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ABSTRACT: Renewables have the “positive externalities” of clean and low-carbon. Meanwhile they also have the
“negative externalities” of uncertainties and fluctuations. To handle the aforementioned uncertainties and fluctuations the
current electricity spot market mainly adjusts the market clearing boundary according to the operating experiences which
cannot explicitly reflect the changes in the power balance characteristics caused by the integration of renewables. As a result
the regulation function of the electricity spot market on stimulating the flexibility of power system operation cannot be
effectively performed. To solve this the impact of uncertainties and fluctuations of renewables on multiple market clearing
boundaries and cost characteristics is analyzed. The idea of characterizing the aforementioned impact in the market clearing
model is explored. Then taking the frequency-—regulation mileage service as an example the impact of renewables on the
frequency regulation mileage requirement is revealed. On the basis of these the intra-day market clearing model considering
the response mode of generators to the frequency—regulation mileage requirement is proposed which can explicitly reflect the
aforementioned impact. Simulation results demonstrate that the proposed method can improve the system frequency
performance while guaranteeing the system economy performance which validates the effectiveness of the proposed method.
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Fig. 1 Schematic of the impact of uncertainties and ( ) 3 o
fluctuations of renewables on multiple market clearing
boundaries and operating costs
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Fig.3 Decomposition of actual generation
AGC 2 output of generators
° 3

3

Fig.2 Schematic of frequency-regulation mileage service
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Fig.4 Comparison between the market clearing model considering response mode of
generators to frequency-regulation mileage and the current clearing model
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Table 1 Bid prices and operating parameters of generators
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Fig. 6 Comparison of system frequency deviations of the operating day obtained by M1 to M3
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Table 5 Comparison of the system operating costs obtained by
M1 under different penetration of renewables
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