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The issue of operational planning optimization can be classified into
two different groups. The first group includes planning under normal
conditions with the aim of improving economic and technical
indicators and the second group includes planning under emergency
conditions with the aim of improving stability and protection of
maximum network loads. Emergencies caused by adverse weather
conditions are always one of the challenges of networks. In this paper,
optimal operational planning based on weather conditions and
probable line outages is presented to ensure the optimal operation of
the network in adverse weather conditions in addition to improving
network resilience. This was carried out by improving network
flexibility, modeling the effects of weather conditions on line outages,
and then rescheduling energy sources, energy storages, and reviewing
network topology. The objectives of the proposed method defined
include minimizing grid operating costs, energy supplly costs, and
maximizing the benefit of participation of distributed energy source
owners and energy storage by considering weather conditions. To
solve the problem, a hybrid optimization algorithm based on genetic
algorithm and Epsilon constraint method with fuzzy decision maker
was used to select the best solution from Pareto optimal set.
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EXTENDED ABSTRACT

Introduction

In the reviewed articles and many recent works, useful cases and ideas for the future
operation of smart networks have been presented which have become possible due to the
increase in diverse energy sources and the advancement of communication and control
technologies. The aim of this study was to investigate the behavior of electrical networks in
adverse weather conditions. In this paper, the method for making an electrical network
more resistant to outages caused by probabilistic events with the help of planning
conditions that considers the effect of possible events at certain time intervals is presented.
Adverse weather conditions can be storms or lightning. In addition, in this paper, it is shown
that a resilient network can maintain the maximum benefits of operation even in adverse
conditions with a reasonable method. In most of the resilience studies in various articles,
atmospheric changes and its modeling and specific cases for line outages have been
considered in detail, but the effect of storms on the entire network with changes in the
probability of dynamically line outages has not been investigated. Electrical generation
variations, load changes, adverse weather conditions, operating costs and reliability
indicators are expressed in an optimization problem in such a way that the benefits of the
system operator and owners of distributed generators were maximized and the cost of
energy not supplied and interruption of loads minimized. Adverse weather conditions were
modeled according to wind speed and number of lightning in operational planning and its
effects on line outages rate considered. Analysis based on wind correlation and unwanted
outages was discussed. The intended purpose of presenting the proposed method was
based on the fact that the economic operation can be slightly changed in a situation where
the network has not suffered an event, but the probability of an event has increased the
improvement of the system's ability to deal with possible events in the near future due to
adverse weather conditions. In other words, in some conditions, it is possible to slightly
reduce the profit of operating the network in order to reduce the costs of possible outages.
The proposed method proved that in short-term daily planning, it is possible to improve the
profit of the network; and in the private sector, the reduction of energy is not supplied loads
in the long term under bad weather conditions because although bad weather conditions
do not necessarily mean the occurrence of an event in the network, it is possible to reduce
the amount of expenses caused by blackout by decreasing the network profit.

Methodology

In this paper, in order to solve the multi-objective mathematical program, the epsilon
constraint method was used according to different objective functions and available
constraints. Furthermore, the fuzzy decision making was used to select the best solution
from Pareto optimal solutions. The Pareto method functions based on the transformation
of the multi-objective problem into a function and one or more related functions
(constraints with the allowed range of epsilon) and by changing the limits of the constraints
(objective functions) creates different amounts of profit for each state. The fuzzy decision
making assigns the fuzzy membership function to all available Pareto solutions. In this
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study, the minimum-maximum approach was used to compromise between the available
optimal state. The basis of this approach was to choose the solution with the maximum
value of the least profit for each objective function as the best solution. The network
reconfiguration of each time interval was selected by the genetic algorithm and then
exported to a multi-objective mathematical program. The proposed genetic algorithm
method was used for the sample system utilizing wind speed, number of lightning strikes,
demand level and time of day.

Results

The proposed approach was applied to a standard 33 bus network in Figure 1. Five
maneuvering points were considered in this network. The required data was used with
modifications to study the present problem. Among these changes was the deployment of a
distributed generation and a wind turbine with a nominal capacity of 1 MW at buses 11 and
28. The storage unit with a capacity of 0.6 MW was considered in Bus 11 with a
charge/discharge level of 300 kW. The minimum and maximum energy stored in this unit
was 100 kWh and 600 kWh. In this paper, the cost of energy not supplied was considered
as an indicator of network reliability. In order to find the best solution, the fuzzy decision
making was used in the range [0-1] to allocate the desired pareto solution. Finally, min-max
method was applied to the profits of the distribution company and distributed generation,
in terms of per unit.

Distributed Generation

110

Figure 1. 33 Bus test system studied.

Conclusion

The results of this research showed that the network operator can use reconfiguration
and rescheduling to reduce the number of outages and operating costs. Objective
functions for the power network and the private sector were simultaneously defined and
analyzed in the framework of multi-objective optimization. Although the definite risk was
assumed to be the same for all four considered scenarios in the time intervals, it was
shown that there were significant differences between the conventional planning of
operation and the proposed planning in adverse conditions. The epsilon constraint
method related to the genetic algorithm was used to solve the multi-objective
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optimization problem to use the full potential of the network and the private sector to
earn greater profit by helping the network in conditions with the possibility of an event.
Numerical studies showed that the use of reconfiguration and increasing the proposed
price to private sector in proportion with risk level, the continuity of network work under
adverse conditions by use of distributed generation units and demand response program
could be guaranteed. In addition, it is shown that the load characteristic and voltage curve
can be improved under these conditions.
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