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ABSTRACT 

Complex decisions need, besides economic utilization and technological practicability, 

the acceptability of the outcome to the various stakeholders. If the decision is not well 

accepted by society, it has little chance of successful implementation regardless of its 

economic and technical merits. Most nuclear-related decision-making processes deal heavily 

with public opinion attitude. With this regard, different aspects may influence the public 

support for nuclear: demographic factors, knowledge, risk perception. Moreover, nuclear 

accidents have a prompt and wide coverage by media and effects on the public attitudes. The 

recent Fukushima accident has had a significant effect on the nuclear policies of many 

countries whose governments have changed or redirected their investments in nuclear energy. 

The methodology of INPRO (International Project on Innovative Nuclear Reactors and 

Fuel Cycles) has been developed specifically to determine whether or not a given innovative 

nuclear energy system (INS) is sustainable. For the assessment of an INS, INPRO has 

established, for each area identified in the methodology, a set of requirements, organized in a 

hierarchy of basic principles, user requirements and criteria, including indicators and 

acceptance limits. Public information, participation, acceptance and political support issues 

are addressed in the infrastructure area of the INPRO methodology. Based on a review of the 

results published in the open literature, the approach of INPRO to the topics of public 

acceptance and political support regarding the use of nuclear energy is discussed. 

1 INTRODUCTION 

Relevant decisions, such as the energy policy of a country, need the acceptability of the 

outcome to the various stakeholders. If the decision is not well accepted by society, the risk of 

encountering difficulties in the implementation is very high notwithstanding its economic and 

technical merits [1]. Most nuclear-related decision-making processes deal heavily with public 

opinion attitude. With this regard, different aspects may influence the public support for 

nuclear: demographic factors, individual beliefs, knowledge, risk perception. The accident of 

Fukushima has led to a marked decrease in the public acceptance of nuclear power, 

nevertheless, a rebound was noted in the more recent studies where, according to their 

conclusions, the effects of the accident is fading [2]. Significant differences are reported 

among countries, e.g., while the USA and France are accounted for values of about 70% of 
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the public acceptance index (PAI), in Japan a fraction of about 70–80% of the public is 

opposing nuclear energy [2]. Even before the occurrence of the Fukushima accident, 

Europeans accepted the value of nuclear energy primarily as a mean of decreasing the energy 

dependence, but, in spite of this, less than one-fifth of respondents believed that the share of 

nuclear energy in the energy mix should be increased [3]. More than 50% of the sample 

perceived nuclear energy more as a threat than a neutral source of energy [3]. 

Based on a review of the results published in the open literature, the approach of 

INPRO to the topic of public acceptance of nuclear energy is discussed. 

2 INPRO METHODOLGY 

The INPRO objectives have incorporated the concept of sustainability which can be 

analyzed, according to the indications of the United Nations (UN), from four different 

perspectives (dimensions): economic, environment, social, and institutional [4]. The INPRO 

methodology has been developed specifically to determine the sustainability of a given 

innovative nuclear energy system (INS) [4]. In INPRO, the concept of INS deals with all 

systems that will position nuclear energy in the 21st
 century. In this frame, INPRO accounts 

for evolutionary as well as innovative nuclear facilities. In addition, by identifying areas 

where improvements are needed, the results of such an assessment aims at providing relevant 

suggestions input for defining the strategy and the necessary short, medium and long term 

research, development and demonstration (RD&D). 

 

2.1 Holistic approach of INPRO methodology 

The assessment of an INS is composed of three main parts: screening of nuclear 

systems consistent with the objective of sustainability, comparison of different architectures 

and definition of an optimized INS [4]. The attention of the methodology is focused on the 

single component as well as the entire system that should be globally sustainable. The INPRO 

methodology requires, therefore, a comprehensive and holistic assessment. For this purpose, 

INPRO has established a set of requirements, organized in a hierarchy of basic principles, 

user requirements and criteria, comprising an indicator and an acceptance limit, for each area 

involved in the assessments. 

A Basic Principle is a general goal that an INS must achieve and therefore a guidance 

for its development. A User Requirement defines how to achieve the goal of a basic principle. 

For each Basic Principle, all user requirements should be fulfilled to achieve a sustainable 

INS. In INPRO, a user is an entity that has a stake or interest in potential applications of 

nuclear technologies.  

A Criterion is required to enable the INPRO assessor to determine whether and how 

well a given user requirement is being met by a given INS. An INPRO criterion consists of an 

Indicator and an Acceptance Limit. Indicators may be based on a single parameter, on an 

aggregate variable, or on a status statement. 

Regarding the social dimension, INPRO emphasizes the importance of equity among 

various groups of population, of adaptability to major demographic changes, of stability in 

social and cultural systems, of democratic participation in decision-making [4]. The main 

topics of interest are: affordability and accessibility of energy, public participation in decision 

making, energy security, proliferation threat and safety of energy systems [4]. 
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Figure 1: INPRO methodology: areas and assessment approach 

2.2 INPRO methodology: public acceptance 

Within the INPRO methodology, the area of infrastructure defines the set of capabilities 

necessary for the implementation of a national nuclear power program [5]. INPRO considers 

legal and institutional, industrial and economic, and socio-political aspects. The basic 

principle of the infrastructure area is as follows: “regional and international arrangements 

shall provide options that enable any country that so wishes to adopt, maintain or enlarge an 

INS for the supply of energy and related products without making an excessive investment in 

national infrastructure”. Offering the opportunities of synergies, the main goal of this 

principle is to ensure that the necessary investment into nuclear related national infrastructure 

is not an obstacle for the start or expansion of a nuclear power program [5]. 

The topic of public attitude towards nuclear energy is discussed in the User 

Requirements 3 that affirms: “adequate measures should be taken to achieve public 

acceptance of a planned INS installation to enable a government policy commitment to 

support the deployment of INS to be made and then sustained”. Albeit energy policy is 

fundamental in the development of a country, the existence of a public opposition towards 

nuclear energy could be a serious risk of investment when considering the use of nuclear 

energy [5]. The focus is on the actions to be taken by the State, the owner and industry to gain 

and maintain a favorable public attitude necessary for the political support. The focus is on 

three criteria for the assessment of the User Requirement: public information, participation of 

public in decisions and public acceptance. 

Public acceptance has become for some OECD countries the main limit in the 

development of nuclear energy with an opposition that could raise at national or local level 

[5]. The INPRO methodology aims at checking especially two aspects necessary to assure 

public acceptance: public information and involvement in the decision-making process. 

Public acceptance changes, therefore the attitude of public opinion should be checked 

regularly. A relevant limit is highlighted in the methodology when considering that the 

actions to be taken are not a rule valid for each country but peculiarities should be considered 

well aware that the improvement of technical and economic aspects of nuclear energy may 

not be sufficient to create a positive attitude [5]. More importantly, the manual stresses that 

risk perception could play a major role in the formation of public attitude towards nuclear 

energy [5]. 

Therefore, the use of nuclear energy should be communicated within the objectives of 

the country development referring its benefits and risks by discussing all the areas of its 
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development. The discussion of benefits and risks should be consistent and accurate [5]. 

Several evaluation parameters are associated to this criterion: such as the existence of a 

national energy policy (to be communicated in advance of the final decision) and the 

provision of a communication to the public of the risks/benefits with attention to 

local/national peculiarities. Other important evaluation parameters are the regular and 

complete information of the operation of nuclear facilities and the clear addressing of nuclear 

risks and the means to control them in comparison with risks familiar to the public. Moreover, 

the provision of this information should be in charge of experts trained for the purpose 

matching the form and details of information with the audience [5]. 

Information is not sufficient to people directly involved in the nuclear program, e.g., for 

the local community close to a new power plant, where a direct involvement in the decision-

making process is more appropriate. Different approaches are possible: peer dialogues, multi-

stakeholder workshops, citizen juries, etc. An evaluation parameter for this criterion used by 

INPRO is based on the appropriateness of the method to be evaluated on the access of needed 

information and a proper definition of the objective of the public participation in the 

decisions-making process. The acceptability of the selected methods should account for the 

representativeness of the sample, independence, early involvement, and results taken into 

account in the final discussion [5]. 

Finally, public acceptance is the third criterion and plays an important role in the 

political risk where the opposition of public opinion could force the government to stop or 

phase out nuclear program. Given for granted the compliance with previous criteria, public 

acceptance should be assessed and only subjected to periodical changes. For the purpose, 

regular surveys should be performed [5].  

3 PUBLIIC ACCEPTANCE: LITERATURE REVIEW 

The public acceptance of nuclear energy has been studied by many authors. In this 

section, a brief review of literature is presented with particular attention to recent findings.  

Sohn et al. assessed that in complex situations it is not possible to take good decision 

based only on economic and technological criteria where multiple stakeholders claim their 

interest [1]. The acceptability to the stakeholders of the outcomes is, therefore, a fundamental 

aspect [1]. Public acceptance is usually not considered directly in the main stream of 

decisions whereas it is attempted after the decision is made to change attitudes and beliefs 

through education or advertisements [1]. The authors proposed a methodology to aggregate 

multi-stakeholders opinions during the process to take a decision. Public opinion is 

aggregated in the process as public risk perception where this concept is consistent with the 

analysis proposed by Slovic [6]. The methodology considered for the analysis of this aspect 

was the Analytic Hierarchy Process where experts’ opinions are taken into account through 

relevant attributes identified for the decision process [1]. The experts’ and public’s opinions 

are aggregated by using the Multi-Attribute-Utility-Analysis [1]. Public risk perception 

changed the rank of the alternatives considered in the decision-making process where 

communications and involvement of public in the process of decision are fundamental too [1]. 

The study of Slovic is important in the definition of the concept of risk perception for nuclear 

technologies. In his study, he recalled that risks related to a given hazard are acceptable up to 

the third power of the benefits where voluntary risks are much more accepted [6]. Assuming 

that a psychometric method is suitable for the evaluation of risk perception in different 

groups, he showed how familiarity, control, and catastrophic potential are all playing a role in 

the perception of risks and benefits [6]. Unknown and dread risks are factors distinguishing 

the perceived risks of nuclear energy, besides these another factor could be the number of 
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people affected [6]. However, he noted that the most important factor is the catastrophic 

potential. Before the occurrence of the Fukushima event, in the study [7] the authors 

expressed their critical view of the so-called nuclear Renaissance. Whitfield, et al. pointed out 

that , in the U.S, following a period of development of nuclear sector, a series of factors 

caused a slowing down already in the middle of seventies [7]. Among these factors, public 

resistance was even more increased in the aftermath of the Three Mile Island (TMI) accident 

[7]. The TMI accident proved that the effect of a nuclear accident is not accountable with the 

number of deaths where, in this case, the economic and social impact was significant 

especially in the USA [6]. These ripples effect due to an accident are considered peculiar of 

unfamiliar and potential catastrophic technologies such as nuclear energy in the perception of 

lay people [6]. Whitfield, et al. judged the opposition of public opinion as the creation, mostly 

not analytical, of links between the object and the individuals framework of values and beliefs 

where traditional values and altruism values are strong predictors of individual risk perception 

[7]. The authors addressed that trust in institutions is of great importance to risk perception as 

well [7]. Less importance was assigned to demographic data such as age and gender 

considered less predictive for nuclear energy support. According to the authors, education and 

knowledge play an important role for the perceived risks of nuclear energy. In conclusions, 

they casted doubts on the assumption that the new generation of safe reactors are capable of 

affecting public attitudes towards nuclear energy [7]. A more recent study pointed out the 

effects of the Fukushima disaster on the nuclear policies of many countries considering their 

different operation experience and number of power plants as well as their political pressure 

on media [8]. The authors also addressed the effect of a country's distance from the accident 

site [8]. For the acceptance of nuclear energy, the occurrence of any accident has the effect of 

a so-called stigma as proved by the TMI accident that caused, in the U.S., a slowing down of 

the development of nuclear industry more pronounced than the Chernobyl accident [8]. 

According to the authors, the pressure on media could be a factor that reduces the effect of an 

accident but, at the same time, could cause a strong opposite effect in the trust of government 

and nuclear institutions, also an important factor affecting public attitude [8]. In their 

evaluations, Kim et al. assessed that the distance had an opposite effect on the public 

acceptance exacerbated by the presence of nuclear power plants in the territory while the 

operational experience did not show to have a positive effect in the following of the accident 

[8]. Stoutenborough et al. confirmed that, in the US, the Fukushima event caused the support 

for nuclear energy to shrink back after a period of slow recovery following the TMI accident, 

and recommended that the support of a policy stems from demographics, attitudinal and value 

indicators, knowledge, and risk perceptions [9]. The study confirmed that symbolic attitudes 

and worldviews of individual are important predictors of policy support as they constitute the 

framework where decisions on new problems are taken [9]. Knowledge plays an important 

role as clearly noted in the debate often seen between scientific community and public [9]. 

Demographic aspects were also part of the decision versus the government energy policy. 

Stoutenborough et al. assigned a more important role to the perceived risk highlighting the 

topics of core melting and waste disposal as mostly affecting the individual perception of 

nuclear risk [9]. The authors noted that an important effect was due to the coverage of media 

during the Fukushima accident [9]. 

Siegrist et al. in agreement with literature suggested that great attention is to be given to 

the perception of risks as well as to the perception of benefits of nuclear energy, especially 

economic benefits, whereas climate change is expected to be less important in shaping the 

attitude of public [10]. According to the literature findings, the authors while confirming that 

the Fukushima accident affected the attitudes towards nuclear power, nevertheless, the 

recovery seen soon after the event suggested that main reasons driving the formation of 

attitudes have not been modified across the event [10]. As expected, the study showed an 
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increase in the negative attitude towards scenarios considering high shares of nuclear 

generation where anti-nuclear position was almost insensitive to the presented options [10]. 

Therefore, the authors argued almost impossible the use of cost-benefit analysis for people 

opposing nuclear energy [10]. Finally, a high correlation was seen in the acceptance before 

and after Fukushima accident in the respondents in favour of the use of nuclear energy with a 

limited impact of the high news media coverage of the event [10]. In a following study, 

Siegrist et al. confirmed that the accident of Fukushima has had a limited impact on the public 

acceptance of people addressing that this was due to a strong frame of individual beliefs [1]. 

The results of their longitudinal survey confirmed that main factors driving public acceptance 

were perceived benefits, especially economic, and risks. Lacking of knowledge and emotional 

aspects related to the occurrence of a nuclear accident were also addressed in agreement with 

literature [11]. 

In the study [12], the authors presented a model for the analysis of attitudes towards 

nuclear energy based on a three-component description: cognitive, affective, and behavioural. 

The analysis provided a set of elements distinctive in each of these three dimensions such as 

potential harmful, economic progress and well-being in the cognitive dimension, a general 

bad impression of nuclear energy in the affective component [12]. Based on the cognitive and 

emotional components of attitude, the behavioural answer could be either an active support or 

an active opposition of new power plants [12]. In conclusions, affective and behavioural 

dimensions proved to be more relevant than cognitive for the NPPs site acceptance [12]. 

Sun et al. investigated the attitude of Chinese people to willing-to-pay (WTP) to avoid 

the construction of nuclear power plants [13]. The authors, by using the results of a public 

survey, modeled this attitude pointing out the effect of age and annual income [13]. While the 

first proved to have a negative effect, the second showed a positive impact [13]. Moreover, a 

significant effect on the WTP was proved by the provision of information and education [13]. 

Liu et al. proposed a model for the evaluation of the public acceptance addressing 

different subjective factors recognized as important in the formation of the public attitude: 

perceived risks and benefits, trust in nuclear organizations, knowledge [14]. Based on the 

results of a public survey in China, the authors identified nine items in the selected 

dimensions according to a hierarchical scheme [14]. By means of a statistical approach, the 

authors tested the significance of each independent variable and their weight in the formation 

of the public attitude [14]. The model proved a good agreement with the expected public 

attitude towards nuclear energy and highlighted the importance of knowledge and information 

[14]. 

Ohnishi proposed a mathematical model for the description of the public acceptance 

towards nuclear focusing at a national level (Japan) [15]. In the Ohnishi’s model, society is 

formed of classes identified by demographic characteristics (age, gender). The author 

assumed that the understanding and attitudes of public are shaped by media, school education 

and nuclear organization/industry initiatives [15]. News media are also important in the 

definition of the social atmosphere where individuals live. Public attitude is composed of a 

rational component and an emotional part, the first due to a strong involvement of individuals, 

the second due to a weak involvement where the public attitude is fully driven by the 

information delivered by news media [15]. Other factors may have an impact on attitude 

causing slow modifications such as the changes in lifestyle or the renewal of generations [15]. 

Notwithstanding peaks of information in coincidence with nuclear accidents were reported in 

the time series, a limited effect was accounted for the emotional part, therefore, with a general 

low impact on the change of attitude [15]. The model proved to be in good agreement with the 

effects of the TMI accident while deviations were noted for the Chernobyl accident, however, 

predictions were in general good agreement with the measured values of attitude [15]. In a 
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previous work, the author had presented a model for the evaluation of the effect of 

information on the public attitude towards nuclear energy [16]. The Japanese pro- and anti-

nuclear groups react to nuclear information with two distinct time constants of values 0.2 and 

8 years that account for an exponential decrease of the effects due to the peaks of information 

during nuclear accidents [16], This could argued the existence of two different social groups 

identified by different beliefs or memory behaviour [16]. 

4 RESULTS AND DISCUSSION 

The approach of INPRO to the public attitude is mostly linked to an economic 

perspective both in the related Basic Principle of the infrastructure area and in recalling the 

importance of adverse public opinion among the risks of investment. Albeit the importance of 

information and involvement of public in the decision-making process is often recalled in 

literature, the risk to reinforce the dichotomy lay people/expert could be envisaged in the 

criteria adopted by the methodology. Moreover, the risk of framing or anchoring information 

was recognised when providing information to people unfamiliar with a given technology 

[17] According to Slovic, the attempt to educate public aligning their positions with the views 

of industry and experts seem unlikely to succeed [6]. 

 The importance of periodical surveys was highlighted in the review where this tool of 

investigation was mostly employed in the development of predictive models.  

The methodology partially consider factors such as the individuals’ beliefs and the 

impact of mass media on the public attitude where the information in INPRO is mainly 

intended in charge of stakeholders having responsibility in planning a nuclear energy program 

(government, industries, utilities, etc.). With this regard, trust in institutions was also pointed 

out in literature as a parameter affecting the attitude towards nuclear energy. 

The need for new paradigms are often recalled in literature where strong efforts have 

been undertaken in the construction of well-interpreting models however based on different 

methodologies. The correlation between national policy and local requirements pose great 

difficulties in the analysis of this topic where subjective attitudes. are dominant. 

Nevertheless, literature findings mostly agree on four main aspects affecting public 

acceptance: demographic, risk perception, individual beliefs, knowledge. The role of mass 

media is often considered of minor importance on the change of attitudes due to accidents 

such as TMI and Fukushima, while the existence of pressure on media could act as a two-fold 

factor positive in presence of trust in institution or negative in the opposite condition.  

Further review of literature is needed aiming to develop an Analytic Network Process 

model that could take into account the aspects discussed in the paper for a critical review of 

the scenarios analyses performed by using the INPRO tools and approach [18,19]. 

5 CONCLUSIONS 

A review has been undertaken aiming to identify factors playing a role in the formation 

of public attitude towards nuclear energy. Different models found in literature are based on a 

set of independent variables referring to demographic data, risk perception, knowledge, and 

individuals’ beliefs. The discussion started from the INPRO methodology that was applied in 

previous investigations to develop a critical view and an Analytic Network Process model that 

could fit the purpose of accounting for the findings presented in the paper. 
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