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Optimal Operation and Energy Management Technology of Multi—Source Energy Microgrid
Wang Gang
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Abstract: With the transformation of the global energy structure and the advancement of the "dual carbon" goals, distributed
energy systems centred on renewable energy are rapidly developing. Multi-source energy microgrids, as important carriers
connecting the main grid and distributed resources, have advantages such as flexible networking, local consumption, and high
reliability, becoming key components of modern intelligent power distribution and utilisation systems. This paper studies the
optimal operation and energy management technologies of multi-source energy microgrids, systematically reviewing their
system architecture, key equipment modelling methods, and typical topologies; establishing a multi-objective optimisation
system that includes economy, environmental protection, reliability, and energy efficiency, and analysing the coordination
mechanisms among these objectives; addressing the uncertainties in wind and solar output and load demand by reviewing
strategies such as probabilistic modelling, robust optimisation, and model predictive control; further proposing a hierarchical,
multi-time-scale energy management framework and scheduling mechanism; and comparatively analysing the applicability
of mathematical programming, intelligent algorithms, and distributed optimisation methods in microgrid scheduling. Finally,
the paper discusses current technical challenges and future development trends, providing theoretical support and technical
reference for the practical application and intelligent upgrading of multi-source microgrids.
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