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Abstract:
Hurricanes have a devastating impact on electrical infrastructure, causing widespread damage and

leading to significant economic and social losses. Distribution networks, the most vulnerable
component of the power grid, experience the most outages during these disasters, causing
considerable inconvenience to residents in affected areas. This article addresses this challenge by
introducing a multi-objective optimization problem for post-storm conditions in the distribution
system. The goal is to minimize power outages through dynamic network reorganization and expedite
repairs by efficiently deploying repair crews to accident sites. This ensures the network's swift
restoration to its pre-storm state. The proposed objective function incorporates three factors:
minimizing network switching operations, reducing load interruption, and minimizing system
recovery time. It is solved using an improved differential optimization algorithm. Distribution
networks, the most vulnerable components, experience most of these outages and cause significant
inconvenience to residents in disaster areas; therefore, increasing their resilience is crucial to
protecting power systems from the growing threat of extreme weather events. The concept of
resilience, first introduced by ecologist Holling, describes the capacity of a system to absorb
disturbances and survive. In the case of power systems, resilience refers to the ability to withstand
rare but severe events effectively (Farzin et al., 2016). This means minimizing power outages during
such events and ensuring a rapid return to normal operation. According to a report by the US Electric
Power Research Institute, the resilience of a distribution network depends on three factors. The main
distinguishing feature between reliability and resilience is that the former refers to disturbances with
high probability and low impact, and the latter refers to low probability and high impact (Mishra et
al., 2024). To overcome the above-mentioned limitations, an integrated simulation framework is
proposed to assess the resilience of multiple microgrids to storms, which includes optimizing human
resources in power supply against severe storms to increase the speed of load recovery and also
minimizing switching in microgrids with minimal load interruption to restore the system in the fastest
possible time during the incident. In this paper, the following issues have been addressed:

The failure probabilities of beams and lines are dynamically evaluated based on real-time storm wind
speeds and nonlinear physical fragility curves. The introduced repair time objective function
uniquely combines the path severity based on local storm intensity and road condition with optimal
traffic routing. This directly links the movement of repair teams to the physical severity of the disaster
environment. Switching actions are implemented sequentially and dynamically. The network
topology adapts in real time as workers progress from one fault to another and as distributed
generation capacities change, ensuring that the radial constraint is strictly maintained during the
multi-stage recovery process.

The differential algorithm has been used to solve the problem of improving microgrid resilience with
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the aim of reducing uncertainty, reducing repair time, and increasing resilience. For this purpose, this
optimization method has been rewritten to solve the multi-objective problem. The theory of the multi-
objective problem is completely different from single-objective problems. In single-objective
problems, an attempt is made to obtain the best solution that is better than other existing solutions,
but in multi-objective problems, there is no specific solution. In these problems, there are non-
dominant or Pareto solutions that are not easily comparable with each other. Considering the objective
functions introduced in this article, which are minimizing the cost of load shedding, reducing the
number of switching operations, and minimizing the repair time, which will conflict with each other,
a multi-objective differential algorithm has been used to solve this conflict created in the objective
functions, and by using the ranking of the solutions, an attempt has been made to calculate solutions
based on the Pareto envelope. In the ranking method, there is a rank for the number of existing
populations; the best rank is for the solution with the highest fitness function. Then, this solution is
temporarily removed until the next Pareto is identified and assigned the second rank, and this process
continues. Also, to ensure a proper and diverse distribution of the solution set along the Pareto front,
the crowding distance criterion is used. During the selection stage, if two candidate solutions belong
to the same non-domination rank, the solution that is located in the less crowded region is preferred.
This effectively maintains the diversity of the population and prevents premature convergence.

The proposed method has effectively reduced the cost of load shedding with changes in switching
and power generation management, and in the second scenario, where two teams were dispatched,
the algorithm has shown better performance in reducing the duration of load shedding. Gradually,
with increasing wind speed, the amount of damage to lines and towers has increased, and the
algorithm has successfully managed to create nearly a 25.5% improvement in load shedding cost by
dispatching two teams. When the wind speed reaches above 65 m/s, due to the high volume of damage
in both scenarios, although it has improved compared to the baseline, it has decreased compared to
lower speeds. The article investigates two scenarios, demonstrating an 18% and 24% reduction in
network load interruption, respectively. These results suggest that the proposed model can be a
valuable tool for Tawanir, the Iranian electricity distribution company, to improve network resilience
during hurricane events.
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