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Abstract

:

Due to air pollution and greenhouse gases issues associated with the use of fossil fuels and nuclear safety issues after the Fukushima accident, consumers are increasingly in favor of commodities produced using electricity generated from relatively expensive renewable energy (RE) rather than cheap fossil fuels or nuclear energy. This is usually called ‘RE100’. The objective of this study is to examine South Korean consumers’ willingness to pay (WTP) price premium for a RE100 commodity using the specific case of smartphones. We accomplished the purpose by conducting a contingent valuation survey of 1000 individuals in August 2018 and analyzing the data gathered from the survey. In addition, the spike model was applied to dealing with the zero WTP responses. Based on the analysis results, an average price premium was statistically significantly estimated to be KRW 11,699 (USD 10.5) for all respondents. This is worth 1.6% of the price for a conventional non-RE100 smartphone (KRW 750,000 or USD 673.9) and is higher than the cost increase (0.97%) when producing RE100 smartphones. Therefore, it can be seen that South Korean consumers have sufficient acceptance for RE100 smartphones.
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1. Introduction


The rapid increase in greenhouse gas (GHG) emitted from fossil fuels has strengthened global warming and has recently caused abnormal weather conditions worldwide. In addition, nuclear energy is not expected to increase due to the safety concerns generated, particularly after the Fukushima nuclear disaster. As a result, renewable energy (RE) consumption has become a topic and increased in several high-income countries [1]. In order to support the increase in RE consumption, power market restructuring policies have been implemented in some regions and countries, including Europe and the US. Previously, power consumers were unable to select primary energy, the raw material used to produce electricity, but after restructuring the power market, a number of suppliers entered the power market, expanding and facilitating consumers’ purchase of RE.



In this situation, the Climate Group, a multinational non-profit organization working to address climate change issues, first introduced the ‘RE 100%’ (RE100) campaign at the Climate Week held in New York City in 2014. Because of the RE100 initiative, which aims to produce electricity from 100% RE, companies are more willing to consume electricity generated from RE sources. Since the launch of RE100 in 2014, 157 companies from around the world have joined as of December 2018. In addition, as companies that had joined RE100 have asked their subcontractors to participate in the use of RE, the RE100 is expected to proliferate. As the number of companies joining RE100 continues to increase, products produced using 100% RE are expected to increase as well, and in this study, such products are described as ‘RE100 commodity’.



In response to this global change, Samsung Electronics, South Korea’s largest electronics producer, pledged RE100 by 2020 in 2018 [2]. RE100 commodities contribute to reducing GHG emissions compared to non-RE100 commodities. However, the cost of producing RE100 commodities is higher than that of producing non-RE100 commodities. Therefore, it is natural that the price of a RE100 commodity is higher than that of a non-RE100 commodity. Because the objective that a company seeks is to increase consumer satisfaction, identifying consumers’ preference and willingness to pay (WTP) before investing should precede. We can evaluate consumers’ acceptance of RE100 commodities by obtaining additional WTP or price premiums for RE100 commodities over non-RE100 commodities. Concretely, this study adopted smartphones as a RE100 commodity, which is a common electronic device in South Korea.



More specifically, this paper aimed to analyze consumers’ WTP price premium for a RE100 smartphone in South Korea. For this purpose, 1000 South Korean consumers were surveyed, applying the contingent valuation (CV) method, in August 2018. CV is a widely-used survey method for estimating WTP, which involves constructing a hypothetical market in a survey. In this study, it was assumed that all other conditions are the same, considering whether the commodity is produced using 100% RE. Specifically, to make it easier for respondents to understand, Samsung Electronics’ most popular latest model, Galaxy S9, has become the standard. That is, it was assumed that the existing Galaxy S9, which is a non-RE100 commodity since Samsung Electronics has not yet used RE, was to become a RE100 commodity by Samsung Electronics’ participating in RE100.



Arrow et al. [3] 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 [4,5,6,7]. This study was carefully designed under these conditions. The remainder of this article comprises three components. The methodology adopted in this paper is reported in Section 2. The penultimate section deals with the data, the empirical results, and discussions. The final section contains the conclusions.




2. Methodology


2.1. Literature Review


Recently, as environmental concerns have grown, interest in eco-friendly products has increased. Especially for electronic products, eco-friendly products are divided into two main types. One is that the manufacturing process of a product is environmentally friendly, and the other is to reduce environmental damage in use, such as increasing the energy efficiency of the product. In this study, we studied products corresponding to the former, and the advance study cases are summarized in Table 1. There have been studies on consumers’ preferences and WTP for environmentally friendly products rather than conventional ones, which mainly have applied the stated preference method. There are two main approaches, CV and choice experiment (CE).



Saphores et al. [8] analyzed consumer preferences and additional WTP for ‘greener’ electronic devices by designing a CE. Ward et al. [9] investigated consumers’ additional WTP for a refrigerator produced by a company that is a member of the Green Power Partnership using a CE method. Milovantseva [10] conducted a CV to look into the WTP for a green cell phone. Min et al. [11] examined the consumers’ WTP a premium for eco-labeled 43-inch LED TV by applying CV.




2.2. Method: CV Approach


As addressed above, the primary purpose of this article was to obtain information on consumers’ WTP price premium for a RE100 smartphone in South Korea. One complication in conducting the survey is the fact that the market of RE100 smartphones has not yet been formed in South Korea. In this case, revealed preference methods utilizing data obtained from the market cannot be applied. Therefore, a nonmarket good valuation method that can be applied to investigate consumers’ preference for a good or service that cannot be evaluated in the market should be adopted here.



The CV approach can be applied to measure consumers’ WTP to consume a good or service [10,11,12]. Similarly, consumers’ WTP price premium for a RE100 smartphone 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 [6,13,14,15]. The CV method directly asks respondents to determine their WTP contingent on a proposed situation. Arrow et al. [3] proposed several measures to ensure that a CV study is valid and accurate. For instance, a detailed and persuasive explanation of the goods of concern should be provided in the CV survey. The goods and the method of providing and paying for them should be meaningful to people. Well-trained and professional enumerators should be used [11,16].




2.3. Survey Instrument (Questionnaire)


We prepared a survey questionnaire with the assistance of experts at a professional polling company and tested the pilot questionnaire with a focus group to see how much potential respondents understood the questions. The final version reflected the inputs of the focus group as well as the advice provided by the experts at the polling company who were assigned to organize the fieldwork. 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 questionnaire comprises three sections. The first section presents an explanation of the aim and scope of the survey and warm-up questions about their perceptions related to the RE100 smartphone to the respondents. The interviewers also gave several well-illustrated visual cards to respondents. The second section deals with the collection of information about WTP in earnest, explaining the meaning and principle of additional payments and then asking their WTP. The third section relates to the collection of personal information about the respondents, and it included income, age, education, gender, and so on.



A Galaxy S9 price surcharge was chosen for the payment vehicle, because the Galaxy S9 was the latest release of the Samsung Electronics’ Galaxy series at the time of the survey and a representative smartphone in South Korea. Some former studies used a surcharge of a product price as a payment vehicle [11,16]. A distribution for the WTP price premium 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. The main part of the survey questionnaire in this study is given in Appendix A.




2.4. WTP Question


A dichotomous choice (DC) question is widely used for deriving a WTP response. Generally, the most commonly used types of DC question methods are single-bounded, double-bounded, and one-and-one-half-bounded (OOHB) DC question methods. The first type is simple and convenient but not statistically efficient compared to the second method. Whereas the estimates resulting from the second type can gain statistical efficiency, the second type may generate inconsistency due to the correlation between the first and the second bids [17,18,19] and can cause a compliance issue [20].



The use of the OOHB DC question type offered by Cooper et al. [18] 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 [21,22,23,24,25]. Consequently, this article utilized the OOHB DC question method. Two bids, one of which is higher than the other, were used in the OOHB DC question. If a lower bid is presented to an interviewee first and the answer is “yes”, a higher bid is additionally offered to the interviewee. If a lower bid is presented to an interviewee first and the answer is “no”, no additional question is offered to the interviewee. When a higher bid is presented to an interviewee first and the answer is “no”, a lower bid is additionally offered to the interviewee. If a higher bid is presented to an interviewee first and the answer is “yes”, no additional question is offered to the interviewee.




2.5. Spike Model


The following explanation is based on a utility difference approach [26]. An interviewee will say “yes” to a suggested bid, T, if the following condition meets:


V(Y,I−T;D)+λY≥V(N,I;D)+λN



(1)




where Y and N indicate the states in which a RE100 smartphone is purchased and conventional non-RE100 smartphone is purchased, respectively, V is an indirect utility function, I is the household’s income, D is the household’s sociodemographic characteristics, and the λs are the error terms. The utility difference function takes the following form:


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 from:


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 [23]. 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 [21,22,23,24]:


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 [21]. 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 [21]. 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 [21,27]:


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 [7,21,27,28]:


lnL=∑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)lnFW(0;ϕ0,ϕ1)}



(6)







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


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



(7)







The probability of Ws=0 is usually called the spike, which corresponds to [1+exp(φ0)]−1 in Equation (7) [28]. 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)] [21,26,27].





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 in August 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 [3] recommendation, the survey was implemented through person-to-person interviews. Participants who responded faithfully to the survey were given a gift in the price range of USD 3 to 5.



One of the finally determined bid amounts was randomly presented to each respondent. The sets of lower and higher bids in KRW 1000 are the following: (4, 12), (8, 16), (12, 24), (16, 32), (24, 40), (32, 48), and (40, 60). In the course of the survey, USD 1 was approximately KRW 1113. The distribution of responses to the bid amounts presented to the respondents is shown in Table 2. About 62.2% of all the respondents were found to have no intention of paying extra only 1 Korean won to purchase a RE100 smartphone. Therefore, it can be seen that applying the spike model is an appropriate strategy.



The no-response of 62.2% can be divided into true zero and protest zero. In this study, true zero and protest zero were 60% and 40%, respectively. The former means that a respondent is not willing to pay because they believe that a RE100 smartphone does not contribute at all to their benefit. The latter means rejection of the CV survey itself, generally for the following reasons: The question is too difficult to understand; the government is not confident in pursuing the proposed plan or project; the government is already spending too much money on this field; the person who caused the problem, not me, has to pay; I do not like this type of question at all; and this is not my concern. Therefore, it is difficult to view the protest zero as a reasonable response, and it is desirable to exclude it from the analysis. However, there may be a case where the benefit is largely estimated due to the elimination of protest zero. For this reason, in this study, both the true zero and the protest zero were included in the no-response for conservative analysis.




3.2. Estimation Results


Table 3 reports the estimation results of the model given in Equation (6) using the TSP 5.1 software. All the parameter estimates are statistically significant at the 1% level. The estimated equation is significant judging from the Wald statistic. In addition, the sign of the coefficient estimates meets the prior expectations. The consumers’ WTP price premium for a RE100 smartphone is KRW 11,699 (USD 10.5), which is also statistically significant.



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. Applying the method reported by Krinsky and Robb [29] to the estimation results for both parameters, φ0 and φ1, produces the CI for the mean WTP price premium. 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 four covariates, which are explained in Table 4. Table 5 shows the results of the model estimation.



Of the four covariates, the estimated coefficients for the three covariates are statistically meaningful at the 1% 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 respondent’s education level affects their acceptance of the bid price. The respondent’s education level is positively correlated with the likelihood of reporting “yes” to a given bid. The respondents who were older were more reluctant to say “yes” to an offered bid than others. In addition, rich respondents had a greater tendency to answer “yes” to a suggested bid than others.




3.3. Discussion of the Results


To investigate consumers’ preferences for a RE100 smartphone, the mean WTP price premium for the RE100 smartphone over a Galaxy S9 was computed. As noted earlier, in this study, skilled interviewers belonging to a professional polling company conducted the CV surveys with 1000 people nationwide. The authors therefore believe that this sample is well balanced and representative. To confirm this, the household’s monthly income, the ratio of female respondents, and the size of the household are checked here. The sample average for the variables were KRW 4.91 million, 48.4%, and 3.27 persons. The population average for those were KRW 4.61 million, 49.9%, 3.07 persons when the survey was conducted [30]. The lack of significant gaps between the two values for each variable confirms that our sample has strong representativeness.



The consumers’ mean WTP price premium for a RE100 smartphone is KRW 11,699 (USD 10.5). This value amounts to 1.6% of the price of the conventional one, Galaxy S9 (KRW 750,000 or USD 673.9). The 95% and 99% confidence intervals for the point estimate of WTP price premium were KRW 10,242 to 13,490 (USD 9.2 to 12.1) and KRW 9825 to 14,098 (USD 8.8 to 12.7), and these values account for 1.4% to 1.8% and 1.3% to 1.9%, respectively, of the price of a conventional non-RE100 smartphone.



In Samsung Electronics, electric charges account for 1% of the total production costs [31]. As of 2017, the average charge of industrial electricity was KRW 107/kWh (USD 0.10/kWh), and that of electricity produced from RE was KRW 211/kWh (USD 0.18/kWh). Therefore, if Samsung Electronics uses electricity produced from RE instead of industrial electricity that is mostly produced from fossil fuels and nuclear power, it can be predicted that the electricity charges of the manufacturing cost will rise by 0.97%. Comparing this expected increase of cost with the average WTP price premium, consumers indicate that they are willing to pay more than the extra cost of manufacturing.



It is clear that the respondents are willing to accept some economic strain to purchase a RE100 smartphone. Thus, these implications can provide fundamental information justifying the company investment to use RE instead of energy produced from fossil fuel. Corporate efforts to use 100% RE are not only socially responsible for global climate change but are also meeting consumer needs. This study analyzed consumers’ WTP price premium for a RE100 smartphone from Samsung Electronics, which is the second most power-intensive company in South Korea. Samsung Electronics announced in June 2018 that it would participate in RE100. The change in Samsung Electronics is expected to have a domino effect on many other companies.





4. Conclusions


Adequately responding to climate change issues is an important indicator of a company’s competitiveness. Many companies have declared joining the RE100 campaign. As many investments are needed to use RE instead of the energy produced from fossil fuels, information on the consumers’ preference for a RE100 commodity is important. This article intended to assess consumers’ WTP price premium for the RE100 commodity using the specific case study of a smartphone, which is the most common type of electronic devices in South Korea.



It seems that our work is meaningful from the industry, policy, and research perspectives. From an industry perspective, the work reported the potential implications of RE100 commodities using the specific case of smartphones. In South Korea, the market of RE100 smartphones has not yet been formed. Generally, if the commodity is not traded in the market, it is quite difficult to assess the economic benefits. However, the results of this study can be used to estimate the economic benefits of a RE100 commodity. In particular, the result can be adopted by companies as a basis for the investment needed to use RE.



From a policy perspective, with more and more global companies joining the RE100, creating a policy environment that facilitates the production and purchasing of RE is also linked to national industrial competitiveness. The South Korean government aims to increase the proportion of RE to 20% by 2030. In addition to expanding the proportion of RE, the government should create policies such as a green electricity tariff system and power purchase agreement for domestic companies to use the produced RE. We can see that South Korean consumers support such policy changes.



From a research perspective, this study effectively used CV to estimate consumers’ price premium for RE100 products. To the extent of the authors’ knowledge, there are many studies that have found WTP for expanding RE, but few have obtained a price premium for RE100 products. In this respect, this study contributes not only to CV literature but also to RE100 literature. In the future, if the framework of this study is expanded to other RE100 products, and if there are more studies in other countries, we can compare them with each other and derive implications.



The authors think that the contents of the study can be extended in future studies in several ways. First, we need to examine whether respondents who value sustainable development have a greater WTP. It will be important to understand the extent to which interest in sustainable development is related to RE100 purchases. Second, it would also be meaningful to confirm whether respondents want to pay for RE when they buy smartphones. Third, this study only compared the RE100 smartphone with the conventional non-RE100 one, considering whether it was produced using 100% RE, and assumed that all other conditions are the same. However, further studies, such as whether the respondents prefer lower prices or better features among RE100 smartphones, will also be meaningful for accurate forecasting of consumers’ preferences.
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Appendix A. Main Part of the Survey Questionnaire


Part 1. Questions about willingness to pay price premium for smartphone produced using renewable energy



Type A. Q1. Are you willing to pay a price premium of 4000 Korean won (lower bid amount) to get a smartphone produced using 100% renewable energy?



a. Yes—go to Type A. Q2.



b. No—go to Q3.



Type A. Q2. Are you willing to pay a price premium of 12,000 Korean won (upper bid amount) to get a smartphone produced using 100% renewable energy?



a. Yes—Finish this survey



b. No—Finish this survey



Type B. Q1. Are you willing to pay a price premium of 12,000 Korean won (upper bid amount) to get a smartphone produced using 100% renewable energy?



a. Yes—Finish this survey



b. No—go to Type B. Q2.



Type B. Q2. Are you willing to pay a price premium of 4000 Korean won (lower bid amount) to get a smartphone produced using 100% renewable energy?



a. Yes—Finish this survey



b. No—go to Q3.



Q3. Then, are you not willing to pay a price premium of anything to get a smartphone produced using 100% renewable energy?



a. Yes, I am willing to pay price premium something less than 4000 Korean won.



b. No, I am not willing to pay anything. In other words, my willingness to pay price premium is zero.



Part 2. Questions about socio-economic characteristics



The respondents were asked to respond to their socioeconomic characteristics, such as the gender of the individual, the number of family members, the level of education, and the monthly income (before tax deduction). Questions about the number of family and income were open-ended questions, and the question about the level of education was as follows:



Q1. Please check with √ your education level in years.





	Education Level
	Uneducated
	Elementary School
	Middle School
	High School
	University
	Graduate School



	Education level in years
	0
	1 2 3 4 5 6
	7 8 9
	10 11 12
	13 14 15 16
	17 18 19 20
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