacobson, 2009; Keepin & Kats 1988; Proops, Gay, Speck, &

Schroder, 1996).

The preceding discussion not only shows nuclear power to be increasingly uncompetitive in terms of

cost, but also that the politics of cost has become increasingly ‘Europeanised’ – that is, politicised at the

EU level. The conjuncture of the EU’s energy market liberalisation and its increasing coordination of

member state energy policy render new nuclear power construction in particular less politically, no

less than economically, viable.

4.3. Security and materiality
Security concerns can exercise particularly strong shaping effects on answers to the question of

whether or not to adopt nuclear energy. These effects, however, are potentially radically contrasting,

depending on which type of security concern is predominant (Kuzemko, 2013). For a clear majority

of NPP states, the overriding concern was military: they either pursued nuclear weapons programmes

(as in France and the UK) or actively considered doing so (as in nations like Spain, Sweden, Switzerland,

Romania, and the former Yugoslavia) (Cooper, 2014; Jacobson, 2009; Keepin & Kats, 1988; Proops,

Gay, Speck, & Schroder, 1996).

However, all NPP states in Europe initiated construction of their first NPP prior to the 1986 Cherno-

byl disaster, after which enthusiasm for nuclear power substantially diminished, both in Europe and

worldwide. This outcome is partly consonant with Inglehart’s ‘post-materialism’ thesis – which

argues that generationally and over the longer term, sustained growth fosters a broad shift in societal

values emphasizing rights, quality of life, ecology, and sustainability. In this view, younger generations,

particularly in more established democracies, place greater emphasis on issues pertaining to post-

material values, outcomes, and modes of political participation, compared with the newer states’

greater emphasis on quantifiable increases in material goods (Inglehart, 1997).

Yet this pattern is only partially validated by Eurobarometer data on surveyed attitudes about

nuclear power. Exceptions cannot be explained with reference only to ‘material’ factors, such as reces-

sions, that often reverse trends towards post-materialism (Kroh, 2008). While anti-nuclear protests –

one of Inglehart’s paradigmatic examples – in some cases are consonant with this thesis (Opp,
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1990), the strength of national discourses and ideational legacies vary considerably and in ways that

cannot be explained by such oft-cited variables as education and income levels. In fact, the discussion

that follows indicates that surveyed attitudes only partly support thesis. Nuclear power remains com-

paratively more popular, for example, in such established democracies as Finland. In many key EU

national contexts, sustained government-backed mass communication strategies have systematically

downplayed NPP costs and risks and helped foster a relatively poor quality of public awareness and

debate – leading to public attitudes more favourable to the continuation of nuclear power (Marti-

novský & Mareš, 2012).

4.4. Political, ideological, and institutional factors
Nuclear power is a product of the Second World War, whose swift growth in the 1950s to 1970s is

intertwined with nuclear weapons development and production. All current major commercial

nuclear reactor designs have evolved from concepts originally optimized for military purposes of

plutonium production or submarine propulsion (Cohn, 1990). With wider cultural connotations

and implications for national technological prowess, civil nuclear power has never been promoted

purely on cost-based grounds (Hecht, 1988; Jasanoff & Kim, 2009). And these Cold War ideological

dimensions show a remarkable persistence even in the face of post-Cold War geopolitical

conditions.

Some of those elements of the formative mix of drivers that are most closely associated with statist

practice have been less evident over the past quarter century – such as the ideology of economic inter-

ventionism, the subordination of political opposition, and states’ roles in centralizing and coordinat-

ing energy stakeholder networks. Others elements, however, are (at least in certain contexts) more

durable. These include the connection in the national mind between nuclear power and national

security, secrecy, and expert-driven technocratic ideologies. The sector has also displayed an unusual

capacity to externalize its risks and costs to populations that are inadequately consulted, and often pol-

itically and socially marginalized. These include future generations, but contemporary citizens and

consumers also typically enjoy only minimal influence on the development of nuclear projects. Suc-

cessful nuclear developments often depend on a society’s low levels of civic activism, and a complacent

and uncritical media.8

A final element that helps – in this case paradoxically – to maintain popular support for contin-

ued nuclear energy production is the long-lived nature of its waste. Generally, one ton of highly

radioactive waste is generated for every four pounds of usable uranium, and each nuclear reactor con-

sumes an average 32,000 fuel rods over the course of its lifetime. This means that a single nuclear

plant will produce about 30 tons of high-level waste each year, with an aggregate half-life of

several thousands of years (Macfarlane, 2001). In other terms, the world’s fleet of nuclear power reac-

tors creates about 10,000 metric tons of high-level spent nuclear fuel each year. Eighty-five per cent

of this waste is not reprocessed and most is stored on-site in special facilities at NPPs (Sovacool &

Cooper, 2008).

Apart from creating an obvious environmental challenge, radioactive waste contributes to the path

dependency of nuclear power in two ways. First, there is the hope that the irradiated fuel itself might

one day be reusable, creating (where pressures to do so apply) a perverse incentive to generate or

accumulate as much of it as possible as a future resource. The industry has argued that methods
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such as mixed oxide fuel (MOX) and uranium extraction plus (UREX + ) can transform spent fuel into

new usable energy through the process of transmutation (Le Dars & Loaec, 2006).

Another factor ensuring commitments to nuclear trajectories is the immense investment in time,

capital, and operations to plan, build and maintain nuclear waste management facilities. Once a

design has been settled on, the marginal cost of building a second or third facility will be a fraction

of the first project, creating an incentive to use the accumulated knowledge to manage larger

volumes of waste (Hardin, 1999). Building the first facility creates additional incentives to build

more and invest in the expertise gained. The need to build up nuclear-dedicated organizations and

career structures to keep nuclear waste management going exercises an institutional dynamic that

further reinforces economic pressures to maintain or expand nuclear power trajectories.

4.5. National perceptions
Historically, part of the attraction nuclear energy held for state planners was its association with

national visions of progress (Hecht, 2006, 2010). These led them systematically to overestimate the

advantages to be gained from nuclear energy, to discount the likely magnitude of its present and

future costs – all without an adequate understanding of current economic or technical compatibilities.

Although the future envisaged for nuclear power was often implausibly dramatic and intangible, the

vision often exerted a very real effect on contemporary policy dynamics.

Despite the history of repeated disappointments, generally positive assessments of nuclear power’s

future and its associated political culture of technological optimism remain – at least to some degree –

alive and well in many areas of Europe. Eurobarometer data from 2009 (i.e. prior to the Fukushima dis-

aster) suggest that Europeans at that time valued nuclear energy primarily as a means to decrease

energy dependence, and, to a lesser extent, as a means for nations to ensure more competitive and

more stable energy prices while addressing the challenges posed by climate change. Although fewer

than one-fifth of respondents believed that nuclear energy’s share in the energy mix should be

increased, and a majority would either maintain or reduce the current level of nuclear energy as a pro-

portion of all energy sources, respondents in countries with operating NPPs showed more positive and

confident attitudes.9

This phenomenon is exemplified by the Czech Republic, whose government has explicitly cited

France’s extent of nuclear dependency as a model for its future development, through the addition

of reactors with 2500 MWe capacity. In this, the government is supported by its electorate: support

for nuclear energy is stronger in the Czech Republic than in any other EU member state, with 59%

of Czech citizens saying that the benefits of this source of energy outweigh its drawbacks (Černoch

& Zapletalová, 2015, p. 166).

Yet even this level of enthusiasm has its limits, and when the country’s nuclear parastatal proposed a

state-guaranteed electricity price to help fund new reactors in 2013, the national regulatory authority

rejected the proposal. Such fiscal constraints help explain why nuclear proponents, both in the Czech

Republic and in Poland, took considerable inspiration in the EC’s judgement in favour of UK state

financial support for Hinkley C construction (Černoch & Zapletalová, 2015, pp. 167–168). They

reasoned that the EC should be obliged to decide favourably in their cases as well, regardless of any out-

standing differences among the cases in terms of sites, regime stability or accountability, or national

financial capacity.
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In general, support or opposition for regulatory extensions to the lifetimes of existing nuclear plants

depends on respondents’ perception of their safety. Although over half of the interviewees perceive

nuclear energy more as a threat than a neutral source of energy, one-third see nuclear energy more

as an advantageous source of energy (NEA, 2010, p. 53). There may be a significant discrepancy

between professed and actual knowledge of nuclear issues: few respondents knew that the EU has

the largest number of NPPs in the world, and only a quarter of citizens feel ‘very well’ or ‘fairly well’

informed, compared with three in four who feel ‘not very well’, or ‘not at all’ informed about the

safety of NPPs. Large majorities in almost all of the countries surveyed mention television as the

main source of information on nuclear energy, and would like to know more about radioactive

waste management and environmental monitoring procedures (NEA, 2010, p. 53).

The political cultures associated with nuclear power infrastructures often display particular forms of

conservatism and inertia. A recent (post-Fukushima) study of student perceptions of nuclear power in

France, for example, found that ‘past energy development decisions can influence and constrain future

choices, leading to a lock-in to a certain energy development path’ (Lee & Gloaguen, 2015). This study

noted that, for instance, respondents in France displayed a ‘positive perceptual bias’ in favour of

nuclear energy and that this bias manifested itself within historical narratives about the technology,

within educational systems, within media coverage, and within political decision-making bodies.

Historically, Level 5 or worse nuclear accidents (such as at Three Mile Island, Lucens, or Windscale)

promote quantum shifts in public opinion and policy. There is some evidence that Fukushima has

brought such a shift about in the cases of Germany and Switzerland (Jahn & Korolczuk, 2012). These

countries join Italy and Spain in having decided not to replace ageing reactors, signalling long-term

denuclearization. In these latter cases, as with Austria before and (at least briefly) Poland after the

event, a combination of growing domestic opposition to the incumbent regime that initially proposed

nuclear construction and the awareness of the Three Mile Island and Chernobyl accidents conspired to

consolidate opinion in favour of adopting a nuclear moratorium.10

Together with cost considerations, contemporary nuclear calculations also may be guided by EU-

wide dynamics. In October 2014 France decided to reduce its nuclear dependence from the current

75% to 50% by 2025. More ambiguously, in the UK, although the supplier Scottish and Southern

reported that it was withdrawing from the GDF/Iberdrola consortium of prospective new plant under-

writers in September 2011, and would pursue renewable energy opportunities instead, the other

members of the consortium indicated that they would continue (Schnaps, 2011), and the EC

granted permission for a new plant to generate 7% of UK electricity from 2023 (Macalister & Carrell,

2011). However, the project remains beset with financing and regulatory concerns.

In Finland, it is only since the late 1990s that positive attitudes towards nuclear power outpolled

negative ones, with the approval gap widening to 41 in favour, and 24 opposed – almost the exact

reverse of the pattern from 3 decades earlier. At the same time, however, attitudes towards the pro-

motion of wind and solar generation are more positive than negative among the general population,

a growing trend that is especially pronounced among women, students, and youth (Finnish Energy

Attitudes, 2009).

The relative durability of positive public attitudes in Sweden, France, Finland, and the UK would

seem, therefore, to stand in contrast to those for most other EU countries, including ones that currently

rely upon nuclear power. The sources of durability, however, appear to vary according to national

context – for some, such as France, it is a matter of trust and pride in centralized national authority
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and an unusually active role of the nuclear industry in shaping public opinion; for others, as in Sweden,

it is a matter of technocratic confidence, whereas traditional concerns about energy security remain

prevalent in Finland.

5. Conclusion

The EU’s adoption of its 2020 Strategy reflects a growing awareness among policy elites that accelerated

progress in climate policy will require increased EU-level coordination, policy harmonization, and dia-

logue. In this context, this article has addressed two questions. First, what role has nuclear power gen-

eration played, and what can or should it do in future, particularly with reference to decreasing

emissions and increasing renewables? This relates to the empirical review in the early part of this

article, concerning a tendency to inverse relations between intensities of commitment to nuclear

power and degrees of success in achieving EU climate policy goals.

The second question concerns the wider strategic position of nuclear energy in relation to stated

policy goals when compared with alternative renewable options. What explains the persistence of

commitments to nuclear energy? This study shows that reconciling the suboptimal performance of

nuclear power with the disproportionate intensity of continuing political commitments in particular

countries may be difficult. This then underscores the relevance of the theoretical material discussed

earlier concerning the deeply political nature of processes of lock-in, path-dependency, inertia and

momentum. Understanding those can help explain how an entrenched technological infrastructure

may come to affect profoundly even the political discourses and knowledge environments within

which it is appraised.

In seeking to determine what all this might mean for future energy and climate policy, it must be

acknowledged that retrospective analysis is more straightforward than future prognosis. This analysis

discerns in a European setting the phenomenon of ‘nuclearity’ that has also been observed elsewhere in

the world. This is a specific instance of a well-known pattern well recognized in historical institution-

alism, that political feedback processes can induce powerful stabilizing effects upon otherwise mani-

festly suboptimal institutional and political arrangements (Hecht, 2010). And there are specific

features of nuclear technologies that accentuate this to an unusual degree. As Didier Sornette observes,

the ‘historically unique task of husbandry of nuclear materials and of the waste of civil and military uses

[will remain] for centuries, tens of millennia and up to millions of years, depending on the nature of the

radioactive elements’. In this regard, the development of nuclear infrastructures can easily yield a dis-

tinctive kind of positive feedback under which commitments are inherently self-reinforcing, with inde-

finite implications from which it can look like ‘there is no way to turn back’ (Sornette, 2015).

A number of historical factors lend considerable weight to this interpretation. It is well documented

in many different contexts that attitudes of policy elites shaping nuclear energy planning and adoption

are not informed solely by economic or technical factors, but from the outset have been driven by ideo-

logical, psychological, and political factors as well.11 It is in this light that the findings in this article

might be understood. In short, the more intense the general nuclear commitments, the greater the

apparent overall suppressive effect on emissions mitigation and renewable uptake.

But even if this analysis is accepted, it holds no single necessary implication either for analytic or

normative positions concerning the future unfolding of European energy policies and the means to
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achieve climate change goals. The same understandings that underscore the importance of the self-

reinforcing path dependencies discussed here also illuminate how they may be averted or reversed.

In historical institutionalism, for instance, it is well recognized that there typically emerge periodic

‘critical junctures’ in which contingent events yield opportunities to relax the self-reinforcing press-

ures (Capoccia & Kelemen, 2007; Thelen, 1999, p. 388). If climate change imperatives are to be

taken seriously in the context of wider energy policy criteria, then the contemporary emergence of

alternative viable low-carbon energy strategies can – despite the sometimes-distorting lens of nuclear-

ity – also exert strong pressures for reorientation. The current conjunction of a formidable new policy

challenge and radical new strategic options can form just such a critical juncture.

With reference to the specific role of nuclear power contemporary European low-carbon energy pol-

icies, there can be little question of the relative merits and continuously improving relative position of

renewable energy resources. The intensity of this critical juncture is amplified by the advent of new

technologies and practices driving parallel moves towards decentralization in both electricity infra-

structures and energy markets. Capabilities are increasing to manage the kinds of technological diver-

sity and institutional ‘polycentrism’ that have long been recognized to offer a major response to

challenges of energy security (Goldthau, 2014).

Further research, as well as policy experimentation, is needed to determine whether demand for

polycentric arrangements may increase within the EU with increased market liberalization. Germany’s

feed-in-tariff structure has both mitigated risk and contributed to the proliferation of decentralized

energy production and governance (Lesser & Su, 2008; Kitzing, 2014). At the same time, the EU’s

energy market liberalization has brought an attendant increase in the number of actors involved

and regulatory complexity; and the complex structure of the EU’s multilevel governance has long

been recognized as favouring concentrated economic interests. (For a review, see Dür, 2008.) To be

effectively as well as transparently reduced, such complexity usually requires increased local partici-

pation in policy design and execution.

Whichever way events may unfold from this critical juncture, a key political challenge applies

equally to all normative perspectives – whether favouring or discouraging continuing nuclear commit-

ments. This is to increase the capabilities and incentives for enhanced popular interest and partici-

pation in the management and steering of systems for energy provision. Whatever technologies

may thereby become involved, it is only by enabling actively contending interests that governance

can guard against the forms of lock-in and autonomy discussed in this article. However it is viewed,

nuclear power is not unique in any propensity to these kinds of self-reinforcing effects. And such a con-

clusion coheres with one repeatedly highlighted strand in public opinion. Although enthusiasm for

direct personal participation in decision making and policy varies, survey results are unanimous in

suggesting that European publics would like to see more discussion, debate, and Parliamentary invol-

vement and accountability – equally in decisions on energy issues in general and more specifically in

decisions over whether or not to continue commitments to nuclear energy (Eurobarometer, 2010). As

in other areas of debate in technology policy, the evolutionary nature of innovation trajectories pre-

sents particular challenges and opportunities for democracy. The opening up of one path inevitably

serves to close down others. The resulting dilemmas are arguably nowhere more pronounced in con-

temporary politics than in the present critical juncture of choices between nuclear and renewable path-

ways to low-carbon energy futures.
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Notes

1. Cleveland and Morris (2013, p. 359, Chart 8.1). This article uses ‘Europe’ to refer to the EU and EFTA.

2. Cleveland and Morris (2013, p. 359, Chart 8.2). The other European countries with NPPs are Bulgaria, the Czech

Republic, Hungary, the Netherlands, Romania, Slovenia, Slovakia, Spain, and the UK.

3. The percentages for France, Slovakia, and Belgium range from 55% to nearly 80%; Cleveland and Morris (2013,

p. 359, Chart 8.5).

4. In the case of Sweden, it should be noted that in a 1980 referendum, a majority of voters opted to embargo new

NPP construction, in favour of continuing current NPPs to the end of their normal operating lives (i.e. until

c. 2005), with the consequence that no new NPPs have been constructed since the 1970s; nor has nuclear

research and development, and the training of nuclear engineers, been funded. However, the moratorium

was lifted by parliament in 2010, rendering the country’s nuclear plans ambiguous. Nonetheless, Vattenfall

(the state electricity company) recently decided to retire one of its NPPs ahead of schedule; see WNA (2015).

5. With no logical relation between nuclear energy use and energy savings patterns, we find no evident corre-

lation between this 2020 Strategy goal and the different groupings of nuclear use.

6. Although the Commission’s 2020 goals have 1990 as reference year, we measure emission changes relative to

2005; the Commission translates the 20% target reduction compared with 1990 into 14% target reductions

below 2005 levels achievable by 2020.

7. For example, US EIA report observes that whereas estimated overnight NPP costs from 1966 to 1967 were 560

$/kW, actual overnight costs turned out to be 1170 $/kW (i.e. over 200% higher); and from 1974 to 1975, esti-

mated overnight costs of 1156 $/kW underestimated actual overnight costs of 4410 $/kW by nearly 400% (Gie-

lecki & Hewlett, 1994).

8. For an elaboration of these arguments, see Sovacool and Valentine (2012).

9. Eurobarometer (2010). Despite their proximity to Chernobyl, neither of the two countries with the highest pro-

portions of citizens who say that the share of nuclear energy should be increased – Poland and Estonia – cur-

rently have active NPPs. Rather, worries about dependency on Russian oil and gas in the wake of the Ukraine

conflict appear to trump all other concerns.

10. For Italy, see Ceri (1988); for Spain, see Garrués-Irurzun (2010); for Austria, see Nowotny (1980); for Poland, see

Szulecki, Borewicz, and Walusko (2015).

11. Space constraints prevent a fuller examination of these factors, which often vary by country. These might

include concerns over geostrategic position, prestige, and military security, as in the cases of France of

Britain; technological optimism in the case of Sweden; and most likely in all cases, norms of class-inflected

and gendered elite technocratic control.
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