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Overview

In Japan, nuclear energy provided about 30% of electricity and 13% of primary energy supply before the 3/11 earthquake and tsunami. The Fukushima nuclear crisis resulted in the shutdown of all reactors, which lead to an increased consumption of fossil fuels to make up for the lost nuclear output. Large demand for imported fossil fuels has negative impacts to Japan’s economy due to weakening yen and rising fuel costs, soaring the trade deficit totaled 1.29 trillion yen ($12.9 billion) for November 2013. It becomes a vicious circle such that the growing imported fuel demand promote weaker yen, making the fossil fuels even more expensive and expanding the trade gap. 

The nuclear crisis poses a serious challenge to Japan’s energy security and its economy. The Energy and Environment Council proposed the “Options for Energy and the Environment” in June 2012. It presented three scenarios for the further electricity generation portfolios for each option on the basis of the share of nuclear energy in the power supply, namely “zero nuclear”, “15% nuclear” and “20-25% nuclear”. The options estimated that the generation costs are expected to reach 15.1 yen per kWh in 2030 for the “zero nuclear” scenario, and 14.1 yen per kWh for the “15% nuclear” and “20-25% nuclear” scenarios.
The estimated costs are based on the study by the “Committee for Verifying Power Plant Costs in the Energy and Environment Council” in 2012, but potential risk of increasing electricity costs and the economic burden for Japan are not fully captured in the study because fluctuation of fuel prices and exchange rates are not taken into account. The costs are calculated based on the assumptions that exchange rate is set to constant at 85.74yen/US$ and fuel prices are set in a deterministic way based on the IEA World Energy Outlook 2011. Although this traditional deterministic approach is simple and useful, this method cannot evaluate the uncertainty of varying energy prices and exchange rates that potentially pose the significant risk to Japan’s economy. 
The objective of this paper is to present risk analysis in the generation costs in Japan, using the Monte Carlo Simulation technique. The overall cost output is represented by a probability distribution, taking into account of the fluctuation of exchange rates and fuel prices. The stochastic modeling process is helpful to understand the risks of the presented power generation portfolios in terms of generation costs. 
Methods

We examines the generation cost on the basis of the options presented in the Energy and Environment Council, focusing on two scenarios.  Scenario 1, “zero nuclear”, assumes no nuclear power by 2030 with about 35% share of renewable energy and 65% fossil fuels.  Scenario 2, “20-25% nuclear”, suppose the share of nuclear power generation reaches of about 20%-25% by 2030 with 25%-30% renewables and 50% fossil fuels. 
Levelized cost of electricity is calculated from the present value of the sum of generation costs divided by total electricity production. The overall generation cost consists of capital cost, operation and maintenance (O&M), fuel and social costs.  We make the assumptions for the cost data compatible with the study of “Committee for Verifying Power Plant Costs in the Energy and Environment Council, ” following “Options for Energy and the Environment”, and an underlying paper of these studies (Homma et al. 2013), except future fossil fuel costs that includes oil prices,  LNG prices, coal prices and dollar-yen exchange rates. The generation cost for coal, LNG and oil thermal power plants are estimated at 7.7, 11.0, and 33.8 yen per kWh respectively given deterministic assumptions of fuel costs. We broke down these costs into two components, fuel prices in dollar and dollar-yen exchange rates, in order to assess the risk of variation of the key cost components. The cost of nuclear fuel is assumed to be the same with the Committee’s figure because its fluctuation is negligible small in terms of its huge power generation output. 

A stochastic analysis method based on Monte Carlo simulation is applied to incorporate the uncertainties into the model variables. Historic yearly fluctuation of exchange rates and price variability of crude oil, liquid natural gas and coal from 1965 through 2012 are fitted to logistic distribution function. Randomized annual price changes (stochastic variables) are generated as input data from their probability distribution, rather than fixed price points. The distribution functions are truncated at the 95% confidence level. The overall generation cost for each generation portfolio is simulated assuming combined exchange rates and fuel prices uncertainty. The total generation cost in a year of each generation portfolio is calculated with 10,000 times Monte-Carlo run with the above setting. 

Results
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Figure 1 Power generation cost trajectory toward 2030 (Left Panel) 

and Cumulative distribution for power generation costs in 2030 (Right Panel)
The solid lines in Figure1 left panel indicate the estimated average generation cost trajectories in red for the “zero nuclear” scenario, which reach 16.3yen per kWh in 2030 and in blue for the “20-25% nuclear” scenario, leading to 14.5 yen per kWh in 2030. The 95% conﬁdence interval of the curves are shown as shaded in each color. Compared with the government assessments (15.1 yen per kWh for the “zero nuclear” scenario, and 14.1 yen per kWh for the “20-25% nuclear” scenario), our estimates of the average costs are slightly higher. We would rather emphasize that the cost in 2030 can  reach up to 23.6 yen per kWh without nuclear power and up to 20.2 yen per kWh with  20-25% nuclear in case for the upper limit of the 95% confidence level. Such high costs are equivalent almost double of the current generation cost at 11.7 yen per kWh. The results from our simulation reveal that a generation portfolio with lower share of nuclear power is more sensitive to upside risk of fuel prices spike, but less sensitive to downside risk of fuel prices drop. Figure1 right panel illustrates the cumulative probabilities distribution of the different generation costs between the two scenarios. For example, there is a 45.3% chance that the expected generation cost fall within 15 yen per kWh in 2030 without nuclear, but the chance increases by more than 50% (68.5%) with 20-25% nuclear power generation. 
Conclusions

The choice of power generation mix has significant implications for the economy since Japan is heavily dependent on imported fuels. This paper examines the scenarios on the share of nuclear power generation presented by the Japanese government, using stochastic analysis to assess how variations in price affect overall generation costs. The results in this paper indicates that resuming nuclear operation not only secures relatively affordable generation cost on the whole but also help building robust energy system to the external price shocks by adding diversification of energy sources.
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