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Overview

Avoidance of the high societal costs of electricity blackouts requires that the amount of power generation in an electricity control area match exactly, on a near-instantaneous basis, the system load, net of losses and interchange with other control areas.  Unfortunately, the unscheduled electricity flows between control areas, i.e. the difference between the actual and scheduled electricity flows between control areas, are typically nontrivial.   For example, over the period 1 January 2001 through 31 December 2007, the root-mean-squared-difference between the scheduled and actual electricity flow between Western Denmark and Germany was approximately 17 % of the mean scheduled flow between the two control areas.  Consistent with this finding, the 2004 annual report by Eltra, the former system operator in Western Denmark, indicated in 2004 that the electricity flows between Western Denmark and its trading partners were “wrong” a substantial portion of the time.  In its words, “The flow across the Danish-German border was better than in previous years. However, congestion handling was only reasonably satisfactory compared with congestion handling in the Nordic countries.  All in all, the flow was wrong 40 % of the time.”(Eltra, 2005, p. 24).
In this paper, we present evidence that the unscheduled electricity flows between electricity control areas can be forecasted using nonlinear multivariate statistical methods.  The model makes use of the recent peer reviewed finding that unscheduled electricity flows are statistically related with geomagnetically induced currents (GICs).  GICs are believed to contribute to unscheduled flows because of induced transmission constraints.  The modeling framework makes use of temperature data and measures of “network” effects. The analysis also considers whether variations in wind energy production contribute to unscheduled electricity flows.

Methods

This paper employs standard econometric methods.  Unit root, heteroskedasticity, and autocorrelation issues are all considered. The data set contains over 50,000 hours of data.  

Results
While system operators have previously found unscheduled electricity flows difficult to model, the estimated equations in this research effort have a high level of explanatory power and the coefficients are highly statistically significant. 
Conclusions

The findings indicate that  unscheduled electricity flows between Denmark and its trading partners can be forecasted based on day-ahead measures of scheduled flows, ambient temperature, expected wind energy production levels, and forecasts of geomagnetic conditions.
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