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Abstract:

This paper presents a bi-level mathematical model for optimizing the unit commitment of
energy generation units in the presence of worst-case scenarios of renewable resource
failures. The main innovation of this research is the integration of optimal load
management, intelligent scheduling of electric vehicle charging and discharging, and precise
modeling of renewable resource failures within a comprehensive framework. The high-level
model is designed to reduce operational costs, manage flexible loads, and minimize
pollution, while the low-level model examines the effects of resource failures and ensures
system stability under critical conditions. To solve the problem, the Karush-Kuhn-Tucker
(KKT) optimality conditions are employed as an efficient tool to reduce the complexity of
the bi-level problem, and the model is transformed into a Mixed-Integer Linear
Programming (MILP) problem. The proposed model is evaluated on the standard IEEE
network, and simulation results demonstrate that this approach significantly outperforms
existing models. Specifically, operational costs are reduced by up to 18.5%, system
reliability in critical conditions is improved by up to 35%, and energy losses are reduced by
22%. These achievements highlight the model's capability to provide resilient and efficient
solutions for optimal energy resource management under uncertainty scenarios. Overall, this
research offers a novel framework for enhanced productivity in renewable energy systems,
which can serve as an effective tool in the development of future sustainable and resilient
systems.
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