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1. Overview
This study is motivated by the absence of renewable certificate market for households, commercials, and industrial sectors in Korea. A hypothetical green certificate program is considered for households who want to obtain renewable certificates, and a choice experiment survey is conducted to derive individuals’ preferences on the green certificate program. The purpose of this study is to examine the willingness to pay (WTP) of residential customers for a hypothetical green certificate in Korea and to identify which attributes of the green certificate are more likely to increase choice probability for the green certificate. This study will measure WTPs for attributes such as renewable energy sources, share of green electricity, and the method of using the obtained green certificates. We will also test preference heterogeneity by allowing for differences in education, income, age, sex, political propensity, and other observable socio-economic characteristics, as well as unobservable factors such as tastes or specific choice situations. Various models such as conditional logit, mixed logit, latent class, and hybrid models are applied to estimate parameters of attributes considered as components of the green certificate program and consumers’ willingness to pay for renewable electricity. Unobservable as well as observable preference heterogeneity is also analyzed for the attributes. Individuals are categorized to pro-renewable and anti-renewable groups; among various socio-demographic characteristics, income, education, age, and political propensity significantly affect preference on the green certificate program. The estimation results show that solar PV (Photo Voltaic) is the most preferred among various renewable technologies. Consumers show the greatest heterogeneity for solar PV but about a third of the respondents indicate positive preferences on donation of green certificates to low income groups.

2. Methods
Our study analyzes a hypothetical green certificate market for households in Korea using a choice experiment (hereafter CE). Yoo and Ready (2014), Kaenzig et al. (2013), and Cardella et al. (2017) have all employed CE methodology to investigate factors affecting consumer preferences for green energy. For our estimation purposes, we considered various estimation models from a simple conditional logit model (CLM) to a mixed logit model (MLM), a latent class model (LCM), and a hybrid model that combines the MLM with the LCM. The CLM assumes strong restrictions such as independence from irrelevant alternatives (IIA), homogeneity in preferences, and no correlation between unobservable attributes over different choice sets. Although the CLM can reflect preference heterogeneity by allowing for interaction between attribute levels with observable respondents’ characteristics, it cannot account for unobservable preference heterogeneity (Yoo and Ready, 2014). Therefore, the MLM (also known as the random parameter logit model) and LCM were developed to relax the stringent conditions of the CLM. The MLM is different from the LCM in that the former assumes random parameters for the attributes while the latter assumes fixed parameters within a latent class. The hybrid model assumes random parameters within the latent class and provides the best goodness of fit (Bujosa et al., 2010). In addition to the MLM, we also employ individual-level estimation methods to identify the probability distribution of an individual attribute. We apply these econometric models to estimate coefficients of the attributes as components of the hypothetical green certificate program.

3. Results
First of all, among the various renewable energy technologies, solar PV was the most preferred, followed by wind and bio energy according to CLM and MLM without allowing for correlations between random parameters of the attributes. But the MLM with allowing for correlations among random parameters showed that solar PV was the most favorable, followed by bio energy, and wind energy in terms of the preference order. Secondly, according to the LCM analysis, individuals whose endogenous features belong to  class A revealed negative preferences on all of the renewable energy, while respondents in  class B showed that wind energy was the most preferred, followed by bio energy, and solar PV, and people in class 3 showed that solar PV was the most favorable, followed by wind energy, and bio energy. Estimation results from the hybrid model showed the same outcomes for class 1 and 2, but class 3 showed that solar PV was the most preferred, followed by bio energy, and wind energy. In overall, preference intensity of class B was greater than class C regardless of types of renewable energy source. Therefore, the results show that Korean electricity consumers can be split into anti-renewable energy group vs. pro-renewable energy group. Again, the pro-renewable energy group is divided into renewable-enthusiastic vs. renewable-moderate group. Thirdly, in terms of the observable heterogeneity, people showed higher preferences on renewable energy with larger green electricity ratio as they have higher income, higher education, or are older than the average. But there was little difference between male and female in preference on renewable energy. People who have higher income and education, or are older or are males do not prefer donation of green certificates. As power plants are distant from respondent’s home, preference on renewable energy increased, but preference on donation of green certificate declined. In particular, in association with political preferences of respondents, progressive people preferred wind or solar PV with higher green electricity share, and had positive preference on donation of green certificate but the estimate was not significant. On the other hand, neutral people preferred only solar PV, and did not prefer donation of green certificate. Conservative people got negative preferences on wind, solar PV, green electricity share, and donation of green certificate. Fourthly, unobservable preference heterogeneity of respondents was detected for solar PV, sales of certificate, bio energy, and green electricity share for the MLM. Hybrid model showed that preference on renewables had strong, unobservable heterogeneity for group A and C, but preferences were homogenous for group B. Kernel density distribution for Individual attribute showed that preference on wind was positive, but there were negative and positive preferences on PV and bio energy. Also, negative as well as positive preferences existed for donation of certificate as well as green electricity share. Finally, the estimation results from the MLM also revealed significant correlations among the random parameters. For example, people who preferred solar PV also preferred wind power. Individuals who liked bio energy also wanted wind energy. People who preferred to sell their certificates preferred wind energy as well. People who wanted greater share of renewable electricity also preferred to sell their certificates to the market.

4. Conclusion
Concerning the policy implications, it is notable that there are people who would like to support low income groups under energy poverty through donation of green certificates in Korea. This study found two groups whose preferences are associated with donation of their green certificates: one is renewable energy enthusiastic group (22.9% of total sample), and the other is politically progressive group (33% of total sample). So, proportion of people whose preferences support donation of green certificates ranges from 29% to 33%, which is not ignorable when Korean government considers donation of the obtained green certificate as one of the characteristics for the green certificate program. In terms of potential market prices for the green certificates by energy sources, solar PV, wind, and bio energy are estimated as 10.83~11.6, 8.06~8.93, and 7.25~7.54KRW/kWh, respectively. In 2018, average REC price in Korean was about 98KRW/kWh. Therefore, Korean companies would have incentives to participate in the green certificate market if they should purchase green powers to comply with the RE100 program.
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