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Abstract This paper aims to address the power-sharing requirement and operational
reliability of hybrid AC/DC microgrids. Besides, the innovative power management
scheme is proposed for interlinking converter by utilizing model predictive control
(MPC) strategy to integrate renewable energy sources, energy storage devices, and the
utility grid. The proposed control model not only maintains AC and DC bus voltage
stable but also ensures the proper power balance between AC andDC sub-microgrids
irrespective of the intermittent nature of renewable energy and load fluctuations.
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1 Introduction

Integration of renewable energy sources and storage elements into the power system
will enhance the overall system performance. The proliferation of AC/DC micro-
grids offers higher quality, stability, and reliability with reduced operational cost
and power loss to the power system [1]. Regarding AC microgrids, the distributed
generators like PV and fuel cells are interconnected to the system that requires DC
to AC conversion. To increase the reliability and robustness of the system, the AC
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Fig. 1 Power management
strategies of Hybrid
AC-DC-coupled isolated
microgrid system

microgrid is connected to the utility grid for sharing excess/deficient power. In case
of grid failure, all the distributed generators and loads exchange power on the AC
platform [2]. Besides, modern power electronic loads operate in DC platforms which
require once again AC to DC conversion. In ACmicrogrid systems, DC-AC-AC-DC
conversion is quite common [3]. Conversely, the DC microgrid can facilitate the
direct connection of renewables such as PV, fuel cells, and dc loads. However, wind
power generators cannot directly be connected to DCmicrogrids. It requires AC-DC
conversion. Besides industrial loads such as induction machines connected to DC
microgrids that require once again DC-AC conversion. In DC microgrid systems,
AC-DC-DC-AC conversion is inevitable [4, 5]. Therefore, the researchers in recent
years have mainly concentrated on the combination of both AC and DC microgrids
connected with a common converter called bidirectional interlink converter (ILC)
that helps to transfer excess/deficit power from one microgrid to another [6]. This
hybrid system can connect along with the utility grid during normal operation. It also
gets disconnected from the grid under emergencies and can operate in autonomous
mode. This AC/DC hybrid microgrid system avoids multiple conversions which are
present in the independent AC or DC microgrid system. However, the control chal-
lenges are very severe in hybrid microgrid systems. The primary control objective
of AC/DC microgrids is to achieve a power balance between two subgrids [7, 8].

As far as AC/DC microgrid operation is concerned, the control and power man-
agement strategies are essential features to determine output powers of distributed
generators and control voltage as well as frequency simultaneously [9, 10]. The fol-
lowing challenges are identified when integrating both AC and DC microgrid: In
the case of an isolated mode of operation, conventional p-f and q-v droop control
methods are not suitable for power-sharing between AC and DC microgrids [11].
Therefore, power management strategy requires a specified droop control method for
sharing power demands. In this regard, the interlinking converter plays a vital role
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Fig. 2 Schematic diagram of Hybrid AC/DC microgrid system

in power management and control. Depending on control schemes used in AC and
DC microgrids, this ILC can be leveraged on AC bus control mode, DC bus control
mode, and power control mode. To equalize the power generation and demand, the
bi-directional ILC converter supervises the power flow between DC and AC micro-
grids under islanding operation conditions [12]. Besides, harmonic power-sharing
between the grids is another important challenge in the hybrid system. The trade-
off between voltage regulation and reactive power sharing has gained prominence
[13, 14]. The classification of microgrid power control includes centralized control,
decentralized control, distributed control, and multi-agent systems. However, these
methods of analysis has its own drawbacks. The centralized and decentralized con-
trol are combined for the reliable operation of microgrids. This integrated microgrid
control strategy is referred to as a hierarchical control structure that has been estab-
lished for power-sharing among distributed generators [15]. Most of the research so
far focuses focus on the droop based hierarchical control with PWM technique. This
paper investigates a novel MPC approach for bidirectional ILC control of AC/DC
microgrids.

The overview of power management strategies are illustrated in Fig. 1. The main
contribution of this work is to develop a power management strategy based on a pre-
dictive control approach for interlinking converters in hierarchical controlled hybrid
AC/DC microgrid systems. The proposed control scheme can accomplish the opti-
mized power flow between AC as well as DC subgrids. This power management
strategy can be performed on AC bus voltage control mode, or dc bus voltage control
mode, or bi-directional power control mode. The proposed control design utilizes
the model of the microgrid and differs from the existing approaches reported in the
literature.
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2 Structure of AC/DC Microgrid System

All DC generators and DC loads are connected to the DC bus in the DC microgrid,
whereas the AC bus can accommodate all AC generators, AC loads, and utility
grids in the AC microgrid. These two subgrids are connected through an interlink
converter as shown in Fig. 2. The key benefit of this structure is to minimize the
power conversion requirements and improves overall efficiency with reduced system
cost.

2.1 DC Bus Voltage Control

Primary control is implemented via a MPC control. Droop control is commonly
employed on the primary level of hierarchical control to improve system stability
and power-sharing accuracy.

Vdc = Vdc−max − mp.Pdc (1)

However, voltage deviation takes place. To eliminate the voltage deviation caused by
droop control, a voltage secondary control loop is incorporated usingMPC approach.

Vdc = Vdc−max − mp.Pdc + δVdc (2)

where, δVdc is voltage compensation at secondary control. Integration of distributed
energy storage systems in DC microgrids can effectively mitigate the RES and load
fluctuations. The charging and discharging operation can be controlled by a bidirec-
tional DC-DC converter under the power mismatch at the DC microgrid.

Vdc = Vdc−re f − mo.SOC.Po(charging)

Vdc = Vdc−re f − mo

SOC
.Po(discharging)

(3)

2.2 AC Bus Voltage Control

To achieve load power sharing between distributed generators for parallel inverter-
based ac microgrid system, droop method, as a decentralized control, is generally
adopted as,

fac = fac−max − mp.Pac
Vac = Vac−max − nq .Qac

(4)
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Using the predicted capacitor voltage, the AC bus voltage can be tracked by
controlling the capacitor voltage. Then the cost function generates the least switching
sequence applied to the inverter as,

J =
p∑

j=1

([Vcα−re f − Vcα(k + 1)]2 + [Vcβ−re f − Vcβ(k + 1)]2) (5)

In order to eliminate the voltage deviation caused by droop control, a voltage
secondary control loop is incorporated.

fac = fac−max − mp.Pac + δ fac
Vac = Vac−max − nq .Qac + δVdc

(6)

Integration of grid into AC microgrids can effectively mitigate the RES and load
fluctuations. This can balance the power mismatch at the AC microgrid.

3 Bidirectional Power Flow Control

1. When both the total PV power generation andwind power generation are less than
DC aswell as AC power demand respectively, all PV sources operate inmaximum
power point and BILC operates in inverter mode. Then, all BESS supplies the
excess total power demand.

2. If the total PV power generation is more than DC power demand, wind power
generation is less than AC power demand, and batteries can absorb the surplus
power, BILC operates in inverter mode. Then, batteries are charged with excess
PV power, and DC microgrid supplies the excess AC power demand.

3. If the total PV power generation is less than DC power demand, wind power
generation is more than AC power demand, and batteries can absorb the surplus
power, BILC operates in rectifier mode. Then, the ACmicrogrid not only supplies
the excess DC power demand but also charges the batteries.

4. When both the total PV power generation and wind power generation are more
than DC as well as AC load power consumption respectively, BILC operates in
rectifier mode. Then, all batteries are charged with renewables. Conversely, all
batteries are completely charged then a PV power curtailment is performed and
switch on the dump loads.

4 Proposed Power Management Strategy

The predictive control scheme for the bi-directional interlink converter is designed
coordinately with droop control for the distributed generators in two sub-grids. With
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the knowledge of power demand with both ac and dc loads (Poad−demand), the solar
PV power (Ppv), and the wind power (Pwind), the total net power is determined as,

Ptotal−net = Ppv + Pwind − Pload−demand (7)

This total net power can be balanced through battery/diesel generator using BIL
converter. The net power available in the DC bus calculated as,

Pdc−bus(k + 1) = Ppv − Pdc−load (8)

This net DC power must be balanced through battery energy storage system.
Similarly, the net power available in the AC bus calculated as,

Pac−bus(k + 1) = Pwind − Pac−load (9)

This net AC power must be balanced through diesel generator.

J = [Ptotal−net − Pdc−bus(k + 1)]2 + [Ptotal−net − Pac−bus(k + 1)]2 (10)

By minimizing the objective function yields the optimized control sequence
applied to the converter.

5 Simulation Results

Parameters for simulation work:
DC bus voltage: 750V
PV system: 100kW, 415V
WTG: DFIG, 100kW, 415V
Battery: lead-Acid 100kW, 415V, 2kAh for 3-Autonomy days
DC variable load: 0–100kW, 220V
AC variable load: 0–100kW, 415V, 50Hz
Utility grid: 100kW, 415V.

In mode-1: When the generated power from the renewable energy source
is more than the load demand, two possible cases are observed from Figs. 3,
4, and 5.
(a) At t = 3h: If dc load demand is greater than PV power generator and ac load
power demand is lesser than wind power generator, the surplus dc power demand is
sharedwith awind power generator. The excesswind power is chargedwith batteries.
Therefore, BILC act as a rectifier.
(b) At t = 9h: If dc load demand is lesser than PV power generator and ac load power
demand is greater than wind power generator, PV supplies power to both dc as well
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Fig. 3 PV power generation with DC load demand

Table 1 Operational modes of BILC

Mode Case Power flow BILC mode

PRE > PLoad PPV <

PDC−Load PWind >

PAC−Load

AC to DC microgrid Rectifier

PPV >

PDC−Load PWind <

PAC−Load

DC to AC microgrid Inverter

PRE < PLoad PPV < PLoad DC to AC microgrid Inverter

PPV <

PDC−Load PWind =
PAC−Load

Power flow within MG Ideal

PPV >

PDC−Load PWind <

PAC−Load

DC to AC microgrid Inverter

PPV <

PDC−Load PWind >

PAC−Load

AC to DC microgrid Rectifier

as ac load. Therefore, BILC works in inverter mode. Excess power generated from
solar PV can charge the batteries.

In mode-2: when the generated power from the renewable energy source is
less than the load demand, the four possible cases are observed from Figs. 3, 4,
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Fig. 4 Wind power generator with AC load demand

Fig. 5 Power balance using Battery as well as external grid
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and 5.
(a) At t = 1hrs: If both dc, as well as ac load demand, are more than PV power
generator andwind power generator respectively, PVgenerator operatesMPPTmode
to supply power to dc load and wind power generator supply power to ac load.
However, the excess load power demand (both dc and ac) can be shared by batteries.
Therefore, BILC operates in inverter mode.
(b) At t = 2hrs: If dc load demand is more than PV power generator and ac load
power demand is equal to a wind power generator, ac power demand is satisfied
with a wind power generator. Both PV and battery are contributed to compensate dc
power demand. Therefore, BILC neither operates inverter nor in rectification mode.
(c) At t = 9hrs: If dc load demand is lesser than PV power generator and ac load
power demand is greater than wind power generator, PV supplies power to dc load
and the excess ac load demand is shared with both PV and battery system. Therefore,
BILC works in inverter mode. Excess power generated from solar PV can be export
to the grid.
(d) At t = 22hrs: If dc load demand is greater than PV power generator and ac load
power demand is lesser than wind power generator, the surplus dc power demand is
shared with wind power generator as well as a battery bank. Therefore, BILC act as
a rectifier. The summary of operational modes of BILC is tabulated in Table 1.

6 Conclusion

An autonomous power flow control approach based on MPC is proposed for a bi-
directional interlink converter in this paper. Employing this unique method into
hybrid ac/dc subgrids not only manages the power flow but also achieves proper
load sharing among distributed generators. Besides, the proposed optimized control
strategy prevents circulating current among the ac and the dc microgrids. Moreover,
dc and ac bus voltages are precisely regulated and maintain the system stable.
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