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Abstract

:

South Korea experienced a nationwide rolling blackout in 2011 due to a rapid increase in the power demand and a lack of power supply facilities. In particular, the residential sector suffered from considerable inconveniences due to power outages, such as the interruption of elevators’ operation and the stopping of all electronic appliances. Since then, ensuring a stable supply of electricity has emerged as an important task. This note aims to analyze residential consumers’ willingness to pay (WTP) to avoid power outages. For this purpose, 1000 households were surveyed, applying the contingent valuation (CV) method during May 2018. The respondents understood the CV question well and gave meaningful answers. The results show that the mean of households’ monthly WTP amounts to KRW 1522 (USD 1.41). This value is statistically significant. Converting it into an annual value and then expanding the value to the country indicate that the annual national value amounts to KRW 360.7 billion (USD 335.3 million). Since a substantial amount of investments should be made by power suppliers to prevent power outages in the residential sector, this value may be accepted as the upper limit of the benefits ensuing from those investments.
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1. Introduction


South Korea, currently a member of the OECD, was a developing country in the past but has now become one of the developed countries. The country’s dramatic economic growth over a short period of time has been backed up by a stable energy supply, like electricity. However, in 2011, the country underwent national rolling blackouts because of an electricity supply shortage. In particular, the residential sector suffered major inconveniences due to power outages, such as the suspension of the use of elevators and electronic appliances. Since then, improving the reliability of the electricity supply has become quite an important task to undertake [1].



The South Korean government faces challenges in setting its energy policy to support economic growth. The rapid increase in the power demand raised the challenge of securing stability in the power supply. In particular, expansion to provide sufficient power supply facilities has appeared as one of the most important national tasks, as power peaks have risen in recent years due to colder winters and hotter summers following climate change [2,3,4,5]. The electricity prices are capped to control inflation, as well as to promote industry development. The intentionally lowered price has caused enterprises and households to consume more electricity instead of using other primary energy sources, such as oil, coal, and natural gas [6].



Thus, high electricity intensity leads to complications in the demand forecasting and a lack of supply facilities. Moreover, power suppliers are facing a serious deficit due to electricity tariff controls by supplying electricity at controlled prices that are below the price paid to purchase the supplies. In many cases, this pricing policy has prevented full cost recovery and has made electricity providers reduce their investment in the electricity supply infrastructure. To secure the stability of the power supply, investment is needed.



Investment to secure the stability of the power supply is needed in the three sectors: generation, transmission, and distribution. First, in the power generation sector, the South Korean government continues to invest in the construction of additional power plants, with the goal of a reserve rate for power generation of 22% by 2030. Particularly, gas-fired power plants, pumping-up power generation, and energy storage systems should be expanded to overcome the intermittent and uncertain nature of the power generation from renewable energy, since renewable energy will increase in coming years. Second, in the power transmission sector, there are some cases where the power plants cannot be operated due to transmission constraints due to deterioration of residents' acceptability. In addition, the construction of new substation is occasionally confronted by public opposition because substations are considered as an unpleasant facility. Thus, power supply stability is deteriorating due to the conflict surrounding the power transmission sector. Third, in the power distribution sector, there may be a blackout due to traffic accidents involving telephone poles, and excavation works that cut off underground distribution lines. Furthermore, a blackout can occur due to a magpie building a nest on a telephone pole. In order to overcome these problems, undergroundization and double wiring of pipelines and removal of magpie nests are being carried out and should continue to be implemented in the future. Therefore, information on residential consumers’ evaluation of the economic benefits of avoiding power outage is required for securing stability of power supply [7,8,9,10]. In the economics sense, the benefits of consuming a good or a service should be assessed as the willingness to pay (WTP) for the consumption.



More specifically, this article aims to analyze residential consumers’ WTP to avoid power outages. For this purpose, 1000 households were surveyed, applying the contingent valuation (CV) method, during May 2018 [11]. Arrow et al. [12] provided several recommendations and explained that reliable estimates can be gained through the CV method if several conditions are met and the results can be the basis of decision making. Furthermore, they emphasized respondents’ familiarity with the good to be evaluated and professional interviewing skills for the purpose of obtaining more precise results [13,14,15,16]. This study was carefully designed under these conditions. The remainder of this article comprises three components. The methodology employed in the article is explained in Section 2. Section 3 deals with the data and the empirical results and provides a discussion. The conclusions are presented in Section 4.




2. Methodology


2.1. Literature Review on Power Outage Cost in the Residential Sector


There are two approaches to measuring power outage costs [9]. First, we can assess the economic damage that non-household consumers suffer in the event of power outages or shortage [9]. Non-household consumers include businesses, public entities, and non-governmental organizations. Information about the economic activities of non-household consumers and the decrease in value caused by power outages is required for assessing non-households’ economic damage. Second, we can evaluate household consumers’ WTP to avoid power outages. There are several studies which concentrated on power outage cost in the residential sector, and most of those studies used a second method. The choice experiment (CE) and CV method are utilized representatively to evaluate household consumers’ WTP to avoid power outages as the second method. A summary of previous studies dealing with the household consumers’ WTP for avoiding power outages is reported in Table 1.



The studies using CE focused on a method to assess complex trade-offs between attributes. For example, Hensher et al. [10] explored the household’s WTP to avoid specific restrictions on service supply quality in residential electricity. Morrissey et al. [17] examined the households’ WTP for avoiding a power outage depending on the length of the power outage. Carlsson and Martinsson [18] estimated the Swedish households’ marginal WTP for reducing unplanned power outages.



In Table 1, the studies utilizing CV method concentrated on the valuation of increased reliability of electricity supply by preventing power outages. Reichl et al. [9] applied a proxy method which finds the lost value added for non-household consumers, while CV method was used to elicit households’ WTP to avoid power cuts. Woo et al. [19] assessed residential preferences for the reliability of electricity. Ozbafli and Jenkins [20] examined households’ WTP for an improved electricity service.




2.2. Method: CV Approach


The CV approach can be applied to measure consumers’ WTP to consume a good or service [21]. Similarly, consumers’ WTP to avoid power outages can be elicited through the application of the CV method. The use of the CV technique is conceptually correct in the measurement of economic benefits [11,22,23,24,25]. The CV method directly asks respondents to determine their WTP contingent on a proposed situation. Arrow et al. [12] proposed several measures to ensure that a CV study is valid and accurate. First, for instance, the CV survey should be based on person-to-person interview, neither telephone nor postal interviews. In this study, a professional survey firm conducted the CV survey by person-to-person interview [13,14,15,16]. Second, it is desirable to measure WTP rather than WTA in the CV study. Thus, we estimated WTP in this study. Third, it is suggested that the dichotomous choice (DC) question should be used as a payment method, and the DC question was used in this study. Fourth, a detailed and persuasive explanation of the goods to be valued and its expected effect should be provided in the CV survey. We conveyed the details to the respondents by using newspaper articles, color pictures, and well-made presentation materials during the CV survey. Fifth, it should be recognized that respondents should reduce expenditure on other goods by the payment of WTP in the CV survey. A statement concerning payment is provided in the survey questionnaire. For example, the respondents are told: “Please consider that your household’s income is limited, and it should be spent for multiple purposes.” Sixth, there should be additional questions to ensure that the respondents understood the question correctly and answered it rationally in the CV survey. We have asked the respondents additional questions about the extent to which they thought the economic damage from the blackout and confirmed the adequacy of the overall survey responses through the additional questions.



For the purpose of conducting a CV study, the baseline state as a starting point, the target state as a destination, and the policy instruments to reach a destination from the starting point are needed. The baseline state indicates a situation in which power outages may occur for many reasons. In South Korea, the number of power outages has been gradually decreasing from 544 in 2015, 520 in 2016, and 509 in 2017, but so far, power outages continue to occur occasionally. The target state implies a situation in which power outages never happen. To this end, some policy instruments, which contain demand regulation through the adjustment of electricity rates, the construction of additional power supply facilities, and the improvement of residents’ acceptance of the upgrading of the national grid’s condition will be implemented as a means to achieve the goal of stable electricity supply. These were appropriately and sufficiently communicated to the respondents in the CV survey.




2.3. DC Question


The stated preference techniques based on survey require individuals to give economic value to the goods presented in a hypothetical scenario [26]. A DC question is widely used for deriving a WTP response. Generally, there are three types of DC question methods: the single-bounded, double-bounded, and one-and-one-half-bounded (OOHB) DC question methods. The first method requires the respondent to select “yes” or “no” only once. It is simple and convenient but not statistically efficient compared with the second method. The second method is made up of two single questions. The first question is similar to the first method, and the response to the first question determines the type of the second question. Thus, the second question provides the respondents with a higher bid than the first bid if they answer “yes.” Otherwise, the second question asks whether they accept the lower bid. Whereas the estimates resulting from the second method can gain statistical efficiency, the second method may generate inconsistency due to the correlation between the first bid and the second bid [27,28,29] and can cause a compliance issue [30].



The OOHB DC question method provided by Cooper et al. [28] is able to resolve problems such as the inefficiency of the first method and the inconsistency of the second method. The merits of the OOHB DC format have promoted its application in a substantial number of previous studies [31,32,33,34,35,36]. Consequently, this article utilizes the OOHB DC question method. Two bids, of which one is higher than the other, are used in the OOHB DC question. Let TL and TH be lower and higher bids. If a TL is presented to an interviewee first and the answer is “yes,” a TH is additionally offered to the interviewee. If a TL is presented to an interviewee first and the answer is “no,” no additional question is offered to the interviewee. When a TH is presented to an interviewee first and the answer is “no,” a TL is additionally offered to the interviewee. If a TH is presented to an interviewee first and the answer is “yes,” no additional question is offered to the interviewee. The OOHB DC format is described in Figure 1.




2.4. OOHB DC Spike Model


The following explanation is based on a utility difference approach [37]. An interviewee will say “yes” to a suggested bid, T, if the following condition meets [15,37]:


V(Y,I−T;D)+λY≥V(N,I;D)+λN



(1)




where N and Y indicate the states in which power outages may occur and never occur, respectively, V is an indirect utility function, I is the household’s income, D. is the household’s socio-demographic characteristics, and the λs are the error terms. The utility difference function takes the following form [15,37]:


ΔV=V(Y,I−T;D)−V(N,I;D)≥λN−λY.



(2)







If ΔV is positive, the respondent may say “yes.” Thus, the following relationship can be derived [15,37]:


Pr(“yes”)=Pr(W≥T)=1−FW(T)



(3)




where W and FW(⋅) are the interviewee’s WTP and the cumulative distribution function (cdf) of W.



There are R respondents. T presented to respondent s is expressed as Ts for s=1,…,R. Let TsL and TsH be lower and higher bids. If TsL is offered to the respondent first, “yes-yes,” “yes-no,” and “no” are the possible responses. When TsH is provided to the respondent first, “yes,” “no-yes,” and “no-no” are the possible answers [32]. Thus, a total of six indicator variables can emerge from the OOHB DC question format. Hence, EsYY, EsYN, EsN, EsY, EsNY, and EsNN are introduced as follows [31,32,33]:


EsYY=1(sth interviewee′s answer is “yes-yes”)EsYN=1(sth interviewee′s answer is “yes-no”)EsN=1(sth interviewee′s answer is “no”)EsY=1(sth interviewee′s answer is “yes”)EsNY=1(sth interviewee′s answer is “no-yes”)EsNN=1(sth interviewee′s answer is “no-no”)



(4)




where 1(⋅) is an indicator function [31]. It has a value of one if the proposition in the parentheses is true and a value of zero otherwise.



An interviewee who responds “no-no” to TsH or “no” to TsL is given a follow-up question asking whether she/he has the intention to pay nothing [31]. If the response is “yes,” 0<Ws<TsL comes into effect and otherwise Ws=0. To reflect these points, additional indicator variables are considered as follows [31,38]:


EsTY=1(sth interviewee′s answer to the additional question is “yes”)EsTN=1(sth interviewee′s answer to the additional question is “no”)



(5)







Thus, the log-likelihood function derived for the OOHB DC spike model is [6,15,31,38,39]:


ln L=∑s=1R{(EsYY+EsY)ln[1−FW(TsU;φ0,φ1)]+(EsYN+EsNY)ln[FW(TsU;φ0,φ1)−FW(TsL;φ0,φ1)]+EsTY(EsN+EsNN)ln[FW(TsL;φ0,φ1)−FW(0;φ0,φ1)]+EsTN(EsN+EsNN)ln FW(0;φ0,φ1)}



(6)







In the spike model, FW(T;φ0,φ1) is assumed as [31,38]:


FW(T;φ0,φ1)={[1+exp(φ0−φ1T)]−1if T>0[1+exp(φ0)]−1if T=00if T<0



(7)







The probability of Ws=0 is usually called the spike, which corresponds to [1+exp(φ0)]−1 in Equation (7) [39]. Since our main concern is to measure the mean WTP, we need to compute it from FW(T;φ0,φ1). If a well-known formula for the mean calculated from a cdf is used, we obtain the mean WTP as (1/φ1)ln[1+exp(φ0)] [31,37,38]. If one needs to consider some covariates, φ0 can be substituted with φ0+zs'θ in Equation (7), where θ is a vector of coefficients that correspond to a vector of covariates, zs.





3. Results


3.1. Data


As mentioned above, a survey of 1000 interviewees was implemented to gather the data. A professional polling company managed the entire process of the nationwide survey during May 2018. For example, supervisors from the company trained interviewers and conducted stratified random sampling matching the characteristics of the population. Furthermore, following Arrow et al.’s [12] recommendation, the survey was implemented through person-to-person interviews.



The results of a focus group interview administered to 100 individuals enabled us to modify and supplement the early version of the CV survey instrument. The finalized survey instrument comprises three sections. The first section presents an explanation of the aim and scope of the survey to the interviewees and questions them about their perceptions related to the power supply. The second section deals with the collection of information about WTP in earnest, explaining the meaning and principle of additional payments and then asking whether they would be willing to pay the amounts presented. The third section relates to the collection of personal information about the respondents, asking questions about their age, income level, gender, education level, and so on. The payment vehicle of the WTP question is households’ electricity bills.



A distribution for the WTP values collected through open-ended questions in a pre-test of the focus group was created and then the range and number of suggested bid amounts were determined using a trimmed distribution that cuts a percentage at each end of the WTP distribution. One of the finally determined bid amounts was randomly presented to each respondent. The sets of lower and higher bids in Korean won are the following: (1000, 3000), (2000, 4000), (3000, 6000), (4000, 8000), (6000, 10,000), (8000, 12,000), and (10,000, 15,000). When the survey was implemented, the exchange rate was USD 1 = KRW 1076. The distribution of responses to the bid amounts presented to the respondents is shown in Table 2. About 65.0% of all the respondents were found to have no intention of paying only 1 Korean won to avoid power outages. Therefore, it can be seen that applying the spike model is an appropriate strategy.




3.2. Estimation Results


Table 3 reports the estimation results of the model given in equation (6). All the parameter estimates are statistically meaningful at the significance level of 1%. The estimated equation is significant judging from the Wald statistic. In addition, the sign of the coefficient estimates meets the prior expectations. The household monthly WTP to avoid a power shortage is KRW 1522 (USD 1.37), which is statistically significant. The WTP to avoid a power shortage can be calculated as KRW 4.02 (USD 0.004) per kWh, given that the average electricity uses per household per month is 379kWh in 2017. This value amounts to 3.65% of the average price for electricity including costs for generation, distribution, and transmission, KRW 110.07 (USD 0.10) per kWh in 2017 [40].



As of 2017, the monthly residential electricity bill was KRW 41,000 (USD 38.10) per household per month on average. Thus, the mean WTP amounts to 3.7% of the monthly residential electricity bill. It would be preferable to provide a confidence interval (CI) rather than a point estimate to reflect explicitly the uncertainty associated with the mean WTP estimation process [6]. Applying the method reported by Krinsky and Robb [41] to the estimation results for both parameters, φ0 and φ1, produces the CI for the mean WTP. Table 3 contains the 95% and 99% CIs.



As the next step, it is necessary to deal with a model including covariates that can address the effect of the covariates on the probability that the respondents will answer “yes” to the proposed bid amount. Moreover, the model can be used for deciding whether the results of applying the CV method involving the survey will ensure internal consistency or theoretical validity. For this purpose, this study employed six covariates, which are explained in Table 4. Table 5 shows the results of the model estimation.



Of the six covariates, the estimated coefficients for the four covariates are statistically meaningful at the 5% level. The sign of an estimated coefficient for a particular variable is positive (negative), which means that the value of that variable has a positive (negative) relationship with the probability of responding “yes” to the proposed bid amount. For instance, the degree of the interviewee’s awareness of the damage caused by power outages favorably affects her/his acceptance of the bid price. The degree of the respondent’s awareness of the level of the current electricity rate is negatively correlated with the likelihood of reporting “yes” to a given bid. The respondents who own a bigger house were reluctant to say “yes” to an offered bid than others. This is because they already pay a large electricity bill, given that a big house can contain more electronic equipment such as refrigerators, air conditioners, and televisions. In addition, rich respondents have a greater tendency to answer “yes” to a suggested bid than others.




3.3. Discussion of the Results


In a CV study, computing the national population’s economic benefits is usually a main concern. As noted earlier, in this study, experienced and well-trained interviewers conducted the CV surveys with 1000 households nationwide. The authors therefore believe that this sample represents the population well. To confirm this, the ratio of female respondents, the household’s monthly income, and the size of the household are looked into here. The sample average for the variables were 48.4%, KRW 4.15 million, and 3.44 persons. The population averages were 49.9%, KRW 4.75 million, 3.07 persons when the survey was conducted [2]. It seems that there are no significant gaps between the two values for each variable. This finding makes the representativeness of our sample much stronger. Moreover, the authors do not think that there is any particular problem with extrapolating information from the sample to the population.



It is estimated that South Korea has a total of 19,751,807 households in 2018 [2]. If we multiply the number of households by the monthly mean WTP per household obtained previously and by 12 months, we can compute the yearly total national value of WTP as KRW 360.7 billion (USD 335.3 million), which implies the annual economic benefits of avoiding power outages in the residential sector. If the amount of investment in the residential sector is less than this value, this investment is socially desirable and reasonable, because the benefits of the investment exceed the costs of the investment and thus the investment passes the cost-benefit analysis.



In 2017, the Korea electric power corporation (KEPCO) compensated KRW 83.0 (USD 0.08) per kWh for the investment and operation of power generation facilities. Total power generation of South Korea was 553,530 GWh in 2017, so the investment amount in the power generation sector is calculated as KRW 45,943 billion (USD 42,698 million). Of the total cost of KRW 55,041 billion (USD 51,153 million) used by KEPCO for power supply in 2017, 84.23% was the cost of purchasing electricity from the power generation company, and 15.77% (KRW 8680 billion = USD 8067 million) was used for power transmission and distribution. Therefore, in 2017, KEPCO invested a total of approximately KRW 54,623 billion (USD 50,765 million) to supply stable electricity. However, to increase the stability of power supply to a level where no power outage occurs, more investment is required than before, and the results of this study can be used to judge the appropriate level of additional investment.



It is clear that the respondents are willing to accept some economic strain to avoid power outages. Thus, investments made to avoid power outages can be socially profitable if they cost less than the economic benefit. As addressed above, the government planned to build enough new power plants and invest heavily in power transmission and distribution facilities to prevent an insufficient electricity supply. Thus, these implications can provide fundamental information justifying the enhancement of the electricity supply’s reliability to avoid power outages.



It is difficult to compare directly the observations emerging from this study and those from related previous case works, because the objects to be assessed are different. However, the results of this study do not appear to differ much from those of preceding studies. For example, Abdullah and Mariel [7] showed that the additional monthly WTP to improve the electricity supply service in Kenya was USD 0.77 to 1.35. Baarsma and Hop [8] suggested that households’ WTP to prevent power outages in the Netherlands would be EUR 10.4 to 20.8 per year. Reichl et al. [9] indicated that the mean WTP for the prevention of a 24-hour electricity outage amounts to EUR 17.3 in the household sector. Hensher et al. [10] estimated the mean WTP of households in the United States to avoid an 8-hour blackout that could occur once a year as USD 60. Woo et al. [19] analyzed that the average WTP for Hong Kong residents to avoid an hour electricity outage was USD 45 per month. Ozbafli and Jenkins [20] found that additional WTP of households in North Cyprus to improve the reliability of electricity service was 13.8% of the monthly electricity bill.





4. Conclusions


This study aimed to examine the economic benefits of avoiding power outages in the South Korea residential sector. For this purpose, basic information about households’ WTP for the avoidance was collected through a nationwide survey of 1000 households applying the OOHB DC CV technique, and statistical analysis using the spike model was performed to derive information on the mean WTP per household to avoid power outages. The results showed that the annual economic benefits amounted to KRW 360.7 billion (USD 335.3 million).



We think that this research is relevant from both the policy and the research perspective. From the policy perspective, it derived and presented a value for the economic benefits of avoiding power outages in the residential sector, which is information that the government excessively needs. The government will use this value as important information when developing its power supply plans. Above all, it is clear that the level of investment needs to be increased to avoid power outages in the residential sector. The government has decided to increase the number of natural gas-fired power plants and renewable energy facilities to expand the power supply and to enlarge the energy storage systems and pumping-up power generation facilities, to respond to the intermittent and variable supply of renewable power caused by the expansion of renewable energy. These measures are consistent with the findings in this study.



In addition, the results can be adopted as a basis for securing justification for the investment required to avoid the power outages in the residential sector. Large investments are needed to implement a project of improving the power supply stability. The funds required for the investments will eventually be borne by the people, and the project is just one of many projects the government will have to perform. Therefore, the economic feasibility of the project should be assessed, rather than putting public funds into it unconditionally. That is, only when the benefits ensuing from an investment are greater than the costs involved in the investment can this investment be socially justified. If the costs are greater than the benefits, it is preferable not to carry out the project. Whereas costs can usually be measured relatively easily, it is not easy to evaluate the benefits of an investment. However, the results of this study can be used to estimate the economic benefits of a project that improves the power supply stability.



One can think that the quantitative information extracted from the analysis may be used in generation capacity planning. For example, the information may be utilized in deciding when new generation facilities should be constructed in long-term horizon in order to avoid electricity outage events. If the total WTP for avoiding power outages is greater than the cost invested in increasing power generation facilities to prevent the power outages, this investment is socially desirable. In addition, as the power supply stability increases, the difference between the former and the latter becomes smaller, and the investments to improve the power supply stability are justifiable to the extent that the former is greater than the latter. In fact, the South Korean government has applied this logic to establishing a basic national plan for long-term power supply and demand and granted new power plant construction permits. Of course, power outages do not only occur when power generation facilities are insufficient but also when there are problems with transmission and/or distribution facilities. Thus, a similar reasoning can be applied to investments in transmission and/or distribution facilities.



From the research perspective, this study contributes to the CV literature by applying the CV technique, one of the economic valuation techniques, to calculate the economic benefits of avoiding power outages in the residential sector. In particular, the implications of this study will be especially beneficial as it is the first study to be conducted in South Korea, which requires information on the economic benefits of avoiding residential power outages. Of course, the framework of this study needs to be expanded further. For example, some topics, such as a comparison of our results with the economic benefits derived for the industrial or commercial sectors, the application of the framework of this study to other countries for comparison, and the derivation of regionally separated economic benefits of avoiding power outages in South Korea, will be fruitful. In particular, these follow-up tasks will contribute to preparing customized plans for power supply stabilization by helping to estimate the economic benefits of avoiding power outages more accurately.
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Figure 1. Flowchart of one-and-one-half-bounded dichotomous choice question for deriving a willingness to pay (WTP) response. 
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Table 1. Summary of previous studies addressing household consumers’ willingness to pay (WTP) to avoid power outages.
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	Countries
	Sources
	Methodologies a
	Mean WTP





	Australia
	Hensher et al. [10]