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Abstract

Global warming has led to the proliferation of electric vehicles, which seem to be the best option for internal
combustion engines. With so many electric cars on the road, it's not practical or economical to charge cars using
traditional power lines. Using renewable energy when charging stations control the electric vehicle. The project
describes the charging system (SWCM) based on solar energy (250W), 15 modules in series and 2 parallel in
series, and wind power (5.78kW) to generate electricity to charge the battery of the EV (electric vehicle). The
regenerative charging station consists of wind turbines and PV (solar photovoltaic) modules. Charging
mechanisms based on wind energy reduce CO2 and CO2-related emissions by reducing the need for fossil fuels
to generate electricity. EV (electric vehicle) charging stations containing solar, wind, grid and BESS (battery
energy storage systems) are designed according to the current situation. Additional grid support is also assumed
to provide uninterrupted power to the charging stations without placing additional load on the grid. To balance
the requirements, the system is connected to the grid via a three-phase bidirectional DC-AC (alternating current)
frequency converter. The results show that the regenerative power generator is suitable for charging electric
vehicles and creating a Pollution-free environment. The results are demonstrated with a MATLAB simulation run.
Keywords: Bi-directional, Vehicle to home, Vehicle to grid, Converters.

1. Introduction

New hybrid vehicle charging stations are equipped
with various energy sources such as photovoltaic
systems, wind energy systems, AC, battery packs as
the main energy storage system and grid-connected
inverters for always-on energy. This article describes
progress on a solar-wind hybrid charging station that
uses power converters and bi-directional DC-DC
converters to balance DC voltages [1]. It is
recommended to perform the analysis in the
MATLAB Simulink environment.

1.1. Need of Hybrid PV and Wind Integration

for EV Charging

The integration of hybrid photovoltaic (PV) and wind
energy for electric vehicle charging represents a
move towards sustainable energy use and is
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particularly important in the context of the explosion
of the electric vehicle (EV) market. This approach
reduces dependence on fossil fuels in line with the
environmental goals of electric vehicles by reducing
emissions and pollution [2]. This combination
increases energy security and independence from
production, provides similar energy sources from
solar and wind, and provides capital Nature charges
electricity everywhere. From a business perspective,
the combination of lower costs and the ability to
integrate elements such as inverters and battery
storage makes the system more profitable over time
[3-5]. It is scalable and flexible, can support
everything from single chargers to large charging
stations and provides grid support during times of
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peak demand. Additionally, using renewable energy
solutions can help comply with environmental
regulations and potentially unlock financial support.
For companies, this demonstrates their commitment
to sustainability and improving their reputation in the
consumer  environment  [6]. Overall, this
collaboration not only addresses sustainable
transportation and energy issues but also plays an
important role in the global shift towards clean
energy and transportation solutions.

1.2. Scope of Research Work

1. Design and optimization: Focus on creating
efficient and reliable designs for the
integration of photovoltaic and wind energy
into the grid regarding the connection
between us - developing algorithms to
increase high-end power and performance
[7].

2. Energy Management and  Storage
Conservation: Designed to create an energy
management system that balances energy
consumption from renewable sources, grids

2. Methodology
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and storage and optimizes energy storage to
keep the electric car paying off [8].

3. Grid integration and impact analysis:
Identifying and mitigating the impact of grid
integration on grid security, including the
investigation of technology and control
strategies for power and frequency control.

1.3. Objective of Research Work

1. Analyze the energy balance under different
irradiance and wind speed conditions [9].

2. Evaluate energy management algorithms for
renewable energy and battery storage.
Control performance to ensure stable power
for continuous charging.

3. Analyze the impact of grid security and make
mitigation strategies available.

4. Consider determining costs and revenues and
conduct a cost-effectiveness analysis of the
business. It emphasizes its contribution to
sustainable  development by reducing
dependence on fossil fuels and reducing
emissions [10].
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Boost
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Three-Phase Source Grid
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Figure 1 Circuit Topology of the Proposed System
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MODE 1: Solar PV with boost converter (250W)
and wind panel with rectifier (5.8kW)
In mode 1, the solar power is connected to the boost
converter to increase the voltage and the wind panel
drag is connected to the rectifier. Income. It is
converted from AC to DC. This power is sent to the
700V DC bus and from there it charges the charging
stations and BESS. This mode is used when there is
sunlight during the day [11].
MODE 2: Windmill with rectifier
Mode 2 has no solar energy at night. In this case, the
air panel is connected to the 700V DC bus bar and
rectifier. In this mode, we can draw power from
BESS to charge the electric car [ 12].
MODE 3: BESS with Bi-directional DC-DC
converter
In mode 3, in some conditions when solar and
windmill power is not present, we can take power
from BESS with the help of a Bi-directional DC-DC
Converter to charge EVs [13].
MODE 4: Grid-connected Inverter
In mode 4, Based on grid voltage we generate the sin-
cos reference generation. Inverter controlled by DQ
current control concept. The inverter connects to the
LC filter and gives to the EV charging Grid [14].
3. Configuration of Hybrid System Proposal

3.1. Solar Panel
Photovoltaic generators are used to power the
batteries. A power converter is used to control the
flow of energy to the PV array so that it operates at
optimal efficiency [15]. The solar panel equation is
shown in the Figure 1.
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Figure 1 Solar Cell Equivalent
Circuit
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. |
Ipy = Ipp — 1 1
pv = Tpn = o {exp AKT (Voy + IpyRs)
Vpy + IpyR
- (D)
sh

Here I, is the output current of the photovoltaic cell
(A), L,y is the photocurrent, I is the diode current,
I, 1s the current passing through the shunt resistor,
lo is the reverse saturation current, K, Boltzmann

constant = 1.38 = 10~ 23 (%) .0, electricity value =
1.6 * 107 (G), T is the battery temperature (K),V,,
is the photovoltaic cell output voltage (V), A is the
best (for crystalline silicon, between 1.2 and 1.6), Rs
is the resistance ( Q) and Rg;is the balance (Q).

Connect to the switch to get the PV voltage.

V;,v = —0.411383Ipv + mlﬁl(l
4.682355 * @ — Ipy
2.35E — 8

(2

The output power from the solar PV array is given by

va = valpvrlconv ....(3)

where m conv is DC-DC converter efficiency
(typically 90-95%). The simulation diagram of the
PV array at different isolation levels is obtained by
SIMULINK software. The voltage-current and
voltage-output power characteristics of the PV array
are shown in Fig 2 and 3respectively.
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Figure 2 Relation Between Voltage and Current
of the PV Array with Varying Irradiation
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Figure 3 Relation Between Voltage and Output
Power of the PV Array with Varying Irradiation

3.2. Incremental Conductance Algorithm
To obtain maximum power from solar PV panels, an
MPPT-operated charge controller is introduced in this
article (Figure 4). The two main groups of MPPT
methods are indirect methods and direct methods.
Indirect methods include the constant voltage method,
open circuit voltage method, and short circuit current
method. In this pursuit, simple assumptions and
periodic predictions of MPPT can be made from
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simple measurements. For example, the constant
voltage generator adjusts the operation of solar
photovoltaic modules only in different seasons; For
example, the MPP voltage is higher in winter and
lower in summer at the same radiation level. This
method is not accurate because radiation and
temperature change in the same season. Another
common indirect MPPT technique is the open circuit
voltage (OV) method. In this method, it is assumed
that: Where k is a constant and for crystalline silicon
its value is usually around 0.7 to 0.8. This method is
simple and easy to use compared to other methods.
However, the constant k is only approximate, resulting
in decreased performance and the system must find a
new voltage V., every time lighting conditions
change. The load connected to the PV module must be
disconnected every time to find a new open source of
electricity, resulting in energy loss. The direct MPPT
method measures current, voltage or power and is
therefore more accurate and sensitive than indirect
methods.
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Figure 4 Conductance Algorithm
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3.3. Wind Panel
Wind turbines obtain energy from the kinetic energy
of the wind. Permanent magnet synchronous
generators (PMSG) are used to convert the Kinetic
energy of wind into electricity. The amount of air
coming out of the turbine is proportional to the cube
of the air swept by the blades.

1 3
Py =5Cp(BIPAV?  ..(4)

Where p is the density of air, (kg/m3),

A is the area swept by blades,

v is wind speed,

Cp is the power coefficient of the wind turbine, B is
the blade pitch angle, and

A is the tip speed ratio.

Turbine Power Characteristics (Pitch angle beta = 0 deg)
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Figure 6 Wind Turbine Characteristics
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3.4. Perturb and Observe MPPT Algorithm
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Figure 7 Algorithm of PO MPPT

The P&O method is used to monitor MPP. In this
device, small fluctuations occur, which cause the energy
to change in the photovoltaic modules. PV output power
is usually measured over time and compared to previous
power. The same process continues if the output voltage
increases, otherwise the effect is reversed. In this
algorithm, a perturbation is given to the photovoltaic
module or array voltage. Increase or decrease the
voltage of the photoelectric module and check whether
the power increases. When the increase in voltage
causes more power, this means that the operating point
of the PV module is to the left of the MPP. Therefore,
to achieve MPP, the law needs to have more impact.
Conversely, if the increase in voltage leads to a decrease
in power, this means that the operating point of the PV
module is to the right of the MPP and therefore requires
an additional left-hand effect to reach the MPP. The
flowchart of the P&O algorithm used by the price
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controller is shown in Figures 5 - 7. When the MPPT
charge controller connects the PV module to the battery,
it measures the PV and battery voltages. Determine
whether the battery is fully charged after measuring the
battery voltage. If the battery is fully charged, it will stop
charging the battery to prevent overcharging. If the
battery is not fully charged, charging starts by activating
the DC/DC converter. The microcontroller then
calculates the current P,.,, power at the output by
measuring the voltage and current and compares the
calculated power to the previously measured P, 4
power. If P, is greater than P,;4 increasesPWM duty
to get maximum power from the PV panel. If P, is
less than P4, the duty cycle is reduced to allow the

3.5. Analysis of PMSG
The measurement model of the PMSG takes into
account assumptions that are often taken into account
in the AC motor model.
The electrical balance of the PMSG is used in the (d
, @) models to the rotor flux vector are

wl=lo el wlod
vl Sl o

For distributed sinusoidal back EMF the magnetic
flux and current phasors are connected in the
following expressions:

¢d = Ldid+ or

¢q= Laiq .. (6)

By substituting equations, the following set of equat
ions are obtained by Laplace transform:

V4= (rstLap)ig-eq
Vg = (rstLgp)ig-€q -« (7)

the direct and the quadrate back E.M.F components
are expressed as:
€d= (Pr Lqiq
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system to return to its previous maximum power. The
MPPT algorithm is simple, easy to use, low cost and
high accuracy.

MPP
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Figure 8 Graph of MPPT algorithm
Eq =Qr Ldid+(Dr Qr (8)

The stator's active and reactive powers are given:
Py = (Vg i+ Vg o)

Qs = (Vg i+ Vaig) - (9)

The mechanical equation is expressed as follows:
Tn-Ten=J2+Kid  ..(10)

The electromagnetic torque can be expressed, in the
reference frame (d, ), as follows:

Tem == Mp( or-(Ly-La) i) ig ... (11)

The control of the stator side converter (SSC)
depends on the MPPT tracking maximum power
point and prevents the creation of the speed that
powers the turbine. The MPPT algorithm provides
information about the power used for the engine, so
that at any wind speed below maximum, the power is
maximum, provides instructions on the use of torque

Tm= % ant3CpmaxV2/Yopt ..(12)
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Where: Rt: Blade radius (m), yopt: Optimal relative
wind speed.
3.6. Boost Converter

To replicate load current modulation, a variable source
Boost converter is employed. The Boost converter's
schematic diagram analysis using
Simulink/MATLAB. The P and O MPPT for variable
wind speed of wind turbines and the incremental
conductance algorithm for PV panel boost
conversion in insolation ranging from 1000 W/m2 to
400 W/m2 demonstrate the dynamic performance of
the boost converter in:
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Figure 9 Simulation Blocks Diagram of a Boost
Converter with A Wind Turbine
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Figure 10 Simulation Blocks Diagram of a Boost
Converter with A PV Panel

3.7. Bl Directional Dc-Dc Converter
Bidirectional DC-DC converters regulate the DC bus
voltage's power flow in both directions. The output
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of solar power systems and windmills varies due to
variations in the surrounding environment. These
energy sources' significant output swings make them
unreliable for feeding electricity as a standalone
system.

U u J
700 T
R GBT'2
Fi) 0 P t
V_ref ' ‘
th PWM Generator

Fromf

Voltage Controller for Bi Directional DC-DC Converter

Lo

16BT 1

The hidirectional DC/DC converter

Figure 11 Simulation Blocks Diagram of a Bi-
Directional Dc-Dc Converter with A Battery
Energy Storage System

To regulate the bus voltage, a Pl controller is
employed. 700V is the reference voltage, and it is
contrasted with the immediate bus voltage value for
Pl controller input error signal calculation. The
reference converter current for a current controller in
boost or buck mode is the output. The reference
converter current establishes the converter's working
mode and reflects the direction of the current.
Current controllers use the voltage controller
algorithm. For engineering applications requiring a
basic control framework, the voltage controller
algorithm  exhibits  greater  resilience  and
dependability against external disruptions. It is not
required to compute error signal values exactly. In
this sense, changes in load disturbance and
performance metrics are insensitive to system
stability.
3.8. Battery Modelling

The energy stored in the battery is called battery
capacity. It is measured in ampere-hours (Ah), watt-
hours (Wh), or kilowatt-hours (kwWh).
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Model
A 12V, 48Ah Lithium-ion battery is a type of
rechargeable battery. The battery's nominal voltage,
which is normally about 12 volts when completely
charged, is indicated by the 12V designation. The
load conditions and battery state of charge can affect
the actual voltage. The battery's capacity is indicated
by the 48Ah (Ampere-hour) rating, which shows how
much charge the battery can provide over a given
amount of time. We have assembled a battery pack
system using 35 individual batteries, each rated at
12V. When connected in series, these batteries
provide a combined voltage of 420V (12V x 35). The
capacity of the entire battery pack is 48Ah, which
remains consistent with the capacity of the individual
batteries.
3.9. Phase-Locked Loop Algorithm

Phase Locked Loops (PLL) are used in grid-
connected power converter topologies to synchronize
with the grid voltage. PLL is required to provide
sufficient power from the power converter to the
grid. PLLs used in renewable energy power
converters are reported in studies. PLL can also be
used for control and monitoring purposes. PLL is
used with a closed-loop control algorithm in a digital
controller. Depending on the particular, the digital
controller used may be a microcontroller such as a
high-end floating-point digital signal processor
(DSP), field-programmable gate array (FPGA), or
digital signal peripheral interface controller (dsPIC).
Depending upon the cost of use and need for
difficulty. Synchronous reference phase-locked loop
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(SRF-PLL) is a three-phase PLL commonly used in
grid-connected power converters. SRF-PLL is used
to estimate the frequency and phase of the grid. It
extracts unit amplitude sine and cosine signals from
the PLL using phase estimation. These are called unit
vectors. These vector units are used to generate
signals in closed-loop control of the grid-connected
power converter. The performance of PLL is affected
by the presence of inconsistencies, harmonics and
DC drifts in the input voltage. When the input has a
DC offset, the estimated frequency and phase have a
sinusoidal fluctuation at that frequency. The unit
vector produced by the PLL has a DC offset in
addition to the ripples. When the input has a DC
offset, the result of the DC offset in the unit vector is
mathematically proven. For the input DC offset of
SRF-PLL, the DC offset in the unit vector can be
measured. Traditionally inverter current controllers
have a low pass configuration. Therefore, for a
conventional current controller design, the gain of the
DC closed-loop switch is 1. Therefore, when the
house vector used as a reference has a DC offset, DC
will be injected into the grid, which is undesirable.
This is illustrated by using a grid-tied inverter with
electrical  distribution  equipment such  as
photovoltaic panels, as shown in Figure 8. Closed-
loop control of this inverter generally involves
injecting a sinusoidal current into the grid by
combining the power. The reference current dq is
given in the rotated reference frame. The power
consumption consists of Vg ,.r and Vg rer USing
vectors as shown in Figure 9. The DC drift at the PLL
input is caused by the mismatch between the DC drift
in the voltage sensor, the analog-to-digital converter
(ADC) and the semiconductor switches in the
connected network. However, the advantage of SRF-
PLL over higher-order PLL is ease of use. If based
on the use of low-level controllers, SRF-PLL will
save a lot of digital resources and reduce the
computation time. Therefore, when the input has a
DC offset, it is necessary to make a detailed design
of the simple SRF-PLL. SRF-PLL's design goals
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may indicate: For a given worst-case DC offset input,
SRF-PLL must produce vectors that meet coupling
standards (such as IEEE 1547-2003). For a given
worst-case DC offset input, SRF-PLL should be
small. This model is useful for the following
computations:
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a. For a known amount of input DC offset, the
resulting DC offsets in the unit vectors can be
computed.

b. Variation of unit vector dc offset versus SRF-
PLL bandwidth can be obtained for a given
amount of dc offset in the input.

c. The effect of unbalance and harmonics can be

quantified.
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Figure 13 Three-Phase Grid-Connected Inverter and its Closed-Loop Control Implementation Including
SRF-PL

3.10. Linear Small-Signal State-Space Modelling
of SRF-PLL

As illustrated in Fig 10-13, the SRF-PLL structure.
The three-phase detected voltage signals, V,,
Vpand V., constitute the input to the PLL. These are
two-phase stationary reference frame signals V, that
have been transformed V. The stationary frame
transformation (abc — af}) from three phases to two
phases is provided by

International Research Journal on Advanced Engineering Hub (IRJIAEH)
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b & Tl

It does not employ pre-filters for the basic SRF-PLL.
Because of this, the "switch” S in Fig. 14 is
maintained in a fashion that allows V, and Vg to be
sent straight into the af} to dq rotating reference frame
transformation block, which is the next block. This
conversion is provided by
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The Position of the Switch S Determines Whether A
DC Blocking Pre-Filter is Included for Va and V.
When the grid voltage vector is perfectly aligned
along the g-axis, the proportional-integral (PI)
controller employed in the PLL guarantees that V4 =
0 in the steady state. The PLL yields w,, 8, along
with the unit vectorssin®,, cos6,. The estimated
frequency and phase angle are represented by the
variables w,and 0, respectively. These could be
thought of as this system’s state variable. The shift
from a stationary to a rotating reference frame makes

this system non-linear.
sin Ge] [Va]
cosB,| Vg

These can be taken as the state variables in this
system. This system is non-linear due to the
stationary to rotating reference frame transformation.
From (2), the expression for Vg4 is

Vd] _ [ cos 6,
;] |-siné,

(2

Vg =Vycosb, + Vpsing, ..(3)
the derivative of V4a be computed using (3)

Vg =V,cos0,+ Vgsinb, — V,w.sin 6,
+ Vgw.cosO, ..(4)

In arriving at (4), the following equation is used
0, = we

.. (5)
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The estimated frequency we is given by
we = —k,vg — ki [ vadt +wss ... (6)

Thus
We = —Kde — Kin (7)
By substitution we get
We = (—vaa — Ky Vg — Kl-Va)cos 6, +
(—K,Vp + K, 0.V, — K;V,]cos 6, ...(8)
Where,

P, = —K,V, — Kyw. Vg — KV,

P, = —k,vg + kyw.vq — kivg ... (9)

The inputs and the state variables are defined as
follows

V(x = VaO + Va; VB = VBO + Vﬁ

W, = W + W, 0, =0y+6, ..(10)
Steady-state and steady-state operation of SRF-PLL
by design. The purpose of this is to show that the
fluctuation in the predicted frequency is negligible in
the generated data. The input voltage va, in-phase
unit vector and predicted frequency for the higher
design bandwidth of 200 Hz are shown in Fig 15.
Fluctuations in the estimated frequency may occur.
At the same time, the waveform formed when the
bandwidth is 20.4Hz is shown in Figure 16. It can be
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seen that the fluctuation in the estimated frequency is
negligible. A phase shift of 60° was applied to each
design to examine the steady-state response of SRF-
PLL at a design bandwidth of 20.4.

3.11. Three-Phase PWM Bridge Inverter Using

MOSFET

Often referred to as inverters, DC to AC converters
are split into voltage source inverters (VSI) and
current source inverters (CSI) based on the kind of
power source and matching power circuit layout.
Three-phase VSI with low power consumption is
suitable for medium to high-power applications.
These topologies are primarily intended to supply a
three-phase voltage with controllable amplitude,
phase, and frequency. Three-phase DC/AC voltage
source inverters are commonly used in motor drives;
they actively filter and integrate power flow control
in generators and uninterruptible power supplies,
producing controllable frequency and AC voltage
amplitude. The standard three-phase inverter shown
in Figure 17 to 23 has six switches the switching of
which depends on the modulation scheme.

SH S:\ Si
R
L0 L1
— P, -
Tl ——
p 1 -
(——]
5y Sy S}g
e
0

Figure 15 PWM Inverter
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The table (1) below lists the eight switch states for
the inverter.

Table 1 Inverter has Eight Switch States

Si1 | S12 | S31 | Vab | Vbe | Vea

0 0 0 0 0 0

0 0 1 0 -Vpc | Vpe

0 1 0 -Vpc | Vbe | O

0 1 1 -Vpc | 0 -Vpc

1 0 0 Vpc |0 -Vbe

1 0 1 Voc | -Vpc | O

1 1 0 0 Vbpc | -Vbe

1 1 1 0 0 0

As mentioned before, for the circuit to satisfy KVL
and KCL, two switches in the same direction cannot
be opened simultaneously because this will cause a
short circuit on the electrical input, which violates
KVL. Therefore the products of the two keys are
equally complimentary

S11+S12=1 (1.1)
S21+S22=1 (1.2)
S31+S32=1 (1.3)

There are eight status switches displayed, and two of
them have an output of zero AC voltage. In this
instance, neither the upper nor lower component is
attached to the AC line anymore. Zero AC output
voltage is not produced in other instances. An
electrical waveform is produced by the inverter's
state transitions. As a result, the AC output line
produces a variety of voltage values, including VDC,
O0VDC, and -VDC. The modulating technique, which
guarantees the usage of only valid states, selects the
states to generate the desired waveform.

v
% (S11 = S12) = Van + Vo (1.4)
v
% (S21 = S22) = Vgy + Vo (1.5)
v
%C (531 - 532) =Ven + Vo (1-6)

Applying conditions from 1.2 to 1.4 and expressing
the Equations from 1.5 to 1.7 in terms of modulation
signals yields
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Vbe _

T(Mn) = Van + Vo (1.7)
Vbe

T(Mn) = Vgn + Vno (1-8)
Vbe

T(M31) =Ven + Vo (1.9)

Adding the Equations from 1.5 to 1.7 together gives
Equation 2.1 as

v
_gc (S11 + S12 + 531 — S12 — Sp2 — S32) = Uy +
Von + VCN + 3VNO' (21)

By dealing with balanced voltages
Van+ Ven + Ven = 0, equation (2.1) becomes,

%(2511 + 2521 + 2531 - 3) = UNO (22)
Substituting for VNO in equations 1.5 to 1.7 gives

14
% (2511 — 81— 531) = Van
14
%(2521 — 51— 531) = Vpn
%(2531 — 51— 511) =Ven

With an operating level of /6, the line's basic
waveform is £ three times the voltage level. The
inverter gets its name from the line waveform's six
consecutive waveforms, as seen in the picture. The
waveform's typical harmonics are 6n + 1, where n is
an integer.
4. Simulation and Results

4.1. PV Measurement
The photovoltaic (PV) power output varies
proportionally with irradiance levels, with an initial
irradiance of 1000W/m2 yielding 7.5kW of power.
As irradiance decreases to 500W/m2, the PV power
output decreases to 3.70kW, and at extremely low
levels, such as 10W/m2, the PV power output
approaches zero watts.

International Research Journal on Advanced Engineering Hub (IRJIAEH)

International Research Journal on Advanced Engineering Hub (IRJAEH)

e ISSN: 2584-2137
Vol. 02 Issue: 06 June 2024
Page No: 1733- 1747

https://irjaech.com
https://doi.org/10.47392/IRJAEH.2024.0239

PV Voltage
600
S 400 [ f\f
[
o
£ 200
o
>
0
PV Current
_15 [ '\ as
E 10 \C / /
55
° o
0
PV Power
8000
Z 6000~ | f
Ewoa ’l \
3
S 2000 p-.j
0

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Figure 16 PV Measurement

4.2. Wind Turbine Measurement
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Figure 17 Wind Turbine Measurement

The wind turbine's input parameters include
generator speed, pitch angle, and wind speed. Wind
speed varies from 12m/s initially to 10m/s after 2
seconds. the output of the wind turbine through the
boost converter is 5.5kW.
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4.3. DC Load Measurement
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Figure 18 DC Load Measurement

With a maintained DC voltage bus at 700V, the
system operates with a DC power output of 2.5kW
and a DC bus current averaging around 3.5A.

4.4, Battery Measurement

Battery Voltage
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Figure 19 Battery Measurement

At wind speeds of 12m/s, the system generates
approximately 5.7kW of power, with the battery
operating at a voltage of around 450V. The battery's
operation varies dynamically, transitioning to
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charging mode when both PV and wind sources

produce excess power and switching to discharging

mode when PV power diminishes to zero.
4.5. State of Charge
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Figure 20 State of Charge

4.6. Grid Measurement
Grid Voltage
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Figure 21 Grid Measurement

The inverter current peak amplitude is regulated at
5A under the condition of PV power greater than 0.5
and state of charge (SOC) above 10%, allowing for
power supply to the grid. Conversely, when PV
power drops below 0.5 and SOC falls below 10%, the
system draws power from the grid.
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4.7. AC Load
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Figure 22 AC Load

4.8. DC Bus Current
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Figure 23 DC Bus Current

The sum of current drawn by the PV and wind
converters, battery, DC load, and inverter input is
maintained at zero, ensuring power balance between
sources and the node. Consequently, the sum of
currents at the DC bus remains consistently zero,
indicating equilibrium in the system.

Conclusion

The research on a three-phase grid-connected system
integrating photovoltaic (PV) panels, wind turbines,
and battery storage demonstrates a robust solution for
maintaining power balance despite fluctuations in

International Research Journal on Advanced Engineering Hub (IRJIAEH)

International Research Journal on Advanced Engineering Hub (IRJAEH)

e ISSN: 2584-2137
Vol. 02 Issue: 06 June 2024
Page No: 1733- 1747

https://irjaech.com
https://doi.org/10.47392/IRJAEH.2024.0239

solar irradiance and wind speed. Through
comprehensive modelling and simulation, the system
effectively manages and distributes energy, ensuring
a stable and reliable power supply to the grid. The
dynamic power management capabilities of the
system allow it to balance generation from PV and
wind sources with battery storage, ensuring that
supply matches demand even with variable
renewable inputs. Battery storage plays a pivotal role
by buffering the intermittency of these sources,
storing excess energy during periods of high
generation and releasing it during low generation to
maintain a continuous power supply. This integration
mitigates the impact of rapid changes in renewable
output, with advanced control algorithms and power
electronics ensuring real-time adjustments for
seamless grid integration. The combined use of PV,
wind, and batteries not only enhances grid stability
and reliability but also provides environmental and
economic benefits by reducing dependence on fossil
fuels and promoting sustainability. Additionally, the
modular nature of the system allows for scalability
and flexibility, making it suitable for a wide range of
applications from residential to industrial. Overall,
the research confirms that a well-coordinated PV-
wind-battery system is a viable solution for modern
power grids, effectively maintaining power balance
and supporting the reliable integration of renewable
energy sources.
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