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Overview

     Until the 1990s, the electricity sector had been vertically integrated, where regulators fixed prices as a function of generation, transmission, and distribution costs. Thus, there was little uncertainty in prices. In recent years, electricity markets in many countries have been deregulated with the aim of introducing competition in generation and supply activities. Prices, which are now to be determined by the interaction of supply and demand, have become highly volatile with unexpected spikes. Capturing these sudden spikes, which may be explained as a response to an extreme temperature, supply, or transmission shock, may lead to more informed decision-making in energy investments, such as valuing gas-fired power plants, than ignoring them. 

Methods     

     Four linear stochastic models together with deterministic seasonality functions are first proposed for the logarithms of prices: 1. mean reversion (MR) for both electricity and gas; 2. arithmetic Brownian motion (ABM) for electricity and MR for gas; 3. geometric Brownian motion (GBM) for both electricity and gas; and 4. GBM for electricity and MR for gas. After capturing the seasonality via a combination of sine and cosine functions, multivariate normal regression is applicable to estimating these linear models. However, in terms of the recent spikes and stochastic volatility in energy spot prices, as another aspect of deregulation in financial markets, Markov regime-switching approaches and a mean-reverting stochastic volatility are also posited to improve upon these simple linear models. Thus, a maximum-likelihood optimisation in connection with the Hamilton-filter algorithm and variogram analysis for the unobservable regime-switching process and stochastic volatility, respectively, is used to explain better the behaviour of the prices. 

Results

     A total of 2105 observations of daily electricity and gas spot prices from the UK in GBP/MWh are available. The sample period begins on 27th of March 2001 and ends on 31st of December 2006. For the empirical forecast study, the data are divided into two periods: the in-sample period, which is used to estimate the parameters of the models of interest, and the out-of-sample period, which is used to evaluate the future corresponding forecasts.  In order to assess the performance of each model, we calculate the expected present value (PV) of a gas-fired power plant (with and without flexibility of being switched off once it cannot make a profit on a particular day) for each model using Mont Carlo simulation. The results of study suggest that, with the aim of valuing the power plant, mean reversion with stochastic volatility for both electricity and gas prices provide surprisingly the best forecast. 

     The present value of the actual plant with and without flexibility, and the expected present values estimated by linear and non-linear models, over t (from 365 to 1096) days ahead, are plotted in Figs. 1 and 2. It is revealed that the non-linear models, specifically the one using a mean-reverting process with stochastic volatility for both logarithms of electricity and gas, provide better forecast of PV than the linear model, over the long-term periods.
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Conclusion

     The linear models, frequently used in energy markets, can increase the risk of a wrong decision due to a bad forecast of expected value of a power plant, although they are simple to interpret and fast to calculate. Even though their ability in capturing the behavior of the commodity prices in short-term periods may be similar to those of the non-linear models, they are not able to capture the long-term dynamics in energy prices.
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Fig.1 The expected PV of the plant with flexibility
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Fig.2 The expected PV of the plant without flexibility
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