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Abstract

In this paper, a simplified model of an isolated microgrid (IMG) with hybrid photovoltaic (PV)-battery energy storage
system (BESS) is discussed. The concept of peak load shaving is also demonstrated. The developed model helps an
isolated power system to minimize the demand and maximize the economic benefit. MATLAB/Simulink tool was used to
simulate the electrical circuit of the IMG system. The IMG model contains four sub-systems, namely the PV model, time
varying load profile model, BESS model and gas turbine generator (GTG) dispatch model. To evaluate the performance
of the developed IMG, a simulation case study was conducted under realistic load conditions of Universiti Teknologi
PETRONAS (UTP). Results indicated that simulation illustrates the precise situation of the real-time system, as found in
the UTP microgrid. Results also revealed that the concept of peak load shaving broadly illustrated in this study. The
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implementation of the proposed IMG model may bring economic benefit by minimizing peak load demand.

Isolated microgrid system, Photovoltaic, Battery energy storage system, Peak load shaving, Hybrid system modelling.

1.Introduction

Nowadays, the maximum percentage of total energy
generation all over the world is highly dependent on
the conventional energy generation sources like gas
turbine generator, coal generator, diesel generator
and etc. [1-3]. Due to the generation of power from
these type of generators, environmental issues are
associated highly [4—6]. To reduce the stress of the
environment, distributed energy resources (DER) are
introduced increasingly [7, 8]. Besides, the shortage
of fossil fuel, increasing the price of fuel and the total
operation cost of the system are also some reasons to
move on the DER [9-11].

For the IMG system, the power generation from
renewable energy sources like PV, hydro-energy,
geothermal energy is becoming more popular in
recent time [12—14]. For a small-scale IMG system,
PV, BESS, conventional generator, different types of
switches, inverter, converter, circuit breaker,
transformer etc. are connected which can make the
system complex and bulky.
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So, this type of IMG system requires proper control
techniques for reliable and stable operation. The
control techniques of an IMG system can be found in
[15]. IMG is an essential part of the power system,
but in existing literature, very few approaches have
been identified to improve its operation [16].

For proper operation and control of the system under
peak load shaving application, proper IMG system
design is the primary requirement. In this paper, we
are going to show an appropriate IMG design for
peak shaving service with hybrid PV-BESS system.
The system has been designed in MATLAB/Simulink
environment. The complete system has four different
significant components; PV, BESS, time varying
load, and GTG. Every component has been designed
separately, and after that, they are sandwiched
together to form a complete system. The outcomes of
the system have been found from the simulation, and
it shows that the model is highly appropriate for the
IMG system for peak shaving service. The results
exhibit the potentiality of the system.
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This paper is organized as: In Section 2, a coherent
literature review is presented. The details of the test
microgrid system and the designed IMG with hybrid
PV-BESS in MATLAB/Simulink have been
presented in Section 3. The simulation results and
discussion of this work are discussed in section 4.
Finally, the conclusion and future recommendations
have been discussed in section 5.

2.Literature review

Peak load presents a key challenge to the microgrids.
Application of hybrid PV-BESS is one of the most
attractive potential strategies to mitigate this
challenge. However, to make the hybrid PV-BESS
beneficial for isolated microgrid it is inescapable to
model IMG with PV-BESS and analyze the
simulation results before implementation. Therefore,
an in-depth study on IMG modeling with hybrid PV-
BESS is the initial requirement. In existing literature,
few works have been found for power system
modeling. Rameen Abdel Hady constructs a
MATLAB Simulink model to represent a PV system,
mounted on national water research center’s roof. He
simulates the model for two scenarios: local grid tied
system and national grid tied system. The model
shows economical savings when it implements for
the national grid [17]. This work considers the model
with PV system and BESS system does not consider
here. Peak load shaving strategy does not consider
with the constructed model. Ashraf Khalil presents a
modelling and controlling strategy of PV-based
Microgrid system. Two voltage source inverters are
used to form the PV-based microgrid system [18].
This model is presented the power sharing of the
microgrid where peak load shaving is not in the
consideration. Hanane Dagdougui designs a
microgrid model for a university campus microgrid to
the operation and control of the microgrid. The model
of the microgrid aims to minimize the overall
operation costs of the system. The model ensures the
power exchange with the local electrical network.
[13]. Peak load shaving is not in the consideration of
this work. Another campus microgrid system model
is found in [4] where BESS is considered in the
model for peak shaving application. Photovoltaic
system is not considered there.

Overall, for peak load shaving application, a
complete model for IMG with hybrid PV-BESS
system for peak load shaving application is rarely
found in existing literature.
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3.Microgrid system modeling
This section presents a comprehensive overview of

the test microgrid system and the designed simulation
model in MATLAB/Simulink software of the test
microgrid.

3.1System description

UTP campus is an ideal isolated microgrid system.
UTP has two gas turbine generators where every
generator has 4.2MW rated capacity, and the
optimum generation capacity is 3.8MW. The system
maintains 11kV generation voltage, and it distributes
415V around the whole campus. It distributes the
generated power around 5km from the generation
side to consumers. Power consumption of the UTP
depends on the campus activities. The load pattern
variation can be observed during weekends, semester
breaks, public holidays and working days as seen in
Figure 1. In a working day, the demand for power is
the highest because of the highest number of students
are available in their workstations and the academic
classrooms. The opposite is true for the public
holiday. For semester break and weekend, the load
profile of UTP looks similar.

3.2Test microgrid designing

A complete Microgrid model has been demonstrated
in this section. This microgrid model is well fitted for
the isolated power system operation. This microgrid
model contains hybrid PV-BESS system which is
connected as a DER unit. Two GTG’s which have
4.2MW rated capacity and the optimum capacity is
3.8MW [19]. The PV generation unit with rated
power capacity of 2MW and for the UTP
environment, the maximum generation during day
time peak period can be around 1.9MW [20]. From
UTP load profile, the maximum power demand
among weekends, semester break and public holiday
is around 5.7MW except working day. The 2MW PV
unit and primary generator can meet the maximum
demand of the mentioned scenarios and supporting
generator does not need to operate (2MW + 4.2MW
= 6.2MW or 1.9MW + 3.8MW = 5.7MW). For this
reason, PV unit considered as 2MW. The BESS unit
with rated capacity of 400kW and rated power
capacity of 900kwWh. For UTP load profile, the
morning and evening peak demand varies form
3.8MW to 4.2MW for 2 hours and 15 minutes [15].
So, the power capacity of BESS unit should be
900kWh (400kW x 2.25h = 900kWh) and time-
varying load profile is combined with the model.
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Before operating the system, it is essential to ensure
proper charge-discharge operation of BESS, optimum
usage of PV and optimum generation dispatch of the
GTG for economic benefit.

Load in MW
S

The system voltage is considered as 415V, and the
system frequency is 50Hz. The DC-AC converter
also maintains the same properties. The transmission
line has been considered around 5km. The complete
model of the IMG system has been exhibited in
Figure 2.
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Figure 1 Typical UTP load profile for different scenarios
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Figure 2 Complete MATLAB/Simulink model of UTP microgrid system

The complete IMG system model can be classified by
four major components-

a. Time Varying Load Model

b. PV Model

c. GTG Dispatch Model

d. BESS Model
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3.2.1Time varying load model

The time-varying load profile of the model has been
considered three-phase three wires loads which will
consume active and reactive power. Total 96 three-
phase loads are connected in parallel. After every 15
minutes, the load will be changed according to the
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pulse of the three-phase breaker. UTP microgrid has
four different load profiles such as weekend load

according to the average initial power requirement
and clock pulse of the primary three-phase breaker.

profile, semester break load profile, public holiday The dynamic load profile model has been
load profile and working day load profile. The system demonstrated in Figure 3.
will realize the correct load profile of the day
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Figure 3 MATLAB/Simulink model to realize variable load profile

3.2.2PV model

The PV generation unit has been considered as 2MW,
and two separate PV units relate to each other to
maintain the desired power. Both PV units have the
same capacity of power generation and the same
properties of the DC-AC converter and LC filter. The
MATLAB/Simulink model of the PV generation unit
is shown in Figure 4. The output of the converter is
three-phase AC power which maintains three wires to
supply to the loads. The converter is a MPPT
converter which has been controlled by the dynamic
current- controlled P&O algorithm. The output
voltage will be constant all the time, and the output
power will follow the input current profile of the
converter. The inputs of the PV panels are solar
irradiance and module temperature.
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3.2.3GTG dispatch model

The system has two GTGs where every GTG has the
rated capacity 4.2MW and the optimum capacity
3.8MW. The generator maintains 11KV generation
voltage, and by using a step-down transformer, it
distributes 415V to the loads. The generation voltage
frequency is 50Hz. Since the system has a PV
generation unit, both GTGs do not need to operate all
day long. When the PV generation is not enough
along with G-1 to meet the demand, only this time,
the G-2 needs to operate to meet the demand. The
dispatch control operation will depend on the time-
varying load profile and the generation of PV. The
mathematical dispatch control model of GTG is
shown in Figure 5.
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Figure 4 MATLAB/Simulink model of PV generation system
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Figure 5 MATLAB/Simulink model of economic generation dispatch

3.2.4BESS model

BESS has been used in the system to balance the
power flow to meet the demand. The model has a
BESS unit which has 400KW rated power. The
variable load usually remains between 3.8MW to
4.2MW during morning and evening period, which
stay around 2 hours and 15 minutes. So, the capacity
of the BESS is 900KWh. The initial state of charge
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(SOC) of the battery is 20%, and the system
efficiency is around 97%. The BESS unit has a bi-
directional converter which will operate according to
the direction of the charge-discharge logic.
Generally, the BESS will absorb power from the
generators during the off-peak period, and it will
deliver the stored energy during the peak period. The
SOC does not need to calculate because the Simulink
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BESS model has its own SOC calculation section.
So, it can easily observe the instantaneous SOC of

the battery. The MATLAB/Simulink model of BESS

has been shown in Figure 6.
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Figure 6 MATLAB/Simulink model of BESS unit

The BESS model can be classified by two major
parts:

a. Bi-directional Converter model

b. Charge-Discharge Controlling model

3.3Bi-directional converter model

The bi-directional converter is connected to the BESS
for storing energy or to deliver energy. This converter
maintains two operations by its DC-AC and AC-DC
converter. This converter has been designed with

IGBT, where few operates as DC-AC converter, and
few operate as AC-DC converter. The operation of
the bi-directional converter will maintain the control
logic of charge-discharge operation. An LC filter is
connected to the three-phase line to remove
unexpected noise from the output of the converter.
The MATLAB/ Simulink model of the Bi-directional
converter has been shown in Figure 7.
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Figure 7 MATLAB/Simulink model of a bi-directional converter

3.4Charge-discharge controlling model

The charge-discharge logic will be applied as the gate
pulse of the IGBT to control the operation of the bi-
directional ~ converter.  The  charge-discharge
controlling model has been designed in such a way
that the BESS unit can quickly identify the charging
operation or the discharging operation.

If the load is less than the total generation of PV &
GTG and if the SOC is also less than 90%, this time,
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BESS will be charged from the generators. On the
other hand, if the load is higher than the total
generation of PV & GTG and if the SOC is greater
than 20%, this time BESS will be discharged. The
charge-discharge control logic of the BESS has
shown in Figure 8, and the charge-discharge
controlling gate pulse model of the bi-directional
converter has been exhibited in Figure 9.
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Figure 9 MATLAB/Simulink model of generating the gate pulse for bi-directional converter

4.Simulation results and discussion

The simulation result of the time-varying load profile
model has shown in Figure 10 (a). The UTP-IMG
system has four different load profile, as mentioned
in the previous section. The simulation has been
conducted for the semester break load profile. The
exact value of electricity consumption on the
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semester break has been illustrated properly on the
result.

The generation dispatch curve has been demonstrated
in Figure 10 (b). From the figure, it can quickly
identify the economic operation of the generation
system. When the PV-BESS hybrid system is not
available in the system, the generators need to
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operate almost the whole time of the day. Hence, the
availability of hybrid PV-BESS system results in the
least operation of the supporting generator, which can
reduce the overall cost of the system.

The PV generation unit is considered 2MW in this
work. The simulation result has shown the PV
generation in Figure 10 (d), where it considered the
real-time data of module temperature and solar
irradiation.

To balance the optimum operation of the system,
BESS needs to be charged and discharged. The
charge-discharge logic has been shown in the
previous section. The simulation result of BESS
charging and discharging from the generation system
has been exhibited in Figure 10 (e). To ensure the
economic operation, the load profile should be very
close to its optimum value.
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Figure 10 (a) Time varying load profile (semester break), (b) Economic generation dispatch, (c)
operation, (d) PV generation based on real time data, and () BESS charging-discharging operation
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Peak shaving
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To perform the charge and discharge operation, the
load profile has been maintained of its optimum
value. BESS has been allowed to be charged when
the demand is lower than the generation, and BESS
has been allowed to be discharged when the demand
is higher than the generation.

The PV-BESS hybrid system is used for minimizing
the demand throughout the day. When PV is
available in the system, it will supply power to the
load directly. If PV generation is not enough or PV
generation is not available in the system, BESS will
be discharged to fulfil the demand. Again, when the
SOC is below 90%, BESS will be charged, and for
discharge operation, it should be more than or equal
20%. The simulation result of the load minimization
of the system has been exhibited in Figure 10 (c).

4.1Limitations of this study

This study focuses on the designing an Isolated
Microgrid system model for ensuring the peak
shaving services. This designed model can
successfully provide the desired service and ensure
the economic operation of the system. This model
includes a large PV generation unit. This type of PV
generation system requires a large area for
installation. Besides it, there did not consider the
lifetime improvement of the different components of
the designed model. The components with improved
lifetime can serve the system in long terms which can
bring more economic benefit for the system.

5.Conclusion and future recommendation
In this paper, an ideal IMG system has been
developed in MATLAB/Simulink environment to
ensure the smooth operation of the microgrid under
peak load demand. The results of this study have
been discussed and analyzed in the context of UTP
microgrid. The simulation results revealed that the
developed IMG model approximately represent the
perfect situation of the real-time system in UTP. It is
also found that the variable load model can precisely
characterize the different load scenarios, which is
essential to demonstrate peak shaving concept. The
simulation result of PV generation system shown the
real-time power generation of the PV as recoded in
UTP system. Further, results of this study proved that
the developed IMG with hybrid PV-BESS offers
more economical and environment-friendly power
generation through peak shaving along with
maximizing the utilization of the renewable.

However, this model did not consider the
improvement of the lifetime of different components.
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Therefore, the lifetime improvement of different
components can be analyzed further to improve the
operational period of different components which can
bring more economic benefit for this system.
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