
ELECTRICITY SPOT PRICES: 
INTEGRATION, CONGESTION AND VOLATILITY 
Melanie A. Houllier, CASS Busienss School, City University London, +44 (0)7405104451,
 Melanie.Houllier.1@cass.city.ac.uk
Overview

Establishing supranational electricity markets is high on the agenda of policy makers to ensure efficiency and to increase competition in the deregulated power sector. Well-functioning energy markets that safeguard energy supply at competitive prices are key for achieving economic growth and consumer welfare. 
In this study we adopt a fractional co-integration analysis to examine the relationship between volatility and price processes in European electricity markets and to assess the law of one price. Previous studies that have tested for unit roots in electricity spot prices have potentially reached misleading conclusions because they fail to allow the order of integration to be fractional. The existing literature about market integration of the European electricity spot markets has been devoted to what has been described as the “I(0)/I(1) paradigm” (Robinson and Marinucci, 1998). Especially for high-frequency financial data it appears over-restrictive to limit attention to integer orders of integration (Baillie and Bollerslev, 1994). Fractional cointegration analysis dismisses the stringent I(0)/I(1) distinction by allowing d to take values between 0 and 1 and therefore providing a more precise way to model and analyse low-frequency dynamics (Cheung and Lai, 1993). The long- and short memory of price and volatility processes of electricity spot prices from APX-ENDEX (UK and Netherlands), EPEX (Germany, France, Swiss), OMEL (Spain), Nordpool (Finland, Denmark, Norway) and Powernext (France) are analysed. We permit for a generalization of the I(0)/I(1) dichotomy and find strong evidence for long memory of electricity spot prices. The data also suggests that some markets in the European Economic area are fractional cointegrated leading to mixed conclusions concerning to the law of one price. 
Methods

The dataset consists of hourly electricity spot prices from six West European countries (France, Germany, Austria, Netherlands, Spain, Swiss and UK) as well as three Scandinavian countries (Denmark, Sweden and Finland) which are registered in six major European wholesale markets: APX-NL (Netherlands), EPEX (Germany), Nordpool (Denmark, Finland and Sweden), APX-UK (UK), OMEL (Spain) and Powernext (France). We used hourly log transformed data from the 1.1.2009 to 30.04.2011 leading to 20400 observations. After the outlier detection and replacement procedure the number of observations has decreased to 20044. An examination of the statistical properties of the data as well as a fractional cointegration analysis has been conducted.
The procedure employed to test for fractional cointegration of the volatility proxies log return and squared log return follows Robinson and Marinucci (1998):
i. Estimation of the fractional orders I(d) for each market employing an univariate ARFIMA model. In performing these estimates log returns and squared log returns are used as volatility proxies.
ii. Test for a common order of fractional integration di=dj 
iii.  Residual based co-integration test. 
Results

We show that log-returns and squared log returns of electricity spot prices are fractional integrated and therefore reveal long-memory. The detailed examination of the cointegration relationship confirm that some markets may well be tied together through a long memory I(d) process rather than an I(0) process. We find stronger evidence of fractional integration for log-returns than for squared log-returns.
We confirm that Germany is the most integrated market. The results of the analysis of the log-returns strongly suggest that Germany is fractionally cointegrated with the Dutch spot market, the UK, France and the Scandinavian countries. The data suggests that France and the Netherlands are also tied together through a fractionally integrated I(d) type process, such that the residual series shows a faster order of mean-reversion. Despite a statistically significant common order of fractional integration, cointegration for the remaining four markets, could not be confirmed. We find that Spain´s embeddedness with the other European markets is still very poor.

Conclusions
Overall, the findings suggest that 23 years after the general principles of a single European electricity market have been initiated, the aim to establish one supranational European electricity market has only been partly achieved. For the law of one price to hold the equilibrium error must be mean reverting. Whereas Germany´s electricity spot price processes constitute evidence that arbitrage with its neighbouring country is possible, Spain´s price processes show little association with the other electricity spot prices. 

Possible explanations for the low long-term association of electricity spot prices in Europe could be restricted arbitrage opportunities due to insufficient transmission capacities. A further reason for different mean-reverting behaviour could also be the widely varying energy mix of the countries under study. Further research for the multivariate case appears promising.
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