
Assessment of korea’s eLECTRICITY GENERATION MIX Considering cARBON EXTERNALITY
 Juhan Kim, Hanyang University, Phone +82 10 4336 1596, E-mail: juhankim@hanyang.ac.kr
Taeyoung Jin, Hanyang University, Phone +82 10 3100 4363, E-mail: tyjin@hanyang.ac.kr
Jinsoo Kim, Hanyang University, Phone + 82 2 2220 2241, E-mail: jinsookim@hanyang.ac.kr 
Overview
The purpose of this paper is to investigate the efficiency of Korea’s energy mix considering risk and ecological factor. The representative risk factor is energy prices. International energy prices are fluctuating. Oil and gas net export countries have been changed, controlling their supply and demand. The plant applying new technologies such as fuel cell plant is also key variable of instable energy price. In addition, energy prices have the intermittent characteristic, which means that there is always risk of cost change.

For the ecological factor, climate change has emerged serious problem. Intergovernmental Panel on Climate Change (IPCC) have published the annual report. International Energy Agency (IEA) published the report which covers energy and climate change (IEA, 2015). The Paris agreement was ratified successfully, which have binding force for parties. Furthermore, the Intended Nationally Determined Contribution (INDC) set by Korea was 37% reduction from 2030 prospection in BAU. As of 2010, carbon dioxide has the biggest impact on global warming among the GHGs. From these facts, we can say that carbon dioxide is the issue. The external cost of ecological aspects by generation source, which is based on the EU CASES data and the Fukushima case data, has been utilized in several researches. However, we didn’t apply these external costs since they don’t consider the specific domestic situation. Thus we calculated the external costs fit in Korea’s case and utilized them in our research.

It is essential to consider above two factors when we try to estimate exact efficiency of present energy mix. We adopted Mean-Variance portfolio methodology to analyse the efficiency of Korea’s electricity generation mix. For the risk part, we reflected risk diversification as dividing renewable energy into 7 main renewable energy sources. The risk was quantified by using each energy source commodity price. For the ecological part, carbon emissions of each generation source are considered as cost factor, put in as the proxy of externality of carbon. In addition, we used generating cost of each plant from several sources to make more precise cost estimation. Furthermore, after finishing estimating the efficiency of Korea’s energy mix, we made policy implications which include more efficient energy mix and the way to achieve Korea’s INDC.
Methods
According to Markowitz (1968), investors can use the portfolio theory to reduce risk by taking into account the variance and correlation of invested assets under uncertain situations. It was originally suggested to use this theory for risk management in financial investment. In our research, we apply this risk management technique on Korea’s electricity generation mix. Applying the portfolio theory to the power generation mix, we are able to derive the most efficient generation mix in terms of costs and benefits considering the correlations among power plants and individual characteristics. The expected cost and risk of each electricity generation source can be represented by the mean and standard deviation of distribution. This model is called Mean-Variance (MV) portfolio. We derive the optimal generation mix that minimizes MVovrerall risk of portfolio as follows:
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 in equation (1) represent each expected cost of the portfolio and the cost of generation i. 
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 denote the share of generations i and j, respectively. 
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 in equation (2) refers to the covariance between the cost of each generation. 
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 is variance of portfolio and is represented by the multiple of correlation coefficient(
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The correlation coefficient between each generation determines the effect of diversification of investment. According to Merton (1972), the frontier line in portfolio theory can be estimated by using the restrictions. Equation (4), (5), and (6) are representative types of objective function and constraints, respectively.

Min 
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The purpose of this analytical approach is to find the share of each generation (
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), thus minimizing portfolio risk. Through the optimization process, we can determine the minimum riskgeneration mix under the constant portfolio cost (
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). In addition, using the time-varying portfolio, we estimated efficient frontier for each period of time 

Results
Our analysis suggested that the established generation mix is inefficient if the cost of power plants, which includes fossil fuel plants, increases, applying ecological factors as external costs. Our analysis showed that the use of fossil fuel plants, except natural gas plants, should be significantly lower than in the government plan. 

Thus, we proposed an optimal electricity generation mix through diversification and a precise cost estimation process, which is an improvement in comparison to the existing government plan. In particular, we derived the most diversified and efficient generation mix when the risk level is between 0.06 and 0.09. Additionally, we confirmed that the government needs to modify its plan, since the existing plan is not on the frontier line. Finally, we concluded that the time-varying portfolio can be used as a complementary method to Wien Automatic System Planning(WASP), which is also used to determine the electricity generation mix.

Conclusions
In this study, given the relationship among several kinds of power plants, we constructed and assessed Korea’s electricity generation mix portfolio model. We considered economic risk and ecological cost factor, in order to improve Korea’s electricity supply stability through optimal energy source diversification. The model reflects the price level and the externality of carbon from each power plant. The optimal electricity generation portfolio calculated in this study has significant policy implications. Korea’s current energy mix does not meet the frontier line when considering the external impact of carbon and the associated cost simultaneously. Based on the efficient frontier derived from this study, we conclude that the coal generation source should be reduced, while natural gas and renewable generation sources should be increased. Finally, technological improvement and a shift towards renewable energy are essential to achieve INDC.
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