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Abstract: Currently, the global energy structure is undergoing a profound transformation. Renewable energy sources
represented by wind and solar power are increasingly becoming key components of power supply due to their cleanliness
and sustainability. However, the inherent intermittency and volatility of these energy resources pose significant challenges
to the frequency, voltage, and overall stability of power systems, threatening the security and reliability of power supply.
To address these challenges effectively, it is crucial to integrate advanced technologies and methods to ensure reliable and
efficient operation of power systems. The roles of simulation technologies, frequency regulation strategies, and artificial
intelligence in new-type power systems are systematically analyzed. The evolution of hybrid simulation, from traditional
serial methods to high-performance parallel and intelligent approaches, is analyzed in depth. The key roles of virtual
synchronous generators and multi-type energy storage in mitigating inertia reduction and frequency regulation are
examined. Additionally, recent advances and potential of artificial intelligence in renewable energy power generation
prediction, load prediction, and smart microgrid scheduling are comprehensively evaluated. It is emphasized that the
supporting roles of energy storage technologies and artificial intelligence should be fully leveraged, and more flexible
market mechanisms and resource allocation systems should be established, thereby laying a foundation for the stable
operation of new-type power systems.
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Fig.1 Characteristics of different development stages of new-

type power systems
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Table 1 Conventional hybrid simulation modeling methods
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Fig.3 Schematic diagram of a new-type power system
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Fig. 4 Digital and intelligent applications of new-type power systems
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Table 3 Applications of decomposition techniques and fusion algorithms in renewable energy power generation prediction
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Table 4 Applications of attention mechanisms and ensemble learning in renewable energy power generation prediction
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