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Abstract:

The integration of Distributed Energy Resources (DERS) into multi-agent microgrids coordinated
through Virtual Power Plants (VPPs) plays a vital role in enhancing the resilience and flexibility of
modern distribution networks. However, the stochastic nature of renewable energy sources, dynamic
load variations, and the complexity of coordinating autonomous agents necessitate advanced
frameworks capable of effectively managing multi-objective, nonlinear, and uncertain problems. This
study proposes a novel multi-layer coordination framework to synchronize resilience and flexibility in
VPP-based multi-agent microgrids, which facilitates real-time information and resource exchange
among agents. Furthermore, three new quantitative indices are introduced: the Resilience Coordination
Index (RCI), the Flexibility Coordination Index (FCI), and the Multi-Agent Coordination Index (MCI),
which evaluate system performance from an inter-agent coordination perspective. To solve the
optimization problem, the Homeostatic Particle Swarm Optimization (HPSO) algorithm is employed.
The proposed framework is evaluated on an IEEE 85-bus test system comprising three microgrids and
diverse resources, including photovoltaic units, wind turbines, battery energy storage systems (BESS),
microturbines, fuel cells, and electric vehicles. Simulation results demonstrate that the proposed
framework reduces operational costs by 13.05%, completely eliminates the Expected Energy Not
Supplied (EENS) under fault conditions, and maintains bus voltages above 0.884 p.u. The RCI, FCI,
and MCI indices reach values of 100.0%, 47.5%, and 51.8%, respectively, highlighting the significant
superiority of the multi-agent framework over centralized and uncoordinated approaches. Sensitivity
analysis confirms the robustness of the proposed framework under diverse operational conditions.
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Figure 2: Convergence curve of HPSO algorithm
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Figure 4: 24-hour coordination graph of proposed indices
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Table 6: Sensitivity analysis results of the proposed framework
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