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Abstract

This study examines an important aspect of energy history and policy: the inter-
twinement of energy technologies with ideals. Ideals play an important role in
energy visions and innovation pathways. Aspirations to realize technical, social, and
political ideals indicate a long-term commitment in the design of energy systems,
distinguishable from commitment to other abstract goals, such as values. This study
offers an analytical scheme that could help to conceptualize these differences and
their impact on energy policy. In the proposed model, two spheres of interaction
are highlighted: a material sphere in which values and technologies co-evolve, and
an imaginary sphere in which ideals interact with idealized technologies. Further-
more, the relation between these two spheres can be understood in different ways.
This study examines three cases that are illustrative of the different roles of ideals
in the development of energy technologies and visions: (1) the evolution of safety
in nuclear reactor design; (2) visions of atomic power in France; (3) the political
idealization of a tidal power scheme in the Severn Estuary. Finally, the developed
model implies more general insights for the development of sociotechnical systems.
Amongst others, it shows why certain projects and technologies remain a political,
but not a techno—economic option.
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Introduction

The cultural history of energy (systems) is rife with ideals and utopian visions
that have become connected to emerging technologies for the generation, distri-
bution, and storage of energy. Historians have shown how the electrification of
America at the turn of the twentieth century was more than a technological trans-
formation (e.g., Granovetter & McGuire, 1998; Hughes, 1993). This electrifica-
tion was informed by diverse normative visions of new, idealized ways of living
made possible by electricity (Nye, 1990).

Alternatively, changes in energy systems can also inspire nostalgic, idealized
versions of the past. Limmer and Zumbrigel (2020) discuss how innovations in
hydropower in Germany led to a romantic idealization of the ‘dying waterwheel’
as emblematic of pre-industrial means of energy use. Hanel and Hard (2015)
argue that nostalgic sentiments regarding heavy-water reactors in both Sweden
and former West Germany in the 1960s and 70s delayed the adoption of the more
efficient light-water reactor through an appeal to an idealized ‘nuclear tradition’.

The idealization of past and future states of affairs, made possible by energy
technologies, can take many forms. This study focuses on the idealization of
future states of affairs related to the development of energy systems through the
adoption and persistence of a certain type of moral goals: ideals. It shows that the
pursuit of these ideals through technological innovation can have both a positive
and negative impact on the development of energy systems.

In brief, the emergence of these ideals can be sketched as follows: First, the
history of energy systems shows how emerging and existing elements of these
systems create new, morally problematic situations. This means that actors,
through their engagement with energy systems, encounter situations in which
previous moral responses no longer work. Second, these actors might then start
to create new norms, practices and values to cope with these situations. For
instance, Mitchell (2011) shows how, over time, social justice and equality con-
cerns emerged in the coal mines of northern France. More recently, the transi-
tion to renewable energy resources has been related to concerns for ecological
sustainability and intergenerational justice raised by fossil fuel use (van de Poel
& Taebi, 2022). Third, problematic situations might also lead to the adoption of
new ideals. This happens when values come to be seen as absolute, universal, and
uncompromisable, turning these values into often infeasible principles of moral
conduct and engineering design.

Thus, morally problematic situations, encountered in the operation and devel-
opment of energy systems, may lead to the adoption of new energy practices, new
values and ideals. The latter two are here both understood as abstract moral goals,
but ideals are distinguished from values in the sense that they are uncompromis-
able goals for which their feasibility is not a concern. Ideals may thus be seen
as idealized values (see "Ideals and Values in Energy Systems" section). Often,
around ideals what I call utopian visions are formed. These visions offer a blue-
print for the ‘realization’ of a certain ideal, showing the sociotechnical configura-
tion that allegedly realizes the ideal. In the case of energy, I argue, these visions
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often rely on (promising) technologies that seem to enable energy systems to
become perfectly safe, perfectly just, perfectly secure. These technologies, then,
become idealized themselves.

Sometimes, these utopian visions include the type of monumental projects that
seemingly realize a perennial ideal in one stroke. The history of energy offers
many examples of such utopian plans addressing morally problematic situa-
tions, but failing to materialize. Hermann Sorgel’s Atlantropa project (1932), for
instance, envisaged a hydro-electric dam across the Strait of Gibraltar, solving
Europe’s electricity needs while, at the same time, unifying Europe’s belligerent
states (Gall, 1998, 2006). The Qattara depression hydropower project (approx.
1930) in the desert of Egypt proposed the inlet of seawater in a natural depression
via a tunnel connecting to the Mediterranean Sea (or, alternatively, to the Nile).
The project was again discussed as important for realizing Egypt’s 2030 plan for
clean energy while also cultivating the area (Elsayed & Ismaeel, 2019). How-
ever, researchers have pointed out its negative environmental effects, as well as its
costs compared to other clean electricity solutions—such doubts in fact go back
to 1982 (Ibrahim, 1982).

Another such hydropower project is analysed in this study. I discuss a large tidal
power project proposed in the Severn Estuary between Wales and South—West Eng-
land. A tidal barrage for energy generation in this estuary has been discussed since
the 1880s, but has never materialized. In this tidal power project, a persistent politi-
cal ideal allegedly comes within reach through a single project. However, once the
feasibility of the project is considered from other perspectives, such as environmen-
tal effects, costs, and social consequences (e.g., displacements, job losses, loss of
cultural heritage) doubts ensue. Consequently, the project loses much of its appeal
though not necessarily its political support (Gall, 2006).

Such cases show that ideals have played an important role in the history of energy,
helping to understand why, for instance, technological projects do not lose their
political attraction, regardless of their techno—economic feasibility. However, despite
a wealth in historical examples, the relation between ideals, values, and technologies
needs more analysis. This study provides such an analysis. It proposes a new model
to understand how ideals, values, and technologies interrelate in the development of
energy systems. This model helps in understanding the complex interaction between
political discourse, visions, and constraints as they develop over time. As illustra-
tions of specific aspects of this model, this study presents three cases: 1. The evo-
lution of safety in engineering design, with a focus on design for safety in nuclear
reactors. 2. The role of ideals in the development of nuclear technologies in France;
showing how utopian visions of a future France impacted design decisions. 3. The
aforementioned analysis of the Severn Barrage tidal power scheme.

Through these examples, this study provides more general insights into the role
of ideals in the development of sociotechnical systems. Amongst others, it shows
how (once) promising technological projects could become entangled with certain
ideals in political discourse, making it difficult to relinquish these projects. In this
entanglement, it can become difficult to distinguish socio—political ends from tech-
nological means. The Severn Barrage tidal power scheme is presented as an example
of this entanglement.
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Table 1 Definition of terms

Value Stable, abstract goal transcending specific situations, while at the same time specifying
the variety of ‘goodness’ of certain states-of-affairs, such as a sustainable home or a
safe car

Ideal Stable and uncompromisable abstract goal for which its feasibility is not a concern; often

appearing in the form of a (universal) principle for action, or a perfect state-of-affairs,
such as an ideal body, or an ideal society

Vision Blueprint for the future realization of a value or ideal, showing which institutions to cre-
ate, which technologies to embrace

Utopia Blueprint of a future society in which an ideal or set of ideals is realized: a perfectly
just/free/autonomous/healthy society; often based on the embrace of a specific set of
technologies

Energy Utopia Blueprint of a future state of the energy system in which (a set of) energy ideals are fully
met in the design of material (technological) and immaterial (institutional) aspects of
the energy system

"Ideals and Values in Energy Systems", "Ideals and Energy Visions" and "Ideals
and Engineering Design" sections elaborate on the role of values and ideals, and
the distinction between them, in engineering design and the development of energy
systems. "Inherent safety in reactor design" and "The role of ideals in visions of
energy system development" sections focus on ideals in the development of nuclear
technologies and further develop the proposed model. "The Severn Barrage" section
discusses the Severn Barrage tidal power scheme. "Discussion” and "Conclusion"
sections provide the discussion and conclusion.

Ideals and Values in Energy Systems

Over the last decades, a wide range of approaches has been proposed to capture the
way moral considerations influence the design of technologies, the choice of certain
technological and scientific projects, and the selection of innovation pathways. The
Value Sensitive Design [VSD] literature, for instance, investigates how salient ethi-
cal values can be embedded in technological artefacts (Friedman, 1996; van de Poel,
2009). Research into technological mediation traces how technology mediates the
relation between humans and their lifeworld, leading to new moral considerations,
and eliminating others (Verbeek, 2006). Furthermore, literature in Science and
Technology Studies has used the notion of the *sociotechnical imaginary’ to explore
the role of collective conceptions of the good life in the development of sociotech-
nical systems (Jasanoff & Kim, 2009, 2013), systems in which humans and techni-
cal elements conduct goal-oriented behaviour, thus providing a social good (Walker
et al., 2008). Research into these sociotechnical imaginaries offers an analysis of
how anticipatory discussions of possible and desirable futures determine specific
policy decisions in the present (Stilgoe et al., 2020).

Despite the interest in idealized technologies and technological utopias, or ‘tech-
notopias’, ideals can be difficult to conceptualize and distinguish from other abstract
goals, such as values (Coady, 2008). Following Van de Poel’s (2009) account of
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values in engineering design, this study takes ideals to refer to stable goals that
transcend specific situations as well (see Table 1). Indeed, stability and abstractness
are shared characteristics of values and ideals. Furthermore, values might start to
function as ideals over time, and vice versa. Likewise, what is considered ‘utopian’
might differ over time and place. However, ideals are uncompromisable and often
unfeasible, whereas values are not (Rescher, 1987). This has implications for how
values and ideals function in engineering design and innovation.

Notwithstanding the vagueness of the boundary between ideals and values, in the
case of engineering design, we are able to make a distinction between them: because
of their uncompromisable character, ideals do not 'materialize’ in technological
artefacts in the manner that values can. Ideals are by definition not completely feasi-
ble and therefore can never be fully realized in a certain design. This means that ide-
als are instructive for innovation trajectories, but cannot become embedded in spe-
cific technological artefacts and systems. Because of their unfeasibility, engineers do
not have the possibility of translating ideals into (realistic) design requirements for
specific technologies, like they do for values—as the VSD-literature proposes (van
de Poel, 2013). Ideals will never be fully realized because of the concessions engi-
neers and designers need to make while designing for certain salient values. Instead,
because ideals motivate and orient actors in their decisions, we can find them in
visions of the future, especially as these visions are often ’encoded and decoded as
utopias and dystopias’ (Berkhout, 2006). Striving to realize these ideals would then
have an impact on the kind of decisions made concerning the design of energy sys-
tems, as the coming sections makes clear.

Ideals and Energy Visions

Ideals have been extensively discussed in political philosophy. In these discussions,
certain social ideals, such as ideal justice, motivate institutional change (e.g., Est-
lund, 2019; Gaus, 2016; Rawls, 1971). Questions of feasibility play an important
role in these debates. For instance, Rawls (1971) calls his vision of a just society,
achieved through institutional reform, a ‘realistic utopia’, emphasizing the tension
between political hope and realistic ambition.

In discussions of visions for the development of sociotechnical systems, existing
literature seems to refrain from explicitly addressing the impact and function of ide-
als, as well as the question of feasibility. It is unclear, for instance, to what extent
Jasanoff and Kim’s (2009, 2013) sociotechnical imaginary has ideal or utopian
aspects. The good life that a society collectively aspires to—as a desirable future
that shapes and supports national technoscientific trajectories—might very well
be imaginable but hardly feasible. Jasanoff and Kim seem to give no answer to the
question what happens when the pursuit of collective ideals is in fact hampered by
the technoscientific projects that are collectively chosen on the basis of these ideals.
Furthermore, these imaginaries might differ in degree of their feasibility, and might
differ in the degree to which the abstract goals around which these imaginaries are
formed, are compromisable. A certain vision of social order might, over time, prove
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Fig. 1 The creation and function of ideal justice

unfeasible. One could then either abandon it, and adopt alternative imaginaries, or
continue pursuing it.

One might also intentionally develop an unrealistic collective vision of a desir-
able future (an abstract ‘moonshot’), as a long-term navigational tool to inform deci-
sion-making regarding social and technological issues.! Such, some authors claim,
is the role of ideal justice (Estlund, 2019; Rawls, 1971).2 Figure 1 shows this navi-
gational function. The Ideal State of Affairs [ISoA] is needed to decide upon the
right course of action in Intermittent States of Affairs [Intermittent SoA]. A thought
experiment is used to arrive at a set of shared principles of justice that form the basis
for an ideal institutional configuration in the ISoA. This ISoA, as utopian vision,
then informs decision-making at critical junctions on the road to a fully just society
(see Fig. 1). At each junction, therefore, a teleological evaluation is made in which
the absolute end-goal determines the rightness of the decision—and the actions pro-
ceeding from it.

We might similarly perceive the role of ideals in other processes of decision-mak-
ing, e.g., political decisions concerning the future of an energy system or design
decisions made by engineers. In these cases, the formulated abstract ambition func-
tions as a long-term beacon, deciding the choice of technologies, materials, etc. The
ideal can be a moral principle, one that actors know they cannot always comply with
in their actions (such as principles of ideal justice, ideal safety, etc.), or a utopian
vision of a future state of affairs in which these limitations have disappeared. In

! See, for instance, Mazzucato’s Mission Econonty (2021).

2 Rawls and Estlund focus on social issues only. In my opinion, this navigational function of ideals can
be extended to innovation trajectories of technologies and the energy system at large. I develop my argu-
ments for this position in the coming sections.
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these cases, the role of ideals in engineering design is teleological, rather than evo-
lutionary and adaptive—as I see the role of values. These different roles are further
developed in the next sections.

Ideals and Engineering Design

Moral ideals often come in the form of universal principles for action. They are,
in a normative sense, ‘conceptions of genuine perfection’ (Brownlee, 2010, p. 434)
that concern the performance of ourselves as agents, of our institutions, or of our
technologies.> Holding on to such guiding principles (e.g., to never lie, never hurt
an animal, to build a completely sustainable economy or a completely just society)
might come with considerable effort and costs, while on a personal level, attaining
perfection might not always be desirable (Wolf, 1982). Still, on a societal level, ben-
efits could result from adopting these principles, even if they are often impossible,
impractical, and unachievable (Rescher, 1987). First, benefits result from the pre-
sumed navigational function of ideals. For some authors, ideals facilitate the com-
parison of possibilities in the present with regards to their proximity to a formulated
ideal.* Second, according to most definitions ideals aim for the absolute (Rescher,
1987; Rawls, 1971; Nozick, 2013). This means an ideal, as end goal, surpasses the
merely feasible, understood as what actors can achieve given historical, local, physi-
cal, biological and social or psychological constraints. An ideal, therefore, chal-
lenges actors to perform to the limit of their abilities (e.g., Rescher, 1987).

Despite their unfeasibility, societies strive to ‘realize’, or at least to approach,
moral ideals. This means the ideal is collectively recognized as desirable, while its
full realization requires a level of (human) perfection that is highly unlikely to be
achieved. There seem to be two reasons why actors may not be able to comply with
an ideal as moral principle in their actions. On the one hand, there could be exter-
nal obstacles that inhibit them from following the moral principle. This means they
perceive themselves as unable to act in accordance with the principle. On the other
hand, we can think of internal obstacles that cause social agents to make an excep-
tion in certain situations. In this case they perceive themselves as unable to will the
act in accordance with the principle.’> Both forms of inhibition are no longer present
in a utopian vision, all agents are assumed to be able and willing. At that moment
the principle truly becomes a universal moral law, and exceptions no longer exist.

In the meantime, before this realization, visions help in navigating real-world
situations of imperfection. As Gaus (2016) argues, holding on to ideals would mean

3 Whereas aesthetic ideals concern the perfect form.

* This is an important issue in the contemporary debate about the use, if any, for Rawls’ ideal justice.
See, for instance, Sen (2009), Valentini (2012), Cohen (2009), Gaus (2016) and Estlund (2019), amongst
others.

5 This can be seen as a second form of inability, namely, something that seems to be against the ‘nature’
of a social agent, or against the ‘deepest features of human psychology’ (Valentini, 2012, p. 660). Estlund
(2011) calls this ‘limits to what humans will be able to muster the will to do’ (p. 207) despite their recog-
nition of the desirability of the action.
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Fig.2 The navigational function of ideals, showing us the way from a current state of affairs (CSoA)
towards absolute (ISoA), instead of local optima (dashed lines, indicating innovation trajectories without
ISoA’s)

striving for an absolute optimum, instead of a local one.® A local optimum occurs
when goals are realized in conjunction with other, and often incompatible, goals. An
absolute optimum occurs when such a goal is an ideal, and no longer in competition
with other goals. This ideal helps societies distinguish between local and absolute
optima while they navigate political, technological, and technopolitical landscapes
and futures.” At the same time, as a navigational tool, it makes sense to require from
an ideal an accompanying, and detailed, itinerary how to achieve it (see Fig. 2).

Taking the presumed comparative function of ideals into account for innovation
trajectories, another important difference emerges between values and ideals in engi-
neering design. Approaches such as design for values offer an evolutionary, adaptive
perspective on design, in which value conflicts (e.g., between security and privacy,
sustainability and safety) are seen as issues that can be resolved, amongst other strat-
egies, through innovation (van de Poel, 2009, 2015; van den Hoven et al., 2012). An
absolute end-goal is missing. Innovation processes might stop when an acceptable
solution to a value conflict is achieved.

% Gaus, however, follows Sen (2009) in developing a strong criticism of the possibility of comparative
judgment based on the ideal.

7 In line with previous and classic discussions of ideals as navigational tools, I stick here to the motif of
the voyage towards utopia (Gaus, 2016).
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Holding on to ideals has consequences for the way we innovate in engineering
design. Again, I use Gaus’ (2016) distinction between local and absolute optima to
make this clear. In technological innovation, I argue that a local optimum occurs
through incremental change to realize a certain salient value, such as safety or pri-
vacy, taking into account material and other constraints (see Fig. 3, left-hand side).

Designing to incorporate a certain value, means to maximize it given the circum-
stances. We can also imagine achieving in design a minimal, required ‘threshold’
level for a certain value, as outlined in the VSD-literature.® This idea of design we
could understand as an evolutionary process of adaptation to new circumstances,
such as new societal demands or higher threshold levels. As ideal, however, we envi-
sion an absolute realization of a certain goal, an absolute optimum, without having
to compromise the goal given the demands of other values and goals with which it
might be in conflict (see Fig. 3). This process is teleological, meaning that the often
unfeasible end-point is clear from the start.

A technology that is imagined to fully realize an ideal, we could call ’an ideal-
ized’ technology. Such a technology is therefore envisioned, but never realized. The
result of the interaction between an ideal and an idealized technology, I refer to as an

8 When addressing safety as an engineering value, we ask the question: How can we maximize a value
given material, social, and epistemic constraints, and given possible conflicts with other values we seek
to maximize? This means that we expect value trade-offs and set value thresholds (van de Poel, 2009),
such as minimum safety levels.
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(technical) utopia,9 showing in what (sociotechnical) configuration a certain ideal,
or set of ideals, will be achieved. This rudimentary distinction is shown in Fig. 4.
Furthermore, the dashed line in Fig. 4 indicates a possible influence of the idealized
technology on the idealized value. I will return to this possibility in "Discussion"
and "Conclusion" sections.

Inherent Safety in Reactor Design

As an illustration of Figs. 3 and 4, I provide an analysis of the evolution of safety in
the design of nuclear reactors. Although the idealization of safety in reactor design
is contested, this section argues that, at least from a political and public perspec-
tive, safety started to function as an ideal in discussions of nuclear technologies in
the 1990s. This analysis, furthermore, highlights that thinking in an idealistic vein
had (radical) implications for reactor design. As an ideal, inherent safety had a clear
political and public function, attesting to an absolute, political commitment to this
ideal. However, it is less evident that the ideal continues to be pursued through reac-
tor design.

At first safety functioned as a value amongst other values in reactor design, such
as sustainability, security, and economic viability (see Fig. 3, left-hand side). The
first safety approaches entailed what was later called ‘active safety’, the value of
safety was supported by active involvement of an operator monitoring processes to
impede a reactor core meltdown (Taebi & Kloosterman, 2015). Hazards needed to
be controlled through this active involvement. Increasing active safety meant adding
more monitoring systems, further complicating the role of the operator of nuclear
power plants. Furthermore, reactor safety was an incremental objective: an aspira-
tion to achieve a local optimum (see Fig. 2), given the then existent particulars of the
Light Water Reactor-design, and given the restraints the realization of conflicting
values put on reactor safety (Taebi & Kloosterman, 2015).

This situation, however, changed drastically with the occurrence of the first
nuclear accidents, most notably the one in Three Mile Island (1979) and Cherno-
byl (1986). These accidents made safety a public priority in Generation II reactors
(1965-1996). The rationale was that existing Generation II reactors needed to be
made much safer. Furthermore, with the anticipated growth of nuclear energy—
referred to as the ‘nuclear renaissance’—the occurrence of nuclear accidents and
incidents was likely to rise too. In the 1980s, estimations of the number of reactors
in the 1990s exceeded 5000, which was a tenfold of the operational reactors at that

° Evidently, utopia can be defined in many ways. Although often meaning ‘ideal society’, or ‘ideal com-
munity’, I here take it to refer to certain kind of visions, in which a blueprint is available for achieving
a certain ideal in a certain society (Gaus, 2016; Rawls, 1971). In cases that this blueprint relies on a
specific energy technology or project, we could call such a utopian vision a technical utopia, or energy
utopia.

@ Springer



Analyzing the Role of Values and Ideals in the Development... Page 110f21 8

moment (Taebi & Kloosterman, 2015).'% This meant acceptable levels of safety as
stipulated in public policy back then (1 serious nuclear accident per 10.000 reactor
years, or years of reactor operation), prior to the 1980s, were no longer deemed suf-
ficient: with ca. 500 reactors globally, that meant about 1 accident every 20 years.
With the possibility of 5000 reactors in full operation, the likelihood of an accident
would become about ten times higher; this meant the possibility of a serious accident
every two years. Higher levels of safety were, however, difficult to achieve through
the existing safety regime: active safety. Adding even more complex systems, more
back-up generators, redundant pumps etc. would on the one hand increase safety but
the complexity could also contribute to decreasing safety. A (local) optimum had
been achieved that proved to be unacceptable. Existing safety regimes needed to be
reconsidered.

Passive safety emerged in the 1990s as a new and complementary understand-
ing of safety in reactor design, because of the aforementioned concerns with active
safety. This new understanding meant designed safety features of reactors often
became based on natural forces, such as gravity (INSAG-3; INSAG-5, 1992; Juhn
et al., 2000). The use of these natural forces meant that safety was less dependent
on active intervention by system operators or by pumps that required external power
(Juhn et al., 2000). Passive safety features also reduced complexity, resulting in con-
siderably safer reactors, reducing the probability of an accident. This probability was
now estimated as lying in between 100,000 and a million reactor years, depending
on the type and magnitude of the accident (IAEA, 1992). Both active and passive
safety, however, continued to be considered in relation to other values, such as out-
put reliability, security, economic viability, and ease of maintenance (Juhn et al.,
2000; INSAG-5). Furthermore, improvements in safety were seen as ‘evolutionary’
(INSAG-5), or adaptive, rather than teleological, as would be the case with the pur-
suit of safety as an uncompromisable ideal. INSAG-5 attests to the limits of this
evolutionary approach, stating:

There seems to be a limit to the benefits to be gained from evolutionary
improvement of current designs. Three main factors set the basis for this lim-
itation. These are: human factors in operation, the complexity of plants and
limits on the benefit from confinement systems. (INSAG-5, p.50)

Inherent safety emerged from a new safety philosophy, a new way of thinking
about safety. It is often conceptualized as an ideal (Fig. 3, right-hand side). In these
articulations, inherent safety concerns the elimination of all inherent hazards instead
of controlling them (IAEA, 1991; Kletz, 1978; Kletz & Amyotte, 2019).11 Instead
of accepting that hazards are inevitable, and seeking solutions to reduce their

10 This projection proved highly exaggerated. At the beginning of the 1990s, approx. 420 reactors were
in operation (Statista Research Department, 2022) compared to approx. 250 in 1980 (Char & Csik,
1987). The latest IAEA-report of May 2022, counts 439 operational reactors. This means the original,
acceptable safety level of 1/10* reactor years would entail, grosso modo, 1 serious reactor accident every
20 years.

' “Inherent Safety refers to the achievement of safety through the elimination or exclusion of inherent
hazards through the fundamental conceptual design choices made for the nuclear plant. Potential inher-
ent hazards in a nuclear power plant include radioactive fission products and their associated decay heat,
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probability or to mitigate their negative effects, the hazard should be completely
removed. This elimination could only be ‘achieved’ through substantial changes in
the reactor design; it often meant that a design from scratch needed to be proposed
with inherent safety as the leading principle (Taebi & Kloosterman, 2015).

However, different interpretations of inherent safety were developed over time. In
some of these accounts inherent safety functioned as a value, in others as an ideal.'
For instance, Weinberg (1985) does not equate inherent safety with absolute safety
or a fail-safe design, but with passive safety. Even inherently safe reactors may suffer
from accidents, in the range of once every 10° reactor years (Core Melt Probability)
(Weinberg, 1985; Spiewak & Weinberg, 1985; van de Poel, 1998). Despite function-
ing as a guiding principle for reactor design (van de Poel, 2003), the principle of
inherent safety thus conceived is not an ideal. The IAEA, on the contrary, defined
inherent safety as ‘equivalent to absolute safety; i.e., an inherent safety characteristic
is not subject to failure of any kind. Stated another way, an inherent safety feature
represents conclusive, or deterministic safety, not probabilistic safety’ (1991, p.10).
But, for the IAEA, only components of reactors can be inherently safe, not reactors
themselves, thereby undermining the aim of a new design approach for the reactor
as a whole (van de Poel, 1998). To the public, furthermore, proponents of nuclear
energy presented inherent safety as an ideal pursued in reactor design, especially
in the 1990s (Barkenbus, 1988; Martensson, 1992; van de Poel, 1998). The inher-
ently safe reactor was proposed as a technological solution to a political problem
(Barkenbus, 1988). Researchers have focused on the public acceptability of nuclear
risks (Barkenbus, 1988; Martensson, 1992; Adamov et al., 2015). In these accounts,
inherent safety concerns the elimination of all socially unacceptable and therefore
‘important’ hazards.

Design for inherent safety was effective in redirecting technological develop-
ment and changing the technological regime in reactor design. However, while an
inherently safe reactor can be designed that cannot melt down, it is not inherently
safe against other hazards and risks such as the risk of large scale radiation leak-
age. As public ideal, inherent safety cannot be achieved, since it is impossible to
remove all hazards through nuclear reactor design. For that reason, Kletz and Amy-
otte (2019) instead discuss ‘inherently safer designs’, in which the 4 principles of
inherent safety for chemical plants—intensification, substitution, moderation, and

Footnote 11 (continued)

excess reactivity and its associated potential for power excursions, and energy releases due to high tem-
peratures, high pressures and energetic chemical reactions. Elimination of all these hazards is required to
make a nuclear power plant inherently safe. For practical power reactor sizes this appears to be impossi-
ble. Therefore the unqualified use of "inherently safe" should be avoided for an entire nuclear power plant
or its reactor.” (IAEA, 1991).

12 Mirtensson (1992) discusses four interpretations of inherent safety: ‘[1] One inherent risk factor
would be eliminated; [2] At least one very important inherent risk factor would be eliminated; [3] All
of the very important inherent risk factors would be eliminated; [4] All inherent safety hazards would
be eliminated.” (p.668) Only the last of these interpretations is an absolute, unfeasible principle that we
could consider an ideal for reactor design.
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simplification—have been applied to minimize known hazards.'? Furthermore, not
all accidents can always be anticipated, leading to the occurrence of ‘normal acci-
dents’ as Charles Perrow (1999) calls them.

The extent to which inherent safety continues to function as a guiding ideal in the
design of nuclear reactors, while having fundamentally altered the conceptualization
of safety in this field, is therefore contested. While certainly presented as an ideal in
public discussions of nuclear energy—as uncompromisable, absolute, and guiding
long-term innovation trajectories—especially in the 1990s, it is unclear how and to
what extent engineers continue to embrace inherent safety as an engineering ideal.

The Role of Ideals in Visions of Energy System Development

The previous section has shown how the adoption of an ideal can lead to a radical
rethinking of (reactor) design. On a larger scale, ideals can also impact the design
and development strategies of energy systems. These strategies often rely on visions
to make them socially and politically viable (Trutnevyte, 2014; Van der Helm, 2009;
Ziegler, 1991). As they define some future state of the energy system, these energy
visions can become utopian. Berkhout (2006) argues that visions are characterized
by expressed objectives, suggested technologies, and are representative of a social
order. Once the expressed objectives and required technological performance move
further away from what is currently deemed possible, the vision starts to become
utopian. In the case of far-reaching visions for energy systems, we can speak of
energy utopias.

A clear example of such a utopian vision, we find in France, in the aftermath
of WW2. This vision concerned the development of a nuclear energy system. The
state agency that led the nuclear research program, the Commissariat a I’Energie
Atomique [CEA], created in 1945, envisioned a nation that would be completely
sovereign, dominant in the geopolitical order, and self-sufficient in terms of energy
generation, thus aligning energy policy with foreign policy (Hecht & Callon, 2009).
Nuclear technologies (for both civilian and military purposes) were deemed quintes-
sential for the realization of this utopian vision (see Fig. 4). This is what we could
call an ’energy utopia’, since it idealizes a future state of affairs to be brought about
by radical changes in the energy system, through idealized new technologies, and
the goals that are achieved through it. As Hecht and Callon (2009) sees it, ‘They [the
technologists] agreed on the ideal of a technologically radiant France, but they did
not necessarily agree on the best route toward that ideal’ (p. 53).

The CEA’s vision of a radiant, nuclear France, however, did form a blueprint of
a future society based on a radical redesign of its energy system. The blueprint was
meant to convince French citizens of the necessity of nuclear energy and motivate
short-term sacrifices in exchange for long-term gains (Hecht & Callon, 2009). Fur-
thermore, in a political sense, the utopian vision led to specific technological choices

13 “Note that we use the term inherently safer, not inherently safe, as we cannot avoid every hazard.’
(Kletz & Amyotte, 2019, p. 368).
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in which three political and uncompromisable ideals (sovereignty, Frenchness,'*

and technological prowess) consistently trumped values such as efficiency, and eco-
nomic viability (Hecht, 1996; Hecht & Callon, 2009; Scheinman, 2015). At least, in
the design decisions of the CEA, the state agency that dominated decision-making
concerning the development of nuclear technologies until the late 1950s (Hecht &
Callon, 2009)."

The decisions through which this utopian vision of nuclear proliferation was
pursued include: the choice to build homemade reactors (gas cooled, using natural
uranium) instead of importing North-American technologies, that ran on enriched
uranium, which would have to be imported as well; the choice to have a closed fuel
cycle that would allow for hosting facilities to produce weapons-grade plutonium;
the construction of a costly loading system that wouldn’t require a shutdown of the
reactor during loading and unloading enabling a fast extraction of plutonium; the
decision not to optimize reactor design for goals such as electricity production or
cost-effectiveness (Hecht & Callon, 2009).

These decisions made in the early stages of the French nuclear program show the
pursuit of a utopian vision through design decisions of nuclear technologies. It is
beyond the scope of this paper to analyse to what extent these ideals have been fol-
lowed in the design of nuclear technologies, policies, and strategies in France while
it was confronted with geopolitical events, nuclear disasters, and political conflict
(see, for instance, Scheinman, 2015; Pelopidas, 2012, 2019; Jurgensen & Mongin,
2018). That is, this paper cannot give a detailed account of the abandonment of the
utopian vision of the CEA.

However, some observations can be made. First, the return of De Gaulle as head
of state, in 1958, meant that the CEA lost some of its independence. This meant
that ‘conducting nuclear technopolitics now involved more than embedding pre-
existing political goals into technological artifacts’ (Hecht & Callon, 2009, p.91).
Second, the competing vision and corresponding reactor design of the Electricité
de France [EDF] won ‘the war of the systems’ (Hecht & Callon, 2009). This design
was focused on a wider range of goals, related to the industrial and commercial
application of nuclear technologies. In other words, the utopian vision of the CEA
was replaced with the more pragmatic vision of the EDF (Scheinman, 2015). Third,
national sovereignty over time became a problematic ideal in the case of nuclear
energy production, that required international agreements and international control
(Taebi & Mayer, 2017). Fourth, recent struggles in Mali and Niger have shown that
uranium isn’t a conflict-free resource (Filippov, 2015; Keenan, 2008), and the ideal
of energy sovereignty is liable to geopolitical changes and post-colonial struggles.

14 Although T suggest Frenchness here as an ideal pursued in the design of nuclear technologies, what
actually constituted this ideal, French identity, was something discovered and created through this design,
rather than being a fixed goal from the beginning (Hecht & Callon, 2009). ‘Technology and Frenchness
would shape each other’ (ibid, p. 52).

151 cannot here further analyze the competing technopolitical regimes regarding atomic power that
emerged in post-WW 2 France in the late 1950s. The Electricité de France, erected in 1946, focused
on economic calculations, costs per Kwh, in their competitive reactor design. The ‘war of the systems’
(Hecht & Callon, 2009) ended in the late 1960s/beginning 1970s.
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Table 2 Word count Hansard

archive Term Wordcount
Severn 1078
Barrage 430
Severn barrage 1445
Tidal 1731
Tidal power 606

Therefore, despite the continued possibility of an unconditional pursuit of the
aforementioned ideals from the perspective of engineering design, a design which
would continue the vision of the CEA, politically this pursuit was no longer desir-
able. As absolute goals, these ideals became politically compromised, and started to
function as values instead. Concessions therefore became necessary, value trade-offs
occurred.

The Severn Barrage

The previous two sections have focused on the productive force of ideals in engi-
neering design and the development of energy systems. In contrast to the last sec-
tion, that focused on the political abandonment of certain ideals despite their suc-
cessful guidance in engineering design, this section shows an opposite process: the
political pursuit of ideals through a politically idealized technological project, in
which these ideals have no productive impact on engineering design.

Wave and tidal power have gained considerable interest in the UK as a stable
renewable energy source. However, hardly any projects make it beyond the pilot
stage. One project in particular stands out in terms of political commitment, research
funds, and academic discussion: the Severn Barrage, a proposed tidal power barrier
in the Severn Estuary, between Wales and the South-West of England. Interest in
this barrage started in the 1880s already, but really took off in the middle of the
1970s, after the first Oil Shock. Since the 1980s, at least six feasibility studies have
investigated electricity output, costs and a wide range of possible effects of this bar-
rage, as well as its most favourable location in the Severn. Despite this continued
political interest, the barrage was never realized.

Political procrastination in the UK regarding large infrastructure projects has
gathered considerable academic attention. We can, therefore, give several possible
explanations for this persistent political focus on the large tidal power scheme in the
Severn, despite its apparent techno—economic infeasibility. First, some authors (e.g.,
Lijphart, 2012; Watson, 1992) have stressed the adversarial character of the West-
minster, majoritarian model of government as a possible source. This model leads to
competition and conflict. It is a ‘free-for-all pluralism’ (Lijphart, 2012), that doesn’t
motivate coordination and cooperation. Second, Keay (2016) has suggested the UK
is stuck in ideological limbo, as far as its energy policies are concerned. Third, an
escalation of commitment might explain the persistence of this paper project. The
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(Political feasibility?)
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Fig.5 Innovation cycle in energy system development and/or transition

political fixation on a project could occur because politicians are unable to accept
the failure of a project, because they are too invested in it (Maxwell et al., 1997). It
is possible that politicians have connected their reputation to this project, and per-
ceive abandonment of the project as ‘ego-threat’ (Zhang & Baumeister, 2006).

Without denying the relevance of the aforementioned factors, I propose another
perspective for the persistence of the Severn Barrage, as part of a far-reaching vison,
an energy utopia. While no final decision on the barrage was made in the period of
1981-2014, ‘tidal power’ and the ‘Severn Barrage’ were mentioned approximately
2000 times (Table 2), in 378 separate debates in the House of Commons and House
of Lords (hansard.parliament.uk).'® This continued political attention led to six con-
secutive feasibility studies that were unable to form final conclusions. Nor did con-
secutive UK governments draw them. The project was not abandoned, despite con-
sistent findings that tidal power in the Severn, in its ‘current’ form, would not be able
to compete with nuclear or wind energy in terms of costs per kWh (DECC, 2009a,
2009b; DBER, 2008; SDC, 2007). Despite an apparent technological infeasibility,
political support continued. This support was partly grounded in the conclusions of
each feasibility study, which repeatedly stated that changing external circumstances
and innovation efforts might, one day, tilt the balance in favour of the Barrage.

Concluding, the interpretation this section proposes of the failure to make a final
political decision concerning the Severn Barrage is the persistence of tidal power as
part of an utopian energy vision connected to a range of ideals which were upheld in
some corners of British parliament. While these ideals were unrealistic and unfea-
sible, they could persist as ideals because a lack of realization is often not an argu-
ment against holding certain ideals, as "Ideals and Values in Energy Systems" and
"Ideals and Energy Visions" sections have made clear.

16 The archive at hansard.parliament.uk allows for a keyword search.
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In a nutshell, these ideals led to aspirations and commitments regarding the Sev-
ern Barrage that the project was unable to fulfil and politicians were unable to dis-
card. In this perspective, furthermore, the Severn Barrage itself seemed to serve as
the blueprint for the realization of these ideals, as a necessary milestone. In this
reading, abandonment of the Barrage, would also mean an abandonment of cher-
ished political ideals, as means (technologies) and ends (ideals) became confused.

Discussion

The three case studies indicate that the role of ideals in energy policy is multifar-
ious. Ideals can have both a positive and negative impact on the development of
energy systems. As a result of the three cases discussed, Fig. 5 presents 2 spheres of
interaction: an imaginary sphere of energy policy, and the material sphere of engi-
neering design. This figure represents what a (energy) vision does, in which certain
salient values—in the current, engineering context still compromised by other goals
and restraints—become idealized. Unfeasible standards and principles infuse future
visions and become part of a utopia once they get linked to specific technological
arrangements. These technologies can be already existent, or only imagined (such
as certain geo-engineering technologies). In either case, these technologies are ide-
alized as well; that is, functioning in full service of utopia, ‘realizing’ the ideals.!”
Finally, this utopian blueprint of a future society can lead to the creation of a spe-
cific innovation trajectory (a pathway) that specifies how a technology can become
what it should be."®

This updated model allows us to visualize a mechanism: A value could become
more prominent over time (e.g., safety in reactor design, sustainability in energy sys-
tems, national energy sovereignty) and starts to be conceptualized as an ideal which
affects idealizations of certain technologies (nuclear technologies, hydropower pro-
jects), or lead to a radical rethinking of technological regimes, such as in reactor
design (dotted straight arrow). Secondly, while a vision formed around ideals and
idealized technologies might affect the actual design of these technologies via an
innovation pathway, the full realization of this vision remains technologically unfea-
sible. How actors react to this unfeasibility, determines whether or not the vision
is abandoned. This reaction is possibly informed by the extent to which means and
ends have become intertwined in utopian visions. If certain technologies and pro-
jects (means) are deemed necessary for the realization of one or more societal ideals
(ends), the technology might replace the ideal as navigational beacon for innovation.

17 We can think, for instance, of standards and principles formulated in the Energy Justice literature,
most notably by Sovacool and Dworkin (2015) in their Energy Justice Decision-making Framework: "All
people have a right to fairly access energy services’, or All people should have access to high-quality
information about energy and the environment, and fair, transparent and accountable forms of energy
decision-making.” (p. 440).

18 Or, if thinking about not yet existing technologies, the kind of artefacts and systems we should be
developing, the kind of R&D we should fund.
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Two questions, furthermore, emerge. We can ask if the prioritization of a
value, its idealization and henceforth uncompromisable character, is politically
feasible. In this case, the question is whether we can ‘onboard’ all relevant stake-
holders to accept the absolute, uncompromisable character of a certain abstract
goal—an ideal. The other question concerns the possible formulation of an inno-
vation pathway that leads to a sufficient approximation of an ideal. Are engineers
able to use the vision as determinative in their design decisions?

Conclusion

This study adds to the growing body of literature regarding the role of visions,
imaginaries and shared conceptions of ’the good life’ in the development of soci-
otechnical systems. Ideals and utopian visions enable developments because they
unite and mobilize actors around collective, and (potentially) unachievable, ends.
Such ideals can guide thought and action on the levels of policy-making, engi-
neering and public support.

However, this study also presents indications that, sometimes, idealized tech-
nological projects start to behave more and more like beacons themselves. They
take over the navigational function of ideals. In some cases, this might not be
problematic. In other cases, in which alternatives exist, and changes in society
fail to inform new visions, idealized technologies and projects can become a
hazard. They keep on demanding more research and more money. Technological
unfeasibility and political ideals are here in conflict. This study argues that such
projects may be hard to abandon, for that would mean abandonment of the ideal.
The resulting stalemate, a back-and-forth between politicians, experts, and other
stakeholders, can be obfuscating the potential of other projects.

Alternatively, idealistic aspirations to realize an unfeasible vision or set of ide-
als are not in vain. This study shows that ideals might lead to radically new per-
spectives on the design of energy systems. In these cases, ideals are productive,
they impact the material sphere (Fig. 5) via innovation pathways in which ideals
guide innovations for the long-term. Future research into the function and pres-
ence of ideals should therefore incorporate more sources to provide support for
the arguments given in this study. This is especially true for the Severn Barrage
case, in which the suggested interaction between (political) ideals and idealized
projects needs to be more thoroughly addressed. Furthermore, this study recom-
mends researching other energy projects and technologies in the current energy
transition to renewables, and the way idealistic (political) discourse concerning
these technologies/projects has developed.

The new perspective, developed in this study, is not only relevant for the analy-
sis of inactivity regarding tidal power projects or developments in the design of
nuclear technologies. It also provides more general insights into the guiding role
of ideals for the development of energy systems. Once intertwined with specific
projects, ideals may lead to conflicts, denialism, and empty promises. They fail to
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coordinate and motivate action, or lead to radical decisions that have no ground in
(social) reality. In these cases, the tenacity of ideals becomes a liability.

Acknowledgements The author acknowledges the contribution of all project participants and all project
activities to the ideas that underpin this paper.

Author Contributions The opinions expressed in this document reflect only the author’s views and in no
way reflect the European Commission’s opinions. The European Commission is not responsible for any
use that may be made of the information this document contains.

Funding This publication is part of the project ValueChange that has received funding from the Euro-
pean Research Council (ERC) under the European Union’s Horizon 2020 research and innovation pro-
gramme under grant agreement No 788321.

Data Availability All data will be publicly available conforming with ERC-guidelines. https://doi.org/10.
4121/14617575 (once published).

Code Availability Not applicable.

Declarations
Confilicts of interest No conflicts of interest.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licen
ses/by/4.0/.

References

Adamov, E. O., Orlov, V. V., Rachkov, V. 1, Slessarev, 1. S., & Khomyakov, Y. S. (2015). Nuclear energy
with inherent safety: Change of outdated paradigm, criteria. Thermal Engineering, 62, 917-927.

Barkenbus, J. N. (1988). Prospects for inherently safe reactors. Energy Policy, 16(1), 49-57.

Berkhout, F. (2006). Normative expectations in systems innovation. Technology Analysis & Strategic
Management, 18(3—4), 299-311.

Brownlee, K. (2010). Reasons and ideals. Philosophical Studies, 151(3), 433-444.

Char, N. L., & Csik, B. J. (1987). Nuclear power development: History and outlook. JAEA Bulletin, 3,
1987.

Coady, C. A. (2008). Morality and political violence (p. 27). Cambridge University Press.

Cohen, G. A. (2009). Rescuing justice and equality. Harvard University Press.

Department for Business Enterprise & Regulatory Reform. (2008). Severn Tidal Power Feasibility
Study—Terms of Reference.

Department of Energy and Climate Change. (2009a). Phase one consultation, Government response.

Department of Energy and Climate Change. (2009b). The UK renewable energy strategy.

Department of Energy and Climate Change, UK energy supply, Severn Tidal Power Feasibility Study,
website

Elsayed, M. A., & Ismaeel, W. S. (2019). Environmental assessment for major development projects: A
case study “Qattara Depression.” Journal of Cleaner Production, 215, 522-533.

@ Springer


https://doi.org/10.4121/14617575
https://doi.org/10.4121/14617575
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

8 Page 20 of 21 J. Alleblas

Estlund, D. (2011). Human nature and the limits (if any) of political philosophy. Philosophy & Public
Affairs, 39(3), 207-237.

Estlund, D. (2019). Utopophobia. Princeton University Press.

Filippov, V. R. (2015). Uranium factor in France’s foreign policy towards Africa. Sententia: European
Journal of Humanities and Social Sciences, 2(2), 171-185.

Friedman, B. (1996). Value-sensitive design. Interactions, 3(6), 16-23.

Gall, A. (1998). Das Atlantropa Projekt: Die Geschichte einer gescheiterten Vision. Herman Sorgel und
die Absenkung des Mittelmeers. Campus.

Gall, A. (2006). Atlantropa: A technological vision of a United Europe. In E. van der Vleuten & A.
Kaijser (Eds.), Networking Europe: Transnational Infastructures and the Shaping of Europe,
1850-2000.

Gaus, G. (2016). The tyranny of the ideal. Princeton University Press.

Granovetter, M., & McGuire, P. (1998). The making of an industry: Electricity in the United States. The
Sociological Review, 46(1), 147-173.

Hanel, T., & Hard, M. (2015). Inventing traditions: Interests, parables and nostalgia in the history of
nuclear energy. History and Technology, 31(2), 84-107.

Hecht, G., & Callon, M. (2009). The radiance of France: Nuclear power and national identity after
World War II (Vol. 290). MIT press.

Hecht, G. (1996). Rebels and pioneers: Technocratic ideologies and social identities in the French nuclear
workplace, 1955-69. Social Studies of Science, 26(3), 483-530.

Hughes, T. P. (1993). Networks of power: Electrification in Western society, 1880—1930. JHU Press.

Ibrahim, F. N. (1982). Ecological and economic problems of the Qattara-depression project, Egypt. Geo-
Journal, 6, 88-89. https://doi.org/10.1007/BF00446603

International Atomic Energy Agency. (1991). Safety related terms for advanced nuclear plants. IAEA-
TECDOC-626. IAEA, Vienna.

International Atomic Energy Agency (1992). Nuclear Safety Review 1992 (Part D of the IAEA Year
Book1992), Non-serial Publications, IAEA, Vienna.

International Nuclear Safety Advisory Group. (1992). The Safety of Nuclear Power, Safety Series No.
75-INSAG-5, IAEA, Vienna.

Jasanoff, S., & Kim, S. H. (2009). Containing the atom: Sociotechnical imaginaries and nuclear power in
the United States and South Korea. Minerva, 47(2), 119.

Jasanoff, S., & Kim, S. H. (2013). Sociotechnical imaginaries and national energy policies. Science as
Culture, 22(2), 189-196.

Juhn, P. E., Kupitz, J., Cleveland, J., Cho, B., & Lyon, R. B. (2000). IAEA activities on passive safety sys-
tems and overview of international development. Nuclear Engineering and Design, 201(1), 41-59.

Jurgensen, C., & Mongin, D. (2018). Résistance et dissuasion: Des origines du programme nucléaire
[frangais a nos jours. Odile Jacob.

Keay, M. (2016). UK energy policy—Stuck in ideological limbo? Energy Policy, 94, 247-252.

Keenan, J. (2008). Uranium goes critical in Niger: Tuareg rebellions threaten Sahelian conflagration.
Review of African Political Economy, 35(117), 449-466.

Kletz, T. A. (1978). What you don’t have, can’t leak. Chemical Industries, 2(6), 287-292.

Kletz, T., & Amyotte, P. (2019). What went wrong?: Case histories of process plant disasters and how
they could have been avoided. Butterworth-Heinemann.

Lijphart, A. (2012). Patterns of democracy: Government forms and performance in thirty-six countries.
Yale University Press.

Limmer, A., & Zumbrigel, C. (2020). Waterpower romance: The cultural myth of dying watermills in
German hydro-narratives around 1900. Water History, 12(2), 179-204.

Martensson, A. (1992). Inherently safe reactors. Energy Policy, 20(7), 660-671.

Maxwell, J., Lee, J., Briscoe, F., Stewart, A., & Suzuki, T. (1997). Locked on course: Hydro-Quebec’s
commitment to mega-projects. Environmental Impact Assessment Review, 17(1), 19-38.

Mazzucato, M. (2021). Mission economy: A moonshot guide to changing capitalism. Penguin UK.

Mitchell, T. (2011). Carbon democracy: Political power in the age of oil. Verso Books.

Nozick, R. (2013). Anarchy, State, and Utopia (Paperback). Hachette Book Group USA.

Pelopidas, B. (2012). French nuclear idiosyncrasy: How it affects French nuclear policies towards the
United Arab Emirates and Iran. Cambridge Review of International Affairs, 25(1), 143-169.

Pelopidas, B. (2019). France: Nuclear command, control, and communications, Doctoral dissertation,
Technology for Global Security.

Perrow, C. (1999). Normal accidents: Living with high-risk technologies. Princeton University Press.

@ Springer


https://doi.org/10.1007/BF00446603

Analyzing the Role of Values and Ideals in the Development... Page210f21 8

Nye, D. E. (1990). Electrifying America: social meanings of a new technology, 1880-1940. The MIT
Press.

Rawls, J. (1971). A theory of justice. Rawls. The Belknap.

Rescher, N. (1987). Ethical idealism. University of California Press.

Scheinman, L. (2015). Atomic energy policy in France under the Fourth Republic. Princeton University
Press.

Sen, A. K. (2009). The idea of justice. Harvard University Press.

Sovacool, B. K., & Dworkin, M. H. (2015). Energy justice: Conceptual insights and practical applica-
tions. Applied Energy, 142, 435-444.

Spiewak, 1., & Weinberg, A. M. (1985). Inherently safe reactors. Annual Review of Energy, 10(1),
431-462.

Statista Research Department. (2022). Number of operational nuclear reactors worldwide from 1954 to
2021. Retrieved 12 18, 2022, from https://www.statista.com/statistics/263945/number-of-nuclear-
power-plants-worldwide/

Stilgoe, J., Owen, R., & Macnaghten, P. (2020). Developing a framework for responsible innovation.
In The ethics of nanotechnology, geoengineering and clean energy (pp. 347-359). Routledge.

Taebi, B., & Mayer, M. (2017). By accident or by design? Pushing global governance of nuclear safety.
Progress in Nuclear Energy, 99, 19-25.

Taebi, B., & Kloosterman, J. L. (2015). Design for values in nuclear technology. In Handbook of ethics,
values, and technological design: Sources, theory, values and application domains (pp. 805-829).

Trutnevyte, E. (2014). The allure of energy visions: Are some visions better than others? Energy Strategy
Reviews, 2(3-4), 211-219.

Valentini, L. (2012). Ideal versus non-ideal theory: A conceptual map. Philosophy Compass, 7(9),
654-6064.

Van de Poel, I. R. (1998). Changing technologies. A comparative study of eight processes of transforma-
tions of technological regimes. Dissertation. University of Twente.

Van de Poel, I. (2003). The transformation of technological regimes. Research Policy, 32(1), 49-68.

Van de Poel, I. (2009). Values in engineering design. In Philosophy of technology and engineering sci-
ences (pp. 973-1006). North-Holland.

Van de Poel, 1. (2013). Translating values into design requirements. In Philosophy and engineering:
Reflections on practice, principles and process (pp. 253-266). Springer.

Van de Poel, I. (2015). Conflicting values in design for values. In Handbook of ethics, values, and techno-
logical design: Sources, theory, values and application domains (pp. 89-116).

Van de Poel, I., & Taebi, B. (2022). Value change in energy systems. Science Technology Human Values,
47(3), 371-379.

Van den Hoven, J., Lokhorst, G.-J., & Van de Poel, I. (2012). Engineering and the problem of moral over-
load. Science and Engineering Ethics, 18(1), 143—155. https://doi.org/10.1007/s11948-011-9277-z

Van der Helm, R. (2009). The vision phenomenon: Towards a theoretical underpinning of visions of the
future and the process of envisioning. Futures, 41(2), 96—104.

Verbeek, P. P. (2006). Materializing morality: Design ethics and technological mediation. Science Tech-
nology & Human Values, 31(3), 361-380.

Walker, G. H., Stanton, N. A., Salmon, P. M., & Jenkins, D. P. (2008). A review of sociotechnical systems
theory: A classic concept for new command and control paradigms. Theoretical Issues in Ergonom-
ics Science, 9(6), 479-499.

Watson, W. (1992). Tidal power politics: A comparison of political responses to large energy projects in
the UK. International Journal of Ambient Energy, 13(3), 145-154.

Weinberg, A. M. (1985). The second nuclear era: A new start for nuclear power. 11 Praeger Publishers.

Welsh Government, Environment and Countryside, Severn Tidal Power, website

Wolf, S. (1982). Moral saints. The Journal of Philosophy, 79(8), 419-439.

Zhang, L., & Baumeister, R. F. (2006). Your money or your self-esteem: Threatened egotism promotes
costly entrapment in losing endeavors. Personality and Social Psychology Bulletin, 32(7), 881-893.

Ziegler, W. (1991). Envisioning the future. Futures, 23(5), 516-527.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

@ Springer


https://www.statista.com/statistics/263945/number-of-nuclear-power-plants-worldwide/
https://www.statista.com/statistics/263945/number-of-nuclear-power-plants-worldwide/
https://doi.org/10.1007/s11948-011-9277-z

	Analyzing the Role of Values and Ideals in the Development of Energy Systems: How Values, Their Idealizations, and Technologies Shape Political Decision-Making
	Abstract
	Introduction
	Ideals and Values in Energy Systems
	Ideals and Energy Visions
	Ideals and Engineering Design
	Inherent Safety in Reactor Design
	The Role of Ideals in Visions of Energy System Development
	The Severn Barrage
	Discussion
	Conclusion
	Acknowledgements 
	References




