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Abstract: The new round of deregulation and reform of power
industry in China are push forward steadily and achieve remarkable
success. The combined operation of spot markets and ancillary ser-
vices markets will be the key problem of electricity markets con-
struction in the next step. Variable generation resources jointly
competing in the electricity markets will be the inevitable develop-
ment trend of China. Firstly, a combined operation mode of spot
and ancillary services markets is processing by considering vari-
able generation resources. The optimization clearing model of ener-
gy and ancillary services markets are also constructed. The thermal
units, hydro units, wind units and solar units are all considered in
the model and their operation constraints should be satisfied. Final-
ly, the numerical examples are performed to validate the effective-
ness of the proposed model and to analyze the clearing results and
benefits of the combined operation mode.

Key words: spot market; ancillary services; combined opti-
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Fig.2 Per unit generation profile of wind units
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Fig. 4 Price curve of energy spot market
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Fig. 5 Price curve of regulation market
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Fig. 6 Price curve of reserve market
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Fig. 8 Clearing results of hydro plants in the energy market
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Fig. 11 Clearing results of the regulation market
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