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Overview
To increase use of renewable sources, the Korean government will introduce Renewable Portfolio Standard (RPS) system as of 2012. RPS obligates each power generating company to include a certain amount of green electricity
 in its power generation portfolio. To expand the dissemination of renewable energy, RPS has been widely adopted in several countries including U.S. and Canada. It places the expense of extra financial costs of renewable energy on the consumer and tends to allow for price competition between different types of renewable sources (Berry and Jaccard, 2001). Thus, customers may pay the additional cost for electricity due to the adoption of RPS. 
Although each renewable sources are differenct in their unit generating costs and strengths/weaknesses, the form of the final good consumed is same as green electricity. Applying the discussion of Hanemann’s (1994),  green electricity and several renewable sources can be regarded as a composite good and its components, respectively. Previous researches about customers’ valuation on green electricity have been overlooked this feature of analyzed good. However, on the premise that green electricity is a kind of a composite good, it is important whether customers recognize different renewable sources as substitutes or not. If there is a substitution effect between renewable sources, using the cheapest renewable source more may increase customer’s utility. If not, a renwable energy policy beyond the logic of cost minimization should be needed. To analyze whether there is a substitution effect between renewable sources, we can apply the concept of an embedding effect. Following Diamond et al.’s (1993), Brown and Duffield’s (1995), and Bateman et al.’s (1997), an embedding effect arises where the willingness to pay (WTP) for a composite good is smaller than the sum of the WTP for its components. If there is an embedding effect for a composite good, there is a substitution effect between components. 
Using contingent valuation (CV), we studied if there arose an embedding effect between several renewable sources. Based on our analysis, we tried to answer the following two research questions. First, does the respondents’ WTP depend on the type of renewable sources? Second, does respondents recognize various renewable sources as substitutes? Answering these questions can help to analyze the compatibility of RPS and establish the appropriate direction of renewable dissemination policy. 
Methods
CV is aimed at eliciting people’s preferences for non-market goods such as public goods by questioning their WTP for specified improvements in the goods. It is often applied to examine how people value goods related to renewable energy and the estimated WTP amount is defined to be the maximum amount of money a person will pay in exchange for using green electricity (Menegaki, 2008). We conducted two CV surveys to answer our above research questions. 
Following Brown and Duffield (1995), there exists a perfect substitution effect between components of a composite good if
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, which indicate the the WTPs for electricity generated from wind, photovoltaic (PV), and hydro power, respectively. We also tested the null hypothesis that the WTP differences are insignificant. The second survey asked 
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 which means the WTP for green electricity. Applying the results of two surveys to Eq. (1), we investigaged whether an embedding effect arose in valuation of green electricity. 
Results
The results from two CV surveys are summarized in Table 1. Our empirical results indicated that although the WTP for wind power 
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  was the highest and the WTP for hydro power 
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 was the lowest, the WTP differences between those renewable sources were statistically insignificant. This can be interpreted as respondents had almost the same level of utility regardless of dfferent renewable sources. Also, the results indicated that the WTP for green electricity is smaller than the sum of the WTP for its components, that is, wind, PV, and hydro power, satisfying the condition of Eq. (1). Thus, people recognized different renewable sources as perfect substitutes, it is thought that the expansion of relatively advantageous renewable sources from a cost perspective is appropriate to maximize customers’ utility. 
Table 1. WTPs for Wind, PV, Hydro Power and Green Electricity
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	Green electricity, 
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	Mean WTP
	KRW 1592

(USD 1.38)
	KRW 1557
(USD 1.35)
	KRW 1539

(USD 1.33)
	KRW 1456
(USD 1.26)

	a The 2010 averaged standard trading rate (1157.6 KRW per USD), announced by Korea Exchange Bank in December, was applied.
b For all the values analyzed, the mean WTPs were statistically significant at the 1% level


Conclusions

This study investigated people’s valuation on green electricity with RPS applying the concept of an embedding effect in CV. Through our empirical results from two CV surveys, we successfully answered our two research questions. Respondents’ WTP did not depend on the type of renewable sources and they recognized various renewable sources as substitutes. That is, we found that cost minimization logic of RPS seems to be compatiable from not only the perspective of power generating companies but also the perspective of customers. Furthermore, RPS itself is not a suitable tool for the dissemination of renewable sources which are relatively costly, and does not yield a significant diversity of renewable source. These implications support the need for adopting Renewable Energy Certificates (RECs) or setting a set-aside.   
Acknowledgement
This work was supported by the New and Renewable Energy Program of the Korea Institute of Energy Technology Evaluation and Planning (KETEP) grant funded by the Korea government Ministry of Knowledge Economy (No. 2009T100100600)
References
Berry, T. and M. Jaccard (2001). “The renewable portfolio standard: design considerations and an implementation survey.” Energy Policy 29(4): 263-277.
Hanemann, W.M. (1994). “Valuing the environment through contingent valuation.” The Journal of Economic Perspectives 8(4): 19-43.
Diamond, P.A., Hausman, J., Leonard, G.K., and M.A. Denning (1993): Does contingent valuation measure preferences? Experimental evidence. North-Holland, New York.
Brown, T.C. and J.W. Duffield (1995). “Testing part-whole valuation effects in contingent valuation of instream flow protection.” Water Resources Research 31(9): 2341-2351. 

Bateman, I., Munro, A., Rhodes, B., Starmer, C., and R. Sugden (1997). “Does part-whole bias exist? An experimental investigation.” The Economic Journal 107 (441), 322-332.
Menegaki, A. (2008). "Valuation for renewable energy: A comparative review." Renewable and Sustainable Energy Reviews, 12(9): 2422-2437.


































� Green electricity means electricity generated from renewable sources
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