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Small Nuclear Reactors (SNR) can provide climate-neutral, stable electricity and heating if located in people’s neighborhoods close to people’s dwellings. The extensive use of SNR would reduce capacity requirements for energy transmission systems and increase the overall stability of energy grids. However, the public fear location of SNR close to their homes. This paper hypothesizes that the public acceptance of SNR in the neighborhood is contingent upon knowledge of technology, fear of nuclear energy (NE), trust in the government, the expected increase of future electricity needs and the expected ability of renewables to cover these needs, environmental and climate concerns, and media exposure. We rely upon representative survey data from the Czech Republic (N = 1,013, 51.2% female, aged 18–91, M ± SD: 47.7 ± 17.6; 19.6% with higher education). Methodologically we conduct exploratory Principal Component Analysis and a series of ordinal regressions. The results suggest that the knowledge of technology, trust in the government, the preference for NE expansion, and media exposure increased the acceptance of SNR, while fear of NE decreased SNR acceptance. The perceived replaceability of conventional energy sources with renewables decreased acceptance of SNR in most cases. Surprisingly, worries about climate change reduced the support for SNR. Women accept fewer SNRs located close to their residence compared to men. More educational effort is needed in the specifics of SNR technology and the environmental effects of SNR. Media proved to be an excellent way to start.
Keywords: small nuclear reactors, public preferences, location, climate change, nuclear energy, shared capacities
1 INTRODUCTION
The evident energy crisis of 2020th, suppression of non-renewable, and instability of renewable energy sources reopened the issue of producing energy from nuclear power (Chakraborty et al., 2021; Singh, 2021; IEA, 2022; McWilliams et al., 2022). Nuclear power plants seem to offer the ways to produce stable, low-carbon energy in sufficient quantities (Siqueira et al., 2019; Makhijani and Ramana, 2021; Muellner et al., 2021). Contrary to traditional power plants, Small Nuclear Reactors (SNR) provide a number of benefits such as lower initial investments, fewer requirements for site selection and preparation, standardized design and construction, lower capacities of transmission systems and energy grids, the ability to be tuned to local needs, lower need of expertise in operation, ability to produce heat as a side product of electricity production (Ingersoll, 2009;Shropshire, 2011; Carlsson et al., 2012; Lokhov et al., 2013; Carter, 2016; OECD, 2021). These benefits can be utilized most if SNRs are located close to people’s residences. However, the accidents in power plants (Three Mile Island, Chornobyl, and Fukushima) and the adverse health effects of radioactivity made people fear the Nuclear Power Plants located near their homes (Bird et al., 2014; Guo and Ren, 2017). For example, people in China were willing to pay up to US$ 116.6 per year to avoid building a nuclear power plant in the neighborhood (Sun and Zhu, 2014). This paper aims to study the factors that can reduce this fear and increase the support of SNRs located near people’s dwellings.
The literature on public perceptions of nuclear power is vast and comprehensive. It generally suggests that public opinion is affected by the perceived benefits, costs, risks, and the perceived ability of governments to reduce these risks (Stoutenborough et al., 2013). In the case of nuclear energy, the benefits include the stable, climate-neutral energy source for a reasonable price (Bird et al., 2014), while the risks encompass all the fears of radiation and other effects coming from nuclear accidents (Bird et al., 2014; Guo and Ren, 2017).
However, the perceived benefits, costs, and risks studied in the literature primarily concerned traditional power stations. This paper argues that the benefits and risks of Small Power Stations are somewhat different. Moreover, the technology on SNR is still on the stage of the prototype; thus, the requested public support for the placement of SNR is still hypothetical, with no existing evidence of the reactors already in place. Yet, public support is indispensable for the future location of SNR close to the people’s homes. To our knowledge, the literature on the factors affecting public perceptions of SNR is lacking.
The perceived benefits, costs, and risks of new technologies are impacted by knowledge about the subject, cognitive abilities, and education (Soares, 2009; Čábelková et al., 2021; Hande et al., 2022). In addition, public attitude is often affected by values, which are heavily influenced by the mass media, such as traditional (TV, Radio, Printed newspapers, and magazines) and new (social networks, online news sources, online and off-line discussions; Mulder, 2012; Kim and Kim, 2014; Koerner, 2014).
This paper studies the factors predicting the public acceptance of SNR in locations closer than 10 km from residence, more than 50 km from residence, in the city, in and out of the current nuclear power stations. We hypothesize that the acceptability of SNR in various locations is affected by the knowledge of technology (both of nuclear energy and SNR), attitude to nuclear energy (fear, the trust in the government in NE), environmental concerns, the perception of electricity needs in the future (increase, can be replaced by renewables), sources of information (mass media, other), and socio-demographic characteristics including age, gender, and education. Methodologically we rely on a Principal component analysis and a set of ordinal logit analyses performed on representative survey data in the Czech Republic (N = 1,013, 51.2% female, aged 15–91, M ± SD: 47.7 ± 17.6; 19.6% with higher education).
The paper is structured as follows. The next sections present the benefits, costs, and risks of small nuclear reactors as opposed to traditional ones. The following section summarizes the literature on the factors affecting the public acceptance of nuclear technologies and defines the hypotheses. The following sections describe the data, methodology, and results. The last sections discuss the results and conclusions.
2 SMALL NUCLEAR REACTORS (SNR) AS AN ALTERNATIVE TO CONVENTIONAL REACTORS
Historically, nuclear power in advanced economies was responsible for around 50% of all low-carbon electricity, i.e., over ten times more than the combined contribution of wind and solar power (1971–2018, IEA, 2019). In EU countries, nuclear power contributed around 25% of total energy generation, with shares less than 5% in the Netherlands up to more than 50% in the countries implementing policies to support nuclear power like the Czech Republic or Hungary (ibid). Besides effective energy production, the nuclear power stations are considered to be Green House Gasses neutral, thus reducing the speed of Global warming (Coleman et al., 2012; Lenzen and Schaeffer, 2012; Kharecha and Hansen, 2013; Pata and Kartal, 2022).
The major challenges to the widespread use of nuclear power reactors are relatively large investment costs, inflexible electricity provision, and extensive requirements for safety and security (Mignacca et al., 2020). The first two limitations can be largely avoided by Very Small (under about 15 MWe) to Small (under 300 MWe) Nuclear Reactors (SNR) located close to people’s residences. These reactors can provide stable electricity sources close to the customers, thus making it independent from large electricity grid systems, eliminating transmission of electric energy to long distances, and reducing capital costs. Besides electricity, they could also provide a heat source for heating systems of homes and enterprises. The power of small or very small reactors could be tuned to the particular needs of consumers, be it industrial enterprises, cities, or particular families. (World Nuclear Association, 2022).
The idea of Small Nuclear Reactors (under 300 MWe, International Atomic Energy Agency) goes back to the times after World War II. Though the first reactors were relatively small, the development prioritized large Nuclear Power Stations (NPS, Ingersoll, 2009). The revival of small modular technologies for power stations occurred at the beginning of the 21st century. Nowadays, various technologies exist, and several reactors are already operating (see Table 1). Many other reactors are planned, licensed, or built (World Nuclear Association, 2022).
TABLE 1 | Small nuclear reactors operating.
[image: Table 1]The operating cost effectiveness, low carbon generation, simpler design, and job creation make SNRs one of the alternatives for the future (Shropshire, 2011; Carlsson et al., 2012; Lokhov et al., 2013; OECD, 2021). The enormous potential of SMRs rests on the factors summarized can be seen in Table 2.
TABLE 2 | Benefits of small nuclear reactors (SNR) as compared to large nuclear power stations (LNPS).
[image: Table 2]The operating cost effectiveness, low carbon generation, simpler design, and job creation make SNRs one of the viable alternatives for the future (Shropshire, 2011; Carlsson et al., 2012; Lokhov et al., 2013; OECD, 2021).
Despite all benefits of SNRs, the adverse health effects of radioactivity and the accidents on powerplants (Three Mile Island, Chornobyl, and Fukushima) made people fear the Nuclear Power Plants and made them unacceptable close to their place of residence (Emanuel, 2021; Wu and Huang, 2021).
3 THE FACTORS AFFECTING PUBLIC ACCEPTANCE OF NUCLEAR TECHNOLOGIES IN THE LITERATURE
Public perceptions of new technologies are generally affected by perceived benefits, costs, risks, and the perceived ability of governments to reduce these risks (Stoutenborough et al., 2013). All these are influenced by knowledge about the subject, cognitive abilities, and education (Soares, 2009; Hande et al., 2022). Public perceptions are, in most cases, heavily influenced by the mass media, either traditional (TV, Radio, Printed newspapers, and magazines) or new ones (social networks, online news sources, online and off-line discussions; Mulder, 2012; Kim and Kim, 2014; Koerner, 2014).
3.1 Knowledge of technology
In Korea, despite numerous scientific analyses and all the efforts taken to promote nuclear power as an environmentally friendly energy source, nuclear power is in jeopardy. According to Lee and Roh (2022), this can result from the Korean public’s insufficient knowledge of nuclear power.
However, important factors for decreasing public concerns about nuclear power include comprehensive knowledge and improving the transparency of nuclear power regulations Guo and Ren (2017) also noticed that the local acceptance of nuclear power plants in China depends on perceived benefits and risks. However, contrary to the findings by Sun and Zhu (2014) or evidence from the US delivered by Stoutenborough et al. (2013), Guo and Ren (2017) pointed out that the public’s perception of nuclear power is influenced by emotional identification and social trust rather than knowledge.
Huang et al. (2018), just like Sun and Zhu (2014), found a positive relationship between knowledge and nuclear risk acceptance. An analogous relationship was also observed between trust and risk acceptance. The latter relationship has been previously proved by Liu et al. (2008). In turn, Kim et al. (2014), based on their analysis of 19 countries, indicated that knowledge of nuclear inspection is a more effective factor than trust in inspection authorities in enhancing the public’s acceptance of nuclear power in countries with relatively strong opposition to nuclear power. Huang et al. (2018) showed that before the Fukushima accident, perceived benefits had a stronger impact on nuclear power acceptance than perceived risks, while after the nuclear accident, the importance of benefits decreased, and risks were more and more decisive to the public’s acceptance.
Thus, we hypothesize that:
Hypothesis 1 The public acceptability of Small Nuclear Reactors is impacted by the knowledge of technology (both the technology of NE and SNR; H1.1, H1.2).
3.2 Attitude to nuclear energy. The role of nuclear accidents
The public’s perception of nuclear power is affected by nuclear accidents, including the Fukushima disaster (Guo and Ren, 2017). The Australian public’s acceptance of nuclear power in relation to climate change and the Fukushima disaster has been assessed, e.g., by Bird et al. (2014). As results from their study, in 2010 (before the Fukushima accident), 42% of Australians were willing to accept nuclear power if it would help combat climate change, while in 2012 (after the Fukushima disaster) the public support for building nuclear power plants has decreased (34.4% of Australians supported that idea). In 2012 an increased proportion of respondents believed that the risks associated with nuclear power outweighed the possible benefits related to the extensive use of cleaner and more efficient source of energy than coal (Bird et al., 2014).
Similarly, to Bird et al. (2014) as well as Ho and Chuah (2021), who focused on five Southeast Asian countries including Indonesia, Malaysia, Singapore, Thailand, and Vietnam, Huang et al. (2013), Huang et al. (2018) identified a decreasing public acceptance of nuclear power after the Fukushima accident. Risk acceptance declined most among women, people over the age of 35, respondents not in public service, those with lower income or higher level of education, and living near nuclear power plants (Huang et al., 2013).
Those results concur with the Switzerland study by Visschers and Siegrist (2013) and Siegrist et al. (2014). However, in China, perceived risks have become a stronger predictor of acceptance than benefits (Huang et al., 2018). Due to the greater awareness of the risks of nuclear power before the nuclear accident, this was not the case in Switzerland (Visschers and Siegrist, 2013). In that country, economic benefit perception has remained a more important driver for nuclear power acceptance than risk perception (Visschers et al., 2011). Perceived benefits were also of key importance in determining the public’s acceptance of nuclear power plants in Korea (Jang and Park, 2020).
Thus, we hypothesize that:
Hypothesis 2 The public acceptability of Small Nuclear Reactors is impacted by the attitude to nuclear energy—fear of NE, trust in the government in dealing with NE, and perception that the share of NE should increase (H2.1, H2.2, H2.3).
3.3 Climate change and environmental concerns
However, a more recent study by Uji et al. (2021) showed that climate change concerns do not drive the acceptance of nuclear power, possibly because the benefits of climate mitigation are not clearly visible and immediate. Nonetheless, climate change mitigation appears to be a significant factor boosting nuclear power acceptance in the United Kingdom, Finland, and France (Bickerstaff et al., 2008; Pidgeon et al., 2008; Teräväinen et al., 2011), i.e., in countries that have experienced nuclear power generation. At the same time, Lee and Roh (2022) revealed the negative relationship between greenhouse gas concerns and nuclear power acceptance in South Korea. Hence, it can be concluded that empirical evidence is ambiguous in the case of those impacts).
Thus, we hypothesize that:
Hypothesis 3 The public acceptability of Small Nuclear Reactors is impacted by the concerns about the environment—both the current environment and climate change (H3.1, H3.3).
3.4 Future electricity needs and the possibility of replacing conventional energy sources with renewables
The future electricity needs of the world are predicted to increase significantly due to population and economic growth, urbanization, and the increased electrification of transport and heating. According to the International Energy Agency (IEA), global electricity demand is set to double by 2050 (IEA, 2022). This increase in demand will be driven by rising incomes, population growth, and the electrification of transport and heating, as well as the need to decarbonize electricity generation to meet climate change targets (ibid).
Renewable sources of energy were sought to have the potential to accommodate these new electricity needs and to replace traditional energy sources due to their abundance, sustainability, and environmental friendliness. However, the instability of energy production and the excess pressure on electricity grids in the peaks of production cast certain doubts on the ability to replace the traditional energy sources. Some authors suggest that renewables should be used together with the conventional sources of energy (Bekirsky, et al., 2022).
Thus, we hypothesize that:
Hypothesis 4 The public acceptability of Small Nuclear Reactors is impacted by the perception of electricity needs in the future (increase/decrease, H4.1) and the possibility of replacing conventional energy sources with renewables (H.4.2).
3.5 The effect of distance from the plant
On the other hand, Guo and Ren (2017) found that the public perception of nuclear power plants is affected by the distance to the plant sites. People who live closer to them are usually less willing to accept it than those who live further. On the one hand, this is consistent with the observations by Huang et al. (2013), but on the other hand, this has not been confirmed by Uji et al. (2021) when evaluating the public support for nuclear power in Japan.
We do not formulate the hypothesis on the distance from the plant; however, we take it into account in the formulation of the dependent variable.
3.6 The effect of income, gender and education
Many analyses on the acceptance of nuclear power plants in the post-Fukushima period offer evidence from China. Sun and Zhu (2014) focused on nuclear power plants at the preliminary planning stage and showed that people in China are willing to pay up to US$ 116.6 per year to avoid building a nuclear power plant in the neighborhood. It was also indicated that the higher the annual income, the higher amount of willingness to pay.
Stehlik (2010) found that older Australians are more likely to support nuclear power than younger people. The same applies to men compared to women, who are usually more concerned about climate change (McCright, 2010) and perceive risks to be higher (Leiserowitz, 2006). Stronger support for nuclear power from men than women was also found by Arikawa et al. (2014), who examined Japanese attitudes toward nuclear power after the Fukushima accident. Unlike in Australia, the older Japanese showed less support for nuclear power. Opponents of nuclear power were also identified as those who use electronic devices less intensively and reveal energy-saving behavior to a greater extent than nuclear power advocates.
3.7 The aim of the paper
The aim of the paper is to assess the factors affecting the acceptability of Small Nuclear Reactors, such as knowledge of technology, attitude to nuclear energy, concerns about the environment, and the perspective of electricity needs in the future (increase/decrease).
3.8 Hypotheses, recapitulation
The public acceptability of Small Nuclear Reactors is related to:
1. Knowledge of technology (both the technology of NE and SNR; H1.1, H1.2)
2. Attitude to Nuclear Energy—fear of NE, trust in the government in NE, and perception that the share of NE should increase (H2.1, H2.2, H2.3)
3. Concerns about the environment—both the current environment and climate change (H3.1, H3.3)
4. The perception of electricity needs in the future (increase/decrease, H4.1) and the possibility of replacing conventional energy sources with renewables (H.4.2)
4 DATA AND METHODOLOGY
4.1 The data
The data were collected by the Czech Institute of Sociology in the project Our society (Nase spolecnost, Sociologický ústav, 2020). One thousand thirteen persons representing the population of the Czech Republic aged 15 and over were interviewed voluntarily and anonymously (N = 1,013, 51.2% female, aged 15–91, M±SD: 47.7 ± 17.6; 19.6% with higher education). The representativeness of the collection was ensured by quotas derived from the real distribution of the required characteristics in the population of the Czech Republic. The monitored quotas were that of gender, age (6 categories), and education (4 categories) of the respondent. Other monitored quota features were also the region (14 categories), size of place of residence (5 categories), economic status (6 categories), and internet use (3 categories, ibid.). The data are available for non-commercial use upon signing up the corresponding contracts with the depositor of the data. The data should not be used for commercial purposes or transmitted to third parties.
4.2 The indicators
4.2.1 Indicators for public acceptability of small nuclear reactors
One of the main benefits of small nuclear reactors is the ability to be close to the electricity consumers, thus avoiding much of the financial, environmental, and land-related costs of long electricity transmission networks. However, the direct proximity of Small Nuclear Reactors (SNR) to the customers might be unacceptable to many of them. Thus, the indicators of public support study the acceptance of SNR in direct proximity to the public. The answers to the following questions were employed:
1. “How acceptable or unacceptable would the construction of a small nuclear reactor be for you?” Tell me your opinion on these options:a) A small nuclear reactor would be built closer than 10 km from your home
b) A small nuclear reactor would be built more than 50 km from your home
c) A small nuclear reactor would be built on the site of some of the existing nuclear power plants in the Czech Republic
d) A small nuclear reactor would be built outside the existing nuclear power plants in the Czech Republic.
2. Unlike large nuclear reactors, which are being built outside the city, the possibility of building a small nuclear reactor directly in the city and using it as a heating plant supplying heat is being considered. Would you agree with a small nuclear reactor built in the city and serving as a heating plant?” (Sociologický ústav, 2020).

The distributions of the respondents are presented in Table 3.
TABLE 3 | The acceptability of small nuclear reactors. The distribution of the respondents (%).
[image: Table 3]From Table 3 follows that for a little over 50% of the respondents, the construction of the SNR directly in their city or up to 10 km from their home is (definitely or rather) unacceptable. The location of SNR in the area of the current NPS is much more acceptable—for 65% of respondents, it is definitely or rather acceptable. However, in this case, the main benefit of SNR - the possibility of locating close to the customers—is difficult to achieve. On the other hand, it is possible to use the existing electricity distribution system if the capacity is sufficient.
The acceptability of SNR further than 50 km from the respondents’ home and out of the area of current NPS is approximately similar—approximately a third of the respondents find these two options unacceptable (definitely or rather), and 45%–50% of the respondents agree or rather agree with this option. A significant share of the respondents (15%–20%) did not have an opinion on the acceptability of SNR.
4.2.2 Indicators for knowledge of technology
The knowledge of technology firstly implies the knowledge of Nuclear Energy (NE) principles, and secondly, some knowledge of the technological principles of Small Nuclear Reactors (SNR). Two indicators were employed to study these aspects according to the answers to the following questions:
1. “At your own discretion, try to say what is the level of your knowledge in the field of physical and technical principles of nuclear power plant operation:” no or almost no knowledge (37,4%), basic knowledge (45.7%), advanced knowledge (9.7%), knowledge almost or completely at the level of an expert (1.4%), no opinion (5,8%) (Sociologický ústav, 2020).
2. “The possibility of using the technology of so-called small nuclear or modular reactors to produce energy from nuclear power is currently being investigated. Have you ever heard of small nuclear or modular reactor technology?” Yes (18.1%), No (72.3%), Do not know (9.6%) (ibid).
The distribution of the respondents above presents a very bleak picture of the knowledge of the population of Nuclear principles and technologies. Almost 40% of the respondents reported no knowledge of nuclear energy principles, which is surprising as these principles should be explained in secondary schools. Despite that, only 45% of the respondents acknowledged at least basic knowledge. Similarly, only 18% of the respondents acknowledged that they had heard about Small Nuclear Reactors (SNR). The overall level of knowledge thus seems to be very low.
4.2.3 Attitude to NE
Though not many respondents revealed some level of knowledge on principles of NE, we expected that there is some emotional attitude to NE, possibly formed by the last Nuclear incidents, discussion on the expansion of Temelin or Dukovany Power Stations, and the recent Energy policy of EU and Czech Government. Three indicators were used to study these attitudes:
1. “Do you yourself feel concerned about the use of nuclear energy in our country?” Major concern (8.3%), medium concerns (22.1%), small concerns (38.3%), no concerns (27.0%), No opinion (4.2%), (Sociologický ústav, 2020),
2. “Do you trust the government of the Czech Republic to make the right decisions about the development of nuclear energy in our country?” Definitely yes (8.7%), rather yes (43.2%), rather not (25.1%), definitely not (10.5%), no opinion (12.5%) (ibid).
3. “Do you think that the share of nuclear energy in the production of electricity in our country should increase in the future, remain at the current level, or should decrease? " Should definitely increase (8.8%), rather should increase (23.6%), should remain at the current level of (36.7%), should rather decrease (16.1%), should definitely decrease (4.0%), no opinion (10.8%) (ibid).
Understandably, in light of the Nuclear Incidents in Chornobyl and Fukushima, almost 70% of the respondents had some (small or big) concerns about the use of nuclear energy in the Czech Republic. However, a little above 50% trust the government in the decisions about nuclear energy. But the most surprising was the support for Nuclear energy. Almost a third of the respondents believe that the share of nuclear energy in electricity production in the Czech Republic should increase. Another third of the respondents (36,7%) stated that the share of energy should remain the same.
4.2.4 Electricity needs in the future
Electric usage is likely to go up in the near future. The replacement of gasoline-powered vehicles with electric equivalents will result in a surge of electricity demand, and this energy must be generated without harming the environment; yet there are still doubts that this can be done. The next indicators reveal public opinions:
1. “Do you think that our electricity consumption will increase, remain at its current level, or decrease in the future?” It will definitely increase (30.3%), will rather increase (43.6%), will remain at the current level (16.8%), will rather decrease (4.0%), will definitely decrease (0.4%), no opinion (4.8%), (Sociologický ústav, 2020),
2. “Do you think that it is possible to replace the production of electricity from conventional sources (such as thermal power plants burning coal or gas, nuclear power plants, or large dam hydropower plants) with the production of electricity from wind, solar radiation, and biomass combustion?” It can definitely be replaced (8.7%), rather it is possible to replace (35.5%), rather it is not possible to replace (33.2%), certainly cannot be replaced (12.2%), no opinion (10.4%), (ibid).
Above 70% of the respondents believe that in the future, electricity consumption will (definitely or rather) increase in the Czech Republic, while 45% of the respondents believe that it is not possible to replace the production of electricity from conventional sources with the production from renewable sources. Thus, it seems that nuclear power will still have its place.
4.2.5 Environmental concerns
The production of electricity, including the production from Nuclear energy, has some impact on the environment. In this paper, we monitor two indicators—the level of satisfaction with the current state of the environment in the Czech Republic and the fear of climate change:
1. “How satisfied or dissatisfied are you with the environment in our republic?” Very satisfied, (5.1%), rather satisfied (50.5%), rather dissatisfied (36.1%), very dissatisfied (4.7%), no opinion (3.7%), (Sociologický ústav, 2020),
2. “How much are you worried about the effects of climate change?” Very worried (17.2%), more worried (48.6%), rather not worried (24.1%), definitely not worried (6.5%), no opinion (3.6%), (ibid).
4.2.6 Sources of information
We considered seven possible sources of information: TV, printed magazines and newspapers, radio, news servers on the internet, discussion and blogs on the internet, social networks, and discussions outside the internet. The distribution of the respondents is presented in Table 4.
TABLE 4 | Indicators—exposition to mass media and social discussion platforms concerning following social life. Frequency table (%).
[image: Table 4]The indicators of sources of information were then transformed into two categories - Traditional media and New media, as presented in the section Data transformation.
4.2.7 Socio-demographic characteristics
We consider the following socio-demographic and other characteristics of the respondents: age In years), gender (as self-reported by the respondent, male = 1), education (basic = 1, secondary w/o state exam = 2, secondary with state exam = 3, higher = 4 included into further analysis as factor variable), economic activity (active = 1/non-active = 0), subjective size of the municipality the respondent lives in (large city, suburb of a large city, medium-sized city, small town, large village, small village, solitude), political orientation (left-right, 11 point scale), life satisfaction (definitely satisfied = 1, rather satisfied = 2, neither satisfied nor dissatisfied = 3, rather dissatisfied = 4, definitely dissatisfied = 5, 5 point scale).
4.3 Data transformations
In order to reduce the dimensionality of the model we applied the Principle Componenta Analysis (with VARIMAX rotation and Kaiser Normalization) to six variables representing the sources of information (Table 5). Two components were extracted, which can be tentatively named as old media and new media. The regression-based factor scores were saved for all the observations. These scores served as indicators for sources of information (New media and Traditional media) in the further analysis.
TABLE 5 | Rotated component matrix and total variance explained.
[image: Table 5]The two extracted components explained 61% of the variability of the original variables.
All the respondents who had chosen “no opinion” in any of the questions were excluded from the further analysis.
4.4 The model
We rely on a set of ordinal regression analyses in the following form (formula 1):
[image: image]
where
SNR acceptability—five indicators of acceptability subsequently (SNR up to 10 km, SNR further than 50 km, SNR in the area of current NPS, SNR out of the area of current NPS, SNR directly in the city, Table 3).
Technology—two indicators of Knowledge of Nuclear technology (knowledge of principles of NE, knowledge of technology for SNR, see section Indicators for knowledge of technology).
Attitude—three indicators mapping Attitude to Nuclear Energy (Fear of NE, trust to the government in NE, the belief that share of NE should increase, see section Attitude to NE).
Electricity—two indicators on the perception of electricity needs in the future (the belief that electricity consumption will increase in the future, the perception on whether conventional electricity replacement is possible (see section Electricity needs in the future).
Environment—two indicators for environmental concerns (satisfaction with the environment in the Czech Republic, fear of climate change, see section Environmental concerns).
Info—two indicators for sources of information (new media, old media, see section Sources of information).
Age, Gender, and Education—age, gender, and education (basic, secondary w/o state exam, secondary with state exam, higher).
Economic activity—active/non-active.
Municipality—the subjective size of a municipality (large city, a suburb of a large city, medium-sized city, small town, a large village, small village, solitude.
Political orientation—political orientation on 11-point scale.
Life satisfaction – subjective life satisfaction.
5 RESULTS AND DISCUSSION
The results of ordinal regression analyses (formula 1) are presented in Tables 6, 7.
TABLE 6 | Predicting the acceptance of small nuclear reactors. The results of original regression analyses I.
[image: Table 6]TABLE 7 | Predicting the acceptance of small nuclear reactors. The results of original regression analyses II.
[image: Table 7]5.1 Knowledge of technologies (H1.1, H1.2)
From Tables 6, 7 follow that knowledge of principles of NE is statistically significant predictor of SNR acceptability in four out of five indicators (SNR up to 10 km, SNR further than 50 km, SNR out of the area of current NPS, SNR directly in the city). The more knowledge of NE technology the respondent reports, the more acceptable SNR is up to 10 km from his residence, SNR further than 50 km from his residence, SNR out of the area of current NPS, and SNR directly in the city. The indicator of SNR in the area of current NPS was not statistically related to the subjective level of knowledge of NE. This may be because SNR’s location in the current NPS area does not significantly change the perceived threat of nuclear energy.
In addition, the perceived knowledge of SNR technology increases the acceptability of SNR according to the following indicators: SNR up to 10 km, SNR in the area of current NPS, and SNR directly in the city.
5.2 Attitude to NE (H2.1, H2.2, H2.3)
Attitude to NE also proved to be highly related to public acceptability. The more the respondent is concerned about the use of NE in the Czech Republic, the less acceptable is the use of NE in all the five indicators (SNR up to 10 km, SNR further than 50 km, SNR out of the area of current NPS, SNR in the area of current NPS, SNR directly in the city). The more respondents trust the government about NE in the country, the more acceptable SNR are according to the four (out of five) following indicators: SNR up to 10 km, SNR further than 50 km, SNR in the area of current NPS, SNR out of the area of current NPS). The more respondents believe that the share of NE in the production of electricity in the Czech Republic should increase, the more he accepts SNR up to 10 km from their residence, further than 50 km from their residence, out of the area of current NPS, and directly in the city.
5.3 Future electricity needs and the possibility of replacing traditional energy sources with renewables (H3.1, H3.2)
A greater belief that the electricity needs in the future will increase was associated with less acceptance of SNR up to 10 km from the residence and directly in the city and more acceptance of SNR in the area of currents NPS.
The belief that it is possible to replace conventional electricity sources with renewables was associated with less acceptance of SNR in four out of five cases - up to 10 km for residence, further than 50 km from the residence, in and out of the area of current NPS.
5.4 Environmental concerns (H4.1, H4.2)
The more the respondents are satisfied with the environment in the Czech Republic, the more they accept SNR up to 10 km from their residence.
The more the respondents are worried about climate change, the less acceptable for them is SNR further than 50 km from their residence, in and out of the area of current NPS.
5.5 Sources of information
The role of the mass media, both old (printed newspapers, magazines, radio, TV) and new (internet-based blogs, discussions, social networks, internet news, discussions outside the internet), was generally positive. The more respondent exposes himself to new and old media, the more he accepts SNR up to 10 km from the residence. Old media also support the acceptance of SNR further than 50 km and out of the area of current NPS.
5.6 Socio-demographic variables
Except for the modular technology, the main advantage of SNR is the ability to locate this reactor close to consumers, as it can also serve as a heating plant. Thus, it seemed reasonable to assume that the size of the city would be a significant predictor of the acceptability of SNR would be dependent on the size of the city of the respondent. However, the statistical significance of relevant indicators was low. Respondents living in medium-sized towns accept less SNR further than 50 km. People living in large cities are more accepting of SNRs out of the area of current NPS.
Older respondents and women accept less SNR located close to their residence (SNR up to 10 km from residence and directly in the city).
5.7 Summary of the results and discussion
The use of SNR presents several interrelated and controversial contexts in the population’s minds. First, there is a widespread belief that future electricity needs will increase (70% of the respondents). These needs can be satisfied by conventional sources and renewables. However, the population presents high distrust for renewables’ ability even to replace the production of energy from conventional sources (45% of the respondents), not to mention the potential of renewables to increase overall energy production. Apart from renewables, and in light of high environmental concerns (almost 70% of the respondents are worried about the effects of climate change), nuclear energy presents one of the viable emission-free alternatives. Despite the nuclear accidents, the majority (65%) of the respondent have only small or no concerns about the use of nuclear energy in the Czech Republic, which presents a large opportunity to utilize NE for energy production in the future. Almost 70% of the sample believe that the future use of nuclear power for electricity production should stay the same or even increase.
In this respect, SNRs present an auspicious direction for energy production compared to Large Nuclear power Plants (Table 2). One of the biggest advantages of SNR is that if located close to a place of residence, they can produce both the electricity (tuned to the local electricity needs and largely independently from global electricity grids) and heat for the heating systems. However, the respondents showed little acceptance of SNR close to their residence (above 50% of the respondents perceived SNR unacceptable up to 10 from their homes or directly in the city). SNRs are more acceptable further than 50 km from the residence (above 50% of the respondents), and ideally, they should be located in the area of current nuclear power plants (almost 70% acceptance). Interestingly, almost one-quarter of the respondents (15%–22%) could not define their level of acceptance of SNR in various locations.
This fact is linked with the relatively low education in nuclear energy principles (85% report no or just basic knowledge of NE principles) and little information about SNR (18% of respondents only report some knowledge about SNR).
We hypothesized that the public acceptance of SNR is contingent upon knowledge of technology, attitude to NE in general, a perceived increase of future electricity needs, perceived substitutability of traditional energy sources with renewables, the attitudes to the environment, and we controlled for the sources of information and socio-demographic characteristics. Except for socio-demographic characteristics, all the other factors proved to be statistically significant.
The results suggest that knowledge of technology (both the NE in general and SNR in particular) increases the acceptance of SNR (H1.1 and H1.2. was supported in most cases, similar to Huang et al., 2018; Sun and Zhu, 2014). Fear of NE expectedly decreases the acceptability of SNR (similar to Bird et al., 2014; Ho and Chuah, 2021), while trust in the government (similar to Stoutenborough et al., 2013) and the perception that the share of NE should increase in the future makes the SNR more acceptable (H2.1, H2.2, H2.3 was supported in most cases). The expected future increase of electricity needs was ambivalent to the overall support of SNR - it decreased the acceptance of SNR located up to 10 km from residence and increased support for SNR in the area of current NPS (H3.1 was supported partly). In most cases, the perceived replaceability of conventional energy sources with renewables decreased acceptance of SNR (H3.2 was supported partly).
Environmental attitudes proved to be related to the support of SNR. The concern of climate change led to less acceptance of SNR in 3 out of 5 cases (H4.1 was supported partly), though the literature suggests that nuclear power is one of the ways to mitigate climate change (Siqueira et al., 2019; Makhijani, and Ramana, 2021; Muellner et al., 2021). The level of satisfaction with the environment proved to be unrelated to SNR acceptance in 4 out of 5 indicators (H4.2 was not supported in most cases). In the fifth one, satisfaction with the environment supported the acceptance of SNR located up to 10 km from their residence.
In general, the factors affecting the acceptance of SNR showed to be similar to those affecting public acceptance of Nuclear Energy, though the location of SRN close to the homes showed to be problematic. The media apparently does a good job presenting SNR (people more exposed to the media present more acceptance), though it does a bad job in propagating SNR (18% of respondents only report some knowledge about SNR).
6 CONCLUSION AND POLICY IMPLICATIONS
Nuclear energy, in general, and SNR, in particular, present one of the promising ways to solve the increasing energy needs and mitigate climate change, as they are generally climate neutral (Siqueira et al., 2019; Makhijani, and Ramana, 2021; Muellner et al., 2021). Moreover, if located close to people’s residences, SRN can be used for heating systems. However, the location of SRN close to people requires their acceptance. We studied this acceptance on the representative sample from the Czech Republic (N = 1,013, 51.2% female, aged 18–91, M±SD: 47.7 ± 17.6; 19.6% with higher education).
The results presented in this paper suggest that the population is well aware of the increasing energy needs and is worried about the effects of climate change. Despite the nuclear accidents, the majority of the respondents report only small, if any, concerns with the use of nuclear energy in the Czech Republic and generally support the use of nuclear energy in the future. However, they fear the location of SNR close to their homes or directly in their cities and would rather prefer to locate the SNR in the areas of existing nuclear power stations.
The major problem was the level of information and the knowledge of technologies, which was very low. On the other hand, the knowledge proved to increase the acceptance of SNR. In this respect, the media proved to do a good job in increasing SNR acceptance; though, more work needs to be done.
However, people associate the SNR with climate change in a negative way. The respondents worried about the effects of climate change are less accepting of SNR. This result is contradictory as SNRs are generally climate neutral and, if used instead of electricity plants using fossil fuels, can mitigate climate change while increasing energy production.
The results suggest that more public education is needed in the areas of the technology of SNR and the relation of SNR to environmental and climate change issues. The media efforts in this direction may increase support for SNR close to people’s dwellings, which will have positive effects both on the satisfaction of increasing electricity needs and combatting climate change.
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Subjective size of municipality

large city 0,829% 0,030 ~0,081 0,825
suburb of large city -0,113 0,861 0,016 0,982
medium-sized city -0,095 0,799 -0,125 0,727
small town 0,391 0275 0,065 0,853
Large village 0,409 0,400 0,225 0,624
Political orientation -0,010 0,817 ~0,028 0,513
Life satisfaction -0,015 0,887 ~0,089 0,407
Model Fitting Information (Sig.) 0,000 0,000

Pseudo R-Square

Coxand Snell 0,280 0,231
Nagelkerke 0,303 0,250
McFadden 0,127 0,102
N 499 509

Notes: SNR, Small Nuclear Reactors; NE, Nuclear Energy. Reference variables: gender—women, education—higher, economic activity—active, size of settlement—small village, settlement,
solitude. Link function: Logit. ***—significant on 0,1% level. **—significant on 19% level, *—significant on 5% level. Thresholds indicate the cutoffs between categories on an ordered scale.
Thresholds are determined by finding the paint at which the probability of belonging to a particular category {é.g, high-moderate-low) changes.
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Name Capacity (MWe) Type Developer

CNP-300 300 PWR SNERDI/CNNC, Pakistan and China
PHWR-220 220 PHWR NPCIL, India

EGP-6 1 LWGR at Bilibino, Siberia (cogen, soon to retire)
KLT-408 35 PWR OKBM, Russia

RITM-200 50 Integral PWR, civil marine OKBM, Russia

Source: World Nuclear Association (2022).
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Initial investments

Site selection and preparation

Design and construction

Large nuclear power stations (LNPS)

‘The LNPS requires considerable initial investments. However,
once constructed, their electricity is relatively cheap and stable
(Gu, 2018; Rothwell, 2018; Haas, et al,, 2019; Wu et al,, 2019)

‘The site choice, preparation, initial infrastructure, and all
permissions are complicated and generally long-term (Baskurt
and Aydin, 2018)

‘The design and construction are largely complicated, requiring
considerable expertise and a large set of sub-contractors,
and must be tailored to a particular locality. This produced
considerable delays in the construction of new reactors and
increased construction costs time fold. Under the condition of
everchanging legislation, these projects became rather risky (G,
2018; Portugal-Pereira et al., 2018; IEA, 2019; Matsuo and Nei,

2019; Wu etal,, 2019)

Small nuclear reactors (SNR)

‘The initial investments are relatively low, especially if the reactors
are standardized and economies of scale are explored (Ingersoll,
2009)

Given the size and the modular structure, the requirements
for the locality are less demanding. The decreased amount of
radioactive particles present in the center of a reactor, which
might be released into the environment, renders them suitable
for use near residential sites and allows their heat output to be
harnessed for heating. (Ingersoll, 2009)

‘The design and construction can be standardized, enabling
economies of scale and reducing the number of sub-contractors,
construction risks, and costs. The reactors can be built in a
controlled factory setting and installed in chosen locality module
by module (Shropshire, 2011; Carlsson et al., 2012; Lokhov etal.,
2013; Carter, 2016; OECD, 2021)

Transmission systems and energy
grids

Safety
Time flexibility of  energy
production

Ability to be tuned to locality needs

Large investments in the transmission systems are required, as,
given the size, the reactors are located far away from consumers
(Gu, 2018; Wu etal,, 2019)

‘The additional safety requirements enacted after each nuclear
accident made it difficult to design safe, easy-to-operate, cost-
efficient, and reliable nuclear reactors (Gu, 2018; W et al,, 2019)

Low flexibility of the reactor in energy production related to
the time schedule of energy needs, though good practices for
increasing this flexibility exist (Cany et al,, 2018; Morilhat et al.,
2019)

Low ability to tune the reactor changing energy needs of a
particular locality

‘The transmission of electricity over long distances is largely
eliminated, thus reducing capital costs and pressure on energy
grids (World Nuclear Association, 2022)

‘The safety requirements, though equally binding, could be met in
astandardized setting by exploiting economies of scale. Moreover
as (Ingersoll, 2009)

Low flexibility of the reactor in energy production for related to
the time schedule of energy needs. However, this flexibility can be
increased if combined with an energy storage system (Nian and
Zhong, 2020)

‘The reactors can provide a stable energy source tuned to
particular customers’ needs independently of large electricity
grids (World Nuclear Association, 2022)

Need of expertise in operation

‘The operation of a power station requires considerable expertise
in Nuclear processes and energy systems

Source: own compilation of literature sources.

‘The expertise requirements are less strict. The SNRs are a viable
alternative for localities with small grids and less experience
with NE due to their small size and passive safety features
(World Nuclear Association, 2022)
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