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Abstract— This paper provides circuit modelling of a
microgrid that has a solar power system with maximum power
point tracking and a battery energy system. The maximum
power of the photovoltaic panel is tracked by using the
Incremental Conductance MPPT set of rules. A Boost converter
is used to adjust the voltage level corresponding to the MPPT.
The required adjustable duty cycle switches the converter. The
battery is employed as memory means that's connected to the
bidirectional DC-DC power converter. The necessary change of
the converter should be exhausted the way that it charges or
discharges the battery relying upon the load profile. This model
gives benchmark sizing of the PV module and battery energy
storage for standalone microgrid PV operation. The model able
to harness the maximum power with minimal oscillations,
decreases the system losses in the energy management system
and increases overall efficiency.
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I. Introduction

The reduction of fossil fuels, the rise in prices, and the
effect on nature while making use of fossil fuels to generate
electricity have forced industrialists. The scientists and the
public are now pretty much concerned to use natural sources
like as wind, biomass, hydropower, and solar power.
Advantages of solar power generation have less maintenance
cost and no fuel cost in production, and fully environmentally
sociable [1]. The European nations are leading in the solar
strength era. Now in Asia, the Solar farm project in India
which has 2,700 MW capacity, is one of the major PV power
generation farms. Recently, in Bangladesh at Bagerhat has
the largest solar PV plant which has a 130 MW installed
capacity in December 2021. The top-ranked photovoltaic
(PV) installer is now in China with a total capacity of 205
(GW) at the end of 2020.

Recently, in the fourth industrialization, small mills and
power facilities use power electronics to control and optimize
the efficient flow of energy within the plants. The non-
renewable electricity resources with those plants are also
expeditiously accustomed to come across the rise in
increasing load demand profile. Using mini and microgrids
integrated with renewable energy systems as a potential
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power resource has become a green opportunity to meet the
load demand sustainably. Because renewable power is the
greatest and most inexpensive supply and free of cost, it can
be used freely to generate power when integrated to the
excising power system. This first-ranked renewable resource
of electricity has numerous advantages like not polluting the
nature or not damaging the wooded area landmarks.
Nonetheless, the energy harness is surely free, there is no
need of renovation, there are a couple of different scopes to
use of these resources together with water heating, and house
heating, extensively utilized in much greater packages [2].

The primary concern is to design an appropriate
electricity utility system connected with such a microgrid
grid. One of the main reasons is that photovoltaic renewable
power supply is extremely fluctuating, and restoring the
intermediate circuit voltage profile to a constant value is one
of the main issues. Specifically, the change of load demand
and power delivery with regulated voltage margin is quite
difficult. The actual implication of the renewable resources
with the help of the interim DC-DC converter to the utility
grid is an essential problem that has been addressed in several
papers [3].

To the best of our knowledge, in the last couple of years,
MPPT algorithms and control techniques to be used for
microgrids have not been enormously explored except in
[11], [12], [17], [20]. The authors investigate the DC
microgrid system which is depend on solar PV, permanent
magnet synchronous generator, battery energy storage
systems [13]. The load is assumed as in islanded using MPPT.
The authors in [14] [18], explore small scale energy system
with wind energy. They investigate micro grid-side converter
feasibility. The authors in [15], explore a low-end
microcontroller and closed-loop stabilization in MPPT. The
authors in [18] — [27] investigate different types of energy
conversion topologies with different types of renewable
power plants in smart power system grid for optimal
operation. Several emerging converters for this purpose have
been explored in [28] — [33]. This document exclusively
provides the designing microgrid energy management system
with MPPT aiming to fully harness the output power of the
PV array. In the model, the battery storage system is
responsible to maintain a healthy and reliable voltage level.
The significance of the battery unit is to make sure wherever
the available energy from PV is fed to the grid or absorbed by
the storage for later use to load at peak demand hours.
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II. GRID-CONNECTED MICROGRID SYSTEM

This section discusses the circuit and network topology
standard which is used for the proposed microgrid system.
The system consists of the battery energy storage and the
photovoltaic array that is linked to bus bar which is a DC link
and microgrid system. A green set of rules is applied to obtain
maximum performance through interactive inverter.
Photovoltaic array is linked via enhanced converter that are
applied for meet the goal to supply it by the way of MPPT
algorithm. Battery storage attaches with the assist of bi-
directional way, which could both rate for the battery via
soaking up power from microgrid or discharge condition
battery by using injecting to strength into a microgrid. For the
following, a bi-directional converter is needed, and the
switching must be done in such a way that the battery is either
charged or discharged depending on the load status. We know
that the photovoltaic solar energy is a renewable energy
source and battery is storage for energy exchange which is
attached with the bus bar. The battery and bus bar are attached
to the converter [4] — [5]. Fig.1 is the proposed schematic
diagram of the PV solar system having MPPT that is
connected to the grid.
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Fig. 1. Schematic diagram of grid-connected system

A. Modelling and Analysis of PV cell

The PV cell in the panel uses the photovoltaic effect to
transform solar energy into electrical energy. We have used
off-the-shelf Simulink software to model the solar PV cell,
connected them to make panel. The Simulink block is used to
implement and analyze the model, a version of the
photovoltaic panel as listed in Table 1.

B.  Equivalent circuit of PV cell

The movement of electrons and holes due to the incident
light, known as photons, is symbolized by the symbol I, in
the equivalent circuit of the photovoltaic cell. A diode current
runs parallel to the current source defined by Is. A series
resistance Ry and a shunt resistance Ry, denotes the
semiconductor's metallic contacts and the cutting-edge
leakage caused by impurities in the junction diode of the
equivalent model respectively. The electrical equivalent
circuit of a PV cell is shown in Figure 2. [21].
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Fig. 2. Electrical Equivalent of a PV cell.
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The necessary parameters are taken from a commercially
available solar panel which is used for microgrid is shown in
Fig. 3. It represents the current-voltage and power-voltage
characteristics graph of the PV module. Table 1 listed the
necessary parameters and their values.

TABLEI VAIUES OF PV CELL PARAMETER
Some of the key parameter VALUE
Maximum Power capacity 213.15W

The voltage at maximum power 32.46V
Current at maximum power 15.7A
Open circuit voltage (Voc) 36.3V
Short-circuit current (Isc) 7..84A
The voltage at maximum power point (Vmp) 29V
Current at maximum power point (Imp) 7.35A
Temperature coefficient of Voc(%deg.C) -0.36099
Temperature coefficient of Isc(%deg.C) 0.102

Rely on the circuit shown for the PV panel in Fig. 2, the

following equation can be used to determine the PV current.
q(Vpv+Rsipv)

Ipv = Nplph - np (exp [ A ] (1)
Vpv+ipvRs
Rsh (1)

The saturation current in this case is I, while the current
produced by the sun light is I,». The following terms are used
to represent the following quantities: cell temperature is
represented by (T), ideal factor (A), electron charge (q),
number of parallel cells (np), shunt resistance (Rg),
Boltzmann constant (K), and series resistance (Rj),

accordingly.
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36 series modules; 2 parallel strings
1 wim? ! ! ' '
15T
. 0.8 k\W/m?
=
=10
5 0.5 kwim?
s
O gL
0.1 k\Wim?
0 o
o 200 400 600 800 1000 1200 1400
Voltage (V)
15000 - Wim?
2
%— 10000
£ SOV
2 5000 |
S
od n ! h | '
o 200 400 600 800 1000 1200 1400

Voltage (V)

Fig. 3. Current-Voltage and Power-Voltage graph of the module.

The equation of light-generated current is given below:

Iph = G(Ise + Ki(T-Ty)) )
Where short-circuit current is denoted by I at 1000W/m?
and 25 °C. The short-circuits current temperature of cell
coefficient (Kj), cell reference temperature (T,) and
irradiation (G) in kW/m? are denoted respectively. The
saturation current of PV cell through cell temperature:

s = I () exp[qE/KA((T-To)+ TT))] (3)
Defining the open-circuit voltage by V., the band-gap energy

is E,, and the reverse saturation current I is given by eq. (4)
Is =1Isc ~ exp [qVoe + nskAT] -1 4



10th IEEE International Conference on Smart Grid

III. MPPT ALGORITHM USING
INCREMENTAL CONDUCTANCE

Due to the low cost and simplicity, the incremental
conductance methodology is used as MPPT algorithm in the
proposed solar system. The slope of the power—voltage curve
of a solar panel is determined by the following equations:

dp
- =0 %)
Here, the evaluate equation:
- T - (6)
av~ av av ar av
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Fig. 5. DC-DC boost converter circuit

The panel's conductance value (I/V) and incremental
conductance value (dI/dV) are key input parameters
measured using the Incremental Conductance algorithm. The
voltage V(k) and current I(k) are sampled for every k step.
Fig. 4 better illustrates the incremental conductance MPPT

algorithm.
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Fig. 4. Flowchart of Incremental Conductance MPPT Algorithm

A. DC-DC Boost converter

The DC-DC boost converter presented in Fig. 5 takes into
account the following circuit elements. A capacitor, a
MOSFET transistor, an ultrafast diode, an inductor, and
resistors are the components of the Boost converter under

Vref=Vref
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consideration. The MPPT-based controller generates a pulse
width modulation signal that controls the performances of the
converter [8], [9].

B.  Buck-Boost Converter and Battery Charge
Condition

The buck-boost converter is highly supportive in actual
battery-powered applications because of its decreasing and
increasing voltage level shifting, it may function as either a
buck converter or a boost converter, dependent on the switch
used to activate the converter. When performing a step-down
or buck operation, energy remain same while voltage profile
shifts from the high voltage to the low voltage.
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Fig. 6. Bidirectional DC-DC converter circuit diagram

On the other hand, when performing a step-up or boost
operation, energy still remain same however, the output
voltage increases considerably. By picking the switch to either
charge or discharge the energy storage battery, the power flow
can be controlled [10]. The circuit diagram for a bidirectional
converter is best depicted in Fig. 6.

(VBus - VBattery) Ton = VBattery(T'Ton) (1 1)
VBattery

D;- Vhus (12)

Dy~ (13)

Inductance (L) is expressed in equation,

_ (VBus — VBattery)D1 (14)
del Ixf

Capacitance is expressed in equation,

L

_dell
T grdel Vif (15)

The ripple may arise for insignificant estimation of inductor
which is 20-40% of the output current. The necessary
equations are used to determine the boost converter's
parameters. The setting that results in the lowest current and
voltage ripple is chosen. Basically, in primary running mode
is triggered when the energy generated through the renewable
system is comparatively less than that of the demanded by
means of the aggregated load profile. For simplification, we
have considered resistive load. If the solar power, Ppy less than
the load, Pi..q and the battery system is likewise significantly
discharged then the entire microgrid system has to shut down.
The Boost mood is initiated, if the solar power Ppy is less than
Pioad however the battery is charged and is likewise able to
supply electricity. Hence energy storage affords backup the
system together with the PV output as long as the storage do
not totally deplete. The Buck mood is activated, while the
solar power, Ppy is greater than load, Pi..q and the battery is not
in a completely charged state. Throughout this operation, the
solar PV panels not only provide electricity to the load but
furthermore the surplus energy harnessed by the solar PV are
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used to charge the battery energy storage for later use. For the
duration of this mode of operation, the solar PV panels supply
power to the load below most power point enabled manage
and it is also ensured that the battery storages keep itself in
totally charged condition with steady charging so that that the
battery energy storages able to avoid self-discharge.

IV. SIMULATION AND RESULTS

For the purpose of evaluating overall performance, the
controller regulate the battery power for the microgrid. The
PV system model has been successfully simulated in the
Simulink off-the-shelf environment. The ordinary differential
equation which is a changeable step and solver was
constructed for use with the system model. The sampling time
for each pattern in the discrete simulation is set to 1 micro
second. The model's total performance evaluation is broken
down into the three areas namely MPPT tracking
performance, battery charging and discharging performance,
and electricity delivery to microgrid as described in the
following sections.

The PV system with MPPT based Incremental
Conductance Algorithm and Battery storage use the bi-
directional converter to take a look at the output below diverse
modes of operations. Fig.7 and Fig.8 respectively present the
MPPT algorithm simulation model of photovoltaic system
with battery storage using bidirectional converter.

Boost Comverer

Fig. 7. The Simulink model MPPT base incremental conductance algorithm

Votage Carvalr P

Fig. 8. The Simulation model of Photovoltaic system with Battery storage.

The system is implemented for diverse scenario and the results
acquired from the simulation are analyzed and mentioned in
this section. In this system, the ambient temperature (Tc) and
solar irradiation stage (G) of the solar PV module are given as
Tc=25C, G=1000 W/m?. The solar panel model is provided in
Table 1. After the simulation by wusing incremental
conductance base algorithm, the power is found to be 501.W,
the current is 15.7A and the voltage is 32.46V The
Photovoltaic system effectively delivered power to the
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microgrid. Fig. 9 is representation of the current, voltage and
power of photovoltaic system. Voltage in the Boost converter
terminal is up to 31V. The voltage profile is given below in
Fig.10.
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Fig. 10. Voltage measurement of the boost converter.

Bi-directional converters through charging stage of battery is
shown. The output increases when the initial stage of charge
(SOCQ) is increased. At different battery charging stage which
are (-5, -15 and -10) as shown below in Fig.11. In the result,
when the battery charged stage is decreased, voltage is
increased and battery charged stage is increased, the voltage
is decreased. When battery is charging the voltage is
increased, the charged current must be decreased.
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Fig. 11. Result of SOC, Voltage and Current in Battery Charging Stage.
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Fig. 12. Result of SOC, Voltage and Current in Battery Discharging Stage.

In the battery discharged state, the SOC is decreased at load
voltage at around 48V, while the battery current is in positive
mood. At constant voltage, Power is decreased at a constant
rate. The result of SOC, Load Voltage, Voltage and Current in
Battery Discharging Stage is given in Fig.12.

V. CONCLUSION

Analysis of a microgrid having solar system with
maximum power point tracking and battery energy system
has been successfully designed and simulated in this research
work. The MPPT Incremental Conductance tracking
algorithm using Boost converter that increases up voltage of
the PV output which always track the maximum power point.
The battery rate regulator of MPPT is successful to charge a
24V lead-acid battery. A tracing of the maximal energy from
photovoltaic array is accounted to be 300W. This energy is
supplied to the microgrid. Adjustable charging strategy is
performed in four-stage which successfully overcome any
deviations and fluctuations. Proposed solar power microgrid
model can be implemented to provide quality power to the
load, especially in rural area of Bangladesh. The simulation
results better prove its compatibility for real-world
application to harness intermittent solar PV power. The
effectiveness of the model is verified, the model accurately
and quickly tracks the MPP with minimal oscillations, that
reduces losses of the energy in the microgrid and increases
overall yield.
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