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Overview
According to the EU objectives there are national plans to increase the share of electricity produced by renewable energy sources (RES) significantly. They are considered to be key to meet the targets of the Kyoto protocol. Furthermore they will contribute to reduce the dependence on imported primary energy carriers. Mainly the increase in installed wind capacity in numerous European countries contributes to the growth rate of RES in Europe.
The German Renewable Energy Sources Act (“Erneuerbare-Energie-Gesetz” – EEG) claims for priority purchase and transmission of, and payment for electricity from RES by the transmission system operators (TSO). The allocation of purchased and paid RES electricity is regulated by means of a nation-wide equalisation scheme. According to this scheme TSOs are obliged to deliver the fluctuating electricity infeeds from RES to the utilities serving the final customers in the form of monthly constant bands. I.e. the TSO is responsible for compensation of the RES-infeeds fluctuations. In order to meet this responsibility, the TSO needs to purchase or dispose RES-electricity in the market. 

The paper describes a decision support tool (DST) developed to assist the TSO in its obligation of “sublimation” of the fluctuating RES-electricity infeeds. With help of its different modules it provides the possibility to “learn” an optimal strategy for an efficient appearance of the TSO on the electricity market. After the introduction the second section gives a brief overview about German nation-wide equalisation scheme of RES-electricity. The third section addresses the simulation algorithm of DST and describes the methods which were applied . In section four it is described how market experiments have been conducted and which results have been obtained. In the final section conclusions and further research opportunities are outlined.

Methods
Agent-based modeling, Q-Learning.
Results
First, agent-based modelling is presented as a method to simulate the behaviour of TSO in the process of  “sublimation” of the fluctuating RES-electricity infeeds. Q-Learning is applied as an algorithm to adjust the TSO’s behavior in regard of attained experience.
Second, the results of conducted simulations show that decision support tool can efficiently assist the TSO in its decision making process regarding sublimation of RES-electricity. In particular, it  suggests the TSO, at each forecasted wind infeed value, the amount of additional energy it must obtain today in order to reduce or eliminate the necessity of participation on unfavorable intraday or balancing energy market tomorrow. By means of the Q-Learning algorithm the quantities that have to be procured by intraday market can be reduced on up to 30%.
Third, in order to sublimate the very-short deviations occurring on the day of delivery high liquidity of intraday market must be secured. 
Conclusions

Tests, conducted within DST have shown, that in order to meet the obligations of The German Renewable Energy Sources Act and to guarantee the security of electricity support the TSO must secure the undisturb sublimation process. Decision support tool presented in this paper can assist the TSO on this task. Applying of the Q-Learning algorithm for prediction of deviations of forecasted wind infeeds gives the TSO direct instructions, how to act at certain levels of forecasted values. Performance of Q-Learning can be inproved by increasing of number of learning data.
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