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regulation pressure at each timescale using ramping rate, power amplitude, and regulation

energy, respectively. Second, a coal-fired power flexibility retrofitting model is developed
considering low-load operating ranges, deep peak-shaving duration, ramping capability

degradation, and additional operating costs. A coordinated capacity optimization model is then
established for unretrofitted coal-fired power, flexibility-retrofitted coal-fired power, power-
responsive energy storage (PE), and intraday energy-regulation energy storage (IE). Finally, a
large renewable energy base in Xinjiang with 7,000 MW of wind power and 3,000 MW of
photovoltaic capacity is used as a case study, and different resource combination schemes

are compared. The case results show that the maximum upward and downward ramping rates
of the net load are 1,872.3 MW/min and 1,966.5 MW/min, respectively; the medium-term peak-
to-valley difference is 4, 618.3 MW, and the long-term positive and negative regulation

energies are 4.0264 million MWh/a and 2.7426 million MWh/a, respectively, indicating that the
base has multi-timescale regulation requirements. Comparisons among the four resource

combinations show that the coordinated configuration of flexibility-retrofitted coal-fired power,
PE, and IE better balances the renewable energy curtailment rate, system cost, power supply
5l

reliability, and mitigation of multi-timescale regulation pressure, thereby achieving the best
overall performance. The research results show that PE, flexibility-modified coal power, and |IE
respectively undertake the tasks of short-term rapid response, medium-term continuous

regulation, and long-term energy transfer. The synergy of these three can effectively enhance
the level of new energy consumption and the multi-time-scale regulation capability.

storage; WMMF multi-scale decomposition; optimal capacity configuration
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Table 4 Parameters of coal-fired power flexibility retrofit
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Table 5 Energy storage configuration parameters
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Table 6 Configuration of the comparative schemes
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Table 7 Coordinated optimization results under different schemes
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