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Abstract:

In recent years, due to the development of distributed generation, the concept of a microgrid has been introduced. A
microgrid is a small-scale grid that includes renewable energy sources such as wind turbines and solar energy,
conventional energy sources such as microturbines, energy storage units such as batteries, and loads. The microgrid can
operate connected to the utility or isolated from the utility. The microgrid can be grouped into AC and DC types. A
hybrid microgrid is composed of an AC microgrid, a DC microgrid, and an interlinking converter between them. To
optimally operate the interlinking converter, it should be properly controlled. In this paper, a method to control and
manage the interlinking converter is proposed. In the proposed algorithm, the voltage and frequency at the terminal on
the AC side, as well as the voltage at the terminal on the DC side, are measured to evaluate the load of both microgrids.
Based on the proposed strategies, power transfer occurs between AC and DC microgrids in a manner that maximum
efficiency is obtained. The proposed strategy is implemented in MATLAB/Simulink to demonstrate its effectiveness.
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1. Motivation of the work

With the widespread usage of AC and DC microgrids,
hybrid AC-DC microgrids are becoming more common.
These systems integrate both AC and DC distributed
generations and loads without unnecessary AC to DC or
DC to AC conversions. To enhance operational
efficiency and flexibility, this paper introduces a method
for controlling the interlinking converter within hybrid
microgrids. By proposing an algorithm that utilizes
voltage and frequency measurements at key terminals,
the research aims to optimize power transfer between AC
and DC microgrids. Implementing this strategy in
MATLAB/Simulink demonstrates effectiveness of the
proposed control strategy.

2. Contributions

In [1] and [2], centralized controllers are proposed to
control a hybrid microgrid. In [3], a hierarchical control
method is presented for a hybrid microgrid. However,
using the communication link may deteriorate system
reliability and increase costs. In [4]-[8], various control
methods for interlinking converters are proposed;
however, they do not consider the loading conditions of
the AC and DC microgrid. This paper determines the
loading conditions of both grids using voltage and
frequency measurements on the AC side and voltage
measurements on the DC side. An optimal scenario is
then determined based on these conditions, leading to the
proposal of a new decentralized control strategy for the
interlinking converter that ensures optimal operation in
all modes. Additionally, the interlinking converter is
utilized to compensate reactive power for the AC
microgrid when feasible.

3. Procedures

To achieve a highly reliable and efficient hybrid
microgrid, the interlinking converter should possess the
following features:

- When both AC and DC microgrids are lightly loaded,
surplus power from each microgrid charges the battery on
the DC link of the interlinking converter.

- If one microgrid is lightly loaded while the other is
heavily loaded, excess power from the lightly loaded
microgrid charges the interlinking converter's battery.

- When both microgrids are in a normal state without
heavy or light loading, no power is exchanged between
them, and charging power is zero. The interlinking
converter is turned off with zero losses.

- In cases where one microgrid is heavily loaded and the
other isn't, the interlinking converter transfers power
from the heavily loaded microgrid to the lightly loaded
one until balance is achieved. If insufficient, the battery
compensates for additional required power.

- If both microgrids are heavily loaded, the battery
discharges to support them based on their priorities
(assuming DC has higher priority than AC). Power
transmission continues until both grids exit heavy loading
conditions.

- The AC-DC converter within the interlinking converter
handles reactive power compensation. For optimal
efficiency, this compensation occurs only when active
power transmission is active and the converter is
operational.

The above features can be achieved by categorizing the
operation of each AC and DC microgrid into three
regions. According to the features, the operation of the
interlinking converter is grouped into four states:

- Power transmission from the DC microgrid to the AC
microgrid.

- Power transmission from the AC microgrid to the DC
microgrid.

- Battery charging.

- Battery discharging.

For each state, a suitable control strategy is proposed to
achieve high efficiency.

4. Findings

To demonstrate the effectiveness of the proposed method,
a hybrid microgrid with each microgrid rated at 10 kW is
simulated in MATLAB/Simulink. Using measurements
from both AC and DC sides, the loading status of the
microgrids is determined. Based on the loadings, power
is transferred between the DC and AC microgrids, or the
battery of the interlinking converter is charged or
discharged accordingly. Simulation results show the
effectiveness of the proposed method.

5. Conclusion

In this paper, the control and power management of an
interlinking converter between AC and DC microgrids in
a hybrid system was investigated. Initially, a control
strategy aiming for maximum efficiency was proposed.
Subsequently, control strategies were defined based on
the operation of each microgrid under low loading,
moderate loading, and high loading conditions. The
interlinking converter determines the loading conditions
of each microgrid by measuring voltage and frequency on
the AC side and voltage on the DC side. Four operational
modes are possible depending on the operational region
of each microgrid: power transfer from DC to AC
microgrid, power transfer from AC to DC microgrid,
battery charging, and battery discharging. A suitable
control strategy was proposed for each operational mode.
Simulation results demonstrate the effectiveness of the
proposed method.
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