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Overview

According to the United States Energy Information Administration, the share of electricity generation in the United States from wind turbines was 1.2 percent in 2008 (EIA, 2009). Because of the environmental concerns associated with the use of fossil fuels, there is considerable support for increasing this share. For example, the American Wind Energy Association has advocated polices to increase wind’s share of electricity generation in the United States  to 6 percent by 2020. Similarly, the European Wind Energy Association has called on the EU-25 countries to increase their share of electricity generation from wind to over 20 percent by 2030 from its current level of approximately 4.2 percent (EWEA, 2008). 

In light of these advocated increases in the share of generation from wind turbines, it is prudent to consider their potential consequences on power grid operations given that the wind is an intermittent source of supply and that the stability of an electricity grid requires that the supply of power equals load plus scheduled interchange.  The intermittency of wind power production and the inherent errors in forecasting wind power production  can impose costs on the system as highly dispatchable but costly sources of electricity supply are dispatched to compensate for changes in wind-power and wind-power forecasting errors.

In this paper we examine the market impact of wind power variability and forecasting errors on the deployment of balancing  power –i.e. the power dispatched by system operators to alleviate electricity market imbalances. The analysis also examines the possible link between variations in wind power production and forecasting errors on unscheduled electricity flows with other power grids. The analysis focuses on the E.ON  network in central Germany, a transmission system where wind power accounted for almost 17 percent of  vertical  load in 2008. The sample period for the econometric analysis spans from 1 January 2006 through 31 December 2008. The results of the analysis are expected to be of interest by energy analysts, system operators, and regulators.

Methods
The analysis commenced by first calculating the day-ahead forecast errors of wind power energy. The calculation revealed that the errors are large and variable (Figure 1).  For ten percent of the observations, the actual wind energy produced was greater than the forecasted level by more than 499 megawatts; for another 10 percent of the observations, the actual wind energy produced was less than the forecasted level by more than 950 megawatts.  
While the day-ahead wind power forecast errors are large, they may have little if any impact on operations to the extent that the system operator receives and acts upon revised forecasts.  To assess their  impact as well as the impacts of wind forecast levels  and changes in wind power production from one market period to the next,  several multivariate econometric models were specified and estimated.  The models examine the effects of these measures of wind power penetration  on the following  power grid metrics: the dispatch of overall  balancing power; the dispatch of secondary control power; the dispatch of  “minute reserves” ; the price of balancing power; unscheduled exports of power to Austria, the Czech Republic, the Netherlands, and Denmark; deliveries of power from the high voltage system to distribution companies; and injections of power into the high voltage transmission system.  The models control for possible confounding factors by including proxies for day-ahead expected operating conditions and binary variables for each month and hour of the day.
Figure 1. Day-Ahead Wind Power Forecasting Errors in EON NETZ, 1 January 2006 – 31 December 2008
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Source : EON Netz

Results
The econometric results indicate that day-ahead wind forecast levels, day-ahead wind power forecast errors, and changes in wind power production from one market period to the next all have consequences for: the dispatch of overall  balancing power; the dispatch of secondary control power; the dispatch of  “minute reserves” ; the price of balancing power; unscheduled exports of power to Austria, the Czech Republic, the Netherlands, and Denmark;  deliveries of power from the high voltage system to distribution companies; and injections of power into the high voltage transmission system.  

Conclusions
Higher wind power penetration levels have significant consequences for power grid operations. Given the finding that unscheduled exports are affected, the challenge to reliability associated with higher wind power penetration levels extends beyond the control area in question.  This challenge can be expected to become more formidable given the current trend in wind power investments.  
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