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Safety is a key aspect for the continuity of nuclear energy as one of the most widely used energy options
worldwide for producing electricity. However, previous studies have shown that the nuclear industry
needs to meet social, technological, normative, environmental, economic, and organizational challenges.
Due to this need, this study attempts to understand the challenges that Spain's nuclear industry faces
with regard to safety. The study was conducted with 122 experts who responded to the question: “What
is the main challenge that Spain's nuclear industry faces in the field of safety?” A discourse analysis was
performed to identify the most important challenges and how they are characterized by experts.
Findings have shown that Spain's nuclear industry must face multiple and very diverse challenges. The
main social challenge is the high concern for the continuity of Spain's nuclear industry, generated in large
part by the socio-political context of uncertainty and the lack of social acceptance. Technologically,
lifetime extension of the nuclear facilities in operation is the main challenge. The experts do not note
other challenges present within the industry, such as ensuring new technological developments or
building new nuclear plants. Regarding normative challenges, integrating new requirements within the
current regulatory framework and coordinating the extensive and diverse existing regulation are note-
worthy. The main economic challenge lies in achieving an efficient economic management system that
ensures the nuclear plants' operation and makes them profitable. Organizationally, the main challenges
are the generational shift and organizational learning. It is noted that the experts do not indicate other
organizational issues that have been involved in important events within Spain's nuclear industry.
Finally, the experts do not indicate any environmental challenges related to safety.
© 2016 Elsevier Ltd. All rights reserved.

Keywords:

Spain nuclear industry
Safety challenges
Nuclear experts
Online survey
Discourse analysis

1. Introduction

The use of nuclear energy for generating electricity is one of the
most important energy options worldwide (Organisation for Eco-
nomic Co-operation and Development/Nuclear Energy Agency
-OECD/NEA-, 2012a; International Atomic Energy Agency -IAEA-,
2014a). The nuclear-based energy supply is estimated to comprise
approximately 14% of the world's electricity, and 21% of the elec-
tricity in member states of the Organisation for Economic Co-
operation and Development (OECD) (OECD/NEA, 2012a).
Currently, there are 438 operational nuclear reactors worldwide,
and they are spread throughout more than 25 countries (IAEA,
2015). It is important to note that nuclear energy produces elec-
tricity without carbon emissions and other climate-relevant gases
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and that it provides a stable supply of electrical energy (Mari, 2014;
Abu-Khader, 2009).

However, the continuity of the nuclear industry as a significant
energy supplier seems to be dependent on the resolution of certain
problems: “concerns about safety, its technical complexity, the need
for long-term management and disposal of nuclear waste, the
complicated regulatory and legal requirements, and the large-scale
investments required to build nuclear power plants” (OECD/NEA,
2012a:13). Some of these concerns, including those regarding
safety and radioactive waste management, have followed the
commercial nuclear industry since its beginnings (Weart, 2012).
Other more recent matters derive from important structural
changes in the electricity market (IAEA, 2003).

Indeed, in recent decades, the nuclear industry in Western
countries has had to adapt to processes of economic deregulation of
electricity markets in a setting conditioned by cheaper energy
production that is kinder to the environment and ultimately safer
(Garcés, 2014). The industry has been required to adapt to a series
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of changes “without compromising safety in any instance”
(Wahlstrom, 2004). The management of change in the nuclear in-
dustry has been identified as a critical topic with the objective of
guaranteeing safety and preventing the occurrence of accidents
(IAEA, 2003). On the other hand, the discussion about safety has
emerged with renewed strength in the wake of the Fukushima
catastrophe, reopening the political and social debate concerning
the safety of nuclear technology with commercial aims.

In this context, a certain process of reflection is taking place
concerning the future of the nuclear power industry. Some of the
international nuclear organizations have identified the most
important problems facing the international nuclear industry (e.g.,
OECD/NEA, 2012b; IAEA, 2014a; OECD/NEA/International Energy
Agency -IEA-, 2015). Additionally, from the academic field, studies
have been focusing on identifying the most important challenges
for the nuclear sector (e.g., Deutch et al., 2003; Wahlstrom, 2004;
Kettunen et al., 2006, 2007; Ramana, 2009).

The work presented in this article is framed in this context of
questioning and reflection with regard to the future of the nuclear
industry. Our investigation aims to identify the challenges that,
according to sector experts, Spain's nuclear industry must confront
and resolve to continue operating safely in the long term. This
investigation has attempted to understand the nature of these
challenges and the details that define them.

2. Main challenges for the nuclear industry

“Challenges” refers to a diverse set of difficulties or obstacles.
These challenges can also be defined as “seldom issues that can be
approached and coped with in isolation” (Wahlstrom, 2004:22).
Other authors refer to this same idea, using the term “tension” “to
refer to a generic priority setting or resource allocation challenge, or to
a challenge of balancing two or several at least partly conflicting ob-
jectives or expectations” (Kettunen et al., 2007:426).

This study focuses on safety challenges assuming that organi-
zations confront internal but also external challenges that require
organizations to adapt for survival (Lawrence and Lorsch, 1976).
Along these lines, socio-technical safety model by Rasmussen
(1997, 2001; Rasmussen and Svedung, 2000) postulates that orga-
nizations are understood as open systems that are influenced by
the changes in their environment (e.g. economic, regulatory, po-
litical aspects). Consistently, this model acknowledges safety is an
emergent property of the system that arises from the interaction
between the social and technological systems.

Socio-technical safety model by Rasmussen (1997, 2001;
Rasmussen and Svedung, 2000) is a well-established model in the
field of safety research (e.g. Hale et al., 2010; Le Coze, 2015;
Leveson, 2004). Its postulates are congruent with previous empir-
ical studies conducted in the nuclear industry (e.g., Baumont et al.,
2000; Deutch et al., 2003; Joskow and Parsons, 2009; Kettunen
et al., 2006, 2007; Ramana, 2009; Wahlstrom, 2004) in that they
have also acknowledged the relevance of social, technological,
normative, economic, environmental, and organizational chal-
lenges to continue operating safely in the long term.

2.1. Social challenges

One of the social challenges that the nuclear industry faces is the
social acceptance of nuclear energy (e.g., Deutch et al., 2003; Van
der Zaman, 2008), which is influenced by the risk associated with
it (European Commission, 2010). According to the last Euro-
barometer concerning nuclear safety, 52% of the European popu-
lation perceived nuclear power plants as a risk (European
Commission, 2010). In Spain, 54% of the population was against
nuclear energy, and 38% were in favour of shutting down all nuclear

plants (Foro de la Industria Nuclear Espanola, 2015). Furthermore,
the occurrence of adverse events influenced public opinion on an
international level (OECD/NEA, 2010).

The degree of experience and knowledge concerning nuclear
energy is another critical factor for social acceptance (OECD/NEA,
2010). Thus, among countries where nuclear energy is used, the
population is more favourably predisposed to its use, is better
informed, and has a better understanding with regard to nuclear
matters (OECD/NEA, 2010; Consejo de Seguridad Nuclear, 2015).
Nevertheless, in general, the population feels poorly informed and
considers the information that it receives concerning nuclear safety
to be insufficient (European Commission, 2010; Consejo de
Seguridad Nuclear, 2015).

Finally, trust in institutions also influences the social acceptance
of technological risks (Poortinga and Pidgeon, 2003). Social trust
determines the assessment made concerning the risks and benefits
associated with technological risks (Siegrist and Cvetkovich, 2000).
In this manner, trust in risk management can compensate for a
negative perception of these technologies just as, conversely,
distrust can lead to the opposite (Renn, 2008).

2.2. Technological challenges

On a technological level, the ageing of nuclear facilities is one of
the most important challenges (IAEA, 2009a; OECD/NEA, 2012b).
Thus, it is necessary “to detect ageing effects of structures, systems
and components to address associated reductions in safety margins
and to take corrective actions before loss of integrity or functional
capability occurs” (IAEA, 2009a:3).

Associated with the ageing of nuclear facilities, is a management
challenge concerning technology obsolescence. “Obsolescence” can
be described as a “lack of spare parts, technical support, suppliers and
industrial capabilities” (IAEA, 2009a:7) affecting the safety and
operation of nuclear facilities.

Additionally, the ageing of nuclear facilities has reignited the
debate on the lifetime extension of nuclear power plants, which
were mostly designed to operate between 30 and 40 years (Van der
Zwaan, 2008). Currently, more than 50% of nuclear reactors in
operation worldwide surpass the 30-year lifespan (IAEA, 2015). In
the case of Spain, these figures reach up to 75%. Indeed, by 2018, all
of the nuclear reactors will surpass their operational lifespans (Foro
de la Industria Nuclear Espanola, 2014).

Finally, one of the most noticeable advances within the industry
is the development of a new generation of nuclear facilities known
as Generation IV (Generation IV International Forum, 2014). These
facilities are expected to be more efficient, sustainable, safe, trust-
worthy, and competitive (IAEA, 2004; OECD/NEA/IEA, 2015).

2.3. Normative challenges

One of the normative challenges that the nuclear industry faces
is harmonizing safety requirements on an international level so
that they can be applicable to different countries (Tronea, 2010). In
an attempt to respond to this necessity, international organizations
competent in the matter of safety within the nuclear industry have
established the most important guidelines to follow (e.g., IAEA,
2008). Nevertheless, differences exist in the implementation of
these guidelines on a national level in matters of design, con-
struction, operation, or regulations. For example, there exist nu-
clear plants with a similar design but different safety standards
based on the country in which they are located (Tronea, 2010).
Standardization may be possible by producing a standard European
plan of review or an evaluation process of generic design that
would be considered suitable for all nuclear safety regulators in
every country in the EU (Tronea, 2010).
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Moreover, it is necessary to develop an effective regulatory
framework. In this sense, some of the risks stem from excessive
regulations and the multiplication or duplication of regulatory re-
quirements (OECD/NEA/IEA, 2015). In the coming years, safety re-
quirements may become more demanding (Joskow and Parsons,
2012), exacerbating these challenges. It is important to note that
“by requiring highly resource demanding licensee procedures some
possibilities for safety development can be delayed” (Rollenhagen,
20086, 86).

Finally, the accident in Fukushima has led to an increase in
safety requirements. For example, in the context of Spain, nuclear
facilities have been subjected to a group of stress tests and have
executed important changes such as the implementation of an
alternative emergency management centre (Consejo de Seguridad
Nuclear, 2012).

2.4. Economic challenges

Economically, the costs associated with the operation and
maintenance of nuclear facilities pose a challenge (Joskow and
Parsons, 2009), given that these have increased in the last few
years as a result of the implementation of new requirements.
Furthermore, this cost may increase in the future as the result of
new requirements (Joskow and Parsons, 2012). Nevertheless, the
operation of nuclear power plants is currently considered profitable
in almost all European countries, even considering the economic
cost involved in adapting the post-Fukushima safety requirements
(OECD/NEA, 2012c).

Regarding economic competitiveness against alternative energy
sources, the challenge resides in the initial economic investment
necessary for building nuclear facilities (Joskow and Parsons, 2009).
Although nuclear energy is able to handle its two main competitors
(carbon and natural gas) in terms of global cost, the corresponding
cost of the initial investment for the construction of a new facility is
greater than that of other technologies (OECD/NEA, 2012c; Abu-
Khader, 2009). This cost creates an obstacle for investors (Van der
Zwaan, 2008). Indeed, a reduction in the operation and mainte-
nance costs of nuclear plants may increase interest in nuclear en-
ergy (Deutch et al., 2003).

Finally, an economic cost that is too high may induce some
owners to not renew their operating licenses and shut down their
plants (Joskow and Parsons, 2012). Indeed, in Spain, the nuclear
power plant in Garona has been shut down since the end of 2012,
waiting for the approval of its operating license renewal (Consejo
de Seguridad Nuclear, 2015). A major reason for this shutdown
was the new taxes on electricity production and spent nuclear fuel
that had been approved by the Spanish government and were owed
by the plant.

2.5. Environmental challenges

The management and storage of radioactive nuclear waste have
been key challenges for the industry since its beginning (Abu-
Khader, 2009; Deutch et al., 2003; Van der Zwaan, 2008). The
management and final disposal of spent nuclear fuel and highly
radioactive waste is especially critical (OECD/NEA/IEA, 2015).

Currently, different alternatives concerning waste management
are being assessed (Abu-Khader, 2009; OECD/NEA/IEA, 2015). At
present, however, no country has applied a definitive solution for
storing highly radioactive nuclear waste. Some countries, such as
the U.S.A, Finland, France, and Sweden, have made advances in
underground geological storage (Van der Zwaan, 2008; Fundacién
para Estudios sobre la Energia, 2007), whereas other countries,
such as the Netherlands, have opted for centralized storage facility.

In Spain, spent fuel is temporarily stored in fuel storage pools.

Nevertheless, nuclear power plants have been required to either
increase the number of fuel storage pools or build temporary
storage facilities. At the end of 2013, the utilization level of fuel
storage pools in Spain's nuclear power plants was more than 86%
(Foro de la Industria Nuclear Espanola, 2014). Additionally, the
construction of centralized temporary storage facility (CTSF) is
scheduled for 2021 in accordance with the Sixth General Radioac-
tive Waste Plan (ENRESA, 2009).

2.6. Organizational challenges

On an organizational level, safety culture has become a central
topic within the nuclear industry (IAEA, 2009b; INPO, 2013).
“Safety Culture” refers to “norms and rules for handling hazards,
attitudes towards safety, and reflexivity on safety practice” (Pidgeon,
1991:135). It can also be defined as “the structure and processes of
an organization, which, because of their dynamic interplay, will sub-
sequently influence the culture and, in due course, behaviour and
performance” of an organization (Guldenmund, 2010:1470).

The main international organizations have attempted to estab-
lish the aspects of safety culture that are critical within the nuclear
industry (IAEA, 2006; INPO, 2013). Organizational learning, lead-
ership, communication, decision-making, and management pro-
cesses are some of the organizational processes that have been
identified as important to develop a strong safety culture (IAEA,
2006; INPO, 2013). Additionally, these organizations highlight the
importance of creating an environment that favours a questioning
attitude, problem identification, and accountability on all organi-
zational levels (IAEA, 2006; INPO, 2013). In this sense, it is funda-
mental that all personnel consider safety as a fundamental value
(IAEA, 2002a, 2009b) and that management emphasize and convey
its importance (IAEA, 2002b, 2009b; INPO, 2004).

Along this same line, the analysis of adverse events occurring
within the nuclear industry (Baumont et al., 2000; IAEA, 2002b;
INPO, 2004) also reveals the importance of organizational factors
(Reason, 1997; Pidgeon, 1998; IAEA, 2013). A review of the most
significant accidents occurring in different industries and countries
concludes that these accidents were mainly the result of errors in
“design or technology; training; decision making; communication;
preparation for the unexpected; and understanding of organizational
interdependencies” (IAEA, 2013:10).

In the European setting, some authors highlighted challenges
such as contractor competency and skills, the recruitment of young
people, and motivational problems (Wahlstrom, 2004). Other
challenges are also noteworthy, such as maintaining personnel
motivation, building a proper safety culture, fighting complacency,
and managing mental and emotional strain (Kettunen et al., 2007).

Finally, in the Spanish context, an analysis of the most signifi-
cant incidents from the last 10 years has been able to identify the
most important factors that have contributed to their occurrences.
Among other findings, weaknesses in documentary processes, the
absence of a critical attitude, inadequate employee supervision, and
weaknesses with regard to internal and external operational
experience are worth highlighting (German et al., 2014).

3. Methodology
3.1. Objectives

The objective of this study was to establish the main challenges
regarding safety faced by Spain's nuclear sector according to the
views of sector “experts”. The present study seeks to identify the
group of challenges and to understand their main characteristics,
analysing them based on the terms defined above.

With the goal of creating a textual corpus that would allow a
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qualitative analysis of the information gathered, the following
open-ended question was posed: “What is the main challenge that
Spain's nuclear industry faces in the field of safety?” This question was
included in an online survey. This technique was chosen because it
allows researchers to obtain data from large samples quickly and
exhaustively (Diaz de Rada, 2012; IAEA, 2014b). Additionally, by
being anonymous, respondents can express critical views without
fear of adverse consequences (IAEA, 2014b). Furthermore, in the
nuclear sector, studies exist that have used this technique with the
same goal (e.g., Deutch et al., 2003).

There were no word limits for responses to the question, nor
were the participants provided with any precise definition of the
term “challenge”. The data were gathered between June and
September 2013.

3.2. Study sample

The online survey was administered to a large group of experts
in Spain's nuclear sector. There were two criteria that were required
for inclusion in the panel of experts: a) having worked in the nu-
clear industry for a minimum of 10 years; and b) having a wide
knowledge of Spain's nuclear industry. The sample included ex-
perts not only from Spain's nuclear power plants but also from the
rest of the organizations belonging to Spain's nuclear sector (such
as the task of waste management and nuclear fuel manufacturing).

Recruiting members for the group of experts was performed
with the collaboration of a sectorial group in Spain's nuclear in-
dustry that included representatives from different companies. A
total of 155 experts were invited to participate, with 122 ending up
actually participating (a 78.7% response rate). Regarding the sam-
ple, it is noted that it was mainly composed of unit or department
heads of the different nuclear organizations. In the following table,
the characteristics of the organizations that participated in the
study are shown (see Table 1).

3.3. Data analysis

A discourse analysis was conducted to identify the most sig-
nificant challenges and how they were characterized by the ex-
perts. Following Potter and Wetherell (1987), an analysis of
“interpretive repertoires” was performed, which made it possible
to understand the manner in which the experts responded to the
question, thereby giving meaning to the object of the question:
“main challenge in the field of safety”. In other words, with the
analysis of “interpretive repertoires”, recurring patterns or specific
and precise formulations of these “challenges” were identified by
experts in Spain's nuclear sector.

Considered socio-technical safety model by Rasmussen and

Table 1
Participating organizations and the number of experts from each.

previous research related to challenges in the nuclear industry, the
categories used for classifying the challenges in the Spain's nuclear
industry were the following (see Fig. 1): social challenges; tech-
nological challenges; normative challenges; economic challenges;
environmental challenges; and organizational challenges. It is
assumed that these dimensions cover the majority of the chal-
lenges faced by nuclear organizations.

Social
Organizational Technological
Safety
challenges
Environmental Normative
Economic

Fig. 1. Safety challenges categories (based on literature review).

4. Results

Next, a detailed description of the most significant challenges
according to sector experts is shown.

4.1. Social challenges

Three social challenges were identified: sector continuity, social
acceptance, and communication to the public (see Table 2).

To the experts, the challenge of “sector continuity” meant “rising
above the negative environment” that threatens the survival of this
industry in Spain. Some experts expressed it in more extreme
terms: “the feeling that the nuclear industry is dying”. A “background
of uncertainty” is noted, as is the need to promote the sector in a
“broad and objective way”. The experts expressed the negative
impact of politics in the industry, noting, for example, the “intrusion
of politicians” or “the politicization in technical aspects”.

A second challenge consisted of recovering the social acceptance
lost due to catastrophic events in the industry (“rebuilding the
sector's credibility after accidents such as those in Fukushima”). The

Organization Facilities Status Total experts
NUCLENOR Garona NPP Suspended operation 15
CNAT Almaraz I NPP In operation 35
Almaraz Il NPP In operation
Trillo NPP In operation
ANAV Asco | NPP In operation 19
Asco I NPP In operation
Vandellds I NPP In operation
IBERDROLA Cofrentes NPP In operation 9
ENRESA Vandellds I NPP Shut down — latency 18
José Cabrera NPP In decommissioning
El Cabril In operation
ENUSA Juzbado Factory In operation 12
ENSA Maliano Factory In operation 14
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loss of social “trust” and “credibility” was noted as a challenging
situation that needed to be reversed. This lack of social acceptance
appeared to be understood by some experts as a problem of social
perception. It is believed that changing the public perception may
come about by demonstrating the industry's high safety standards
(“improving society's perception that the nuclear industry maintains
high self-imposed demands regarding safety”).

Regarding “communication to the public”, two main ideas
define this challenge. The first is transmitting the idea (and being
able to convince the public) that Spain's nuclear industry is safe.
The foundation would have to be a communication policy that
conveys and shows citizens the high safety standards. It is assumed
that information concerning safety practices and investment would
result in the establishment of social acceptance (“being able to
transmit to the general population that Spain's nuclear industry is safe
and makes daily efforts to continue being safe (...) into the future”. A
second element consists of addressing general ignorance (“the lack
of information”) that citizens have with regard to the nuclear in-
dustry by means of ample and precise information.

Table 2
Social challenges related to safety in Spain's nuclear industry.

Dimension Categories Sub-categories

Social challenges Sector continuity
Social acceptance

Context of uncertainty
Recovering trust

Improving public perception
Communication to the public Risk communication
Generic communication

4.2. Technological challenges

Three technological challenges were identified: technological
updating, lifetime extension, and safety maintenance (see Table 3).

The main technological challenge is linked to the “technological
updating” of components and equipment due to the ageing of
Spain's nuclear facilities, that is, attempting to achieve “technolog-
ical renewal before the obsolescence of the facilities makes them
nonviable”. This technological renewal should “modernize the
plants” and replace “obsolete equipment and instruments” with
current technology. The idea of “technological maintenance” is
repeatedly insisted on. Some experts link this challenge to a limi-
tation of resources (“modernizing the plants in a setting with very
strong budgetary restrictions”; “resources are limited”). For other
experts, the technological updating of equipment allows the plants
to be safer and prevents catastrophic accidents. One expert ques-
tioned the large technological investments derived from Fukush-
ima, countering them with necessary investments in technological
maintenance (“[they are] infrastructure and equipment that will
possibly never be used”).

The second technological challenge entails “lifetime extension”.
This challenge is composed of two elements. The first is getting the
plants to operate for more time than they were designed to. The
experts formulated this idea in the coinciding terms of “extending
the lifespan” or “prolonging the operation of the power plants” for
longer than established (“beyond 40 years”; “up to 60 years”). A
second idea stemming from this challenge is less precise, without
settling on a time period, and only alludes to safety conditions as a
guarantee of getting the plant to operate in the future, “safer and
more reliable plants that guarantee more operating years”; “operating
safely in the long term”.

Finally, the experts noted the challenge of “safety maintenance”.
This idea was expressed in equivalent terms: “maintaining current
safety standards”. The idea of avoiding events or incidents with

public impact was also stated, reiterating the idea that incidents
should not affect the public. Safety would need to be ensured in a
way that would prevent catastrophic incidents. The challenge
would entail “being prepared to ensure the protection of workers, the
public and the environment in any situation”.

Table 3
Technological challenges related to safety in Spain's nuclear industry.

Dimension Categories Sub-categories

Technological challenges Technological updating Equipment obsolescence
Technological modernization
Equipment maintenance
Extending the lifespan
Long-term safe operation
Maintaining safety standards

Lifetime extension

Safety maintenance

4.3. Normative challenges

The analysis shows two significant challenges for the sector at
the normative level: the implementation of new regulatory re-
quirements and the reasonable integration of these requirements
(see Table 4).

The first challenge refers to the implementation of new regu-
latory requirements. The experts note that Spain's nuclear industry
has to “accept responsibility” or “adjust to” a series of requirements
stemming from a “Post-Fukushima setting”. It is specified that these
changes must be “efficiently implemented” with the objective of
ensuring or increasing safety. Some experts anticipate that there
will be more changes in the future (“there will be other kinds of
consequences in the coming years”).

The second challenge noted by experts entails the reasonable
integration of the increased volume of requirements with which
Spain's nuclear industry is faced. There are three ideas that define
this challenge: a) the limited time available for the industry to
address all of these regulations (“all of them are urgent”); b) the
need to clarify these new regulations (“regulation overlapping”);
and c) the negative effects on safety that this regulation accumu-
lation may involve (“answering to too many obligations could miss
the essence of a safe operation”). For experts, this increased number
of regulatory requirements could have a negative effect (“the
excessive regulatory framework”).

Table 4
Normative challenges related to safety in Spain's nuclear industry.

Dimension Categories Sub-categories
Normative New regulatory Post-Fukushima setting
challenges requirements

Integration of requirements Temporary urgency
Clarification of
requirements
Regulation accumulation

4.4. Economic challenges

The experts indicated two economic challenges: having an
economic investment and efficient economic management (see
Table 5).

First, the need to improve economic investment for safety rea-
sons was justified in terms of safety (“safety needs a continuous
investment in equipment renewal and in management and improve-
ment processes”). In some cases, the “lack of investments” is explicitly
stated. The experts also refer to the difficulty in obtaining sufficient
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economic resources.

Furthermore, the experts note the challenge in obtaining an
efficient economic management of the industry. Two ideas define
this challenge: a) optimizing costs and b) balancing safety and
productivity.

Regarding costs, the experts generally referred to the term
“cost” in a negative sense, as a loss that must be minimized (“the
need to optimize costs”). On the other hand, some experts warned
about the risk of focusing the nuclear industry's management on
controlling costs instead of on technical aspects (“the temptations of
minimizing costs”; a more technical management and less econo-
mistic”). The regulation requirements stemming from Fukushima
were also referenced as something that “could generate very costly
investments”. In this sense, some experts considered these regula-
tions to be a threat to the industry because of their economic costs
(“the operation of a nuclear power plant can be economically unviable,
gaining very little safety”).

With regard to the safety-productivity dilemma, the experts
noted the current emphasis would be to focus on safety over pro-
ductivity. The challenge would be to “obtain a reasonable safety vs.
economic profitability relationship”. Maintaining the emphasis on
safety was referred to repeatedly (“maintaining our way of working
where safety takes precedence over productivity”).

Table 5
Economic challenges related to safety in Spain's nuclear industry.

Dimension Categories Sub-categories
Economic Economic investment Lack of investment
challenges

Insufficient economic
resources
Efficient economic Optimization of costs
management
Safety - productivity
dilemma

4.5. Organizational challenges

The three organizational challenges that Spain's nuclear in-
dustry faces are the generational shift, the consolidation of the
safety value, and organizational learning (see Table 6).

The main organizational challenge for experts is linked to the
process of a “generational shift”. There needs to be a method to
ensure that, after the “retirements and renewals” of a significant
portion of personnel, the technical management of nuclear facilities
remains in the hands of highly qualified people who are capable of
efficiently addressing the needs of these nuclear facilities.

Two critical aspects in the replacement process can be distin-
guished: a) the transmission of highly specialized technical
knowledge (“technical know-how”) and b) the transference of other
intangible elements linked to elements of motivation and attention
to safety. Achieving these tasks must ensure that “the employees
have an in-depth knowledge of how to do their jobs and obtain a high
commitment, putting the facility's safety as the main objective”. The
idea of arranging an excellent human team is explicitly stated. The
excellence of the human team would occur by promoting a process
of continual improvement for the entire nuclear facility workforce
on an organizational level (“reaching excellence in the work behav-
iours and practices of all personnel who active in the organization”).

A second challenge entails “consolidation of the safety value” to
induce all active personnel in the nuclear sector to work safely and
be aware of risks. It is said that nuclear organizations must assume
a firm commitment to convey the importance of this value (to all of

their members), that is, the importance of safety. It is necessary to
“improve the safety culture and raise awareness in the job positions of
all personnel”.

The underlying idea of the process of consolidating the safety
value is realized by understanding safety as a critical element in all
work activities and practices in the industry and by fulfilling the
standards of safety regulations at all times. Meeting this challenge
“happens by achieving an awareness in all employees of everything
that needs to be done regarding safety regulations”. The idea that
safety depends on everyone is emphasized, and simple actions can
contribute to diminishing the importance of safety. As one expert
put it: “It is necessary to make everyone participate; all employees,
suppliers, and everyone else involved are responsible for safety, given
that an accident can occur in the facility, even from the most insig-
nificant task. This cannot be forgotten, even though some activities are
repetitive”.

Finally, the last challenge is related to organizational learning.
Two elements are defined: a) personnel's responsibility of facing
problems and b) operational experience. Regarding the re-
sponsibility of facing problems, an ideal worker in the nuclear
sector would demonstrate a proactive attitude, commitment, and
transparency in the process of problem identification and resolu-
tion (“involvement and cooperation of personnel at the time of
researching and looking for solutions in the face of potential defects”).
Another aspect mentioned is maintaining an inquisitive attitude in
the industry (“maintaining and also increasing the interrogating and
questioning attitude in matters of safety”) in terms of daily labour
practices (“when the routine takes over our day-to-day tasks”). With
regard to operational experience, experts indicate the possibility of
acquiring information to transform it into knowledge that improves
the organization. In this sense, the challenge is focused on paying
more attention to the information provided by the operational
experience (“learning about the individual's and other people's
operational experience”).

Table 6
Organizational challenges related to safety in Spain's nuclear industry.

Dimension Categories Sub-categories

Technical know-how
Quality of human resources
Safety culture

Organizational Generational shift
challenges
Consolidation of the
safety value
Organizational learning  Accountability in the face of
problems

Operational experience

5. Discussion

The objective of this study is to explore the viewpoint of experts
concerning the challenges related to safety that Spain's nuclear
industry must face. The study does not set out to list or count
challenges but attempts to understand how they are conceived and
under what terms they are defined. Although some results gener-
ally coincide with previous studies concerning the future chal-
lenges of the nuclear industry (Kettunen et al., 2006, 2007;
Wahlstrom, 2004), the findings of the present study demonstrate
the existence of specific challenges in the Spanish sector. Next, the
findings of each element of the analysis are discussed.

The main social challenge for Spain's industry appears to be in
securing its continuity. This concern stands out above what would
be a more generic concern, improving its social acceptance. It is
important to report that, while the study was being conducted, the
renewal of the operating license of Santa Maria de Garona, the
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oldest nuclear power plant in Spain, was pending. At this cross-
roads, the main challenge, according to the experts, is ensuring the
future continuity of the different plants (and not only Garona). This
challenge is defined by the experts in a certain dramatic tone (the
nuclear industry is “dying”), with appeals to the clarification of the
period of uncertainty (attaining an operating license for more time
than initially expected), and with a vision of the legislative orga-
nizations, as political agents who meddle in technical aspects. The
process of negotiation between the government and the electric
company is perceived as a process of political intrusion concerning
technical aspects in which “politicians” do not have technical
competence.

On the other hand, the experts' assessment concerning the low
level of public acceptance of Spain's nuclear industry is consistent
with previous studies (European Commission, 2010; Foro de la
Industria Nuclear Espanola, 2015). The experts appear to attribute
this low social acceptance primarily to the media impact of the
Fukushima catastrophe (the idea of “recovering” trust is referred to
repeatedly). The experts' view seems to reside in the following two
axioms: a) the low level of social acceptance of Spain's nuclear
industry is due to a misunderstanding, a mistaken social percep-
tion; and b) to correct this erroneous perception, it is necessary to
give the public precise information on safety standards. In other
words, to deal the lack of information among the public (and its
mistaken perception) it is necessary to develop an ample commu-
nication policy that is centred on safety aspects.

The main technological challenge that is attributed to Spain's
nuclear industry is to maintain operations (in a safe way “as is done
currently”) in spite of the ageing of the facilities and nuclear
equipment. This challenge corresponds to the goals stated in the
international organization reports regarding the international nu-
clear industry (IAEA, 2009a; OECD/NEA, 2012b). For the experts in
the study, the key would be achieving “technological maintenance”
by replacing obsolete equipment and instruments in a setting of
declining economic resources. A second technological challenge
entails the lifetime extension of the plants. This challenge is defined
in generic terms, that is, without providing concrete details about
replacing large equipment or systems. The experts also do not al-
lude to the construction of new nuclear facilities. Based on the
views of the experts, it would seem that the survival of the industry
in Spain depends only on extending the lifetime of current plants
rather than on building a new generation of nuclear power plants
or developing new technological advances.

Concerning normative challenges, the results show that the
experts’ views are aligned, in part, with the main challenges of the
international industry. The principal regulatory bodies note the
need to succeed in harmonizing the existing extensive and diverse
regulations (OECD/NEA/IEA, 2015). These organizations also advo-
cate encouraging what would be a collaborative focus between the
regulators and licensed professionals who would implement the
regulatory requirements in an integrated manner and in accor-
dance with their impact on safety (INPO, 2014). The information
from our study does not provide evidence supporting this type of
focus by experts in the Spanish sector. On the contrary, the
following belief appears to be shown: “we are safe in spite of the
regulation”, that is, the regulatory framework is seen as excessive
and counterproductive for a safe and efficient operation. Put
differently, the experts believe that regulatory norms are more of a
burden to safety than an added value.

A challenge that seems non-existent for Spain's industry is the
environmental challenge. It is interesting that the issue of waste
management was not concretely mentioned by the experts sur-
veyed in this study, considering its controversial nature since the
beginning of the nuclear industry (Weart, 2012). There is only some
specific mention of the need to build (according to the planned

calendar) centralized storage for highly radioactive waste. There is
also no mention of the debate regarding the type of long-term
sustainable economic solution (geological storage vs. centralized
storage). The experts do not appear to consider waste management
to be an important industry challenge to safety in the Spanish
context.

Concerning economic aspects, Spain's industry needs to be able
to obtain an efficient economic management that ensures the
plants' operation and makes them profitable, according to the ex-
perts in the study. This viewpoint coincides with that of other
studies (Deutch et al., 2003; Joskow and Parsons, 2012). It should be
noted that there is a certain controversy over the term costs among
the experts. Although a favourable view is mainly assumed
regarding the policy on cost control, there is a contrary view on the
emphasis of that control due to the possibility of coming into
conflict with technical needs. The experts also make coinciding
statements regarding the need to achieve and maintain a sufficient
economic investment to ensure safe operations.

Regarding organizational challenges, the study provides a spe-
cific clarification of the Spanish sector's priorities. Compared to the
diversity of organizational factors established by existing models
(IAEA, 2009b; INPO, 2013), the analysis shows a somewhat compact
and restricted view by the experts that is specifically centred on
factors linked to nuclear personnel (knowledge, experience, and
attitudes/values). Additionally, everything seems to pivot not only
around the generational shift (transferring the value of safety) but
also around organizational learning. On the other hand, it is inter-
esting to note some significant omissions: among other aspects, the
experts do not note the importance of procedures or continuous
training as key factors in the generational shift. They also do not
note the organizational factors that were mostly present in the
more significant events in Spain's nuclear industry over the last
decade (events with an INES classification that are greater than or
equal to 1) which are the weaknesses within the documentary
processes or a lack of adequate supervision on the job (German
et al,, 2014).

Regarding the implications of the study, the following issues are
worth highlighting. First, the idea of “safety” that emerges from this
study is a critical element that serves to justify everything, from the
social challenges (as an element that determines social acceptance)
to the technical challenges (such as obtaining a lifetime extension
of the plants in operation). The omission of environmental chal-
lenges related to safety is noteworthy; a safety that, according to
this study, should be balanced and competitive. Safety is presented
as a fundamental aspect for the nuclear industry but, simulta-
neously, with certain economic conditions attached; that is, it has
to be compatible with viable economic management. On the other
hand, there is a certain paradox between the emphasis on safety as
a basic principle simultaneous to a negative connotation regarding
the regulations derived from catastrophic events (Fukushima) that
require making large technological and organizational changes af-
ter increasing safety.

Second, the results support models such as the socio-technical
model applied to High Reliability Organizations (Rasmussen,
2000). The nuclear organization is seen as an open system that is
influenced by the socio-political environment. These results
transmit an idea of defeat by the normative and economic chal-
lenges due, at least in part, to external pressures. The environment
is not seen as a source for resources but rather as a source of
pressures and threats.

Third, it is necessary to note some of the limitations of this
study. First, the study identifies challenges according to the view-
point of a determined group of professionals in the nuclear sector
who participated in the study. This study does not consider the
viewpoint of other social actors that play specific roles in Spain's



162 S. German et al. / Progress in Nuclear Energy 90 (2016) 155—163

nuclear sector (such as investment companies, public administra-
tions, regulatory bodies, ecological associations, etc.) and that may
have a different perception or emphasize other challenges from
those found in this study. Future studies can confirm the results of
this study with the viewpoint of other stakeholders in Spain's nu-
clear sector. Second, it is also worth considering that the “experts”
in this study are professionals in the nuclear sector with industrial
and functional dependency on organizations within the sector.
Scientific and academic experts may be equally worth adding to the
study.

6. Conclusions

Our results show that, according to experts, Spain's nuclear in-
dustry must face multiple and diverse challenges to continue
operating in the future. Some of the challenges noted generally
coincide with the main challenges of the international nuclear in-
dustry. Nevertheless, the study reveals a definite local typography
in matters of safety for Spain's nuclear industry. Thus, the investi-
gation provides a specified characterization and particular modu-
lation for general challenges that are able to produce a precise and
concrete image of the reality of the nuclear industry in Spain. It
offers a general outlook that highlights specific elements but,
simultaneously, omits and diminishes certain relevant topics
within the nuclear industry.

As a way of summarizing, the expert's viewpoint on the industry
can be outlined along the following main lines: a) a large concern
for the continuity of the industry in the face of political interfer-
ence; b) concerns about obtaining a lifetime extension for the
plants in operation (over ensuring new technological de-
velopments or building new nuclear plants); c) risks concerning
safety in environmental aspects are not discerned (such as waste
management or the provisional nature of temporary storage facil-
ities in the power plants); d) emphasis on the need to be able to
integrate new regulatory requirements that are viewed as exces-
sive; e) attaining efficient economic management of the nuclear
organizations through controlling costs; and f) the generational
shift and learning as the most important organizational challenges
(omitting relevant factors involved in numerous events in Spain's
industry such as weaknesses in the documentary processes or
inadequate work supervision).

Finally, we note that the results support the socio-technical
model applied to high reliability organizations (Rasmussen,
2000), understanding the organization as an open system that is
expected to be influenced by factors external and internal to the
organization.

Acknowledgements

We would like to express our appreciation to the Committee of
Organization and Human Factors of the Spanish Association of the
Electrical Industry (UNESA) for their support and collaboration in
this study under the framework of the [4+-D UNESA programme. We
would also like to thank all of the experts in Spain's nuclear sector
for their generosity in sharing their valuable opinions with us.

References

Abu-Khader, M.M., 2009. Recent advances in nuclear power: a review. Prog. Nucl.
Energy 51 (2), 225—235.

Baumont, G., Wahlstrom, B., Sol4, R., Williams, J., Frischknecht, A., Wilpert, B.,
Rollenhagen, C., 2000. Organisational Factors. Their Definition and Influence on
Safety (VTT Research Notes 2067). Espoo: VIT Technical Research Centre of
Finland.

Consejo de Seguridad Nuclear, 2012. Plan de Accién Europeo Post-Fukushima.
Espana. Plan de Acciéon Nacional. Consejo de Seguridad Nuclear, Madrid.
December 2012.

Consejo de Seguridad Nuclear, 2015. Servicio para identificar las expectativas de los
grupos de interés relacionados con la independencia, transparencia e
informacién en las actividades del Consejo de Seguridad Nuclear. Estudio
realizado por Madison Market Research, Madrid. March, 2015.

Deutch, J., Moniz, E., Ansolabehere, S., Driscoll, M., Gray, P.E., Holdren, ].P,
Joskow, P.L, Lester, RK., Todreas, N.E., 2003. The Future of Nuclear Power: an
Interdisciplinary MIT Study. Massachusetts Institute of Technology (MIT),
Cambridge, MA. Available at: http://web.mit.edu/nuclearpower/.

Diaz de Rada, V., 2012. Ventajas e inconvenientes de la encuesta por Internet. Pa-
pers 97, 193—-223.

ENRESA, September, 2009. VI Plan General de Residuos Radiactivos. Madrid.

European Commission, 2010. Europeans and Nuclear Safety. Special Eurobarometer
324. Wave 72.2. TNS Opinion & Social, Brussels.

Foro de la Industria Nuclear Espanola, 2014. Energia 2014. Foro de la Industria
Nuclear Espanola.

Foro de la Industria Nuclear Espanola, 2015. Resultados y Perspectivas Nucleares
para el ano 2014. Foro de la Industria Nuclear Espanola.

Fundacién para Estudios sobre la Energia, 2007. Gestién de residuos radiactivos:
Situacion, andlisis y perspectiva.

Garcés, M.L, 2014. Strategy, culture and safety. Prog. Nucl. Energy 76, 81—87.

Generation IV International Forum, 2014. Technology roadmap update for genera-
tion IV nuclear energy systems. Generation-IV. In: Issued by the OECD Nuclear
Energy Agency for the Generation IV International Forum.

German, S., Navajas, J., Silla, 1., 2014. El impacto de los factores organizativos en la
Seguridad. La vision de los expertos del sector nuclear espanol. Informe Técnico
1337. Editorial CIEMAT, Madrid. December 2014.

Guldenmund, EW., 2010. Understanding and Exploring Safety Culture. Box Press.

Hale, AR, Guldenmund, EW., Van Loenhout, P.L,, Oh, J.I., 2010. Evaluating safety
management and culture interventions to improve safety: effective interven-
tion strategies. Saf. Sci. 48 (8), 1026—1035.

IAEA, 2002a. Self-assessment of Safety Culture in Nuclear Installations. Highlights
and Good Practices. IAEA-TECDOC-1321.

IAEA, 2002b. Key Practical Issues in Strengthening Safety Culture. INSAG-15. Vienna.

IAEA, 2003. Managing Change in the Nuclear Industry: the Effects on Safety. INSAG-
18.

IAEA, 2004. Management of Life Cycle and Ageing at Nuclear Power Plants:
Improved 1&C Maintenance. IAEA-TECDOC-1402.

IAEA, 2006. Application of the Management System for Facilities and Activities.
IAEA Safety Standards Series. No. GS-G-3.1. Vienna.

IAEA, 2008. Safe Long Term Operation of Nuclear Power Plants. Safety Reports
Series. No. 57. Vienna.

IAEA, 2009a. Ageing Management for Nuclear Power Plants. IAEA Safety Standards
Series. No. NS-G-2.12. Vienna.

IAEA, 2009b. The Management System for Nuclear Installations. IAEA Safety Stan-
dards Series. No. GS-G-3.5. Vienna.

IAEA, 2013. IAEA report on human and organizational factors in nuclear safety in
the light of the accident at the Fukushima Daiichi nuclear power plant. In:
International Experts Meeting. Vienna, 21—24 May 2013.

IAEA, 2014a. Climate change and nuclear power 2014. IAEA, Vienna.

IAEA, 2014b. Self-assessment of Nuclear Security Culture in Facilities and Activities
that Use Nuclear And/or Radioactive Material. Vienna.

IAEA, 2015. Nuclear power reactor in the world. IAEA. Series No. 2. Vienna.

INPO, 2004. Principles for a Strong Nuclear Safety Culture. Institute of Nuclear
Power Operations, Atlanta, 2004.

INPO, 2013. Traits of a Healthy Nuclear Safety Culture. INPO 12—012.

INPO, 2014. Industry Cumulative Impact Short-term Actions. INPO 11-005.

Joskow, P.L., Parsons, J.E., 2009. The economic future of nuclear power. Daedalus 138
(4), 45—59.

Joskow, P.L., Parsons, J.E., 2012. The Future of Nuclear Power after Fukushima.
Massachusetts Institute of Technology (MIT), Cambridge, MA.

Kettunen, J., Reiman, T., Wahlstrom, B., 2006. Analysis of challenges to nuclear
power plant safety management: Finland, Sweden, and the European context.
In: Svenson, O., Salo, I, Oedewald, P., Reiman, T., Skjerve, A.B. (Eds.), Nordic
Perspectives on Safety Management in High Reliability Organizations: Theory
and Applications. Nordic Nuclear Safety Research (SKS). Stockholm University,
Sweden, pp. 95—114.

Kettunen, J., Reiman, T., Wahlstrom, B., 2007. Safety management challenges and
tensions in the European nuclear power industry. Scand. ]. Manag. 23, 424—444.

Lawrence, P.R., Lorsch, JJW., 1976. Organization and Environment. Managing Dif-
ferentiation and Integration. Harvard University Press, Boston, MA.

Le Coze, ].C., 2015. Reflecting on Jens Rasmussen's legacy. a strong program for a
hard problem. Saf. Sci. 71, 123—141.

Leveson, N., 2004. A new accident model for engineering safer systems. Saf. Sci. 42,
237-270.

Mari, C., 2014. The costs of generating electricity and the competitiveness of nuclear
power. Prog. Nucl. Energy 73, 153—161.

OECD/NEA, 2010. Public Attitudes to Nuclear Power. OECD Nuclear Energy Agency.
No. 6859. France.

OECD/NEA, 2012a. Nuclear Energy Today. OECD Nuclear Energy Agency No. 6885.
France, second ed.

OECD/NEA, 2012b. Challenges in Long-term Operation of Nuclear Power Plants.
Implications for Regulatory Bodies. OECD Nuclear Energy Agency No. 7074.
NEA/CNRA/R(2012)5. France.

OECD/NEA, 2012c. The Economics of Long-term Operation of Nuclear Power Plants.
OECD Nuclear Energy Agency No. 7054. France.


http://refhub.elsevier.com/S0149-1970(16)30062-2/sref1
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref1
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref1
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref2
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref2
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref2
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref2
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref2
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref2
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref4
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref4
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref4
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref4
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref4
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref4
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref5
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref5
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref5
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref5
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref5
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref5
http://web.mit.edu/nuclearpower/
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref8
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref8
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref8
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref9
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref10
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref10
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref10
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref11
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref11
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref11
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref11
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref12
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref12
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref12
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref12
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref12
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref13
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref13
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref13
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref13
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref13
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref13
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref14
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref14
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref14
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref15
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref15
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref15
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref16
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref16
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref16
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref16
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref16
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref16
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref16
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref18
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref19
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref19
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref19
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref19
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref21
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref21
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref22
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref23
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref23
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref24
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref24
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref24
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref25
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref25
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref26
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref26
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref27
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref27
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref28
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref28
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref29
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref29
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref29
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref29
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref30
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref31
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref31
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref32
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref33
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref33
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref34
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref34
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref35
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref35
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref36
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref36
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref36
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref37
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref37
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref38
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref38
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref38
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref38
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref38
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref38
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref38
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref38
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref39
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref39
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref39
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref39
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref40
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref40
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref41
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref41
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref41
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref42
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref42
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref42
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref43
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref43
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref43
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref45
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref45
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref46
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref46
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref47
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref47
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref47
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref48
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref48

S. German et al. / Progress in Nuclear Energy 90 (2016) 155—163 163

OECD/NEA/IEA, 2015. Technology Roadmap. Nuclear Energy 2015. France.

Pidgeon, N., 1991. Safety culture and risk management in organizations. J. Cross-
Cultural Psychol. 22 (1), 129—140.

Pidgeon, N., 1998. Safety culture: key theoretical issues. Work & Stress 12 (3),
202-216.

Poortinga, W., Pidgeon, N., 2003. Exploring the dimensionality of trust in risk
regulation. Risk Anal. 23 (5), 961-972.

Potter, J., Wetherell, M., 1987. Discourse and Social Psychology: beyond Attitudes
and Behaviour. SAGE.

Ramana, M.V., 2009. Nuclear power. Economic, safety, health, and environmental
issues of near-term technologies. Annu. Rev. Environ. Resour. 34, 127—152.
Rasmussen, J., 1997. Risk management in a dynamic society: a modelling problem.

Saf. Sci. 27 (2), 183—213.

Rasmussen, J., 2000. Human factors in a dynamic information society: where are we
heading? Ergonomics 43 (7), 869—879.

Rasmussen, J., 2001. Nuclear power and societal problems in risk management. In:
Wilpert y, En B., Itoigawa, N. (Eds.), Safety Culture in Nuclear Power Operations.
Taylor & Francis.

Rasmussen, J., Svedung, 1., 2000. Proactive Risk Management in a Dynamic Society.
Swedish Rescue Services Agency, Karlstad, Sweden.

Reason, ].T., 1997. Managing the Risks of Organizational Accidents. Ashgate, Alder-
shot, UK.

Renn, O., 2008. Risk Governance: Coping with Uncertainty in a Complex World.
Earthscan.

Rollenhagen, C., 2006. Safety management of nuclear power plants: Values and
balance of attention. In: Svenson, O., Salo, I, Oedewald, P, Reiman, T,
Skjerve, A.B. (Eds.), Nordic Perspectives on Safety Management in High Reli-
ability Organisations. Theory and Applications, pp. 75—94.

Siegrist, M., Cvetkovich, G., 2000. Perception of hazards: the role of social trust and
knowledge. Risk Anal. 20 (5), 713—720.

Tronea, M., 2010. European quest for standardisation of nuclear power reactors.
Prog. Nucl. Energy 52 (2), 159—163.

Van der Zwaan, B., 2008. Prospects for nuclear energy in Europe. Int. J. Glob. Energy
Issues 30 (1), 102—121.

Wahlstrom, B., 2004. Challenges in the nuclear industry: perspectives from senior
managers and safety experts. In: Itoigawa, N., Wilpert, B., Fahlbruch, B. (Eds.),
Emerging Demands for the Safety of Nuclear Power Operations: Challenge and
Response. CRC Press LLC, Florida, pp. 13—24.

Weart, S.R., 2012. The Rise of Nuclear Fear. Harvard University Press.


http://refhub.elsevier.com/S0149-1970(16)30062-2/sref49
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref50
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref50
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref50
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref51
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref51
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref51
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref51
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref52
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref52
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref52
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref53
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref53
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref54
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref54
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref54
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref55
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref55
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref55
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref56
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref56
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref56
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref57
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref57
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref57
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref57
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref58
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref58
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref59
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref59
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref60
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref60
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref61
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref61
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref61
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref61
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref61
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref62
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref62
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref62
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref63
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref63
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref63
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref64
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref64
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref64
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref65
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref65
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref65
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref65
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref65
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref65
http://refhub.elsevier.com/S0149-1970(16)30062-2/sref66

	Safety challenges in Spain's nuclear industry according to sector experts
	1. Introduction
	2. Main challenges for the nuclear industry
	2.1. Social challenges
	2.2. Technological challenges
	2.3. Normative challenges
	2.4. Economic challenges
	2.5. Environmental challenges
	2.6. Organizational challenges

	3. Methodology
	3.1. Objectives
	3.2. Study sample
	3.3. Data analysis

	4. Results
	4.1. Social challenges
	4.2. Technological challenges
	4.3. Normative challenges
	4.4. Economic challenges
	4.5. Organizational challenges

	5. Discussion
	6. Conclusions
	Acknowledgements
	References


