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INTRODUCTION

In today’s rapidly growing world, the production of

ABSTRACT

The advent of renewable energy sources and their power management in microgrid (MG)
systems have seen significant changes recently. Efficient and reliable power management is
one of the key strategies in developing microgrid systems. This paper studies and analyzes the
microgrid system with an optimal power flow (OPF) algorithm-based power management
method. The proposed OPF will work as a centralized controller, enhance the switching be-
tween energy sources, dynamic loads, batteries and main grid to ensure efficient, reliable and
sustainable power management and enhanced performance for the microgrid system. Microg-
rids are technologically advanced systems that are incorporated with different types of energy
sources which connect and disconnect the sources with the main grid based on the system
condition. In other hand, microgrids with uncontrollable energy sources and loads can have
variation in power flow. The rapid changes in the system will lead to poor power quality. The
system contains a solar PV, a battery energy storage system (BESS), an electric vehicle (EV),
main grid and dynamic loads. optimal power flow receives inputs from microgrid system and
target output to optimize stability, reliability and efficiency in power quality. Simulations were
carried out based on MATLAB/Simulink and the OPF used as a centralized controller and the
results obtained enhanced the power quality of microgrid systems. The system was analyzed
in three different scenarios, in normal condition, abnormal condition of solar PV and abnor-
mal condition of batteries. Hence, the proposed OPF enhanced the power quality, optimized
performance of switching between energy sources and main grid.

Cite this article as: Khujaev A, Ugurenver A. Centralized controller-based on optimal pow-
er flow (OPF) algorithm for power management in microgrid systems. Sigma J Eng Nat Sci
2025;43(6):2279-2293.

population growth, and high demand for electrical power
for electric appliances. Electricity is generated from a range
of energy sources, such as coal, natural gas, and renewable

electricity increased significantly due to industrialization, energy sources <] analyzed a multi-level inverter based
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three-phase system during dynamic load condition. The
controller is developed to supply real power even with the
variation happened in voltage and current. The proposed
method promised enhanced performance at DC voltage
level. Moreover, theoretical model was evaluated with real
time data. A DC-DC boost buck converter is a crucial com-
ponent of the power system which has a MOSFET switch,
traditional buck converter, capacitors and inductors. Author
in [30] proposed a technique that is more reliable than the
conventional converter. The proposed method had better
result in terms of switching frequency and dynamic load.
Another article used bidirectional buck-boost converter to
improve dc voltage for the grid system [31]. This is done
by minimizing the inductor current and inductor current
ripple. The experimental results showed better results than
the conventional type of buck boost converter. Hence, the
controller was not used in an AC/DC microgrid system.

Author in [32] presented an optimal power flow (OPF)
controller used in hybrid microgrids. The author claimed
that the plugging and un-plugging of appliances can pen-
etrate the flow of power in the system. Especially during
islanded mode, the appliances require fast response to
overcome the variation in voltage and current of the loads.
Therefore, the MG system require steady state stability by
employing OPF to operate efficiently. The proposed tech-
nique is used in an AC/DC system to maximize its control
strategy and overcome economic challenges in the future.
Another author has examined the issues and challenges
encountered by power systems over the past decade [33].
The author used grey wolf optimization technique to have
robust control over microgrid system. The system included
diesel, engine solar PV, and battery systems. The proposed
method offers an improved dispatching technique for loads
and sources, ensuring an economical power supply while
minimizing reliance on the main grid. MATLAB/Simulink
is used to validate results. However, the author did not study
the OPF algorithm in real time to see if it can improve the
performance of the microgrid system. A non-linear con-
troller for renewable energy sources were studied in a DC
microgrid systems. Author claimed that the conventional
PI controller used in MG systems was short in providing
robust control and stable power distribution in the system
[34]. Moreover, interconnection damping assessment-pas-
sivity based controller (IDA-PBC) is employed to regu-
late the DC-link of the system. The proposed controller
was tested in three different conditions and experimental
results were presented. Hence, the controller was not used
in AC/DC microgrids.

Summary

The following Table 1 presents the comparison of differ-
ent controllers used in microgrid system.

For the basis of the following paper, the optimal power
flow algorithm-based power management strategy, perfor-
mance of an AC/DC hybrid microgrid, renewable energy
source, and energy storage system were studied. The study

was conducted accordingly, and I present my acknowl-
edgement to authors who contributed to developing hybrid
microgrid systems. Referring to the above studies there
were several controlling techniques to enhance power
flow and managing microgrid systems. Many articles used
controllers and converters to improve performance of the
power system. Moreover, switching techniques between
grid-connected and islanded modes were seen in some of
the studies. An article studied the AC/DC microgrid system
powered by DC power sources [37]. However, the author
did not implement real-time values to show correctness of
the controller in real-time scenarios. Overall, the summary
of the research focused on developing controllers to main-
tain optimal power flow in microgrid systems. However,
several challenges in AC/DC microgrid systems remain
unaddressed by the authors cited in the literature review.
The AC/DC hybrid microgrid system requires renewable
energy sources and backup batteries to support the grid
during periods of low solar PV irradiance. It also needs the
capability to switch between grid-connected and islanded
modes and a centralized controller to always manage the
switching. The issues must be addressed, and proper com-
ponent selection is essential. An optimal power flow algo-
rithm-based power management is required to achieve
enhanced power flow in microgrids. In this paper the
research is going to achieve the following items. This paper
aims to achieve the following objectives.

1. Creating an AC/DC microgrid system.

2. Identifying sources and loads for the system.

3. Identifying values for the loads and sources.

4. Connecting a three-phase circuit breaker between main
grid and microgrid system.

5. Analyzing the performance of the system with existing
components.

6. Integrating Three-phase stand-alone inverter control
design with PI controller to generate PWM signal for
the switch.

7. Integrating bidirectional converters in DC sources to
boost voltage regulation to a desired voltage level.

8. Integrating a centralized controller to control and pro-
vide optimal power flow to the hybrid microgrid system.

9. Analyze the effect of OPF centralized controller in three
conditions such as normal condition, solar irradiance
abnormal condition and batteries abnormal condition.

Microgrid System

Microgrids normally consist of loads, solar PV, battery
energy storage system, electric vehicle, main grid, and they
are designed to work in grid connected and islanded modes
[38]. The solar PV incorporates DC-DC boost converter to
boost the voltage level to a desired voltage level [39]. One of
the main characteristic of MG is that they can support the
MG by balancing the loads with renewable energy sources,
they will be connected to the grid when the sources are not
able to deliver enough power. Furthermore, when the MG
is connected to the main grid it is called grid connected
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Table 1. Comparison of different controllers

Ref  Controller Disturbance Electrical Network Remark
[24] GA/AC OPF Operational challenges of the AC/DC microgrid Capable of catching variation to provide
Algorithm microgrids enhanced power flow
[26] Hybrid power- Low-frequency power oscillations ~ DC microgrid Damping low-frequency oscillation
sharing control and dynamic load behavior
(28] UCs Switching challenges in islanded Distributed Improved performance in grid-
mode generation (DG) connected/islanded modes with no need
network for switching
[21] Buck-boost converter Voltage balancing and losses 6S1P battery pack Showed high balancing efficiency
[35] MPPT incorporates ~ Output voltage distortion, inductor PV system Optimal power extraction from solar PV
with a TLBC current ripple and switching losses system
[31] Bidirectional buck-  Inductor current ripple B3CFIDC Robust control over dc-dc voltage and
boost converter current distribution
[34] A non-linear control ~ Power losses DC microgrid Super-capacitor voltage regulation
structure
[30] DC-DC buck-boost  Uncertainties in microgrid systems DC system Better conversion ability compared to
converter conventional controllers
[23] Multi-stage PD(1+PI) Voltage and load variation Buck converter Showed better result than other buck
controller system converters
[29] MLI Unstable real power across the DC-  AC/DC microgrid Higher efficiency than the other types of
link components system controllers
(18] VSsC Voltage variation during islanded =~ AC/DC microgrid The controller was able to provide
mode system desired voltage level even when the
sources have changes
[32] OPF variation in load/source values 38-bus AC/DC more effective in hybridizing AC
when the system changes from one hybrid microgrids distribution systems
mode to another mode
(20] SLC Fluctuation during dynamicload ~ AC/DC hybrid Maximizes efficiency for a solar PV and
behavior microgrids BESS
[19] FCS-MPC Uncertainties due to the loadsand ~ AC/DC microgrid Better voltage regulation in grid-
sources connected and islanded modes
[36] SUDC Synchronization issues in power SUDC The controller is capable of voltage
distribution regulation in bot grid-connected and
islanded mode
[27] DWT IGBT switch breakdown failure Equivalent boost Enhanced performance in Microgrid
converter circuit with system
MPPT

mode, but when it is disconnected from the main grid it
is called islanded mode and it connect/disconnect with a
switch [40]. The reason to keep MG disconnected from the
main grid is because of the disturbances, fault, and poor
power quality and voltage/current fluctuation in the main
grid. In islanded mode the MG enables enhanced power
quality, reduces power losses, and improved system effi-
ciency [41]. There are AC, DC and hybrid MG (AC/DC)
MG systems. Depending on the requirements of the sources
used, and types of loads one need to choose what type of
MG is suitable for their design. For only DC components a
DC MG is suitable to include, for AC loads and AC sources
one should use AC MG system. However, when having the
mixture of DC and AC energy sources and loads one should

use hybrid MG system [42]. A hybrid MG contains one DC
bus and one AC bus, and all the AC/DC sources and loads
are connected through AC/DC buses depending on their
configuration. The benefits of using hybrid MG is that it
minimizes the use of too many converters and buses and it
ensures cost effective design [43].

A MG normally incorporates energy sources, loads and
energy storage systems. For a typical MG systems energy
sources are located close to the residents. Solar PV, BESS,
EV are examples of the distributed energy resources (DER)
s [44, 45]. Therefore, DER located close to the users will
help the system to lower the amount of power losses. The
power generation by only solar PV system is unpredictable.
Therefore, it is essential to include ESS systems to ensure
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Figure 1. The hybrid microgrid model.

Table 2. The nominal values for the AC and DC buses, fre-
quency and nominal voltage for the MG

Item Nominal value
freq, 50 Hz

ACV, 400 V

DCV, 400 V

Ryig 1.8

Lgig 4uH

reliability in the MG [46]. In case of high-power genera-
tion by the solar PV the ESS systems allows charging and
discharge when the power generation is low or the electric-
ity tariffs are high. There are many types of ESS to store
energy and one of the common used batteries are lithi-
um-ion batteries. The MG includes a dynamic load and a
constant load. Figure 1 shows the type of MG system used
in this paper. The actual design of the MG system is shown
in Appendix 1.

The MG model was built and tested in MATLAB/
Simulink and some nominal values presented in Table 2.

The solar PV is used as an energy source that supply
power to MG. The solar PV array delivers maximum power
point of 218.871 W. The power generation by a solar panel is
highly dependent on solar irradiance (SI), the normal level
for a solar PV is 1000 W/m?. In this paper the temperature
is neglected. The formula for solar PV is given in equation
1. To increase the total power generated from solar PV, it
is necessary to expand the number of solar panels to the
desired amount, as illustrated in equation 2 [47, 48].

Solar Irradiance (%)

P =
1000 (W)

module

X Maximum Power (W) (1)

=

E

Total B,, = Parallel strings X Series

— connected modules per string X Ppoquie 2)

The nominal value for solar PV is shown in Table 3.

Table 3. Specifications of solar PV panel

Item Value
P,oiie 218.871
Parallel strings 6
Series-connected modules per string 15

The battery storage system includes a lithium-ion battery
and the specifications for the battery are given in Table 4.

Table 4. Specifications of BESS battery

Item Value
Nominal voltage (V) 120
Rated Capacity (Ah) 180
Initial state-of-charge (%) 50
Battery response time (s) 0.1

The EV source includes a lithium-ion battery and the
specifications are given in Table 5.

Table 5. Specifications of EV source

Item Value
Nominal voltage (V) 120
Rated Capacity (Ah) 180
Initial state-of-charge (%) 50
Battery response time (s) 0.1
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The constant load and dynamic load values are men-
tioned in Table 6. The dynamic loads fluctuated based on
the demand changes throughout the day.

Table 6. Specifications of the constant load and dynamic
load.

Item Value
Constant load (W) 8000
Dynamic load (W) 5000~10000

Optimal Power Flow

The MG power management works based on OPF
model and the OPF works as a centralized controller to
enhance the efficiency and reliability of the MG system.
The centralized controller receives information from MG,
process it and gives reference current to EV and connect/
disconnects the switch in MG system. The OPF model is
used to reduce excess power losses and costs for the sys-
tem. There many types of OPF can be used to calculate the
output and process it in the MG. However, to measure the
values throughout the day, dynamic load changes, dynamic
solar irradiance and other components makes the analysis
quiet challenging. Therefore, this paper analyzes the MG
system in MATLAB/Simulink with linear programming
codes to enhance the performance of the system. The inputs
and the outputs for the centralized controller based on OPF
is shown in Figure 2. The simulation run for 2.4 seconds
as the system takes long time to run if the simulation time
increases. 2.4 seconds considered as 24 hour or a day.

Flow chart chart of the optimal power flow algorithm
The paper’s OPF is built to minimize the power losses
and always keep THE MG at its maximal stable condition.
Initially the working condition of MG is examined and then
the predictions and OPF values are studied. The OPF and
prediction values from time t were sampled then prediction
values t+At , were predicted. The values that were sampled

sl

S0C_ev

SOC_bess

OPTIMAL POWER FLOW

Figure 2. Centralized controller based on OPF algorithm.

were solar irradiance PV, loads, BESS and state of charge of
electric vehicle. The optimized value for the output includes
grid switch and reference current for the EV. The flow chart
of the centralized controller for microgrid power manage-
ment is presented in Figure 3.

Microgrid components and their function

The following Table 7 shows how the system works
to process in OPF algorithm and maintain its efficient
performance.

The OPF function in isnladed mode

The aim of the OPF is to minimize the power differ-
ence between the power generated and load demand. The
total power generated from energy sources were summed
and the loads were summed at every hours. The total load
power then was subtracted from total source power to show
the minimum result to keep the Microgrid in islanded
mode. In islanded mode, the net power indicates that the
generated power is greater than the load demand. The for-
mulas are presented in equation 3, equation 4, and equation
5. The BESS power, and EV power are dependent on SOC
charge percentage. If state of charge is zero both the batter-
ies cannot deliver any power to the microgrid system.

PG = va + (Pbess X SOCbess) + (Pev X SOCev) (3)

P, = Py + Pyy Pogses (4)

Pret = P — P (5)

Sl, SOC_bess, SOC_ev, S_ev, P_dl, P_cl, Time

Incoming data

|

Convert to real value

|

Encode predictions for t-values

|

Generate predictive values for OPF

|

Output

eaday

Send values to
Microgrid system

Switch, P VSC, | ev ref

Figure 3. The flow chart of the centralized controller for
microgrid power management.
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Table 7. Shows the working principles of the MG components

Grid Switch It is only closed and ensures the MG to supply itself from PV, BESS and EV sources as much as it can. It is only
closed when the power generated by the PV, BESS and EV cannot supply enough power is lower than the loads
power in the MG. Therefore, the disturbances are neglected in the OPE.

Solar PV The solar PV generates power based on solar irradiance throughout the day. It does not supply power to the
MG when the switch is in grid connected mode. Moreover, the temperature is not considered is this paper.

BESS The BESS can charge from PV panel and it does not supply any power when the MG is in grid connected
mode.

EV The EV battery connect/disconnect from the MG. In grid connected mode it does not supply any power to the

MG.

Constant Load It is constant.

Dynamic Load The dynamic load fluctuates during the day.

Table 8. State of charge for BESS and EV batteries

Item Value
SOCypgs (min) 1%
SOCys (max) 99%
SOCygy (min) 1%
SOCygy (max) 99%

The limitations for the state of charge for BESS battery,
EV battery, and maximum power for BESS battery, and EV
battery are presented in equation 6-9. The system must not
cross this limits. The maximum power for both the BESS
battery, and EV batteries are 9kW. The maximum state of
charge of BESS battery and the minimum state of charge for
BESS battery is presented in Table 15. The maximum state
of charge of EV battery and the minimum state of charge for
EV battery is also presented in Table 8.

SO0Cpgss (min) < SOCpgss < SOCpggs (Max) (6)
S0Cgy (min) < SOCry < SOCg, (max) (7)
—Pggss (min) < Pgpgs < Pppgs (max) (8)
—Pgy (min) < Pgy < Pgy (max) 9)

The output control values are presented as in formula 10.

Target (Output) = Switch, Pysc,I_EV_REF  (10)

The OPF function in grid connected mode

In grid connected mode, the microgrid does not take
power from DC bus sources. As in islanded mode, the mea-
surements will be differentiated, and the results will dictate
which parameters need to be controlled in the output. The
system is grid-connected when the generated power from
the DC bus is less than the load demand.

The formulas are presented in equation 11, equation 12,
and equation 13. Moreover, when the system is grid con-
nected, the BESS battery charge itself from solar PV panel

power generation. The EV battery do not discharge when it
is disconnected from the system nor it charges. It only works
by receiving reference current from the OPF controller.

P = By (11)
P, = Py + Py Progses (12)
Pret = P — P (13)

The system limitations are presented in equation 14-17.
The system must not cross this limits to remain at grid con-
nected mode.

S0Cggss (min) < SOCppss < SOCppss (Max)  (14)
SO0Cgy (min) < SOCpy < SOCgy (max) (15)
—Ppgss (min) < Pgggs < Ppggs (max) (16)
—Pgy (min) < Ppy < Ppy (max) (17)

Predictions of time varying components

Microgrid system is simulated based on time varying
data. Thus, it is necessary to make predictions to make the
system to work more effectively, provide the most accurate
result for the outputs of the OPF controller. The dynamic
values of the system are state of charge for BESS and EV
batteries, solar irradiance, dynamic load and EV switch.
The values received from these components need to give
prediction for better performance and to be stimulated in
timely basis.

The predicted results then will be processed to give
output for the grid switch, reference power for the voltage
source converter, and reference current for the EV battery.
The input i(t) values are presented in equation 18.

L) =[SI(t) SOCpgss(t) SOCgy (t) Py(t) Spv(D)] (18)

The predicted values are presented in equation 19.

i(t+A8) =[SI(t +At) SOCgzs(t+ At) SOCy, (¢ +AL)

Py (t+At) Spy (t+A8)] (19)
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Figure 4. Shows the solar irradiance of the PV panel throughout the day.

Each predicted values are processed based on their
characteristics and power performances.

The BESS battery discharges when the switch is islanded
and charges from the solar PV during the grid connected
mode. The EV system also performs as BESS battery, but
the EV is assumed to be disconnected from 8 morning to
16 evening and from 18 evening to 20 evening.

The grid switch is either to be connected or discon-
nected is determined by the net power in the MG. If the
generated power exceeds the load power, the MG can sus-
tain itself, but it will supply power from main grid if the
generated power is less than load power. The formula is
shown in equation 20.

P.

net —

Rgen - P (20)

Initially, it is verified whether the PV can supply energy
to the loads. If the power from the PV is insufficient, the
batteries must discharge to meet the load demand. When
in grid-connected mode, the batteries are charged by the
solar PV. The net power determines if the system oper-
ates in islanded mode (OPF) or grid-connected mode. In
grid-connected mode, changes in the grid switch and refer-
ence current EV can be observed.

RESULTS AND DISCUSSION

The simulations and analysis of the MG system and OPF
as a centralized controller were conducted in MATLAB/
Simulink and the results were presented in this section of
the paper. The outputs from the OPF are the reference val-
ues for grid switch, power to the voltage source converter

and reference current for EV system and they were ana-
lyzed in all conditions. Later, the results of grid power,
total solar PV power, BESS power, EV power and the loads
power were presented in this paper. Finally, the voltage at
the DC bus, voltage of the grid system and the current from
the voltage source converter were presented.
The results were obtained based on three conditions as
mentioned below.
o Normal Condition
o Abnormal solar irradiance PV, where the sun disap-
pears, and the irradiance drops to zero.
o A condition where both battery energy storage system
and electric vehicle experience zero charge.
The results in each condition then were discussed at the
end of this section.

Normal condition

The simulation results show the performance of the
OPF as a centralized controller in normal condition. The
grid switch goes to grid connected mode twice throughout
the day, the power to the voltage source converter follows
the switching mode and the reference current changes a lot
during the day as shown in Figure 5. The grid is islanded at
(switch=1) and grid-connected at (switch=0).

The results for the power of the MG units are presented
in Figure 6. The grid power activates twice when the MG
is grid-connected, the PV power increases when the solar
irradiance increases. The power results of dynamic load,
constant load, BESS battery and EV batteries are also pre-
sented during normal condition.

The results for voltage of the grid system, the current
from the voltage source converter, and the voltage at the
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Figure 5. Shows the grid switch, power from the VSC, and the EV battery reference current in normal condition.

DC bus are presented in Figure 7. After changes occur in
switching modes the voltages experience voltage surge and
it stabilizes shortly. The fluctuations occurred at 0.8s, 1s,
18s and at 2s. The DC bus and voltage at the grid side were
able to maintain 400 V at all time.

Solar irradiance abnormal condition

Here, the results are presented in solar irradiance PV
abnormal condition, where the sun follows irradiance out-
put until 1.2 seconds and then goes to zero. In this case, MG
system will experience changes in switching. The sudden
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change in solar irradiance changes the performance of
the grid switching mode. Here, the grid switch experience
islanded mode three times and followed by the power from
the VSC. The EV battery reference current changes many
times throughout the day. The grid is islanded at (switch=1)
and grid-connected at (switch=0). The results are presented
in Figure 8.

The power results of the grid, solar PV, dynamic load,
constant load, BESS battery and the EV battery are pre-
sented in Figure 9.
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Figure 6. Shows the power results for OPF during normal condition.
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Figure 9. Shows the power results for OPF during solar irradiance abnormal condition.
| i
J

A (o

I‘ ‘[*fﬂ T .j[ -. ,'
i W M“ 9 o rs N
L r—— AT | \ h\mv-! - it -
| R m@,w'shul{@wm}’kJﬂﬂu’w;& i —

|“Muhl ) 1 H
T

o 05 1 15 2 24
time
Voltage at the DC Bus

500 T T

450 | —
= "
= I T ‘ | |
2 400 \ ’ y
: [ !
= |

380 -

i | 1 L 1

0 05 1 1.5 2 24

Figure 10. Voltage at the grid system, current at VSC, voltage at the DC bus for OPF in solar irradiance abnormal condi-
tion.

The results for voltage of the grid system, voltage at the At sate of zero charge for BESS and EV the MG system fully
DC bus, and current for the VSC are presented in Figure 10.  supported by the main grid power supply. The grid switch
remains at grid-connected mode (switch=0).

The MG purpose is to balance power quality, over-
come limitations, reduce power losses and enhance cost
efficiency of a system. The OPF controller used as a power

The results for grid switch, power from the VSC, and  management strategy to effectively control the power flow
the EV battery reference current are presented in Figure 11.  of the system.

c. The State of Charge (SOC) for both the Battery Energy
Storage System (BESS) and Electric Vehicle (EV) at 0%
condition
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Figure 11. Shows the grid switch, power from the VSC, and the EV battery reference current in the EV, and BESS battery

SOC 0% condition.

However, there are some ripples occurred when the
switching modes changed from 0 to 1 or 1 to 0. These
fluctuations need to be kept at minimum so the system
can have much better performance both before and after
switching modes. There are some works need to be done
for future work. For future studies, the limitations such
as fluctuations occurring immediately after switching
modes, as observed in the results need to be reduced, and
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the system can be analyzed in a microgrid system with a
higher capacity to better understand the effect of the con-
troller. Moreover, the number of power sources such as
wind power, and other renewable energy sources can be
added to the system. Hence, the proposed project can be
realized in real project and the comparison between simu-
lation and prototype will be verified and will be discussed
further.
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Figure 12. Shows the power results for OPF during EV and BESS battery SOC 0% condition.
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Figure 13. Voltage at the grid system, current at VSC, voltage at the DC bus for OPF in EV and BESS battery SOC 0%

condition.

CONCLUSION

As the world rapidly advances, the use of renewable
energy sources is also on the rise. To ensure efficient and
reliable power distribution in Microgrid systems, power
management strategies must be enhanced. The energy
sources can experience disturbances, faults and fluctuations
in parameters that's why the controllers are required to bal-
ance these disturbances. More research has been conducted
to minimize instability in Microgrid system. Some research-
ers used PI controllers to improve the performance of the
Microgrid system. However, this paper incorporated opti-
mum power flow used as a centralized controller to control
the switching mode between renewable energy source and
main grid power. The Microgrid (MG) consists of dynamic
load, constant load, solar PV, Battery Energy Storage sys-
tem (BESS) and electrical vehicle battery, and a grid. The
optimum power flow (OPF) is used to provide safe and
economic operation of Power Systems. Some Real-life cases
such as the uncertainty of load demand and the changing in
Irradiance level which affect the microgrids efficiency have
been taken into the account. The inputs of the OPF received
information from Microgrid and processed them with an
algorithm and presented output results for grid switch, ref-
erence power for voltage source converter and reference
current for the EV battery. The results showed that the OPF
can control the switching modes when the power supply
from sources is lower than loads. After switching occurred
there were ripples in the voltages, this is because of the

sudden change in grid switch. For future work it is nec-
essary to improve the system for better performance and
minimize the fluctuations in voltage at the grid and voltages
at the DC bus.

The analysis and simulations indicate that the OPF
based power management strategy can be implemented in
a hybrid Microgrid system to enhance power flow, power
supply efficiency and reliability of the system.
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The hybrid MG system with necessary components are given in Appendix 1.
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Appendix 1. Shows the complete model of the hybrid MG system used in this paper.
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