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Abstract

The planned re-introduction of nuclear energy in Italy was abandoned in the aftermath of the Fukushima
nuclear accident. Twenty years earlier, soon after the Chernobyl accident, Italians had also voted against
nuclear energy. However, a new nuclear energy technology, i.e. fourth generation, is under research and
development. This paper investigates its social acceptance by means of a robust methodology, employing 1)
choice experiments, 2) structural equation modeling and 3) information treatments within an online nation-
wide survey. Results show a great deal of preference heterogeneity: the majority of the sampled respondents
oppose new nuclear plants in Italy, with some not willing to accept any monetary compensation at all.
However, another segment of respondents, more confident that fourth generation nuclear energy goals will be
achieved, show a modest support towards the implementation of new nuclear projects. Additional variables

were found to affect opposition.
Keywords: Fourth generation nuclear energy, choice experiments, Fukushima, Italy.

1. Introduction

In 2011, the European Commission released the 2050 roadmap which aims to reduce CO, emissions by a
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remarkable 80%, when compared to 1990 levels (European Commission 2011). Italy has recently adopted the
National Energy Strategy, which aims to go beyond the 20% reduction goal by 2020 set by EU 2020 strategy.
Nevertheless, there are arguably no policies planned or in place so as to reach the European Commission

roadmap’s goals (ENEA 2013).

Fossil fuels currently dominate both the energy mix and the amount of energy imported in Italy (ENEA 2013).
This poses at least two problems. First, the heavy reliance on fossil fuels makes it impossible to achieve the
Greenhouse Gas (GHG) emission reductions needed to tackle climate change. Second, there are risks
associated with having a high share of imports such as reliance on politically unstable countries and the
burden posed to the trade balance (IEA 2009). Hence, it is desirable to decrease fossil fuel consumption and
switch to energy sources with zero (or next to zero) GHG emissions, as well as to reduce energy imports
and/or make them more diversified. In 2012, Italy’s total GHG emissions amounted to about 379 million tons,
representing 10.03% of EU’s emissions (Eurostat 2014). This share has increased slightly from 1990 levels,
when it accounted for 9.2%, although Italian emissions in 2012 decreased by 11.3% compared to twelve years
earlier. However, another 8.7% reduction by 2020 is needed to comply with the EU 2020 strategy and both
short and long term structural reforms are necessary to aim at the challenging 2050’s 80% reduction.
Achievement of these targets can be accomplished by increasing the share of renewables and, arguably, by

including nuclear power in the energy generation mix.

Nuclear energy is not part of the current Italian energy mix. In 1987, one year after the Chernobyl accident,
the Italian population voted against nuclear energy. Similarly, public opinion elsewhere was negatively
affected by the Chernobyl (Eiser et al. 1989; Renn 1990; Verplaken 1989) and also the Three Mile Island
nuclear accidents (Melber 1982). But almost twenty years later, the re-introduction of nuclear appeared to be
very likely in Italy (laccarino 2010). This was not an isolated case: in 2009, there were 52 countries

considering the implementation of nuclear energy at the time (Jewell 2011). However, in 2011 there was



another serious nuclear accident, this time in Fukushima, Japan. Mimicking the events of 1987, via a

referendum, Italians once again declared widespread opposition towards the building of new nuclear plants®.

Unsurprisingly, the Fukushima accident generally worsened nuclear energy’s acceptability worldwide (Kim et
al. 2013), especially in Japan (Poortinga et al. 2013), as well as negatively affecting subjective well-being
(Welsch and Biermann 2014; Rehdanz et al. 2015). There were a few exceptions: after the accident in Japan,
nuclear energy’s acceptability seems to have remained unchanged in the USA and indeed it appears to have
improved in the UK (Srinvasan and Gopi Rethinaraj 2013). The negative effect on public opinion is expected
to decrease over time (Siegrist and Visschers 2013). But in 2012, public acceptance of nuclear energy in Italy
was still below the EU-27 average (European Commission 2013): only 11% of Italians surveyed would
prioritize nuclear energy as an energy option for the next 30 years, vis-a-vis an EU-27 average of 18%, with
stronger support being found in the Czech Republic (44%) and Sweden (33%). All in all, preferences towards
nuclear energy in Europe seem to be largely negative, especially when compared to renewable energy
acceptance: 8 in 10 citizens of the EU-27 would prioritize renewable energy sources over nuclear, energy

efficiency, and carbon capture and storage (European Commission 2013).

Nonetheless, a new technology to generate electricity from nuclear power is currently under research and
development (R&D). In 2000, the Generation IV Energy Forum (GIF) was established , ‘a cooperative
international endeavor organized to carry out the R&D needed to establish the feasibility and performance
capabilities of the next generation nuclear energy systems’ (GIF 2014). It consists of twelve countries and the
EURATOM, through which Italy is present indirectly®. Its work is now focused on developing six fourth
generation nuclear energy projects, selected in 2002: Gas-Cooled Fast Reactor, Lead-Cooled Fast Reactor,

Molten Salt Rector, Sodium-Cooled Fast Reactor, Supercritical-Water Reactor and Very-High Temperature

1 In contrast, the Italian government openly declared its interest in contributing towards R&D of new generation reactors
(Pistelli 2013).

2 For example, the Italian company Ansaldo Nucleare and the Italian National Agency for New Technologies, Energy and
Sustainable Economic Development (ENEA) form part of a consortium to develop a fourth generation prototype (Agostini
and Alemberti 2014).
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Reactor. All these reactors have the following goals in common: i) to minimize the probability of catastrophic
accidents; ii) to minimize the amount of nuclear waste produced; iii) to reduce the number of years needed to
dispose and store the nuclear waste; iv) to increase the cost competitiveness compared to other energy
sources; V) to increase the protection against terrorist attacks; and vi) to increase passive security. These so-
called fourth generation (FG) nuclear energy systems can be thought of as revolutionary if compared to

current nuclear technology (Grape et al. 2014).

The first nuclear plants belonging to the fourth generation are forecasted to be available by 2030 (Locatelli et
al. 2013), just in time to be able to contribute to the 2050 roadmap targets. However, the FG technology is still
underdeveloped (Murty and Charit 2008). For instance, there are currently no materials which can bear the
pressure and temperatures planned for the “Very high temperature reactors’ project (Abram and lon 2008;
Locatelli et al. 2013). The technology costs are the other issue of concern as they are currently undetermined
(Kessides 2012; Kosenius and Ollikainen 2013). As such, besides social acceptability, FG nuclear energy

implementation also needs to rise to both technological and economic challenges.

This paper focuses on social acceptability and preferences for FG nuclear energy technology; to the best of
our knowledge, this is the first study on the matter. We employ choice experiments, a survey-based stated
preference method (Bateman et al. 2002), to estimate the willingness to accept (WTA) compensation of
Italian residents, and its determinants, for the installation of new FG nuclear power plants in Italy. In addition,
we use a structural equation modeling framework in order to further characterize the determinants of
acceptance, drawing on the environmental psychology literature. Finally, an information treatment is carried
out to test the sensitivity of results to different levels of information on nuclear energy. The rest of the paper is
structured as follows. The next section provides a review of the literature on nuclear energy’s acceptance
studies. Section 3 describes the data collection methods (i.e. choice experiments) as well as the data analysis
methods used. Results are presented and discussed in Section 4. Section 5 contains the results of heterogeneity

and sensitivity tests whereas Section 6 concludes.

2. Literature review



2.1 Stated preference methods

Survey-based stated preference methods have been widely used to estimate public preferences towards a
range of energy sources. A body of empirical work has investigated preferences for green electricity without
reference to the energy sources that make up the green power mix. Fimereli’s (2011) review of the topic
concludes that the public tends to be supportive of green power and that willingness to pay is generally
positive. In terms of specific attributes of energy sources, the public seems to attach a high value to reductions
in GHG emissions while proximity of energy plants to the place of residence negatively affects public support
(Fimereli 2011). Moreover, there appears to be the need for direct economic benefits to the host communities
(Van der Horst 2007). However, support for clean energy sources in general can mask substantial differences

between specific clean energy technologies (Borchers et al. 2007; Walker 1995).

More relevant to this paper is the body of work that has investigated preferences for specific energy
technologies, particularly nuclear energy. Public views on nuclear power have been found to be
heterogeneous and vary worldwide (Ansolabehere 2007; European Commission 2013; Ipsos MORI 2011;
Macintosh and Hamilton 2007; OECD 2010). There is also mounting evidence on public preferences for
nuclear energy with a number of valuation studies, mostly contingent valuation, conducted in Taiwan (Liao et
al. 2010), China (Sun and Zhu 2014), South Korea (Choi et al. 1998; Huh et al. 2015; Jun et al. 2010), Hong
Kong (Woo et al. 2014), USA (Murakami et al. 2015; Riddel and Shaw 2003), Japan (ltaoka et al. 2006;
Murakami et al.2015), Germany (Kaenzig et al. 2013), UK (Fimereli 2011; Fimereli and Mourato 2013), and
Italy (Cicia et al. 2012). Unsurprisingly, attitudes towards and preferences for nuclear power appear to be
driven more by perceived risk and safety than by perceived environmental benefits (Ansolabehere et al. 2003;
Choi et al. 1998; De Boer and Catsburg 1988; Itaoka et al. 2006; Kato 2006; Riddel and Shaw 2003; Rosa and
Dunlap 1994). Of particular interest to our research, Cicia et al. (2012) investigated the acceptability of
different energy sources in Italy, including nuclear, in a study conducted prior to the Fukushima accident.
Their results suggest that Italian preferences can be clustered in four groups, none of which are in favor of

nuclear energy. Indeed, Italians seem to consistently prefer renewable energy sources (Bigerna and Polinori



2014; Bollino 2009; Strazzera et al. 2012b).

Despite the abundance of previous work on preferences for energy sources, only a handful of studies used the
choice experiment approach to investigate preferences for particular attributes of nuclear energy technology:
e.g. Huh et al. (2015), Itaoka et al. (2006), Kaenzig et al. (2013), Murakami et al. (2015), and Cicia et al.
(2012), which is to our knowledge the only choice experiment study on this topic conducted in Italy. The
current study adds to this body of evidence by estimating preferences and their determinants for fourth

generation nuclear power plants in Italy.

2.2 Environmental psychology

In addition to the economic valuation literature, accumulating evidence in the environmental psychology field
has highlighted the complex interplay of factors influencing social acceptance of nuclear energy, including its
perceived benefits and risks, values, place identity-attachment, concern, trust, and socio-economic variables.

These factors are usually measured by means of psychometric scales or Likert-like questions.

The role of values appears to be of paramount importance as far as nuclear energy is concerned (De Groot et
al. 2013). These are defined as determinants of ‘beliefs and intentions related to ESB [Environmentally
Significant Behavior]” (De Groot and Steg 2008, p.331) and have been detected extensively in a number of
empirical studies (Schwartz 1992; Schwartz 1994; Schwartz and Bardi 2001; Schwartz and Huismans 1995;
Schwartz and Sagiv 1995). More generally, values serve as guiding principles in one’s life (Schwartz 1992)
and they form part of the Value Belief Norm (VBN) theory (Stern et al. 1999; Stern 2000). According to De
Groot et al. (2013), perceived risks and benefits mediate the relationship between egoistic, altruistic and
biospheric values, and acceptance of nuclear energy. Individuals with greater egoistic value orientation tend to
consider risks and benefits of nuclear mostly for themselves; those who predominately have an altruistic value
orientation instead, tend to consider risks and benefits for other people. Finally, biospheric-led individuals are

expected to focus on the effects for the biosphere.

Several studies have also suggested the importance of concern and emotional involvement in shaping



acceptance of energy projects; such factors have been found to be important predictors of the willingness to
take action against the implementation of contested projects (Atkinson et al. 2004; Han 2014). As our study
focuses on a new fourth generation of nuclear energy technology still under research and development, we
hypothesize that confidence that this new generation will achieved its proposed goals, together with perceived
risks and benefits, will affect public acceptance®. Finally, we also measure place identity-attachment, which
has been suggested to mediate risk perception with effects that differ depending on whether respondents have

been living close to nuclear plants (Kovacs and Gordelier 2009; Venables et al. 2012).

3. Methodology
3.1 Choice Experiments
3.1.1 Overview

Choice experiments (CE) are a stated preference technique that has become a popular alternative to contingent
valuation (Bateman et al. 2002; Hanley et al. 2001; Louviere et al. 2000). In a choice experiment, respondents
are presented with a series of scenarios, each composed of different attributes, varying at different levels.
Respondents are then asked to choose their most preferred scenario. If a money attribute is included, the
implicit price of each of the other attributes (i.e. marginal WTP or WTA) can be calculated as well as the total
welfare change provided by various scenario options. Although widely used in the environmental valuation

field, specific applications of CE to the valuation of nuclear energy are uncommon.

There are potentially two distinct advantages of using this methodology for the valuation of preferences for
nuclear energy. First, CE are particularly well suited to value changes that are multidimensional (with
scenarios being presented as bundles of attributes) and where trade-offs between the various dimensions are of

particular interest. Second, WTP or WTA is inferred implicitly from the stated choices, avoiding the need for

% Note that confidence in the FG nuclear technology reaching its intended goals, as used in this study, is related to but
distinct from trust. In the context of nuclear energy, Siegrist et al. (2000) defined trust as ‘the willingness to rely on those
who have the responsibility for making decisions and taking actions related to the management of technology [...]°
(Siegrist et al. 2000, p.354).



respondents to directly place a monetary value on scenario changes. This latter characteristic has led to
suggestions that CE formats may be less prone to protest responses than contingent valuation as attention is
not solely focused on the monetary attribute but on all the scenario attributes (Hanley et al. 2001). This is
particularly relevant when dealing with nuclear energy-related scenarios that may be particularly prone to
protest votes, given the notoriously strong views held towards nuclear energy by many people. On the
negative side, complex CE can pose a significant cognitive burden to respondents leading to non-utility

maximizing strategies and choice errors (Bateman et al. 2002; Hanley et al. 2001).

3.1.2 Experimental design

Table 1. Attributes and levels of the choice experiment*

Attributes Levels

20, 50, 100, or 200 Km from the city

Distance from the nuclear plant .
of residence

Nuclear waste reduction 30%, 20%, 10% or no reduction
Atmospheric emission reduction 20%, 10% or no reduction
Electricity bill reduction 30%, 20%, 10% or no reduction
Public investments 1: Construction of hospitals Yes or No

Public investments 2: Land recovery measures Yes or No

*Public investments’ levels were dummy coded in the Bayesian efficient design

Our choice experiment scenario asked respondents to imagine they had a chance to choose between a series of
options regarding the construction of FG nuclear power plants in Italy. The selection of attributes and levels
was informed by a literature review and interviews with experts, while pilot studies (via 15 face-to-face pre-
test questionnaires and three on-line questionnaire pilots with 60 respondents) were also used to fine-tune the
survey instrument as well as some of the attribute definitions and levels. The attributes chosen were:
atmospheric emission reductions, nuclear waste reduction, distance of city of residence from the nuclear

power plant, public investments, and electricity bill reductions. Table 1 depicts the attributes and their levels.



Nuclear energy is generally identified as an energy source with close to zero atmospheric emissions and
therefore instrumental in tackling climate change (Apergis et al. 2010; Hayashi and Hughes 2013; Samseth
2013; Srinivasan and Gopi Rethinaraj 2013; Van der Zwaan 2013; Wang et al. 2013). However, evaluations
of actual emissions differ depending on assumptions made about fuel cycle (i.e. whether the fuel is, at least
partly, re-used), emissions during the construction phase, and waste management and decommissioning. In
light of these considerations, we selected the attribute Atmospheric emission reduction associated with
implementation of nuclear energy in Italy, starting from the first year of operation, and compared to current

levels of emissions.

The production of nuclear waste has also been found to be an important perceived risk of nuclear energy
(Truelove 2012). This is particularly relevant for the case of Italy, where a national waste disposal site is yet
to be established. Moreover, as noted above, nuclear waste reduction represents a common goal of the FG
generation technology. Hence, we selected the attribute Nuclear waste reduction with respect to current
nuclear technology. The levels were set according to current information and discussions with experts. It was
not specified whether the waste reduction would be derived from recycling the fuel, from greater efficiency or

from a combination of the two*.

During normal operation, a nuclear plant poses potential threats to the environment (Beheshti 2011) and
human health (Fairlie 2013). In case of nuclear accident, those living nearby would suffer the most (Munro
2013; Steinhauser et al. 2014). We therefore selected Distance from the nuclear plant as a further attribute.
On this note, previous research has shown that proximity to nuclear plants in operation tends to reduce the
extent to which risks are perceived (Pidgeon et al. 2008; Venables et al. 2012). However, in Italy there are no
nuclear plants in operation. Hence, a project including a nuclear plant further away should be preferred,
ceteris paribus. The smallest level of 20 Km from the town of residence of the respondent was chosen
following Italian laws regulating compensation measures in case of construction of nuclear plants (laccarino

2010).

* The pre-test suggested that respondents were not responsive to these additional pieces of information.



In order to offer public benefits to respondents (Mansfield et al. 2002), it was fundamental to include an
attribute representing Public investments (Gregory et al. 1991; Yamane et al. 2011). The importance of
including such attributes in a study aimed at assessing social acceptance of energy sources was previously
shown by Strazzera et al. (2012a). The choice of what type of public investments to include was informed by
the online pilots, where new hospitals, as well as investments in land recovery measures appeared to be highly

valued®.

As the study aims to unveil Italians’ willingness to accept compensation for FG nuclear power plants, a
monetary attribute was included in the choice cards. The payment vehicle employed was an Electricity bill
reduction. It is beyond the scope of this work to establish what effect the re-introduction of nuclear power in
Italy might have on electricity prices and on the bill of households and firms. A multitude of factors can
influence these outcomes: the level of competition in the lItalian electricity market (Creti et al. 2010),
characterized by high transaction costs between producers and communities (Garrone and Groppi 2012), the
price of other energy sources in the energy mix, and the possible escalation in construction costs (Kessides
2012; Kosenius and Ollikainen 2013). The Italian government might even decide to subsidize prices, at least
for those living in proximity to the nuclear power plants, as planned when the nuclear re-introduction was
under way before the Fukushima accident (laccarino 2010). For the purposes of the current exercise, we
selected plausible electricity bill reductions, likely to span respondents’ value range as informed by our pre-

tests, along with a ‘no decrease’ level.

Respondents were presented with a series of choice tasks, each consisting of a pair of nuclear energy
scenarios, containing the five attributes and levels described in Table 1, and were asked to choose their most
preferred scenario in each case. In addition, there was also a ‘none’ option, that is, respondents could decide
to choose neither of the two nuclear energy options. Given five attributes and their levels, with two options
per choice task, the total number of possible choice scenarios is 576. This is clearly excessive and it was

therefore necessary to reduce the number of choice tasks to present to respondents using experimental design.

5 Alternative public investments and benefits tested were “electricity bill reduction for public companies’ and ‘new
schools’.
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A main effects orthogonal design was used leading to a total of 64 choice pairs. This was still excessive for

any single respondent and hence the 64 pairs were organized into 8 blocks of 8 choice tasks each.

PROJECT A PROJECT B
Distance from the % :‘.‘ 20 Km i s
nuclear plant L)
=
20% 20%

)

Waste reduction %
Emissions 20% 10%
reduction
Electricity bill ZaNEN, 10% 30%
reduction 2.
[

Building of new NO YES
hospitals >
Land recovery 19 YES NO
measures @ B
Project A ProjectB None

| prefer

Figure 1: Example of a choice task

The first 25% of respondents were each asked to complete a block of 8 choice tasks. These results were
analyzed and produced priors for a subsequent Bayesian efficient design (Ferrini and Scarpa 2007; Rose and
Bliemer 2009), which was then administered to the remaining 75% of the sample. The analysis of the initial
responses revealed non-linear effects with respect to the Public investments attribute levels. Hence these were
subsequently included in the design as dummy-coded. For the final Bayesian efficient design, 5 blocks of 8
choice tasks each were retained®. The number of attributes and choice tasks appeared not to be an issue for the

respondents at the pre-test stage. An example of a choice task is presented in Figure 1.

® The matrix of the experimental design is available from the authors upon request. Overlapping levels (equal between
alternatives) were allowed, whereas no dominated alternatives were allowed.



3.2 Questionnaire design and information provision

Beside the choice experiment, the questionnaire also collected extensive information on socio-economic
characteristics and attitudes. The latter included views on preferred public expenditure areas, level of
skepticism towards climate change, views on different energy sources, several psychometric scales, questions
on Chernobyl and Fukushima, and level of concern about Fukushima. Further details on the psychometric
scales (used to measure egoistic, altruistic and biospheric values, as well as perceived risks and benefits,

confidence and place attachment) can be found in Appendix A (Tables Al-A4)

Furthermore, prior to the choice experiments, all respondents were given information on the fourth generation
nuclear technology. First, they were asked to state the importance of a set of nuclear industry goals (see
Section 1), without mentioning the label ‘fourth generation’. After having answered these questions,
respondents were told those were actually the goals expected of the fourth generation nuclear technology.
Subsequently, they were asked whether they had heard of this technology before and the extent to which they
were confident the goals would be reached. The question order was chosen so as to make the respondent focus
first on the level of importance of each goal, and later on the extent to which they believe the goals will be
successfully attained. As noted above, in the aftermath of the Chernobyl and Fukushima accidents, Italians
took part in referendums so as to state their views on nuclear power. Media coverage in these times of nuclear
crisis appeared to be framed mostly in a negative way (Koerner 2014). In this respect, the role of information
has been shown to be crucial in shaping nuclear acceptance (Jun et al. 2010; Peters and Slovic 1996; Slovic
1987; Slovic et al. 1991; Slovic et al. 2005; Zhu et al. 2016). Moreover, information seems to be important
within the broader context of social acceptance of energy sources (Hobman and Ashworth 2013). For
instance, Strazzera et al. (2012b) show the significant effect of information on consumers’ willingness to pay

for electricity generated by solar versus coal-fired power plants.
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due to radiations” exposure.
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Dafferent sources report 3 workers
died. Critiques towards
mformation’s transparency
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workers.
Ev n started 3 days after the Evacuation started within
accidesit the same date and
continued for two days

%
®
+

Long term effacts: more than 6000
cases of tyroid cancer among those
who were children or adolescents
at the time of the accident

Long term effects: too soon to
tell

Figure 2: Information treatment part A

Drawing on this literature, in order to test the effect of detailed information provision on willingness to accept
for FG nuclear power, we conducted a split-sample experiment with an information treatment. Specifically,
half the sample was presented with: a. additional information on the Chernobyl and Fukushima’s accidents’
(Fig. 2); and b. information on where nuclear plants are located in Europe (Fig. 3), together with symbols

indicating reactors in operation (green), not in operation (red), under construction (yellow) and planned

(blue)®. Respondents were randomly assigned into the information treatment group.

" The information presented on the two accidents was based on IAEA (2006), Steinhauser et al. (2014), and

UNSCEAR (2013).

8 Source: World Nuclear Association
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3.3 Data collection

The questionnaire was programmed in Qualtrics and implemented online, during March and June 2014,

administered to a sample of 1,200 Italian respondents. The choice on an online survey mode allowed us to

achieve a reasonably sized sample and nation-wide coverage of respondents within the available budget. On-

line survey instruments have a number of advantages over other survey modes: they are relatively inexpensive

and quick to implement; they do not suffer from interviewer/ social desirability bias and they make it easier

for respondents to answer sensitive or difficult questions, allowing time to think. In addition, they allow the

researchers to enhance respondents’ engagement with the survey with the aid of graphical representations and

tailored survey flow, especially useful when dealing with the valuation of environmental goods that

respondents are unfamiliar with (Colombo et al. 2015). However, online surveys can be prone to issues of

sample representativeness and self-selection, as not everyone has access to the internet. In our case, we made

use of an on-line panel of respondents, provided by a professional market research company (Toluna), with



quotas for gender, age, and macro area of residence to ensure representativeness in relation to the target
population, i.e. Italian residents, aged 18 or more (Demolstat 2013). The use of online panels is now

commonplace in stated preference studies.

Overall, survey mode effects are not thought to be a major concern for stated preference surveys: a number of
authors found insignificant differences in terms of WTP when comparing online and offline surveys in both
choice experiments (Olsen 2009; Windle and Rolfe 2011) and contingent valuation studies (Lindhjem and

Navrud 2011; Mozumder et al. 2011).

3.4 Statistical and econometric models

The choice experiment data was analyzed employing a multinomial logit model (MNL), a random parameters
model with error components (RPL_EC) and a latent class model. An overview of these models is presented

in Appendix E.
3.4.1 Analysis of psychometric variables®

We use a structural equation model framework to analyze the psychometric variables. The model is
characterized by seven latent variables: the values Egoistic, Altruistic and Biospheric; and perceived Benefits,
Risks, Confidence and Acceptance®. Description of these variables and how they were elicited in the survey

can be found in Appendix A.

Before running the model, seven independent factor analysis were carried out in order to confirm the validity

of each construct. Each analysis consists of estimating a set of k regressions of the form:
Vi = )le + 81 (1)

where v; represents the items, A; the factor loadings, & stands for the latent construct, and §; are the specific

factors. For example, for the Egoistic latent factor we have a set of four regressions, as we used four

® This section draws on Bartholomew et al. (2008).
1% The construct place attachment is not included in the structural equation model.
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statements to measure this construct (Table Al). The items of each construct, along with the scales according
to which they were measured, are presented in Tables Al, A2, A3 and A4, in Appendix A. The model

implies the following variances:

Var(vy) = (CxAi’) + 6 @

The loadings can be interpreted as the covariance between each v; and the latent factor €. The unique variance
of each item is represented by 6;;. The complement of uniqueness represents the communality, whose mean is

the proportion of total variance explained by the factor.

Once the constructs are validated, we can estimate relationships between the constructs by means of a

structural equation model. This is characterized by the following measurement equations:

%=1 + A Egoistic + &, i = 1,...4 3)
-t + 03 Altruistic + 8, i = 1,...4 @)
%=1 + A Biospheric + 5,0 = 1,...3 (5)
%=1 + 2 Confidence + &;,i = 1,...5 (6)
yi=ri(Y) + ki(f)Benefits +¢,i=1,..6 )
it + A Risks + €,i = 1,...7 @)
yi=ri(Y) + kg)Acceptance +e,i=1,..4 9

As regards the structural equations, these are as follows:

Acceptance = f;;Benefits + f;,Risks + f;;Confidence + {; (10)
Benefits = y;; Egoistic + y;,Altruistic + y,3Biospheric + ¢, (17)

Risks = y,; Egoistic + y,,Altruistic + y,3Biospheric + (, (12)
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The values Egoistic, Altruistic, Biospheric and Confidence are assumed to be exogenous latent variables.
Instead Risks, Benefits and Acceptance are assumed to be endogenous constructs. The x; in equations (3)-(6)

are the indicators of the exogenous constructs, whereas y; in equations (7)-(9) represent the indicators of the

)

i

y

endogenous latent variables. Moreover, t;”” and ri() symbolize constants whereas xff),xi({) represent the

loadings. Considering the structural equations, y;; stands for the coefficient attached to the exogenous
constructs whereas f3; are the coefficients attached to endogenous constructs. Finally ¢, 8; and €; indicate

error terms.
4. Descriptive statistics
4.1 Sample characteristics

Table 2. Socio-demographic characteristics

No INFO
OVERALL INFO Treatment Treatment
Variable Statistics North Centre  South North  Centre South North Centre  South
Age Mean 459 423 416 | 451* 425 428 46.7% 422 409
S.D. 134 144 137 | 133 142 136 134 145 137
Household size Mean 2.9 31 33 2.9 3 33 29 32 34
S.D. 1.1 12 12 1.1 1.2 1.2 1.1 1.3 11
Gender % Male 458 406 499 | 43 383 486 475 425 51
. 0, i
Education? 4 Bsi?gglhlgh 158 86 108 | 158 104 109 | 157 69 106
% High school | 553 546 528 | 561 504 548 544 575 51
% Degree 142 217 182 | 154 226 147** 13 212 21**
Observations 529 261 408 221 115 177 308 146 231

#The remaining share belongs to other.

Level of significance: *10%,, ** 5%. T-Test between means, Test of proportions between shares.

Descriptive statistics for key socio-economic variables are presented in Table 2. The sample is broadly

representative of the target population in terms of age, gender and macro-region as expected from the quota
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sample procedure, but highly educated people are somewhat over-represented (we did not set a quota for

education). This type of sample bias has been documented in online surveys (Kellner 2014).

As noted above, half of the respondents starting the survey were randomly assigned to receive the additional
information treatment. However, due to incompletes and dropouts, in the final sample considered for analysis
43% of the respondents received the treatment. Only minor differences were found to be present between the
two subsamples, with and without information treatment. Specifically, mean age in the North region is
different between treatments at the 10% level of significance, while the share of degree holders in the South is

significantly different at the 5% level (Table 2).

4.2 Attitudes towards energy sources

Fig. 4 offers a first glance at preferences towards nuclear energy, when compared to other energy sources.
Nuclear energy is, by far, the least preferred energy source: 45% of the respondents would not want Italy to
invest anything at all in it. The percentage of those against investments in nuclear energy is even greater than
the comparable statistic for fossil fuels (20%). Conversely, Italian respondents seem to strongly prefer

investments in renewable energy sources, especially solar/photovoltaic and wind energy.

In addition, as shown in Figure 5, around half of respondents believe nuclear energy will never be re-

introduced in Italy, whereas 17% believe it could be re-introduced in 5 to 10 years.

18



19

In your opinion, how much should Italy invest in:

Solar/Photovoltaic I3 ey 7 A —— 2

Wind 17 e T e 3

Hydro {707 5
Geothermal 7 11

Biomass 11 17

Fossil fuels 40 6

Nuclear 24 5
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

mNothing wA little m Substantially = A lot Don't know

Figure 4: Energy sources-preferences

When do you think nuclear will be re-introduced in Italy?

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m5t0 10 yrs 11to 20 yrs 21to 50 yrs 51 to 100 yrs more than 100 yrs = Never

Figure 5: Nuclear energy re-introduction in Italy

As regards the perceived risks of nuclear energy, 65% of the sample considered very likely risks arising from
projects undertaken from the public sector in Italy; while 62% of respondents indicated that nuclear waste-
related risks and risks for the environment were very likely. On the opposite end we find the perceived risk of

using nuclear energy for military purposes which was considered to be very likely for less than 20% of the



sample. As regards perceived benefits, 34% of respondents thought it very likely that energy imports would
decrease as a result of the introduction of nuclear energy. Surprisingly, only 20% thought atmospheric
emission would be reduced. Similarly, few foresaw positive impacts, either in terms of economic growth
(20%) or reduced unemployment (18%). The answers to all the benefits and risks statements are reported in

Appendix B, Table B1.

4.3 Views on fourth generation nuclear energy

Next, we investigate the level of confidence in fourth generation nuclear energy technology specifically. First,
respondents were asked to indicate the level of importance of a set of goals of the nuclear energy industry,
without reference to any specific nuclear energy technology. In turn, respondents were told that those were the
goals of the fourth generation nuclear energy technology and were asked to indicate how confident they were
about their achievement. Unsurprisingly, the most important goal seems to be the reduction of the probability
of catastrophic accidents (with 63% claiming it was extremely important), followed by nuclear waste
reduction (which was extremely important for 58% of the sample). However, only 7%-8% of respondents

declared themselves to be extremely confident that these goals would be reached.

We also asked respondents if they had heard before of FG generation nuclear energy, finding an affirmative
answer from a large minority of 37%. These individuals seem to be characterized by a slightly greater level of
confidence towards the realization of the FG goals, as the share of extremely confident people in this group

ranges between 10-12%. This aspect will be investigated further in section 5.3.

Seven independent factor analyses were run so as to confirm the existence of the constructs which will be
later employed in the structural equation model. Table A5 in Appendix shows the corresponding results. All
in all, based on the proportion of variance explained, results provide support for the selection of one latent

construct in each analysis. All the factor loadings are positive, in line with the correlations between the items.
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A brief analysis of the magnitude of the factor loadings and uniqueness’ values is discussed. Considering the
factor egoistic, the item v, has the smallest uniqueness: most of the variance in the item social power is
explained by the construct. Instead, the item peace seems to be the best represented when it comes to the
factor altruistic. For the third value, biospheric, respect the Earth has a uniqueness of .29: around 71% of its
variance is explained by this factor. All the factor loadings’ magnitude for confidence are greater than .81 and
uniqueness’ values are smaller than .34.

As far as the factor risk is considered, the risk for human health and the risk for the environment show the
greatest covariance, as well as the smallest uniqueness. The factor benefits presents all factor loadings greater
than .77 and fairly small uniqueness values. Finally, the construct acceptance seems to account mostly for the

variance of the item the realization of nuclear plants in Italy is acceptable.

The structural equation model is presented in Figure 6. In order to ease the presentation, only the coefficients
of the structural equations are shown, whereas the coefficient of the measurement equation are shown in
Table A6. The model has a log-likelihood of -53400.537 and a comparative fit statistic (CFI) of .912. All the
coefficients of the structural equations are statistically significant. In addition, estimated residuals are fairly
low™. In line with the hypothesis, the path analysis shows that risks and benefits influence acceptance of
nuclear energy. The effect of the benefits on acceptance is positive, with a coefficient equal to .273. Instead,
perceived risks affect acceptance in a negative way (-.366). In addition, confidence towards the realization of
fourth generation goals has a positive effect (.355). In this study, perceived risks and benefits are linked
respectively to the values altruistic and egoistic. In line with De Groot et al. (2013) there is no significant
effect of the value Biospheric on acceptance of nuclear energy; nevertheless, there is a significant covariance
with the value altruistic. In addition, a significant positive covariance is found between confidence and the
value egoistic. The measurement equations present all the coefficients statistically significant, consistent with

the factor analysis shown in Table A5.

1 Standardized root mean squared residual equal to .06.
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Figure 6: Structural equation model: Path diagram

5.2 Choice experiments results

5.2.1 MNL and RPL_EC models

The choice models have been estimated by means of the software LIMDEP NLOGIT. As a first step,
respondents’ choices were inspected so as to check for the presence of anomalies; the retained observations
amount to 9107. The number of opt outs by respondent is presented in Figure 7. 23% of the respondents
always chose none of the options and the same share selected always either project A or B. Notably, the share
of respondents opting out decreases monotonically until 6, before slightly increasing to 7. All in all, it does

not appear to be present a strong tendency towards choosing the ‘none’ option.
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In the following analysis, the deterministic component of the utility function is specified as follows":

Vij = B1ASC + B, Distance,qq + f3Distance; oo + pyDistances, + fsWasteso + fsWasteyo +
B-Waste,, + BgEmission + ByHospitals + B,oLand + B, Bill (13)

8: Always chose none
7
6
5
4
3
2

1

0: Never chose none

0% 5% 10% 15% 20% 25%

Figure 7: Frequency of choosing ‘none’

The ASC refers to the alternative specific constant identifying which of the options, in each choice task, is the
‘none’ option. Hence, the coefficient attached to it describes whether, overall, individuals were more likely to
choose either of the projects or none, thereby providing a measure of broad acceptance or opposition towards
FG nuclear energy. As a preliminary step, the analysis of the choice experiment data started with the
estimation of a MNL and a Nested Logit model. Although presenting a slightly greater pseudo R? the Nested

Logit (LL -9188.534 with 13 parameters) did not represent a significant improvement over the MNL (LL -

9188.826 with 11 parameters). This is in line with the observed moderate frequencies of ‘none’.

12 The code of the variables is presented in Appendix, Table C1. Non-linearities were not found in correspondence of
different emissions’ reduction levels.
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Subsequently, a RPL model with error components was estimated, leading to a substantial improvement in

terms of goodness of fit (LL -6882.151 with 21 parameters).

Table 3. MNL and RPL_EC models. Dependent variable: Choice

MNL RPL_EC RPL_EC MNL RPL_EC

Variable Coeff. (S.c.) Coeff. (S.c.) sp.  Monetaty Valuations
©
1.60%k* 1.96%k* 3,677k
ASC (068) (141) (138) 753.4 668.5
. WVieas 980+ 514k
Distance: 200 Km (050) (065) (098) 337.8 334.1
. L5799k 743wk 17k
Distance: 100 Km (052) (065) (154) 273.7 253.1
. 43k 507k .060
Distance: 50 Km (053) (063) (141) 201.25 172.7
726k .865% 322k
1 . 0
Waste Reduction: 30% (051) (061) (162) 340.6 294.8
606+ 723wk 187
1 . 0
Waste Reduction: 20% (050) (060) (182) 284.9 246.5
367k A1 3wk 253
1 . 0,
Waste Reduction: 10% (052) (063) (167) 170.85 140.7
.. . 2740k 366%H .049
Emission Reduction (021) (026) (097) 129.04 124.8
. 326k 493k 48T
Hospitals (035) (049) (092) 153.2 168.1
S1ewrE 652k 575%kk
Land Recovery (034) (049) (093) 2423 2223
. . L0027 k% .00 2:%kekb
Bill Reduction (€) (000) (000) / / /
Log-Likelihood -9188.826  -6882.151
R squared 0.08 0.31
Observations 9107 9107

Level of significance: *10%, **5%, ***1%. Robust standard errors estimated. b: fixed coefficient.



All the random parameters were set to be randomly distributed but the monetary attribute, assumed to be fixed

(following Revelt and Train 1998). Table 3 shows the estimated coefficients and monetary valuations.

Starting with the analysis of the coefficients, RPL_EC and MNL portrait an analogous picture.
Unsurprisingly, respondents prefer nuclear plants away from their area of residence. Moreover, this effect is
non-linear: the magnitude of the coefficients increases with distance. The attribute representing the fourth
generation nuclear, i.e. waste reduction, is highly and positively valued. Similarly, sampled individuals attach
a positive value to the reduction of atmospheric emissions. With regards to the public benefits, namely the
realization of hospitals and land recovery measures, these are positively valued too. Finally, the private

benefit bill reduction is significantly and positively valued.

The monetary valuations represent the willingness to accept a compensation for a worse level of a given
attribute (for example, a closer nuclear power plant) or, alternatively, the willingness to forgo so as to assure
an improvement of the same. On average, considering RPL_EC results, individuals would be willing to forgo
334 € per year for a nuclear plant 200 Km away; this reduces to 172 for a distance of 50 Km. In addition,
waste reduction is valued up to 294 €, more than land recovery measures (222 €), hospitals (168 €) and

emission reduction (124 €).

5.2.2 Latent class model

The latent class approach represents an alternative way to model preference heterogeneity (Boxall and
Adamowicz 2002; Green and Hensher 2003). In addition, we aimed to employ a model that allows to assess
the importance of the factors employed in the structural equation model. Specifically, the results of the
structural equation model highlighted the role of perceived benefits, risks and confidence in shaping
acceptance of nuclear energy. Hence, the score factors of each of these variables have been included in the
segment membership probability. In other words, we expect class allocation to be influenced by the three

constructs affecting acceptance. In addition, a latent class model was estimated including in the segment
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membership probability the variable identifying whether a given individual received the information
treatment, besides the individual score factors of the construct mentioned above. However, this model did not
converge to a global maximum. For comparative purposes, a separate latent class model was estimated with
only information treatment in the class allocation function; these results, in line with the preferences depicted

in this section, are commented in the next section and estimates are shown in Appendix, Table C2.
As regards the utility function, this has been specified as follows:

Vijis = B1sASC + BosDistanceygg + BssDistance oo + PysDistancesg + PsisWastesq + BgsWasteyo +
B7sWasteyq + BgsEmission + BosHospitals + BigsLand + ByqsBill (14)

A three latent class specification, chosen on the basis of the goodness of fit and parameters’ significance, is
presented in Table 3. The pseudo R squared now equals .358. Inspecting the coefficients, it is indeed
confirmed the presence of a great deal of heterogeneity in the data. The goodness of fit has improved
considerably compared to the analogous statistic for the MNL and the RPL_EC. According to the model
selection criteria AIC, AIC3, CAIC and BIC, this model is deemed to be preferred. In addition, the Ben-Akiva
and Swait (1986)’s test for strictly non-nested models confirms the selection of the latent class model over the
RPL_EC. These are strong indications in favor of the selection of the Latent class model (Strazzera et al.

2013).

The three segments are characterized as follows. The first class presents the greatest value attached to the
status quo, as well as for the distance from the nuclear plant. Respondents more likely to belong to this class
positively value the health and environmental benefits: waste and atmospheric emissions reduction.
Furthermore, land recovery measures are positively valued. Instead, the construction of hospitals and bill
reduction are not significantly valued. Respondents more likely to belong to this class are significantly

associated with less perceived benefits arising from nuclear than the rest of the sample.
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In contrast, the second segment presents a negative value for the ASC: these respondents are more likely to
have chosen one of the projects™. Unsurprisingly, although distance is positively valued, the magnitude of its
coefficients is the lowest across the three segments. Public and private benefits are all positively and
significantly valued in this class. Remarkably, this segment is characterized by a significant and positive
effect of the variable confidence in affecting class allocation; at the same time, perceived risks are negatively
associated to this class. Finally, the third class attaches a positive value to all attributes. However, its
distinctive feature is the great value attached to the health and environmental benefits, as well as the public
benefit attributes. The difference between class 3 and 2 becomes more apparent after inspecting the monetary
valuations. The status quo is valued almost 750€ per family per year in class 3. This becomes negative in class
2: these individuals, confident the FG technology will be effective, seem to be willing to forsake 220 € per
family per year so as to assure the construction of the nuclear plants. On the other hand, in class 1 is
envisaged the presence of individuals which are not willing to accept any monetary compensation at all,
although they value public and health/environmental benefits'®. All in all, one segment of respondents,
amounting to 33% of the sample, seem to be strongly against the realization of fourth generation nuclear
power plants in Italy whereas another segment, representing the 42% of the sample, appears to be open
towards this possibility. These respondents are more prone to believe the FG goals will be met. Finally, a third
segment emerges, characterized by preferences positioned in between the other two classes: these respondents

would accept monetary compensations, besides public benefits.

13 This is in line with the large magnitude of the standard deviation of the ASC in the RPL_EC model.

The computation of these monetary valuations (see eq. E.4 in Appendix E) is affected by the non-significance of the
denominator, namely the coefficient attached to the electricity bill’s reduction. When the numerator is significant, the
monetary valuation tends to infinity; when this is non-significant too, the monetary valuation is not defined.
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Table 3. Latent class model. Dependent variable: Choice

Variable
ASC

Distance:
200 Km

Distance:
100 Km

Distance: 50
Km

Waste
Reduction:
30%

Waste
Reduction:
20%

Waste
Reduction:
10%

Emission
Reduction
Hospitals
Land
Recovery

Bill
Reduction

CLASS CLASS CLASS
1 2 3

Coett. S.e.)

5.82FkK (23K D (8RR
(629)  (075)  (110)

1.426%  G84HHx 1 19%kk
(579)  (047)  (.081)

1A4TRE G18%R% BG5wH
(563)  (049)  (.089)

1.426% 307wk 58(pek
(591)  (052)  (.090)

T52K TARwRE ] (5w
(470)  (052)  (.085)

B18%  696FRE  T6GR
(458)  (050)  (.086)

594 271RRE 62%wk
(467)  (050)  (.088)

399%%  31HRR 42GHHE
(202 (021)  (035)

236 351RRE a7
(307)  (036)  (.058)

1O07#8%  454%0% 91 (kk
(306) (035  (:056)

0007 002k 02k
(001)  (0002) (.0004)

Class membership function

CLASS CLASS CLASS
1 2 3

Monetary Valuations (€)

—+o00 2214 750.8
—+4oc0 2430 429.8
—+00 219.8 311.7

—+00 138.9 209.1

—+00 265.8 380.6

—+00 247.5 2759

n.db 96.4 224.2

—+00 110.7 153.7
n.d.b 124.9 240.2

—+00 161.5 327.9

Constant

Confidence

Risks

Benefits

271k 50K
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001FE - 368EeE
(0007)  (.084)
146 -7
(106)  (.100)
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Average
class 0.330 0.426 0.244 0.330 0.426 0.244
probability

Log-
Likelihood

Pseudo R2 0.358

Observations 9107

-6416.967

Level of significance: *10%, **5%, ***¥1%. Robust standard errors estimated. * constrained
values. P: not defined.

100%
80%

60%

40% l I -|
ﬂ a— Class 3
20% I _—— _—— .} Class 2
0% A= < v Class 1
1 2

0: Never 3 4 5 6 7 8:
chose Always
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none

Base: Class 1-404; Class 2-505; Class 3-287

HClass 1 Class 2 Class 3

Figure 8: Frequency of ‘NONE’ by class

Posterior class probabilities have been computed so as to assign each respondent to a class, depending on the

greatest class membership probability™. Individuals assigned to class 2 rarely chose none as shown in Figure

15 See equation E.9 in Appendix E. It is worth remarking that class allocation is probabilistic, hence no statistical
test can be performed in order to assess whether differences in shares between segments are statistically
significant. Nevertheless, the inspection of the differences in shares can aid the description of the segments.
What is more, average posterior membership probability of individuals is quite high: in class 1 equals 97%, in
class 2 equals 92% and in class 3 amounts to 87%.



8. As noticed above, these respondents are more prone to believe the fourth generation goals will be met.
Instead, those belonging to class 1, not accepting monetary compensations at all, are those who more
frequently chose none. Remarkably, 88% of the individuals included in this class chose none of the projects in
either 8/8 or 7/8 choice tasks, therefore signalizing a strong opposition towards nuclear. Finally, class three

has a number of none chosen almost entirely between 2 and 6 (98%).

As far as the information treatment is considered, in both class 1 and class 2, 38% of the respondents received
the additional pieces of information, whereas only 22% of those allocated in class 3 did. More pronounced
differences are found when inspecting the share of individuals who stated to have heard of fourth generation
before: they are 47% in class 2, 32% in class 1 and only 21% in class 3. In addition, we find that segment 2
has the highest share of right wing voters (segment 2: 18.6%, segment 1: 9.75%; segment 3: 12.9%), the
highest share of individuals in favor of Italy investing in nuclear energy (segment 2: 34.2%, segment 3:
24.7%; segment 3: 16.3%), as well as the lowest share of respondents indicating the Fukushima accident as

serious or very serious (segment 2: 54%, segment 1: 68%; segment 3: 62.3%).

5.3 Effect of prior knowledge and information treatment

In this section we look at the validity of results with a focus on the effect of information. Firstly, we look at
the effect of having prior knowledge of FG nuclear technology. Secondly, we analyse the results of the
information treatment, where a sub-sample of respondents were presented with additional information on the

Chernobyl and Fukushima’s accidents, as well as information on where nuclear plants are located in Europe

(Section 3.2).

For this purpose, we estimated an additional econometric model, modeling the probability of opting-out (that
is choosing the status quo option, i.e. ‘none’ of the nuclear scenarios) and the probability of having heard of
fourth generation technology prior to the study. This entailed estimating two equations, where in both cases

the dependent variables are discrete. In order to allow for correlation between the error terms of the two
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equations, we estimated a bivariate ordered probit model (briefly described in Appendix F). The findings from
this analysis, which are reported in detail in Tables D1 and D2, in Appendix D, are supportive of the

consistency of results with prior expectations.

In terms of the determinants of opting-out (Table D1, Equation 1), we found that right-wing voters and those
who attached a lower probability to a nuclear accident happening in Europe were less likely to opt out.
Instead, those who stated that nuclear energy in Italy would not be introduced before at least one hundred
years were more likely to opt-out. In addition, and reassuringly, the findings of the structural equation model
seem to be confirmed: individuals characterized by lower perceived Risks, higher perceived Benefits and
higher Confidence, were less likely to choose the option ‘none’. In terms of those having prior information of
FG nuclear technology (Table D1, Equation 2), their profile is as follows: men, right-wing voters, higher
income, and in favor of Italy investing in biomass and geothermal. A negative correlation between the error
terms is found, although significant only at the 15% level: this suggests that individuals who opted out more

frequently are less likely to have prior information on FG technology.

We also used the bivariate ordered probit model to investigate the impact of the information treatment (Table
D1, Equation 1). The information treatment appears to have affected the degree of opposition towards nuclear
energy. Specifically, those who received the additional information were more likely to choose the opt-

out/‘none’ option.

Furthermore, in order to look at the effect of the information treatment on the choice experiments results, a
latent class model was also estimated including, in the segment membership probability, a dummy variable
identifying whether a given individual received the information treatment, besides the individual score factors
of the variables mentioned above. However, this model did not converge to a global maximum. For
comparative purposes, a separate latent class model was estimated with only the information treatment

dummy in the class allocation function; these results are contained in Appendix C, Table C2'°. The key

18 The preferences described in the three segments of the latent class model with the information treatment (Table C2) are
analogous to those of the model presented in Table 4, without considering the treatment. However, former model’s
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finding is that the information treatment had a significantly positive effect in affecting class 1 allocation, that

is, the provision of additional information seems to have increased the likelihood of a respondent being

allocated to the class most likely to oppose nuclear energy technology.

Table 4. Mean and S.D. of latent constructs

32

A: Test by "Have heard of FG nuclear"

HAVE HEARD of FG HAVE NOT HEARD of FG

Mean S.D. Base Mean S.D. Base T-test?
Benefits (***) .083 1.05 430 -.048 919 752 -2.2521
Risks (*¥*¥) -.095 1.05 430 .059 .920 752 2.6355
Confidence (*¥**) .090 1.06 425 -.047 925 743 -2.3274
Acceptance (*¥¥) .096 1.05 429 -.057 934 750 -2.5867
B: Test by information treatment

Information treatment: YES Information treatment: NO

Mean S.D. Base Mean S.D. Base T-test?
Benefits (¥**) -.066 997 513 .050 .947 682 2.0638
Risks (*¥) .045 987 513 -.030 .970 682 -1.3273
Confidence (*¥) -.057 957 506 .040 .992 675 1.6930
Acceptance (*) -.045 967 510 .029 .990 681 1.2977
C: Test by information treatment and by "Have heard of FG nuclear"

Information treatment: YES Information treatment: NO

Mean S.D. Base Mean S.D. Base T-test

HAVE HEARD of FG
Benefits (*¥) -.020 1.05 170 150 1.05 258 1.6486
Risks -.087 1.10 170 -.094 1.02 258 -0.0667
Confidence .027 1.02 168 127 1.08 255 0.9457
Acceptance (¥) .007 1.05 170 146 1.06 257 1.3373
HAVE NOT HEARD of FG

Benefits -.083 971 334 -.019 .876 417 0.9486
Risks .106 922 334 .023 919 417 -1.2370
Confidence -.093 918 329 -011 931 413 1.2035
Acceptance -.065 936 332 -.052 .935 417 0.1981

“Difference between Mean (no information treatment) and Mean (information treatment). ***: 1%, ** 5%, * 10% level of significance.

goodness of fit is inferior.



We also looked at the effect of the information treatment in the RPL_EC model*’ (Table C3, Appendix C).
Here, the effect seems to be limited to the ASC; specifically, the additional information provided positively
affected the coefficient of the ASC, suggesting a lessened degree of nuclear acceptance, in line with the

previous findings.

Finally, the negative effect of the information treatment on nuclear energy acceptance is confirmed by the
inspection of the individual score factors for the construct Acceptance, which is significantly lower among
information-treated respondents (Table 5, panel B). In line with this, respondents who received the
information treatment are characterized by lower perceived Benefits, higher perceived Risks and lower
Confidence. However, differences emerge considering respondents with prior stated knowledge of FG
technology (Table 5, panel A). Overall, these respondents are characterized by a greater Confidence towards
the realization of FG goals, along with greater perceived Benefits and lower Risks, thereby presenting a
greater score of Acceptance, as discussed in the context of the structural equation model and in line with the
bivariate ordered probit results. Finally, those who had not heard of FG technology before do not seem to be
affected significantly by the information treatment, appearing to be less open to seek and process information

(Table 5, panel C).

6. Conclusions

In the aftermath of the Fukushima accident, Italy recently abandoned all plans for the re-introduction of
operating nuclear power plants in the country, mimicking the earlier decision of phasing out nuclear
technology following the events of Chernobyl in the 80’s. In order to reach European targets, Italy’s energy
policy needs to be improved by reducing reliance on fossil fuels, diversifying energy sources and increasing
the share of energy sources with zero or next to zero GHG emissions. From the point of view of the
proponents of fourth generation nuclear energy technology, that aims to minimize many of the problems that

affected earlier technologies, the latter issue may be tackled by including nuclear energy in the Italian power

7 This is a RPL_EC model with heterogeneity decomposition, where all mean coefficients are interacted with the dummy
variable indicating whether the respondent received the information treatment.
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generation mix. No study has yet been conducted on social acceptance of fourth generation nuclear energy:
this paper opens this stream of research and offers a methodological combination of choice experiments,
psychometric scales, modeled within a structural equation framework, and information sensitivity tests.
Importantly, discrete choice modeling and structural equation modeling results were aligned, providing

evidence of the robustness of the findings.

Firstly, a structural equation model was employed, following De Groot et al. (2013). Acceptance of fourth
generation nuclear energy was found to be greater among those who envisage the presence of benefits, are
less concerned about the risks and, above all, are confident that the goals of the FG nuclear technology will be
achieved. The effects of risks and benefits on acceptance are in line with expectations from the environmental
psychology literature. In addition, egoistic values were seen to affect perceived benefits, whereas altruistic
values affected perceived risks. As in De Groot et al. (2013) biospheric values had no significant effect on
acceptance of nuclear energy. A key new finding of our analysis is the importance of the construct
Confidence, which in our case referred to individuals’ beliefs in whether the objectives of the FG nuclear
technology would be achieved. Hence, we recommend that future work investigating social acceptance of
energy technologies still under R&D should include measures of confidence in the goals of the technology. In
terms of policy, public acceptability of nuclear power is therefore likely to depend on the nuclear industry and
the government‘s ability to deploy information campaigns and other initiatives aimed at increasing public

confidence in the safety of the new generation of this technology.

These findings from the psychometric analysis were then taken into account when analyzing the choice
experiment data. This type of joint analysis, bringing together two related but distinct disciplinary traditions,
is uncommon. A latent class estimator was applied, with class membership modeled as a function of perceived
benefits, risks and confidence. Although this is the first analysis of its kind, and without direct comparators,
some of our estimates of the value of the attributes of nuclear energy are in line with those in the stated
preference literature. Like other authors, we found, for example, that the potential for nuclear energy to reduce

GHG emissions is positively valued, as is increased distance from the energy facility (e.g. Fimereli, 2011).
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Our latent class model findings depict a situation characterized by three distinct segments of preferences. The
first class of respondents refer to those strenuously against nuclear energy implementation in Italy, and not
willing to accept any monetary compensation for the deployment of nuclear energy: this is the class of the
strong opposers (class 1), negatively associated with the benefits. A second class shows respondents with less
pronounced opposition, willing to accept monetary compensations in order to put up with new nuclear
facilities and valuing some of the health, environmental and other benefits associated with an improved
technology: this is the segment of the moderate opposers (class 3). We also found a third class of respondents,
more confident that the goals of the FG nuclear technology will be accomplished, possibly willing to pay to
have the new technology and appreciating its benefits, that can be defined as the segment of the moderate

supporters (class 2).

Our study also provides a useful characterization of individuals more likely to favor FG nuclear
implementation, following the analysis of the posterior class membership probabilities and multivariate
analysis. It emerges that right-wing voters are more likely to favor nuclear energy, in line with previous
research (Franchino 2013; Zwick 2005). In addition, opposition seems to be greater among those who
perceive the Fukushima accident as serious or very serious. Such market segmentation can be useful for those
devising targeted information campaigns. We also explored the effect of information on preferences, both
prior information and new information given during the survey. Those more likely to have prior information
on FG nuclear energy tended to be right wing male voters, in higher income groups. Moreover, our study
found evidence that those who are more opposed to nuclear energy are less likely to have had prior
information on FG technology. Previous research has highlighted the role of knowledge and experience with

the technology in heightening support (Sjoberg 2004, 2009).

In line with other authors (Jun et al. 2010; Peters and Slovic 1996; Slovic 1987; Slovic et al. 1991; Slovic et
al. 2005; Zhu et al. 2016) the role of new information was found to be key in shaping acceptance of nuclear
energy: our results were sensitive to information provided regarding the events of Fukushima and Chernobyl,

together with a map showing nuclear plants’ location in Europe. Adding to Jun et al. (2010), who suggested
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that precise and specific information on nuclear energy might lead to higher acceptance in a country with
nuclear plants in operation, this study shows that focusing the information on accident histories, in a country

with no nuclear plants in operation, might lead instead to heightened opposition.

All in all, our results suggest that the future of fourth generation nuclear energy in Italy will likely depend on
the information provided to the public, hence media, politicians and corporations play a crucial role.
Currently, nuclear energy appears to be the least preferred energy option, with renewable sources coming top
in terms of the policy agenda and public support in Italy (Bigerna and Polinori 2014; Bollino 2009; Cicia et al.
2012; Strazzera et al. 2012b). In addition, a section of our respondents were found to be strong opposers of the
construction of FG nuclear power plants. Although amounting to a (sizeable) minority of the sampled
respondents, the share of strong opposers could substantially increase in case of negative shocks, such as
targeted negative media campaigns, or even the occurrence of further nuclear accidents (even linked to older
generation nuclear reactors) especially near the time of FG generation R&D completion. Further research is
needed in order to investigate social acceptability of fourth generation nuclear energy in other nations. For
instance, it would be interesting to extend the study to countries where nuclear energy is in operation and/or
with nuclear plants under construction. In addition, research is needed so as to further investigate the role and

determinants of confidence in the realization of the FG nuclear energy goals.
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Appendix A: Psychometrics scales and structural equation modeling results

Table Al. Egoistic, Altruistic and Biospheric items

How important are these values for you as guiding principles in your life?

Neither
Important nor
unimportant

Oppositeto  Not at all Very
my values Important ~ Unimportant

Very Extremely
Important Important

V1 Social Power: control people
V2 Wealth: money and material goods
Egoistic
V3 Influence: Impact other people's life
Va Authority: command others
V1 Equity: equal opportunities for all
V2 Peace: no war no conflicts
Altruistic
V3 Work for the others
Va Justice: fight injustices
Vi Prevent Pollution
Biospheric V2 Respect the Earth
V3 Protect the Environment
Table A2. Confidence items
How confident are you that fourth generation technology goals will be achieved?
Somewhat
uncgr?fri}t/jent corﬁiodtent not Undecided Sc(c)Jr:E\cli\:ahnit confident co?{f?g)ént
confident
Vi Reduce the probability of catastrophic accidents
V2 Minimize nuclear waste
V3 Reduce the long term stewardship burden of nuclear waste
Confidence
Va Increase the cost-competitiveness compared to other energy sources
Vs Increase protection against terroristic attacks

Ve Increase passive security




Table A3. Place attachment items

Think about the region you currently reside in. To what extent do you agree or disagree with the following statements?

Extremely disagree Neither
Disagree agree nor Agree Extremely agree
disagree
Vi Building nuclear plants in Italy is acceptable
V2 Building nuclear plants in your region of residence is acceptable
Acceptance
V3 It is acceptable to import nuclear energy
Va Building nuclear plants in Italy is acceptable
Vi I want to live here
Va2 | feel | belong here
Place
attachment o
V3 | feel connected to the people living here

Vs Here | feel at home
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Table A4. Perceived risks and benefits items

How likely are these risks/benefits stemming from the realization of nuclear plants in Italy?

Very Somewhat Somewhat Very
Unlikely Unlikely Unlikely Undecided likely Likely Likely
V1 Risk of catastrophic accident
vz Nuclear waste's risk
V3 Risks arising from the public sector investing in nuclear plant projects
Risks Vs Risk for human health
Vs Risk for the environment
Ve Risk of terrorist attacks
V7 Risk of nuclear proliferation
V1 Economic growth
V2 Rise in employment
V3 Atmospheric emissions' reduction
Benefits
V4 Energy imports' reduction
s Reduction of fossil fuels' consumption
Ve

Energy 's prices more affordable




Table A5. Factor loadings and uniqueness

Item &: Egoistic & Altruistic &: Biospheric ¢: Confidence
F.L. UN. F.L. UN. F.L. UN. F.L. UN.
vy 0.87 0.24 0.75 0.44 0.83 0.31 0.90 0.18
v, 0.53 0.72 0.79 0.38 0.84 0.29 0.89 0.20
V3 0.58 0.66 0.51 0.74 0.64 0.59 0.90 0.19
Vs 0.84 0.30 0.70 0.50 / / 0.81 0.34
Vs / / / / / / 0.84 0.30
Ve / / / / / / 0.91 0.17
&: Risks ¢: Benefits &: Acceptance ¢: Place Attachment
F.L. UN. F.L. UN. F.L. UN. F.L. UN.
2 0.89 0.21 0.89 0.21 0.97 0.06 0.83 0.31
vy 0.85 0.28 0.84 0.28 0.91 0.17 0.92 0.15
Vg 0.54 0.70 0.77 0.40 0.59 0.65 0.84 0.30
2 0.93 0.13 0.83 0.31 0.90 0.17 0.91 0.16
Vs 0.93 0.13 0.82 0.33 / / / /
Vg 0.64 0.59 0.89 0.23 / / / /
v, 0.62 0.61 / / / / / /

F.L.: Factor loadings. UN: Uniqueness
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Table A6. Measurement equations' coefficients

Egoistic Altruistic Biospheric Confidence

Coeff. Std. Err Coeff. Std. Err Coeff. Std. Err Coeff. Std. Err
A 1 c 1 c 1 c 1 c
o 3.07 0.04 5.84 0.039 5.84 0.038 281 0.032
A 0.55 0.031 1.07 0.047 1 0.032 1.01 0.021
™™ 4.03 0.043 591 0.040 5.92 0.037 2.78 0.032
A 0.65 0.033 0.81 0.050 0.84 0.033 0.98 0.020
™ 4.04 0.047 495 0.04 5.99 0.036 274 0.031
A 0.90 0.031 113 0.045 / / 0.872 0.023
™ 291 0.045 5.90 0.037 / / 291 0.031
A / ! / / / / 0.833 0.021
™ / / / / / / 2.87 0.030
AL / / / / / / 1.00 0.020
™ / / / / / / 2.87 0.032

Risks Benefits Acceptance

Coeff. Std. Err Coeff. Std. Err Coeff. Std. Err
Ay 1 c 1 c 1 c
™ 5.4 0.04 41 0.47 231 0.033
Ay 0.85 0.02 0.94 0.02 092 0.015
el 5.72 0.03 4.08 0.04 213 0.033
Ay 051 0.02 0.93 0.027 051 0.022
™ 5.87 0.04 3.99 0.05 2.40 0.031
Ay 0.99 0.019 091 0.024 0.89 0.014
g 5.65 0.041 476 0.047 2.46 0.03
Ay 0.98 0.019 0.90 0.024 / /
el 57 0.040 4.60 0.047 / /
Ay 0.74 0.029 1.05 0.023 / /
el 4.98 0.045 432 0.05 / /
Ay 0.81 0.033 1.05 0.023 / /
el 4.93 0.051 432 0.05 / /

c: constrained
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Appendix B: Descriptive statistics on perceived risks, benefits and confidence

Table B1. Answers to the risks, benefits and confidence’s statements (% reported)

In your opinion, how likely are the following risks?

RISKS Not at all/a Somewhat Somewhat Very/Extremely
little unlikely Neutral Likely likely
Public Investments in Italy 1 3 10 21 65
Nuclear waste related risks 2 4 12 20 62
Risks for the environment 4 4 10 20 62
Risks for human health 4 4 12 21 60
Risk of catastrophic accidents 6 5 15 22 52
Terrorist attacks 7 7 24 22 40
Use of nuclear for military purposes 11 9 18 44 19
BENEFEITS In your opinion, how likely are the following benefits?
Not at all/a Somewhat Somewhat Very/Extremely
little unlikely Neutral Likely likely
Less energy's imports 11 8 18 29 34
Less fossil fuels' consumption 12 9 20 29 30
More convenient energy prices 17 11 20 26 26
Economic growth 18 11 28 24 20
Atmospheric emissions' reduction 21 13 25 21 20
Less unemployment 18 11 28 24 18

In your opinion, how important are the following goals of the
nuclear industry?

Importance of goals of nuclear industry Not at all Alittle Somewhat Very Extremely
Reduce the probability of catastrophic accidents 1 1 12 24 63
Reduce nuclear waste production 1 2 12 27 58
Increase passive security 1 2 13 28 55
Reduce the number of years nuclear waste needs
to decay 1 2 15 30 52
Increase protection against external attacks 1 5 20 32 42

Foster cost competitiveness 5 10 25 31 29
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Table B1-Continued

Confidence

Reduce the probability of catastrophic accidents
Reduce nuclear waste production
Increase passive security

Reduce the number of years nuclear waste needs
to decay

Increase protection against external attacks

Foster cost competitiveness

How confident are you that these goals will be reached?

Not at all Alittle Somewhat Confident Very confident
11 28 34 19 7
12 29 33 17 8
10 27 35 20 8
11 32 33 16 7
9 26 39 18 7
9 27 36 21 8

Appendix C: Choice experiments analysis
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Table C1. Variables used in the CE econometric models

Choice Experiments-Utility function Variables Type Mean S.D. Min Max
ASC Dummy 0.33 047 000  1.00
Distance 20 Km Dummy 0.49 049  0.00 1.00
Distance 50 Km Dummy 0.17 037  0.00 1.00
Distance 100 Km Dummy 0.17 037 000  1.00
Waste 30 % Dummy 0.16 037 000  1.00
Waste 20 % Dummy 0.17 037 000  1.00
Waste 10 % Dummy 0.17 037 000  1.00
Emission Reduction Discrete 0.62 0.79  0.00 2.00
Hospital Dummy 0.27 044 000  1.00
Land Recovery Dummy 0.27 0.44  0.00 1.00
Bill Reduction €/household/year 68.35 7861 000 203.73

Choice Experiments-Segment membership Variables

Confidence Score factors 2.71e-09 0978 -1.826 2.151
Risk Score factors 5.63e-09 0.977 -3539  1.089
Benefits Score factors 4.02e-10 0.969 -2.251  1.817

Notes: 1. Dummy variables were used to code some of the attributes (Distance, Waste, Public Investments in Hospitals and
Land Recovery) to account for the presence of non-linearities. Non-linearities were not found in the Emission Reductions
attribute which is therefore coded as a continuous variable. 2. Bill reduction was expressed in percentages in the choice tasks;
these values were multiplied times the average annual electricity bill of the sampled respondents in order to obtain the

€/household/year unit.



Table C2. Latent class model. Dependent variable: Choice

CLASS1 CLASS2 CLASS3 | CLASS1 CLASS2 CLASS3
Variable Coeff. (S.e.) Monetary Valuations (€)
ASC 5(%97*0*)* ?(7)2;)** 2(‘382*6*)* —+00 -167.1 874.4
Distance: 20 Km 1(332; 7(%%‘;* 1<2019*;;* —+00 256.4 426.1
Distance: 50 Km 1(23:; 6(%%;;* 9(118;;;* —+o0 223 323.1
Distance: 100 Km 1(?;()* ?%%ET 6((120;* —+00 141.9 212
Waste Reduction: 30% (ggg) 7(%1;9? 1(1(;5:;* —+00 266.7 404
Waste Reduction: 20% &.749817#; G(Z)T;* 625029*;’;* —+00 239 300
Waste Reduction: 10% J{g;) 3(%14;2;* 6<3029>;* n.d.p 107 2225
Emission Reduction (327199§ 3((2;;;* ?%8;;;* —+00 107.8 171.7
Hospitas P I ol I TR
Land Recovery 1<1303>;;* ?Zg;* 9(%56;* —+00 169 346.7
o7 e
Class membership function
Constant 2<6193>;;* 7(919;;;* 0a / / /
Information Treatment (312;_:; (_10 9622) 0a / / /
Average class probability 0.323 0.464 0.213 0.323 0.464 0.213
Log-Likelihood -6448.767
Pseudo R? 0.355
Observations 9107

Level of significance: ¥10%, **5%, ***1%. Robust standard errors estimated. % constrained values. : not defined.



Table C3. RPL_EC model-Information Treatment. Dependent variable: Choice

B B*Info_T S.D.
Variable Coeftf. (S.e.)
1.49%kk 7240k 2.08#4*
ASC (102) (160) (.046)
) .899 etk .093 288k
Distance: 200 Km (072) (.108) (.083)
) 19wk 024 307+*
Distance: 100 Km (078) (121) (.146)
) 544k -0.38 155
Distance: 50 Km (.083) (127) (.150)
.828 otk 068 191
. ane
Waste Reduction: 30% (079) (126) (157)
683wk .050 072
: 0o
Waste Reduction: 20% (078) (120) (.164)
4028 -0.001 A71
. a0
Waste Reduction: 10% (077) (125) (122)
- . 327wk 024 193k
Emission Reduction (.033) (.054) (.0406)
Hospital R
ospitals (.057) (.084) (.080)
495wtk 323 360k
Land Recovery (.056) (.087) (.082)
. ] L0028 .0001 004+
Bill Reduction (€) (.000) (.0006) (.000
Log-Likelihood -7700.191
R squared 0.228
Observations 9107

Level of significance: *10%, **5%, ***1%. Robust standard errors estimated.



Appendix D: Multivariate analysis

Table D1. Bivariate Ordered probit model

Equation 1-Dependent variable: Number of opt outs

Variable
Age
Male
EU_Risk
Income
Household size
Right wing
Chernobyl Seriousness
Fukushima Seriousness
Never nuclear
Investment_Fossil
Investment_Wind
Investment_solar
Investment_Nuclear
Investment_Hydro
Investment_Geothermal
Investment_Biomass
Importance_School
Importance_Immigration
Importance_Climate change
Importance_Unemployement
Importance_Economic growth
Importance_Healthcare
Importance_Crime
Importance_Public debt
North
Centre
Unemployed
Under 16 years old in the household
Degree

Source
Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9

Q10
Q11
Q12
Q13
Q14
Q15
Q16
Q17
Q18
Q19
Q20
Q21
Q22
Q23
Q24
Q25
Q26
Q27
Q28
Q29

Coefficient
0.027
-0.073

-0.083#*
-0.005
-0.034

-0.155%*

0.019

0.070

0.171%*

-0.007
0.062

-0.086
-0.007
-0.004
0.005

-0.042
0.039

-0.037
0.062
-0.081
0.061

0.001

0.006
-0.027
-0.113
-0.110
0.057
0.007
0.106

St. Error
0.033
0.070
0.032
0.024
0.030
0.096
0.070
0.057
0.070
0.035
0.046
0.056
0.039
0.040
0.031
0.027
0.050
0.042
0.043
0.059
0.050
0.061
0.049
0.043
0.077
0.090
0.099
0.016
0.090




Table D1-Continued

Benefits Score factors (1) -0.075* 0.041

Risks Score factors (2) 0.130%* 0.048

Confidence Score factors (3) -0.169%k* 0.041

Place attachment Score factors (4) -0.004 0.034

Info_Treatment 0.127%* 0.025

Table D1-Continued
Equation 2-Dependent variable: Heard of FG before

Age Q1 -0.031 0.041
Male Q2 (0.359%** 0.086
Income Q4 0.053* 0.029
Household size Q5 0.061* 0.035
Right wing Qo6 0.44 3% 0.117
Chernobyl Seriousness Q7 0.102 0.087
Fukushima Seriousness Q8 -0.003 0.069
Investment_Fossil Q10 -0.041 0.044
Investment_Wind Q11 -0.024 0.059
Investment_solar Q12 -0.120* 0.071
Investment_Nuclear Q13 0.063 0.043
Investment_Hydro Q14 -0.025 0.053
Investment_Geothermal Q15 0.136*** 0.043
Investment_Biomass Q16 0.123%#* 0.034
Importance_School Q17 0.038 0.062
Importance_Immigration Q18 0.009 0.052
Importance_Climate change Q19 0.085 0.054
Importance_Unemployement Q20 -0.052 0.073
Importance_Economic growth Q21 0.014 0.063
Importance_Healthcare Q22 0.020 0.074
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Table D1-Continued

Importance_Crime Q23 -0.066 0.061

Importance_Public debt Q24 -0.015 0.053

North Q25 0.013 0.095

Centre Q26 -0.021 0.111

Unemployed Q27 -0.049 0.128

Degtee Q29 0.131 0.111

Log-Likelihood -2836.0238

p -0.061
Observations 1111

Level of significance: *10%, **5%, ***1%.



Table D2.Bivariate ordered probit model

: variables employed in Table D1
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Soiiren Oiinctinn Scale/unit
Q1 How old are you? years
Q2 Gender 0 Female - 1 Male
Q3 In your opi:lijz?é;oa\l/(\:/cliigsrl])tl |Irs1 téljerggggrrence of a 1 Not at all likely -7 Extremely likely
Q4 What is the income level of your household? 1 less than 10,000 euro- 7 More than 60,000 euro per year
Q5 How many people live in your household? Number of persons
Q6 For which political party would you vote right now? 1: any right wing party- 0: otherwise
Q7 In your opinion, hc;\(/:vCiss;in(;gs is the Chernobyl 1: Not at all-5: Extremely
08 In your opinion, h(;vcvcsiggir:)t%s is the Fukushima 1: Not at all-5; Extremely
Q9 When do you think nucliere]arlgicl))\;ver will be re-introduced 1:Never-O:within 100 years or more
Q10 In your opinion, how much should Italy invest on... Fossil Fuel, 1 Nothing, 4 A lot, 0 Don’t know
Q11 In your opinion, how much should Italy invest on... Wind, 1 Nothing, 4 A lot, 0 Don’t know
Q12 In your opinion, how much should Italy invest on... Solar, 1 Nothing, 4 A lot, 0 Don’t know
Q13 In your opinion, how much should Italy invest on... Nuclear, 1 Nothing, 4 A lot, 0 Don’t know
Q14 In your opinion, how much should Italy invest on... Hydro, 1 Nothing, 4 A lot, 0 Don’t know
Q15 In your opinion, how much should Italy invest on... Geothermal, 1 Nothing, 4 A lot, 0 Don’t know
Q16 In your opinion, how much should Italy invest on... Biomass, 1 Nothing, 4 A lot, 0 Don’t know
Q17 In your opinion, how important are the following: School, 1 Not at all important- 5 Extremely important
Q18 In your opinion, how important are the following: Immigration, 1 Not at all important- 5 Extremely important
Q19 In your opinion, how important are the following: Climate Change, 1 Not at all important- 5 Extremely important
Q20 In your opinion, how important are the following: Unemployment, 1 Not at all important- 5 Extremely important
Q21 In your opinion, how important are the following: Economic growth, 1 hli?.rt‘sct)ignitmporwnt- 5 Extremely
Q22 In your opinion, how important are the following: Healthcare, 1 Not at all important- 5 Extremely important
Q23 In your opinion, how important are the following: Crime, 1 Not at all important- 5 Extremely important
Q24 In your opinion, how important are the following: Public debt, 1 Not at all important- 5 Extremely important
Q25 In which region do you currently reside? 1 any region in the North-0 otherwise
Q26 In which region do you currently reside? 1 any region in the Centre-0 otherwise
Q27 What is your occupational status 1 unemployed-0 otherwise
Q28 How many people under the age of 16 live in the Number of persons

Q29

household?

What is your highest level of education?

1 at least one university degree-0 otherwise
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Appendix E: Econometric models for choice experiment data

The choice experiment method is based on Lancaster’s theory of value (Lancaster 1966) and on the Random Ultility theory
(McFadden 1974). According to this theoretical framework, respondents choose the option which provides the greatest
level of utility. Acknowledging the impossibility of fully characterizing the utility function, this is decomposed into a
deterministic and a stochastic part. Formally, utility of individual i for alternative j is given by:

Uij = V,:j + E,:j (El)
where V;; and ¢;; are the deterministic and stochastic components respectively. Specifically, V;; is given by:
Vij = X BijXik; E2)

where X is the matrix of the k attributes, whereas S represents the vector of coefficients to be estimated, scale parameter
normalized to one. In order to define the stochastic component, the basic assumption is that the error terms are
independently and identically distributed. Furthermore, assuming a Gumbel distribution, the Multinomial Logit model
(MNL) is obtained, whose choice probabilities are given by:

exp(BicXpje)
P, = — <kt E.
Ut 5 exp(BiXnje) E3)
Once the coefficients are estimated, the monetary valuations (MV) can be computed. These are given by the ratio of the

coefficients (corresponding to the marginal utility) of the non-monetary over the monetary attribute, as shown in (E.4):

MV — | ﬂnon—munetary | (E4)

Bmonetary

However, the MNL assumes independence of irrelevant alternatives, whereas there might be correlation between groups
of similar alternatives. As in contingent valuation studies, protest behavior can influence results in choice experiments
(Adamowicz et al. 1998; Meyerhoff and Liebe 2008): in our case, respondents might choose the opt out option without
seriously considering the scenario attributes just because the scenarios refer to nuclear energy options. Indeed, protest
votes are just one of the possible reasons that might lead respondents to choose the status-quo or opt out options. Other
studies have suggested loss aversion (Kahneman et al. 1991), task complexity (Boxall et al. 2009; Day et al. 2012; Moon
2004), lack of credibility of the survey (Kataria et al. 2012) or alternatives perceived to be too similar by the respondent
(Haaijer et al. 2001). An alternative modeling strategy is represented by a Nested Logit (NL) (Ben-Akiva and Lerman
1985; Hensher et al. 2005), which allows the relaxation of the I1A assumption, although homogeneity in preferences is
still in place. A strategy to introduce preference heterogeneity is represented by the Random Parameters Logit (RPL)
model (Hensher and Greene 2003; Revelt and Train 1998). According to this model, the utility function is characterized
by the presence of an idiosyncratic random deviation of respondent i 1;;, from the mean value S for each of the K

attributes:
Uije = B Xije + Ny Xije T €ije (E.5)

The random distribution must be specified by the analyst, with normal and log-normal distributions often chosen. In this

context, the choice probability is given by:



exp(BirXrje)

Py = ijexp(BikX{c,-t) f(B;16)dB; (E.6)

where f(B;|6) represents the density function of the coefficients and 6 the vector of parameters characterizing the
deviations from the mean of the coefficients. As the integral in (E.6) does not have a close form solution, estimation
requires simulated maximum likelihood (McFadden and Train 2000). Finally, in order to include correlation effects
between the alternatives, additional error components are specified (Herriges and Phaneuf 2002) in order to tackle

presence of status-quo/opting out effects.

Preference heterogeneity can be also modeled in a latent class framework (Boxall and Adamowicz 2002), according to

which utility’s parameters are the same within and different between classes:
Uijis = Vijis + €ijiis (ET7)
Given s segments, the unconditional choice probability is given by:

Pryj = YshgPry (E.8)

where Pryj; is the choice probability conditioned on the class membership probability hs, given as follows:

exp(BiisXpje)
Pry, = — 7kt E.9
Tjls 2jexp(BrisXyje) (E9)
_ exp(ygZs) (E.10)

S Ysexp(r,Zs)

where Zs represents the matrix of socio-economic variates and/or attitudes that condition the segment membership
probability. After model estimation, posterior class probabilities can be computed including in (E.8) the estimated
coefficients of the utility and segment membership probability function.
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Appendix F: Econometric models for multivariate analysis-Bivariate ordered probit

The bivariate ordered model is employed in order to estimate simultaneously two equations, where the dependent
variables are the number of ‘none” option chosen and whether the respondent said to have heard of FG generation before
the study®. The model is formally characterized as follows (Sajaia 2008). Assume two latent variables, y;; and y3; , are
function of the matrices of explanatory variables X;; and X;; respectively:

{YIi =X Bt &

! ; (F.1)
Yai =X B2+ &

The parameters to be estimated are B; and B,, whereas & and &, represent the error terms. The dependent variables,
discrete, are assumed to be observed depending on some threshold levels of the latent variables, as follows:

lify;; <cnn

2if e <Y1 S c12
3ifci <y < €13
Yy 4if ci3 <yp < c1g F2)
YE150f s <y < C1s '
6if c15 <Y1 < C16
Tif c16 <Y1 < ¢z

8if c17 < y1;

0ifyy;; <c
)’21':{ f v 21 (F.3)

Lifyii>cn
yy; refers to the number of times a given respondent chose ‘none’ of the options, whereas y,; stands for a binary variable
indicating whether a given respondent declared to have heard of FG before (value 1) or not (value 0). We then model the
joint probability of observing pairs of values for y,; and y,;, assuming the error terms are distributed following a bivariate

normal distribution, with correlation p, as follows:

Pr(yy; = j,¥2i = k) = @y(cyj — X1; Bry ok — X3 82), p) - Po(crjo1 — X1 B1v Cox — X3iB2), P) - Palcyj — Xi; Brs
Cak—1 = X2: B2), P) T Pa(C1j—1 — X1; Br. Con—1 — X3 B2), P)
(F.4)

where @, represents the bivariate standard normal cumulative distribution function. Remarkably, the model is identified
as long as at least one explanatory variable included in Xj;is not in X;;. Finally, maximum likelihood estimation is

implemented.

18 See Brécard et al. (2009) for another application of the bivariate ordered probit, where it was employed in order to investigate demand
for green energy products.
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