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In recent decades, the increase in widespread outages caused by
unexpected events such as floods and storms has doubled the
importance of resilience studies in power distribution networks.
Therefore, by timely identifying the location of the incident and
isolating it, as well as designing MGs that are capable of providing
their maximum load by planning the energy resources available under
the incident conditions, the costs related to outages can be significantly
reduced and the network resilience can be improved. In this paper, an
optimization problem with three objective functions is introduced, the
first term of which aims to reduce the cost of turning on/off the DGs
available in each MG and also to reduce the costs related to battery
charging/discharging in MGs. In the second term, to increase the self-
sufficiency of MGs, an objective function has been introduced so that
MGs can provide their required power as much as the energy buying
and selling market between MGs and the upstream network allows,
and increase their profits by charging and discharging batteries and
turning on and off their DGs at different times of the day and night, as
well as based on the proposed price of the upstream network. Finally,
in the third term, the proposed objective function will seek to reduce
the losses in the MGs under study. To solve the proposed objective
function, a combined optimization method based on particle and
genetic algorithms has been used. The results are implemented on a
33-bus test network and show that the proposed method outperforms
conventional optimization methods. Also, the proposed optimal
scheduling in MGs reduced losses and increased their profits.
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Introduction

In recent decades, the increase in widespread outages caused by unexpected events such as floods and
storms has doubled the importance of resilience studies in power distribution networks. Therefore, by
timely identifying the location of the incident and isolating it, as well as designing MGs that are capable
of providing their maximum load by planning the energy resources available under the incident
conditions, the costs related to outages can be significantly reduced and the network resilience can be
improved. In this paper, an optimization problem with three objective functions is introduced, the first
term of which aims to reduce the cost of turning on/off the DGs available in each MG and also to reduce
the costs related to battery charging/discharging in MGs. In the second term, to increase the self-
sufficiency of MGs, an objective function has been introduced so that MGs can provide their required
power as much as the energy buying and selling market between MGs and the upstream network allows,
and increase their profits by charging and discharging batteries and turning on and off their DGs at
different times of the day and night, as well as based on the proposed price of the upstream network.
Finally, in the third term, the proposed objective function will seek to reduce the losses in the MGs under
study. To solve the proposed objective function, a combined optimization method based on particle and
genetic algorithms has been used. In this study, in order to optimally plan the energy supply in several
MGs, an optimization problem with three terms is introduced. The first term aims to reduce the cost of
turning on/off the DGs in each MG and also to reduce the costs related to battery charging/discharging in
the MGs. In the second term, an objective function is introduced to increase the self-sufficiency of the
MGs so that the MGs can provide their required power as much as the energy buying and selling market
between the MGs and the upstream network allows, and increase their profit by charging and discharging
the battery and turning on and off their DGs at different times of the day and night, as well as based on
the proposed price of the upstream network. Finally, in the third term, we seek to reduce the losses in the
MGs of the system under study. Considering the variables raised in this optimization problem, which
includes an economic load distribution problem and an energy trading problem between MGs, a hybrid
optimization method based on a genetic algorithm and particle swarm optimization (HGAPSQO) has been
used. The variables of the scheduling problem of diesels and battery charging/discharging based on
genetic algorithm and the energy trading problem in a competitive market, as well as the self-sufficiency
of MGs while observing technical and environmental constraints, have been targeted using the particle
swarm optimization method in this paper.

Results and Discussion

In this paper, the goal of the proposed optimization problem is to determine the time for DGs to be in the
circuit in microgrids along with the amount of power generated in them. The charging and discharging
status of the batteries will also be determined, and in proportion to the amount of excess power in the
microgrids or its deficiency, the proposed optimization program based on HGAPSO will determine how
much power will be transferred between MGs and the upstream network per hour. In this way, the profit
of microgrids from power sales and through proper planning for turning on DGs will increase, and in
island conditions, they will be able to maintain more load by exchanging power and managing batteries.
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The objective function value of the proposed method is given in Figure (18), which is compared with the
conventional PSO, GA and GWO methods, which shows that the proposed method has a high
convergence speed compared to the other two methods and has reached its final value in iteration 10,
while genetics has converged in iteration 30, particle swarm algorithm in iteration 14 and gray wolf
algorithm in iteration 43. In addition, the proposed method has the lowest objective function value, while
the particle swarm algorithm, although it converged earlier than genetics, has fallen into a local optimum.
The GWO algorithm has not performed well compared to the other three methods. A summary of the
convergence process and execution time is given in Table (6).

Conclusion

The solar-battery-diesel generator hybrid system, as an effective solution, is very crucial for managing
energy supply guarantee and saving, especially in critical conditions of the power system. Therefore, in
this paper, an attempt was made to investigate the optimal power distribution in three MGs using a
hybrid optimization method and introducing a new optimization function. An economic load distribution
problem and an energy purchase and sale problem between MGs were modeled, in which the variables of
the problem were the scheduling of diesels in the circuit, as well as the charging/discharging of batteries
and the sale of energy in a competitive market, as well as the self-sufficiency of MGs by observing
technical and environmental constraints. The results showed that MG1 accounted for nearly 44.96
percent of the purchased power, MG2 accounted for 36.45 percent, and the third MG accounted for 18.59
percent, which indicated that MG3 was more self-sufficient in providing the load and, at the same time,
the voltage of the MG buses was also in the standard range.

It should be noted that the results obtained by HGAPSO are different in different iterations, and the
solution obtained will not necessarily be the global optimal. Also, increasing the number of MGs due to
the increase in unknowns can make it difficult to find the optimal solution. Another limitation of the
proposed method is the adjustment of the algorithm parameters, which will lead to a departure from the
optimal point if not properly adjusted, and ultimately, the presence of sensitive loads can change the
problem-solving conditions.

For future work, the following can be implemented in the optimization of power management in MGs:
«Considering the variability of the load, the objective functions can be modeled in a fuzzy form, and the
fuzzy objective function can be optimized.

«In this paper, the microgrid area was identified, and these areas can also be modeled to increase their
self-sufficiency and resilience in the event of a fault.

*Considering uncertainty in the production of renewable energy sources
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® Particle swarm optimization (PSO)
7 Grey wolf optimization (GWO)
& Genetic algorithm (GA)

! Microgrids (MGs)

2 microturbines (MTs)
% Wind turbimes (WTs)
* Batteries (BATS)

® Fuel cells (FCs)
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