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Abstract

:

To increase acceptance of new nuclear power plants (NPPs) by local communities, some countries offer those communities economic incentives. This study analyzes potential residents’ preferences for economic incentives provided during the construction and operation of NPPs in South Korea. This study uses stated preference data through a discrete choice experiment and the mixed logit model to reflect the heterogeneity of respondents’ preferences. The analysis results confirm heterogeneity by various incentive types, and show that respondents consider the distance between the NPP and the residential area as well as reduced electricity bills as crucial attribute of new NPPs. In addition, the result for the marginal willingness to be near to an NPP shows that reduced electricity bills, construction of new public facilities, and increased residents’ participation are relatively more effective incentives than job creation or solar panel installation. In particular, increased residents’ participation could greatly improve acceptance although it is not a direct form of financial support. The simulation analysis results indicate that acceptance of NPPs rapidly reduces as distance to the plant becomes shorter, although acceptance can change within a 0–30% range depending on the level of incentives. Several policy implications are suggested for policymakers based on the results.
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1. Introduction


Since climate change has emerged as a global issue, the energy industry and policymakers have been seeking more environmentally friendly and sustainable energy systems. In this context, energy sources in the spotlight are nuclear power and renewable energy. Both renewable energy and nuclear power are currently the main alternatives for reducing carbon emissions in the field of energy [1], and are prime candidates to replace the pre-existing energy system centered on fossil fuels. Thus, establishing their role and relative weight for the future is a crucial element to consider in the electric power system of the country.



Plans regarding their future roles differ according to individual regions, but the general trend is that electricity generation using nuclear power is gradually decreasing around the world while electricity generation using renewable energy is increasing. In 2017, the amount of electricity generated by nuclear power worldwide was 2500 TWh, which was 6% lower than the peak in 2006. Moreover, out of the global electricity production in 2017, the percentage of electricity generated by nuclear power was about 10.3%, showing a continuous decrease from a 1996 peak of 17.5% [2]. China is rapidly increasing the amount of electricity generated by nuclear power, which indicates that most countries are reducing the percentage of the power supplied by nuclear power plants (NPPs). By contrast, at the end of 2017, renewable energy accounted for 26.5% of global electricity production, showing increasing distribution around the globe [3].



In the meantime, the significance of social acceptance of NPPs is growing day to day in promoting the shift in the power sources. This outcome is because the decision to maintain or replace power sources comes down to social consensus after taking into consideration the benefits and costs of various power sources. Compared to the past, public participation is increasing in the major decision-making in the field of energy, and the level of people’s understanding of energy sources has also increased. In this condition, a number of studies that covered consumers’ perception and acceptance of nuclear power and renewable energy have been published in recent years [4,5,6,7]. In particular, social acceptance of nuclear power is very crucial, because any mishap at an NPP has a deadly and extensive impact on both humans and the environment. Generally, nuclear power has a lower social acceptance than do other power sources [8,9].



Ultimately, smooth implementation of nuclear power policy requires social acceptance, which can be classified into broad acceptance by nationals and local acceptance by the community around the NPP. Of these, low acceptance by local community becomes a serious obstacle in hosting new NPPs. In this case, economic incentives can be provided to local communities that host an NPP to gain their support [10]. Gaining wider acceptance by residents through proper compensation is essential in the process of NPP construction and operation, because safety issues make the support system for the surrounding areas of controversial facilities, such as NPPs, inherently different from the support system around facilities with relatively fewer safety concerns, such as dams and water treatment systems.



Among the countries that provide compensation to the areas surrounding a NPP, South Korea focuses on determining the amount of compensation, based on the appraisal for individual NPPs and discussions with residents. However, the attitude toward an NPP and the preference for economic incentives can vary widely according to individuals, even within the same community. This is why residents’ preferences for various economic incentives for hosting an NPP should be accurately analyzed. In addition, the construction of new NPPs and its social acceptance are especially critical policy issues in South Korea. Nuclear power has maintained a very important position in the South Korean electric power supply system for a long time in the situation that the amount of natural resources is insufficient and 95% of the primary energy is imported. However, since the new government, which was launched in 2017, decided to pursue a nuclear-free policy in the long-term, the South Korean nuclear policy changed rapidly. In addition, public interest in NPPs has greatly increased amid such changes in national energy policy trends, and public debates regarding nuclear power are intensifying, including the launch of an ad-hoc committee to decide whether to stop construction of planned NPPs [11]. Thus, examining how economic incentives for NPPs affect the social acceptance of the local community can give meaningful implications for future nuclear policy of South Korean government.



Another factor to consider is the relationship between renewable energy and nuclear power. As mentioned earlier, these are two main alternatives that can support the next generations following the fossil fuel age. Therefore, providing support in the form of establishing renewable energy facilities can be even more effective environmentally than providing monetary incentives such as reducing electricity bills. Thus, as one of the incentives to the residents for hosting an NPP, the present study postulates a condition that supports the establishment of renewable energy facilities in the concerning area. In doing so, this study examines the effect of this new form of incentive –providing the support for renewable energy facilities– on the residents’ acceptance of an NPP.



Under the presumption that a new NPP is to be built in the vicinity of the residential area, this study aims to analyze the potential residents’ preferences for incentives and acceptance of an NPP. As a methodology for analysis, this study uses a discrete choice experiment (DCE) and the mixed logit model. These analysis tools give researchers general ideas about people’s preferences for incentive types for hosting a new NPP and overall acceptance of a hypothetical NPP.



The present study makes the following three contributions. First, this study quantitatively analyzes and compares potential residents’ preferences for incentives for hosting a new NPP. A key point is that the analysis reflects the heterogeneity of the respondents’ preferences within the process. Based on the result, implications can be drawn for energy policies in countries that are considering introducing new NPPs. Second, this study analyzes the simulation and predicts the acceptance level of an NPP based on distance to power plant and the type of incentives for the surrounding areas of an NPP. Third, this study evaluates the acceptance by residents on condition that the support for solar power facilities will be provided instead of reducing electricity bills. When solar power facilities are provided, the energy system can be more sustainable and environmentally friendly than reducing electricity bills. The evaluation of such a support method is the first attempt in the literature, as far as we know. The research framework used in this study can be applied to other countries’ nuclear power policy.



The rest of the paper is structured as follows: Section 2 reviews the literature, particularly studies that mainly focused on economic incentives for acceptance of nuclear power. Section 3 describes a DCE and the mixed logit model as the methods of analysis and explains the survey for collecting data. Section 4 presents the results of the empirical analysis. This section presents the results of analyzing respondents’ preferences for incentives offered when hosting a new NPP. Based on this, residents’ acceptance of a hypothetical NPP is measured quantitatively. Finally, Section 5 summarizes the study results and provides some concluding remarks.




2. Literature Review


Because social acceptance of nuclear power is a crucial issue in the field of energy, studies from various perspectives have been published. Main research topics include analyzing the effect of NPP accidents on the public acceptance of NPP [12,13]; identifying the determinants of nuclear power acceptance [5,14]; suggesting a new method that quantitatively evaluates NPP acceptance [15]; and suggesting a global comparison of public acceptance of nuclear energy [16]. In particular, many studies have measured the public’s willingness to pay (WTP) for nuclear power facilities or policy by using non-market good valuation techniques, such as the contingent valuation method [17,18].



In the meantime, not many studies have covered the incentives for residents to host an NPP as the main topic. One reason for this lack of research is that among countries that have NPPs around the world, government-initiated economic incentives for areas around an NPP are not very common, except for South Korea, Japan, and Taiwan [19]. To the best of our knowledge, the following studies are the closest to the present research: [10,20,21]. First, Choi and Lee [20] conducted a conjoint survey and analyzed the result using trade-off analysis to investigate Korean nationals’ attitudes and preferences for the types of support given to the areas around NPPs. Specifically, the authors selected 12 support policies of four types (improvement of reactor safety; regulation and monitoring; regional promotion programs; and the subsidy for regional development) and three levels. The data used in their study were collected from 54 mail survey questionnaires targeting secondary school teachers who have been to an NPP. The analysis showed that increasing the safety of the nuclear reactor 100 times and establishing civilian monitoring systems were the two best policies among 12 alternatives to improve the NPP acceptance. This finding confirmed the significance of enhancing the safety of an NPP.



Kato et al. [10] investigated how the Fukushima NPP accident influenced the economic incentives and residents’ attitudes toward hosting an NPP in Japan. The authors conducted a questionnaire survey targeting residents within a 10 km radius of an NPP in 2010 and in 2011, which were before and after the Fukushima accident, and analyzed the data using descriptive statistics and an ordered-probit method. The results of comparing the 2010 and 2011 surveys showed that among various incentives for hosting an NPP, the perceived benefit of reduced electricity bills clearly decreased while the perceived benefit of constructing public facilities did not. As for acceptance of nuclear power after the Fukushima accident among the survey areas, residents whose social welfare programs in the community greatly expanded showed less decrease than those whose electricity bills were reduced.



Contu et al. [21] analyzed the consumers’ preferences for a fourth-generation NPP in Italy using a DCE. The six attributes used in the DCE are as follows: distance between residence and NPP, the rate of reducing nuclear waste, the reduction of air emissions, the reduction of electricity bills, the construction status of medical facilities, and the status of soil restoration. The analysis results showed much heterogeneity among the respondents in the sample group. Many respondents were opposed to the construction of a new NPP in Italy; some were not interested in receiving any monetary compensation. However, other respondents expected that the long-term goal for a fourth-generation NPP would be achieved, showing a certain level of support for a new nuclear power project.



With regard to the methodology, the present study is similar to Choi and Lee [20] and Contu et al. [21], as they used choice-based stated preference techniques. However, Choi and Lee [20] is somewhat limited in terms of the size (54 respondents) and composition (secondary school teachers) of the data sample. In addition, the attribute and level of incentives were too vague to derive specific implications at this point in time. Meanwhile, Contu et al. [21] included only two incentive-related attributes as part of the acceptance of the fourth-generation NPP project rather than focusing mainly on the economic incentives. Thus, the ultimate goal of Contu et al. [21] differed from that of the present study, which focuses on economic incentives and includes various attributes and levels.



Because the empirical analysis of this study is based on cases in South Korea, it is necessary to examine the Korean studies briefly. The related studies are as follows: identifying the problems of incentive policy for surrounding areas of an NPP [22]; analyzing the satisfaction with and performance of the incentive policy through a questionnaire survey [23]; presenting the current condition of an incentive scheme for surrounding areas of an NPP and suggestions for improvement [24]; and analyzing the effects of financial support to the surrounding area of an NPP on the local economy [19]. These Korean studies have several implications. First, while the size of economic incentives is continually growing and efforts to diversify incentive are continuing, the incentive scheme is inefficiently run and fails to achieve the policy goal of improving NPP acceptance. Moreover, people’s distrust in the organizations supervising the incentive policies remains strong. In addition, it is most problematic that the level of residents’ satisfaction with the incentive is low. Nevertheless, Korean studies have not progressed beyond the level of qualitative study that presents the conditions and problems of the current incentive scheme. In this light, this study provides unprecedented research with significant implications for policy from a new perspective of social preferences. It does so by quantitatively analyzing the structure of residents’ preferences for economic incentive for the surrounding areas of an NPP.




3. Methods


3.1. Survey for Data Collection: Discrete Choice Experiment


To analyze the structure of residents’ preferences and acceptance of the economic incentives for hosting an NPP, it is necessary to identify what alternatives people choose when a new NPP is constructed. Unlike regular consumer goods, the case of an NPP construction does not allow individuals to choose the incentives they want; thus, it is impossible to collect revealed preference data at the level of individuals. To overcome such limitation in the data collection, this study performed a DCE to collect the stated preference data.



A DCE is a method that presents to respondents a few hypothetical goods or service alternatives that consist of main attributes and allows them to select the most preferred alternatives. This method is ideal for collecting people’s preference data about new products or services to be launched [25]. This method can elicit the part-worth of the attributes or levels of the goods or services to be analyzed [26]. To design a proper DCE on residents’ preferences for economic incentives for an NPP construction, it is essential to identify the main attributes of the new NPP project and to check the respondents’ choices over the different levels of attributes and the alternatives.



The crucial part in designing the questionnaire survey for a DCE is to determine the appropriate attributes and levels of the circumstance for hosting a new NPP. The present study selected six attributes and their levels, as shown in Table 1, by referring to Korean government regulations, actual cases, and previous studies ([20,21,27]), and by consulting experts in the relevant field. As for other potential attributes that can influence the preferences for a new NPP project, we postulated that all alternatives are the same levels and explained this to the survey respondents in detail.



First, this study included reduced electricity bills as an attribute. In South Korea, the residents of the areas near an NPP receive the benefits of reduced electricity bills as compensation for hosting an NPP. For example, households in the city of Uljin, where Hanul NPP is located, receive an average of 14,510 KRW discount per month on electricity bills [28], which is about 53% of an average monthly electricity bill (27,335 KRW per month) [29]. This attribute is divided into four discount levels: none, 30%, 60%, and 90%.



The second attribute is the construction status of major public facilities, which can affect residents’ attitude toward an NPP. The following examples in South Korea show this attribute: multi-purpose sports facilities near Yeonggwang NPP; an indoor sports center and museum for electric power near Hanul NPP; and an autonomous private high school and hospital near Shinhanul NPP. This attribute was divided into four levels encompassing all types of public facilities as follows: none, educational facility, large hospital, and multifunctional sport-culture complex.



The third attribute is job creation. In general, NPPs create large numbers of jobs in the process of construction and operation. In most cases, employees are the residents of the surrounding areas. Some people argue that the management of an NPP does not provide many jobs for residents, because it requires high-level skills and expertise; however, the government or development project managers often take preemptive actions and intentionally prioritize residents for job openings as compensation. The attribute of job creation was divided into two levels: hiring 1000 people and hiring 5000 people.



The fourth attribute is residents’ participation. Recently, gaining the active participation of residents regarding the NPP project as well as other energy facility projects has emerged as a crucial factor for successful project implementation [30,31]. The DCE in this study identifies how the degree of residents’ participation in the process of hosting a new NPP can affect the local acceptance of the NPP. This attribute was divided into two levels: high and low.



The fifth attribute is the installation of photovoltaic panels on residents’ houses. This attribute can demonstrate whether providing renewable energy facilities at the time of hosting a new NPP can elicit a positive response from residents. Providing renewable energy facilities can induce the same effect as reduced electricity bills and can educate and promote environmentally friendly power generation. Among various renewable energy facilities, this study selected photovoltaic power generators for households, which are a common sight throughout the country and are widely distributed in South Korea. The government is also developing policies in an effort to encourage wider distribution. The DCE in this study postulated that the residents in surrounding areas of a new NPP are eligible for free installation of photovoltaic power generators. This attribute was divided into two levels: no installation and installation (with the installation fee covered 100%).



The sixth attribute is the distance between the residential area and a new NPP. The distance between a new NPP and the respondents’ place of living affects the attitude and acceptance toward an NPP [32,33,34,35]. When the same incentives are provided, people instinctively wish that the NPP were farther away from their residence. This attribute functions as the price attribute of durable goods in a DCE. In other words, the present study analyzed the distance to a new NPP the residents are willing to live from so as to receive certain benefits, instead of using marginal willingness to pay, which is the concept used for normal durable goods in a DCE for the marketing field. The corresponding concept can be expressed as marginal willingness to be near (MWTN). The levels of this attribute range from 5 km to 35 km.



There are 512 alternative combinations that can be generated by the attributes and levels presented in Table 1. Because it is improbable to present all 512 alternatives to respondents, a total of 16 alternative cards were selected using the fractional factorial design, which ensures the orthogonality between individual attributes. The 16 alternatives cards were randomly mixed and divided into four choice sets, each of which has four alternatives. The sets were presented to each respondent to choose the most preferred alternative.



The survey for the analysis was carried out online for 11 days from 17 June to 27 June, 2016 by a professional survey company (Hankook Research, Seoul, South Korea) targeting 633 male and female Korean adults who were 19 years and older. Because the goal of this study is to identify the preferences of ‘potential’ residents in a surrounding area of a hypothetical NPP, this study targeted the general public as the respondents of the study, who are not actual residents of a surrounding area of an NPP. To collect the data from a sample similar to actual population composition, this study used purposive quota sampling method for selecting the sample based on gender, age, and region. The characteristics of the respondents are shown in Table 2 above.




3.2. Econometric Model: Mixed Logit Model


The collected survey data through a DCE are analyzed using the discrete choice model based on random utility theory. Because respondents select the alternatives that give them the highest utility among various alternative types of compensation for hosting an NPP, the questionnaire data inherently have a discrete nature. Therefore, the discrete choice model is ideal for achieving the goal of this study. Based on the random utility theory, the utility Unjt of a respondent n by selecting alternative j in choice situation t, can be defined as the following Equation (1):


Unjt=Vnjt+εnjt=β′xjt+εnjt



(1)







In this equation, utility Unjt can be divided into deterministic utility (Vnjt) and stochastic utility (εnjt). Deterministic utility (Vnjt) is a clear expression of what most respondents are likely to be influenced by, according to the researcher’s judgment; in return, Vnjt is influenced by the observable attributes of the alternatives (xjt). β is the preference parameter for the corresponding attribute.



Among many alternatives, each respondent selects the alternative that brings the highest utility. The choice probability that respondent n chooses alternative j in a choice situation t is expressed as follows in Equation (2):


Pnjt=Pr(Unjt>Unkt ∀k≠j)=Pr(εnkt−εnjt<Vnjt−Vnkt ∀k≠j)



(2)







If the random disturbance εnj is assumed to follow an independent and identically distributed type-I extreme value distribution, the choice probability that respondent n will choose alternative j in choice situation t is expressed as follows in Equation (3) [36,37]:


Pnjt=exp(Vnjt)∑k=1Jexp(Vnkt), j=1,⋯,J



(3)







Such a discrete choice model is called a multinomial logit model. Generally, it has the advantage of eliciting a simple closed form of the choice probability; however, it cannot reflect consumers’ heterogeneity. In addition, it has an unrealistic feature, called independence from irrelevant alternatives (IIA), which indicates that the choice probability ratio of two alternatives is not affected by the change in attributes of irrelevant alternatives. This limitation can be avoided when using the mixed logit model (or random parameter logit model), which incorporates the preference heterogeneity of the respondents and relaxes the IIA property.



The mixed logit model reflects the heterogeneity of respondents’ preferences by assuming that the preference parameter vector β follows a certain distribution. The probabilities of the mixed logit model can be expressed as integrals of multinomial logit probabilities over the assumed distribution function of β, f(β). Generally, the vector of preference parameters is assumed a normal distribution with mean (b) and covariance (W). Then, the choice probability of the mixed logit model can be expressed as Equation (4):


Pnjt=∫exp(Vnjt)∑k=1Jexp(Vnkt)f(β|b,W)dβ



(4)







As for the mixed logit model, the form of the likelihood function is too complicated to apply the classical maximum likelihood estimation (MLE) method. Thus, to solve this problem, we used a Bayesian inference method, the hierarchical Bayesian method, for the estimation [38]. Compared to the MLE method, the Bayesian method has the advantage of solving the problem of global maximization and the problem of initial value [38,39,40].



The estimated preference parameters can be used to calculate the MWTN, which is the willingness to reside near a new NPP to gain a certain incentive. In other words, the MWTN refers to either a short or long distance to an NPP that a respondent is willing to be located so as to maintain his or her utility when the quantity or quality of attributes changes by one unit:


MWTNa=−∂U/∂xa∂U/∂xdistance=−β^aβ^distance



(5)







In Equation (5), β^a and xa indicate the mean estimated parameters and the incentive attributes, respectively, excluding the attribute of distance to the power plant. β^distance and xdistance are the estimated parameter and the distance attribute, respectively.



The relative importance (RI) of each attribute represents how much each attribute contributes to the choice of a respondent. The value can be calculated by using the part-worth of each attribute, as follows:


RIa=part−wortha∑apart−wortha×100



(6)







In Equation (6), the part-worth of attribute a can be obtained by multiplying the estimated coefficient value of attribute a by the interval of the attribute’s level (maximum level minus minimum level).





4. Results and Discussion


4.1. Preliminary Questionnaire: Respondents’ Perceptions of Nuclear Power


Prior to the econometric analysis, it is necessary to examine the overall perceptions of respondents about nuclear energy at the time of participating in the survey. Such a task prior to a DCE survey not only can call the respondents’ attention to the issue of NPP but also can provide a meaningful finding in itself.



First, this study examined the respondents’ overall perceptions and level of knowledge about nuclear power. To assess the perceived level of knowledge, the respondents were given questions using a 5-point Likert scale about how well they know the advantages and disadvantages of nuclear power. The survey data showed the following result: among 633 respondents, 4.6% responded “not at all aware”; 28.1% responded “slightly aware”; 45.0% responded “somewhat aware”; 19.9% responded “moderately aware”; and 2.4% responded “extremely aware.” The distribution showed a pattern similar to a normal distribution. This result implies that the survey sample did not have sample selection bias regarding the question about the level of knowledge of nuclear power. To examine the respondents’ perceived danger of nuclear power, the respondents were asked the following question: “How do you perceive the danger or the safety of the nuclear power?” In response, 8.8% selected “very dangerous”; 42.2% selected “somewhat dangerous”; 31.6% selected “neutral”; 16.6% selected “somewhat safe”; and 0.8% selected “very safe.” While more than half of the respondents perceived electricity generation by nuclear power as dangerous, the proportion of respondents who considered it neutral or rather safe (49%) was higher than expected. This result shows that perceived danger of NPPs varies depending on individual respondents. Because the perceived danger and the social acceptance of nuclear power are closely related [41,42], the presence of heterogeneity in the concerning item implies that there will be heterogeneity in the acceptance of NPPs in South Korea. To identify the status of respondents’ awareness about the NPP accident in Fukushima, which influenced the public’s attitude toward NPPs throughout the world, the respondents were asked the following question: “Have you heard of the Fukushima accident that occurred in Japan in 2011?” According to the survey result, 98.1% of the respondents had heard and 1.9% of the respondents had not. This result showed that almost all respondents remembered the accident at the time of reporting, which was 5 years after the accident. To gauge the role of nuclear power in providing electric power in South Korea, the respondents were asked the following question: “How necessary do you think it is to increase electricity generation by nuclear power in South Korea?” In response, 5.7% answered “not at all necessary”; 19.7% answered “Mostly unnecessary”; 36.5% answered “neutral”; 34.1% answered “necessary”; and 3.9% answered “very necessary.” The percentage of respondents who believed that it is necessary to increase NPPs (38%) was higher than those who disagreed (25.4%), which indicates that some respondents acknowledged the need for NPPs in supplying electric power in Korea.



To examine the respondents’ views on the construction of a new NPP near their residential areas, the respondents were asked the following question: “Are you for or against hosting a new NPP near your residence?” This question is the most relevant to the main topic of this study. The survey result showed that 24.5% responded “strongly oppose”; 38.7% responded “Somewhat oppose”; 26.2% responded “neutral”; 9.3% responded “somewhat favor”; and 1.3% responded “strongly favor.” As expected, the percentage of opposing respondents (63.2%) was predominantly higher than the percentage of supporting residents (10.6%). This finding indicates that the phenomenon of “not in my backyard” (NIMBY) emerged, as the respondents were opposed to hosting a new NPP near their residence, although they had given unexpectedly favorable responses toward NPPs in the previous question about the perceived danger of NPPs and the question about the necessity of increasing the number of NPPs. Such a phenomenon showing consensus on the necessity for NPPs yet changing this attitude when it comes to the issue of their own residence is often observed in other surveys previously undertaken in South Korea [43]. In addition, this NIMBY phenomenon is found in other studies about nuclear facilities or radioactive waste [44,45,46,47,48]. Based on the finding from the basic questionnaire survey, it appears that Korean people’s perceptions of nuclear energy and the construction of NPPs have not changed much despite the efforts of the central government to improve the social acceptance of nuclear power.




4.2. Model Estimation: Preference Structure for Construction of a New Nuclear Power Plant


With regard to the respondents’ preferences in the utility function in Equation (7), the mixed logit model with Bayesian method was used for the estimation. By using Markov Chain Monte Carlo (MCMC), the posterior distribution of the coefficient was extracted through several sequential steps. The MCMC chain used in the estimation kept the values from the 10th round of extraction after repeating 10,000 times, and calculated the estimated value by using the last 500 values out of the remaining 1000 values:


Unj=β1Xbills+β2Deducation+β3Dhospital+β4DMfacility+β5Xjob+β6Dpart+β7Dpv+β8Xdistance+εnj



(7)







In Equation (7), variable Xbills is the percentage of reduced electricity bills and variable Xjob is the number of created jobs. Deducation, Dhospital, and DMfacility are dummy variables and subgroups of major public facility construction. Either 1 or 0 is assigned to each dummy variable, depending on whether any major public facilities (e.g., education facilities, large medical facilities, and multifunctional sports and culture facilities) are newly constructed as an incentive for hosting an NPP: 1 for new construction and 0 for no construction. Dpart, and Dpv are dummy variables that represent residents’ participation and solar panel installation, respectively. The dummy variable takes 1 when the participation level is high or when solar panel installation fees are paid. Finally, Xdistance means the distance between the power plant and the respondent’s residence.



The mixed logit model generally assumes that the preference coefficient follows the pattern of normal distribution. Accordingly, the present study also assumed that preference coefficient vector β follows the pattern of multivariate normal distribution with mean b and covariance W.



The estimated results based on the model are presented in Table 3. Specifically, Table 3 shows the mean (b) of preference coefficient (β) from the Bayesian estimation, variance (W), the average MWTN, and the relative importance calculated based on this estimation.



The analysis showed that the mean and variance of all attributes were significant at the 99% reliability level. This finding indicates that all attributes in the empirical analysis model exert a significant effect on preferences regarding a new NPP and that people have significantly different preferences for attributes in terms of statistics. In particular, as for reduced electricity bills, construction of large medical facilities among other public facilities, and solar panel installation support, the variance values are greater than are those for other variables. This finding indicates that people have a relatively more heterogeneous structure of preferences for these three attributes. In other words, there is a lower level of social consensus on the incentives for hosting a new NNP for the three variables than for the other attributes, which means the three attributes are the incentives that are likely to be more controversial among residents in the future.



The signs of the estimated coefficients are found (in the second row of Table 3) to be positive (+) in all eight estimated coefficients. This result indicates that the level of preference for NNP construction improves under the following circumstances: when the percentage of reduced electricity bills increases; when major public facilities, such as education facilities, large medical facilities, and multifunctional sports and culture facilities, are constructed; when more jobs are created; when residents’ participation increases; when solar panel installation is subsidized; and when the distance from residence to power plant is far. This finding matches the intuitive perception and the common direction that project authorities also pursue as long as the technical and geographical conditions (easy access to water and solid bedrock structure) and budgets allow them. In other words, the result of analyzing the relevant attributes revalidates the foundational principle—that meeting the residents’ preferences involves locating a new NNP in the area with the lowest population density and striving to provide various incentives to the surrounding areas of a new NNP.



While the estimation of the coefficient in Table 3 is ideal for discovering the direction of respondents’ preferences regarding each attribute, it is not ideal for comparing the level of respondents’ preferences regarding individual attributes, because each attribute uses a different unit for measuring the levels. Thus, it is necessary to calculate the average MWTN of all respondents for each attribute and to compare them (the fourth row in Table 3). The respondents indicated their willingness to reside 0.27 km closer to an NNP as the electricity bill reduction rate increased by 1%; they were willing to reside 8.67 km, 11.50 km, and 14.51 km closer to an NPP as education facilities, large medical facilities, and a multifunctional sports and culture complex are constructed, respectively. In particular, with regard to reduced electricity bills, it is possible to construct an NPP up to 27 km away from the residence, because the bills can be 100% exempt in theory. In addition, people were willing to reside 1.57 km and 11.16 km from a power plant when new jobs are created for 1000 people by a new NPP and when residents fully participate in the process of hosting an NPP. Finally, as for photovoltaic power generators for households as the incentive for hosting an NPP, the residents were willing to reside 6.48 km from an NPP. From the perspective of MWTN, providing support for solar panel installation was found to be less effective than other incentives in improving the acceptance of an NPP.



Finally, the result analyzing relative importance (bottom row of Table 3) showed that people considered the distance between residence and NPP as the most crucial factor in selecting the condition of a new NPP (RI 26.68%). The second most crucial factor was the benefit of reduced electricity bills (21.22%). According to previous studies on preferences for electricity power services, the attribute of electricity bills was identified as the most significant factor that determined preferences regarding an electric power plant, which could significantly control the level of acceptance based on the amount of energy bills [49,50,51]. However, the findings from the present study showed that the most significant factor in relation to an NPP is the distance between residence and the NPP, which was more significant than the attribute of reduced energy bills. This could be due to the public impression of NPPs as unpleasant facilities and apprehension about safety. Besides distance and electricity bills, this study found that people considered the attribute of new public facilities (12.90% for a multifunctional sports and culture complex, 10.22% for a large medical facility, and 7.71% for an education facility) and residents’ participation (9.92%) as fairly important. This can be interpreted as follows: people consider public facilities as important owing to their relevance to the actual daily life of residents and the visual effect is immediate from the start of construction. As for residents’ participation, it appears to reflect the relative importance from the distrust in the previous NPP policies that were decided and implemented in a top–down manner. This gives an implication for the future—that a systematic channel should be established so that residents can directly participate in a transparent decision-making process, ultimately improving the acceptance of an NPP. In the meantime, job creation (5.59%) and solar panel installation (5.76%) showed low levels of relative importance around 5%. This finding indicates that people did not consider these attributes important in the process of hosting a new NPP. The vitalization of local economy through job creation takes a long time to trickle down to respondents and they may think that the available jobs are for outsiders rather than residents. As for the photovoltaic power generators for households, it appears that the respondents have not fully comprehended the benefit (e.g., reduced electricity bills from solar panel installation) compared to other attributes, although solar panels have been distributed around the country rapidly in recent years.




4.3. Choice Probability Simulation: Predicting Residents’ Acceptance of a New Nuclear Power Plant


One of the advantages of the discrete choice model is that it can calculate residents’ choice probability of hypothetical alternatives based on the estimated coefficient and the levels of attributes (scenarios). The choice probability is viewed as the residents’ acceptance of the condition about individual NPP construction. Therefore, in this subsection, the same calculation method as choice probability is used to predict the residents’ acceptance of the construction of a hypothetical NPP. In particular, a simulation was used to examine the actual effect of various incentives provided to a surrounding area of an NPP. To this end, two scenarios were designed and the choice probability of each scenario was calculated. Specifically, a simulation was carried out to discover which of the following two scenarios the respondents would choose: (i) a standard scenario in which the residents do not receive any benefits and an NPP is built far away from their residence (50 km); and (ii) an alternative scenario in which the residents receive benefits and an NPP is built near their residence (10—1 km). Prior to the simulation, this study took into consideration the circumstances regarding the radius; although the areas within a 5-km radius of a power plant are legally eligible for incentives in South Korea, there are demands to increase the radius to 10 km. This study also took into consideration that the emergency planning zone (EPZ) in the case of a nuclear accident is about 10 miles in the United States [52,53]. This study calculated the change in the choice probability in both scenarios while maintaining the standard scenario, and adjusting the alternative scenario in terms of distance and incentives.



The levels of attributes in the selected scenarios are outlined in Table 4. Again, the standard scenario is “building an NPP far from the residential area without providing any incentives” while the alternative scenario is “building an NPP near the residential area while providing incentives.” Among the five alternative scenarios, alternative scenario-Reference (Asc-Ref) can be considered a type of reference incentive with the lowest levels of incentives. Compared to Asc-Ref, the remaining scenarios, including Asc-Fare, Asc-Infra, Asc-Part, and Asc-Solar, are enhanced scenarios that add reduced electricity bills, construction of public facilities, residents’ participation, and providing support for solar panel installation; they demonstrate the effect of individual incentives.



Figure 1 shows the alternative scenarios’ choice probability (acceptance) based on the hypothetical levels of attributes in the scenarios. First, the effect of each incentive can be compared by analyzing the individual scenarios. As for Asc-Ref, the rate of acceptance was very low, around 2.58–6.74%. This can be interpreted as follows: a new NPP that provides a low level of incentives rarely gains acceptance from residents. Put differently, implementing incentive projects for residents in the surrounding areas is absolutely necessary for acceptance of an NPP.



As for Asc-Infra, it was found that the construction of multifunctional facilities among other incentives is the most effective way to improve residents’ acceptance of a new NPP. When a new facility is to be constructed around the power plant, the percentage of residents who chose to reside within the 1–10 km radius of a new NPP increased from 11.77% up to 26.65% (in the standard scenario, the proportion decreased from 88.23% to 73.35%). In particular, when the said level of incentive is provided to the residents within a 10-km radius of a new NPP, it is predicted that the residents’ acceptance rate would surpass 25% exceptionally among other alternative scenarios. This result is consistent with that of [10] that the perceived benefits did not diminish even after the NPP accident.



Next to the construction of multifunctional facilities, the result for Asc-fare showed that reducing electricity bills is the second most effective way to improve residents’ acceptance of a new NPP. When the rate of reduced electricity bills increased from 50% in Asc-ref to 100% in Asc-fare, the percentage of respondents who accepted the construction of a new NPP within a 5-km radius in the standard scenario increased considerably from 3.98% to 15.34%. Next to reduced electricity bills, it was found that raising the level of residents’ participation and providing support for solar panel installation were effective for improving the level of acceptance.



Above all, it is clear that the acceptance rate rapidly decreases in all scenarios regardless of type and level of incentives as the distance to an NPP becomes shorter. As confirmed in Section 4.2 about the relative importance of the estimated result, the distance between the residence and an NPP exerts the greatest effect on the utility of residents regarding the construction of a new NPP. In other words, from the perspective of maximizing the residents’ utility, it is more significant to select the location of a new NPP far from densely populated areas prior to planning incentives.



Finally, the cost-effectiveness of incentives for surrounding areas of an NPP can be compared between alternative scenarios. The goal of this task is to select the incentives that can boost residents’ acceptance with limited financial resources. Among the five incentives used in this study (the attribute of distance is excluded because it is not an incentive), the estimated financial resources fluctuate greatly depending on the qualitative nature of constructing public facilities, creating jobs, and improving the level of residents’ participation. By contrast, reducing electricity bills and providing support for household solar panel installation are comparatively easy to compare, because there is a guideline for support, which allows researchers to estimate the average amount of the subsidy for one household. For this reason, this study used these two incentives (reducing electricity bills and providing support for household solar panel installation) to calculate the subsidy for individual households.



To this end, it is necessary to discover the levels of residential electricity bills and photovoltaic power generators for households in South Korea. First, the average electricity bill for a household is about 27,500 KRW per month [29]. Therefore, when calculating the current value (with a 3% interest rate) based on the presumption that the government pays 27,500 KRW per month for the rest of the resident’s life, the value is about 11 million KRW. This study used the following equation to calculate the current value of a permanent bond, which pays the fixed interest rate for life time:


current value = annual expenditure/annual interest rate



(11)







In the meantime, according to [54], 3 kW photovoltaic power generators are generally installed in households in Korea, and an installation costs around 5.5 million KRW on average (about 1.83 million KRW per kW). In the end, the estimated amount of the subsidy provided to each household in the alternative scenarios based on these two attributes is as follows: the scenarios of Asc-Ref and Asc-Part provide about 5.5 million KRW per household while the scenarios of Asc-Fare and Asc-Solar provide about 11 million KRW. Asc-Infra is excluded from the comparative analysis because the amount of the subsidy differs greatly depending on the size and quality of the facility.



First, a comparison of the pairs with the same amount of subsidy per household (Asc-Ref and Asc-Part; Asc-Fare and Asc-Solar) showed that the same amount of the subsidy does not necessarily lead to the same level of acceptance. Particularly, it was found that the direct form of incentive by reducing electricity bills was more cost-effective than providing the subsidy for solar panel installation. In most distances, the level of residents’ acceptance of Asc-fare was double that of Asc-solar. Accordingly, it can be interpreted that people prefer more definite monetary benefits than uncertain benefits and inconvenience from installing solar panels. This result could be because people do not put much value on the positive effects that can be gained from solar panel installation, such as greenhouse gas emission reduction. Other effects cannot be expected from the incentive of reduced electricity bills, except for monetary benefits, but it could generate negative consequences, such as encouraging beneficiaries to waste electric energy. Therefore, the Korean government needs to actively promote among people various external benefits of solar panel installation, including greenhouse gas reduction, enhancing safe energy, and developing related industries. Moreover, considering that the cost of solar panel installation remains high and is not cost-effective, it appears that this cost must continue to drop in order to improve the level of acceptance of solar panel installation. This is an area that should be addressed by the solar panel industry.



Meanwhile, when comparing ASc-Solar with ASc-Part, it is clear that a huge economic incentive does not necessarily guarantee a high level of acceptance. In particular, although increasing residents’ participation is not a direct form of economic incentive, it was found to improve residents’ acceptance considerably. This result is consistent with the findings from previous research on energy [31,55,56]. In this light, the Korean government should take action to seek measures that can improve the level of residents’ participation in the process of selecting a site.





5. Conclusions


It is imperative to gain a high level of residents’ acceptance for future construction of a new NPP and further promotion of the smooth implementation of nuclear power policies; thus, it is crucial to pay attention to the provision of economic incentives in NPP host areas as a future measure. The present study analyzed the structure of potential residents’ preferences for incentives for hosting a new NPP. Based on the analysis, this study quantitatively predicted the level of acceptance of incentives for a new hypothetical NPP. As analysis methodology, this study used a DCE and the mixed logit model.



The result of the basic questionnaire survey showed the presence of the NIMBY phenomenon with residents opposing the construction of a new NPP near their residence while acknowledging the necessity of NPPs in supplying electric power in South Korea. The estimation results based on the mixed logit model showed the presence of heterogeneity in respondents’ preferences for various incentives. In particular, the result calculating the MWTN showed that, compared to the incentive of constructing public facilities, such as an education facility, a large medical facility, or a sports and culture complex, and to the incentive of involving residents in the process of implementing the project, the incentive of installing solar panels was less effective in improving the level of acceptance. In addition, from the perspective of relative importance, people considered the distance between their residence and the NPP as well as the benefit of reduced electricity bills as important in hosting the new NPP. Analysis of the simulation result showed that the level of NPP acceptance could change variably within a 0–30% range depending on the level of economic incentives. In addition, this study discovered that regardless of the type and level of incentives, the acceptance level rapidly decreases as the distance to an NPP becomes shorter. Furthermore, the size of the economic incentive is not proportionate to the acceptance level.



Finally, the present study has the following limitations. First, the DCE in this study limited the number of attributes for the respondents to consider at the time of hosting an NPP to six attributes. We did so because respondents feel overwhelmed when the number of attributes exceeds six items in a DCE [57] and the main goal of this study was to analyze the structure of residents’ preferences for incentives for hosting an NPP. However, the six attributes used in this study do not reflect all factors that respondents consider in the process of hosting an NPP; therefore, a follow-up study needs to take into account other attributes that may affect the acceptance of an NPP. Second, the data used in this study have limitations in two ways. The first is the limitation inherent in the stated preference data. The biggest weakness of the stated preference method is that it uses hypothetical situations; the preferences stated by respondents can completely change in real-life situations. The other limitation is a regional restriction. The data used in this study were collected in South Korea and discretion is necessary in generally applying the study findings to other places or countries. Finally, with the goal of investigating the preferences of residents in areas hosting a potential NPP, the present study surveyed the general public instead of actual residents living near an NPP. As a future research, it is necessary for researchers to conduct a survey among actual residents in the host area of an NPP and to compare the results with those of the present study.
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Figure 1. Prediction of NPP acceptance based on the incentives for surrounding areas. 
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Table 1. Attributes and levels in the DCE: Construction of a new nuclear power plant and incentives.
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	Attributes
	Levels