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In this paper, stabilization of a DC microgrid is investigated. The examined
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Introduction

The increasing penetration of distributed generation sources in power grids and the transformation of
passive distribution networks into active distribution networks necessitate the aggregation of these
resources to enhance participation, visibility, and create a suitable interface between these resources
and the power grid. One method for aggregating distributed generation sources is through microgrids.
In passive networks, there is no energy generation in the grid. However, in active networks, energy is
generated depending on the number of energy generation sources, which can be less than or greater
than the consumption of the consumers, based on the energy production capacity of these networks.
Microgrids are low-voltage or medium-voltage active networks that can operate independently from
the main grid and can function in an island mode due to their operational independence. Additionally,
microgrids can achieve stability through the proper utilization of energy storage devices (such as
supercapacitor banks and batteries), considering their different characteristics. Therefore, by using
distributed energy generation resources in microgrids on one hand, and utilizing energy storage
devices on the other hand, the reliability of a power network can be significantly enhanced.
Furthermore, both classical methods and modern approaches can be employed to stabilize these
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networks [1,2,3]. On the other hand, various control methods exist for managing microgrid operat
icons. Including droop control, Pl control, fuzzy control, neural netwoks, etc.

Methodology

Based on the investigations conducted in this paper, a microgrid composed of four main components is
examined: a variable source, a variable load, a bidirectional stabilizer, and a balanced load. The most
crucial part of this circuit is the stabilizer branch, which consists of a battery branch, a capacitor
branch, and an excess voltage discharge branch.

Various control methods are available for managing microgrids. One such method is classical
control or Proportional-Integral (PI) control. The implementation approach is based on two cascading
Pl controllers, which has a pair controller designated for each branch. Another method is fuzzy
control. In this approach, there are four inputs for the fuzzy controller: bus voltage error, integral of
bus voltage error, battery voltage, and capacitor voltage. These inputs are utilized through a series of
fuzzy rules to generate three reference currents as outputs: battery current, capacitor current, and
excess voltage discharge current. The input and output values are normalized within ranges of [-1, 1]
or [0, 1]. This normalization facilitates adjustments when the values of storage elements change.

In this paper, to reduce voltage ripple and stabilize the microgrid, optimization of the membership
functions of the fuzzy controller is performed using teaching learning based optimization (TLBO)
algorithm. The optimization algorithm employed is part of a set of metaheuristic methods and is used
in this paper to properly adjust the fuzzy membership functions characteristics.

Results

The introduced microgrid structure is simulated in Matlab/Simulink software. To compare the
performance of the controllers, three different scenarios have been considered. The first scenario
includes a Proportional-Integral (PI) controller, the second scenario includes a basic fuzzy controller,
and the third scenario includes an optimized fuzzy controller. The generated power and consumed load
have been determined randomly and applied to all three systems. The bus voltage of the microgrid is
obtained for three different cases, and the three control methods PI, optimized fuzzy control, and the
fuzzy control method have the lowest voltage ripple, respectively. However, the difference in bus
voltage ripple in these three methods is very small and the voltage error of the three scenarios is
almost the same, resulting in an error of less than 1%. Additionally, the battery and supercapacitor
currents for the three control methods PI, fuzzy, and optimized fuzzy have been presented.

Another important parameter to consider is that the lifespan of batteries is dependent on their
charge and discharge cycles; as the number of charge and discharge cycles increases, their lifespan
decreases. In contrast, supercapacitors are not as sensitive to charging and discharging as batteries.
Therefore, the charge and discharge rates of the battery have been taken into account during the fuzzy
training phase. By comparing the battery current graphs in the three defined scenarios, it can be
observed that the controllers have reached different outcomes in this regard. In fact, according to the
simulation results obtained, the charge and discharge rates of the battery in the optimized fuzzy
controller are lower than those of the other two controllers, leading to the conclusion that the
optimized fuzzy controller is superior to the other two controllers.

Conclusion

In this paper, a DC microgrid consisting of a photovoltaic source with random generation and random load
has been investigated. When the load and generation are unpredictable and the grid operates in an island
mode, stabilizing the microgrid becomes very challenging. By utilizing energy storage elements, it
becomes possible to stabilize the grid by charging these elements during low load periods and discharging
them during high load periods. In this paper, scenarios of more, less and equal power generation to
consumption have been considered, and the performance of the microgrid in these three cases has been
investigated. The results are compared in the presence of three controllers, Proportional-Integral (PI), fuzzy,
and optimized fuzzy controllers. Ultimately, based on the comparison presented for these three types of
controllers, it has been determined that the voltage error in the three scenarios is quite similar, resulting in
an error of less than 1%. Another important feature for assessing and evaluating the controllers is the
amount of battery charge and discharge over the simulation period. The simulation results showed that the
optimized fuzzy control method performs better than P1 and fuzzy control methods.
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