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Abstract: Due to the strong uncertainty in the output of renewable energy sources such as wind and photovoltaic
power, as well as the complexity of coordinated control strategies among different energy types, the adjustable auto-
matic generation control (AGC) regulation capacity of multi-energy power systems is difficult to assess accurately.
To address this issue, a method for assessing the adjustable regulation capacity of multi-energy power systems and
enhancing its accuracy through coordinated control of renewable energy and energy storage is proposed. A probabilis-
tic interval prediction method is employed to quantify the uncertainty of renewable energy stations, enabling deter-
ministic evaluation of adjustable AGC regulation capacity in multi-energy systems. Furthermore, a coordinated con-
trol strategy for renewable energy and energy storage is developed to reduce the confidence interval of the regulation
capacity boundary and improve the overall accuracy of the system’s regulation capacity. Case studies under different
scenarios demonstrate that the proposed method effectively addresses the problems of low accuracy in adjustable re-
newable energy regulation capacity evaluation and excessively wide high-confidence boundary intervals, thereby en-
hancing the AGC regulation performance of multi-energy power systems.
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Fig.1 Uncertainty quantification model of output power
from renewable energy plants
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renewable energy—storage integrated system versus a renew-
able energy power plant
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Fig.4 Comparison of prediction results of 90% confidence in-
terval for the upward capacity boundary under different
energy storage configurations
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Table 3 Comparison of results on the width of 90% confi-
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Table 4 Minimum required energy storage capacity for re-
newable energy plants under different curtailment rates
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Fig.5 Relationship between the cost of energy storage plants

and the confidence interval width ratio under different confi-
dence levels
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fidence intervals under different penetration rates
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