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Overview

The integration of RES leads to increasing variability and uncertainty in electrical power systems. As electricity can virtually not be stored, demand and generation have to be in balance at all times. Due to the unpredictability of RES generation, an efficient provision of reserve capacity and thus adequate reserve sizing techniques are becoming essential elements in power system operation. In the past numerous studies on the impact of RES on reserve requirements have been performed wherefrom a variety of reserve sizing methods have emerged ranging from deterministic to probabilistic with the latter featuring both static and dynamic approaches [1], [2].
Methods

In this study we propose a new dynamic reserve sizing approach similar to that of Bruninx and Delarue [2]. The dynamic model is compared to a static probabilistic model which represents the status quo of most power system operators. The static sizing of reserves is based on a probabilistic approach. Thereby, yearly unconditional distributions of load, wind and solar forecast errors and plant outages are convolved. The resulting joint probability density function allows to determine static reserves given a predefined reliability level [1].

While the static model ignores the high dependency of the forecast errors on the forecast, the dynamic model focuses on conditional probability distributions of forecast errors and plant unavailabilities. Based on historical data of the German TSOs for 2011-2013 we perform statistical analyses and group the data. The load forecast error is assumed to follow a Gaussian distribution with zero mean and a standard deviation proportional to the load [3]. To capture the fat tails of the wind power forecast error distribution the Lévy α-stable distribution is used. The parameters are estimated using a quantile approach [4]. The forecast error of the solar generation is assumed to follow a Gaussian distribution. The parameters of all distributions are estimated for each group using a least-squares fitting. For the calculation of conventional generation unavailabilities, a dispatch model is incorporated. Conditional outage probabilities are then computed by implementing a binary random process. For the calculation of hourly reserve requirements a joint conditional error distribution is determined assuming independent variables and using a standard convolution.
The benefits of this improved dynamic reserve sizing are then demonstrated in a case study for Europe. Thereby, the potentials for reserve and cost reduction are analyzed from a system perspective using a detailed unit-commitment model depicting the European electricity market.
Results

Since the static model does not distinguish between different time segments of the day we expect it to overestimate reserve requirements during off-peak times without solar generation. In contrast, the improved dynamic approach estimates reserve requirements more accurately and is expected to lead to significant cost savings.
Conclusions

Key to a well-functioning market is the market design. Due to the unpredictability of RES generation, an efficient provision of reserve capacity and thus adequate reserve sizing techniques are becoming essential elements in power system operation. We sugguest a new dynamic reserve sizing approach which estimates reserve requirements more accurately and is expected to lead to significant cost savings.
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