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To explore the design of a bidirectional isolated converter for usage with
battery energy storage systems, the study aims to analyses this investigation.
The change resulted in a reduced workload, which is an obvious advantage.
We instead think that there will be no effect on the load-carrying capacity
due to the increase in production. This research provides an alternating-
direct-current renewable energy supply system. Solar, wind, power storage,
and a load are included. This is an in-depth discussion of a power conversion
converter's control system. Using an energy storage device in addition to the
controller is feasible (ESSs). This research resulted in adaptive PI control,
which is known for lowering link voltage and faster responses. Using this
control system, you can cut down on both transient and static issues and also
have a better shot at minimizing defects. MATLAB/Simulink is an
application which does simulations. To evaluate the efficacy of an
envisioned system, one simulates the systems and compares the results. The
results show that the hybrid power supply model proposed may have a

substantial effect on the energy supply to the isolated load and can be
utilized to build a unique plan for a green data center.
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1. INTRODUCTION

People in today's culture are looking for more energy on a daily basis. In order to make this possible,
we will need to produce more energy. It may affect the amount of energy generated from fossil fuels and
coal. Renewable energy sources (RES) have a major impact on the world today. Terms like renewable energy
sources are used to define resources such as wind and solar. Even though renewable energy sources are
efficient, maintaining voltages and frequencies causes problems. To enhance power management, we chose a
battery energy storage system (BESS). BESS controls and manages the dispersed generating units' governing
and controlling duties [1].

This converter protector is designed to handle a wide range of circuit failure scenarios. In terms of
storage, the phrase ESS means energy storage system. In general, it is designed to store energy, and then
release it when required. This learning environment is increasingly required in our society for the future
generation's growth. Future development will be heavily on how well ESS and RES integrate [2]. The ESS
will be in charge of dealing with the converter issues. The most suitable energy storage technology for
isolated storage is BESS. Benefit-producing system for power generation has been enhanced because of the
installation of isolated BESS. The two-way converter, illustrated in Figure 1, is a simple circuit design that
represents an electrical energy storage device [3].
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Figure 1. Basic circuit diagram of bidirectional converter for a battery energy storage system

The BESS helps to compensate for distribution system growth, volatility, and unexpected power
generation from renewable energy sources. While BESS has not been entirely successful in gaining more
technical solutions, such as power quality improvement, energy cost reduction, transmission and distribution
network investment modifications, and system service via the use of smart converter technology, it has been
successful in resolving power quality issues, reducing energy costs, initiating infrastructure investment, and
effecting converter services using smart controller technology. When you connect the battery module in
either a serial or parallel manner, you can maintain the capacity of the battery. DC electricity from the BBC
is received by converters, which are then responsible for converting the AC power into DC [4].

2. PROPOSED CONVERSION SYSTEM
2.1. Electrical energy storage system for the proposed conversion system

It is only fair to think about the development of storage facilities that will flatten the day-night
curve. The growth of green energy, however, makes other energy solutions more popular. As an example, the
increase in renewable power makes storage or backup solutions more important to maintain consistent energy
supplies. The system includes measurements like EESS, Nin, and nominal output power (NESS). You should
think about your options for power, such as whether you'll have to build your own system to be more
powerful. Options include the use of thicker, higher-voltage cables to accommodate a higher demand for
power, or a power grid that can support a home that is self-sufficient and doesn't rely on the power company.
You will also need to be sure to consider your options for power generation. These include both the
maximum depth to which you'll discharge the battery and the efficiency of the energy conversion system, the
ability to move a storage medium that has been fully charged from one level to another level, and a system's
ability to both store energy and use energy, all of which have various options (p) [5]. Following this, "Ew" is
defined as follows.

The Figure 2 represents ESS' contribution to annual electricity usage "Eswor” (Or "Eout’), Whereas the
power station demand directly fulfilled by the existing power plants is shown by "Eg;"". That stat V' or other
renewable energy sources, is determined by the main operating features of the current power units (which
may include PVs or other renewable energy sources. ement iS cOmmon knowledge, therefore 1 will only
mention that 0 to 1 is the range of possible values for "". The true contribution range, which may include PV
or other renewable energy sources, is determined by the main operating features of the current power units
(which may include PVs or other renewable energy sources) [6].

8=Estor _ 1_ @ (1)

Etot Etot

Table 1 shows the original values for DODL, ESS, and p, as well as an estimate of how long each
ESS has been in service (NESS). Sandia National Laboratories has real-world applications. Real-world
figures will undoubtedly alter as technology develops and matures, among other factors [7]. These
dimensions, the PV the values, characteristics, and elements of ESS are listed: applying the fact that PV
generation is only available during the day; the island's total demand may be divided into two categories: this
equation can be found in this article (1) [8]. To simplify, the "Et1" and "Et2" symbols may be used to
represent the day's energy consumption, while the "Npl" and "Np2" symbols can be used to represent the
night's peak network load demand [9]. The relationships of (1) also apply (3).
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Eior = Eyq + Ep @
Np-con: max {Npl; sz} (3)

The results of the research indicate that when the electrical network's peak load demand occurred, "Np-con”
indicated this peak load demand [10].

= Non-dimensional solar energy

Non-dimensional load demand

I\

25 —

Non-dimensional values
=

lan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Menth

Figure 2. A chart demonstrates how much solar energy contributes to yearly power demand

Table 1. Main characteristics of several storage systems
Different storage  Life period DODL Power efficiency  Energy efficiency

Flywheel 16-20 75-80 90-95 80-86
Flow batteries 10-15 100 76-85 61-75
PB-H,s0,4 6-8.1 60.3-70.2 86 76-80.32
Sodium-sulfur 10-15 60.3-80.1 84.3-90.21 76-84.96
CAES 20-40 55-70 80-85 70-80
PHS 30-40 95 78-85 65-80

We may think about the fact that until the ESS fulfills the "Et2" evening demand in total, and that
the ESS will only be able to supply additional PV output if the peak load is lower than PV output (parameter
" & ™). (During the rainy season, this results in increased energy use.) A "min EPV" (which refers to the solar
photovoltaic (PV) electricity covering a big chunk of Egy, as defined by (1)) means that the solar power can
support both the ER and power delivery to the ESS (total energy efficiency ESS) [11].

E &exE
Epv min = (Edir B SE) + ﬁ - (1 - g) * Etot - 0E+ nEZt (4)

The EPV energy yield may be estimated by using the (5). Here 365*24=8760 hrs.
Epv = CFpv * 8760 * Npv (5)

The capacity factor (which varies between 15% and 25%) of the solar photovoltaic system is "Cegpy."
Although the solar irradiation fluctuates throughout the year, A solar photovoltaic generator that cannot
produce the projected NPV is simply a pace controller that will amplify the current until it reaches a constant
current density proportionate to NPV.

Due to this, (1) is used to determine the local electrical network's capacity factor, which is often
referred to as Creon (6) [12].

E; 0
CFyrig = ——2— (6)

8760%Np_con

For the proposed PV-based power plant, the nominal power required is:
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— . Fpv
Ny, = max{(l + SF) * Npy; 8760*Cpr}

this can be rewrite as:

CFp

Npp = Np_on * max {(1 + SF) » 21

Np—con ’ CFpy

SE £
* [(1 a 8) h Etot + HEss]} (7)

In this situation, the Solar photovoltaic power system faces its biggest problem in meeting the
demand spike throughout the day, and SF Zero helps guarantee that this occurs, "Npcon” is the name given to
the load on the local power circuit [13]. To provide an example, "peak power %" on the local network is
denoted by the symbol “£”. The input system's nominal power Nin may be reduced to the present power
surplus. Sometimes, solar-powered generators and explanatory factors are used. Additional costs, along with
the period needed to update the system. Our findings suggest: taking into consideration the limited renewable
radiation available in the real world, a typical charge and discharge cycle for an ESS may look something
like this [14].

Ny, = A% Nggg < Npy (8)

Where “A” The length of time it takes to convert available energy into electrical energy is directly
proportional to the ratio of charge to discharge periods, and also to the efficacy of the energy transformation
mechanisms that are used. This variable may be assumed to have a value anywhere between 1.5 and 3.0
when used in photovoltaic (PV) applications [15].

2.2. Circuit diagram for the whole electrical installation of the proposed converter

Whether or not systems have a battery charging mechanism, this is true. Any system would be
incomplete without a DC/DC converter [16]. Figure 3 shows a switching-mode regulator converting
unconstrained DC input power to regulated DC output voltage using PWM. MOSFETS or IGBTSs are utilized
as switching devices [17].

Bi-Directional
DC-DC Converter

—

Vi —|_ r —|_ Va:

Source

Figure 3. Block diagram of suggested conversion circuit uses a DC-DC converter

In a MOSFET circuit, the drain current increases when the switch is turned on. This means that the
diode will not conduct, and therefore, the circuit will not conduct. The voltage between the inductor and the
ground is known as when the circuit is in the ON state [18].

VL =2

T 1-D

Vin ©)

In order for the diode to conduct, the MOSFET must be turned off [19]. The voltage across the
inductor while the inductor is off is as follows:

VL b Vout (10)

for the reference current to be zero, the net impact of the current must be zero. In order to maintain steady -
state operation. Here's what we figure out when we use voltage-second balance [20]:

VinD + Voot (1-D) = 0 (11)

the switching frequency of the conversion is approximately known to be D = converter load in ma divided by
the converter time constant. The formula is:
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D= Ton (12)

Ts

the amount of time it takes the transistor to switch, known as the switching time period, occurs during the
MOSFET state. The following values are offered as illustrations:

D
1-D

Vin (13)

Vour =

we were able to construct and simulate a buck boost converter thanks to the help of MATLAB/Simulink [19].

3. THE PROPOSED CONVERTER’S CIRCUIT

The suggested converters fall into two distinct categories: DC-DC converters and, more importantly,
DC-AC PWM sinusoidal inverters, both of which are used to provide sinusoidal output to the load with
minimal distortion.

3.1. DC-AC converter of the proposed converter’s circuit

The three-phase DC-AC converters found in electric vehicles, UPS, and renewable energy sources
that are tied to the converter are advantageous in the majority of systems [21]. When using a storage battery,
two-stage DC-AC converters are utilized to account for changes in voltage [22]. This device features a
bidirectional DC-DC converter and a three-phase inverter, as depicted. This DC-DC step of a two-stage
DC-AC converter maintains the DC-bus voltage independent of the battery voltage. Effective power
management requires just one step [23]. A thorough knowledge of vector analysis and matrix multiplication
is required to appreciate three-phase PWM VSI functionality (amplitude modulation ratio-ma). To reiterate,
this section is focused on the DC/AC converter design [24].

Veontrot = vControl Sin(w1t) (14)
Since:
Vyo = Leonrot Ya _ Teontrol gi (414) Y4 = 1, X4 Sin(w1t) (15)
Viri 2 Viri 2 2

for m, calculation:

14
Ve-rms = ma% Cos® (16)
oR V3V
VAB—Tms = V3 VR—rms = Mg zﬁd cos® (17)
hence:
V AB—r 22
Mg = V3Vryms = ABTm Teoss 0936 (18)

we can choose ma= 0.936, TDH < 73%.

PWM produces constant-amplitude, variable-duty-cycle pulses. Modulation is created using a single
carrier and reference signal. Comparator outputs a signal after comparing two inputs. Algorithmically
produced. The customer expects a reference-wave-like output. Saw tooth and triangle waveforms have a
higher carrier frequency than the reference. Through the elimination of higher-order harmonics, a series
inductor may be used to improve the efficiency of the load current circuit. We need to stay away from
harmonics that aren't in our target area since the harmonics there are lower [25]. A simulation of the proposed
converter is shown in Figure 4, replete with blocks representing the different converter parts. The simulated
findings are also shown in this simulation circuit diagram (see Figure 4).

3.2. Simulation study of proposed converter

An optimized converter controller, a simulated solar PV system with controllable solar irradiance,
an isolated load system with the final output, and a simulated wind energy converter are used to model the
proposed converter. MATLAB/Simulink is used for the creation of the simulation blocks. Elements'
parameters come straight from the destined analyses.
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3.3. Controller of the proposed converter’s circuit

P1 controller raise (also called an impelling sign) next to other controllers with similar tasks, the
primary controllers are known as "basic controllers" [26]. Below is a high-level description of the controller's
attributes and benefits. The yield illustrates how crucial the data signal is in relation to all other signals in the
system [27]. The integrator must be included into the system to determine what system evolves. This
manufacturing process reduces SSE, and therefore improves the system's precision. While the advantages of
this P-just controller include being able to discard balance, the disadvantages include being less precise.
Some things may be true of a set, but not a subset of that set. MATLAB simulation circuit of proposed
system is shown in Figure 4.
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Figure 4. MATLAB/Simulink, simulation diagram of the proposed converter

3.4. Solar photovoltaic unit for the proposed systems

Figure 5 depicts the results of varying the solar panel's irradiance input. A chopper or rectifier is
used to energize the load, depending on whether the load is connected to the converter or runs on stand-alone
power. To take the aforementioned example, you could make use of a battery bank. To manage the voltage
supplied across the power switches (MOSFETSs, IGBTSs), the PWM controller applies PWM modulation to
the power supply [28]. A decrease in light reaching the DC side grid as shown in Figure 6 does not prevent
the bidirectional converter from drawing power from the battery backup. The goal is to maintain a stable
voltage at the output by doing this.

3.5. Wind energy conversion unit

Generator rotor speed, as well as load, changes the amplitude and frequency of voltage and
frequency, which makes it more difficult to keep voltage levels constant. In terms of the speed of the main
mover and the present condition of the load, the frequency of voltage generated in the SEIG is varied. Even if
the load on an isolated SEIG is higher, the amplitude of the voltage and frequency are the same, thus there is
no change in load. “Because the magnetic field is rotating at a slower pace, this is happening. As the main
mover slows down, the voltage and frequency are likely to drop rather than grow [29]. Table 2 provides the
modeling parameters for a wind energy conversion system, while Table 3 lists the parameters for DC-DC and
DC-AC converters. This study aims to find the ideal conditions for an excitable induction generator (SEIG).
Conference presentations were successfully completed and demonstrated a working power system simulation
using the Simulink power system block set [30].
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Figure 6. Simulink battery charging and discharging graph of proposed system

Table 2. Parameter of wind energy conversion systems

Asynchronous generator Wind turbine

Power 5.4 HP Wind speed at the base 12

Terminal voltage 400 V. Maximum wind speed at base power.73 (pu)
Frequency 50 Hz Rotational velocity 1.2

Speed 1430 R.P.M

Table 3. Simulation parameter of DC-DC and DC-AC converter for proposed converter

Basics (DC-DC) Values Basics (DC-AC) Values
Max solar power obtained (Pmax) (W) 365 System inductance (mH) Lf  (0.1xv2)/(2xpixfxp)
System inductance La Lb (mH) 0.56 System capacitance (1F) (0.05xp)/(2xpixfxvr2
System capacitance Ca Cb (uF) 148 System resistance Q Lfx100
Output side inductance Lo (mH) 0.98 Output side inductance (mH)  Lf
Output side capacitance Co(uF) 169 Output side capacitance (uF)  Cf
Switching frequency 10kHz  Load (w)P 6 Kw

4.  RESULT AND DISCUSSION

The energy produced by the hybrid system will be the sole kind of electricity delivered to the grid if
the load on the isolated system is reduced but the demand for power in the grid system remains high. This is
shown in Figure 7 for the digital circuit used in the MATLAB simulation. The only way to achieve this
objective is to reduce the load on the regional computer network. It is possible to create 56 distinct solar
power configurations by connecting 28 solar panels in series and 2 in parallel. When depleted, each of these
solar panels may provide a voltage of around 1013 volts. The voltage may be changed to suit the needs of the
load that is plugged in. With an input power of 1000 W/m?, the panel may generate the voltage that was
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previously described. To get this effect, we used artificial light to look like natural light. This let us control
the image's overall brightness and make it look more real.

The wind turbine may travel at a velocity of 12 or 25 meters per second. To maintain a constant
velocity of 0.72 psi, we are using a rotating velocimeter. The voltage here is specifically 415 volts. The three-
phase induction motor runs at 1435 rpm and 50 hertz, producing 6.4 HP. It runs at a frequency of 50 Hz and
has a terminal voltage of 415 volts. The machine generates electricity from the source's asynchronous current
and then uses the sinusoidal voltage that acts as an input to the PWM inverter to deliver that electricity to the
isolated load. The transmission of power between the load grid and the grid averages 4.5 kW when the
voltage between the two is constant at 415 volts. Based on the results of this study, we decided to run two
separate simulations. The first simulation results, shown in Figure 7, show no evidence of a bidirectional
converter being used. When solar cells produce less than 415 volts of output voltage, they are considered
unstable. Regardless, the system retains its steadiness even at very high output voltages. At 0.78 s, the
reduction in irradiance commences and continues for the next 1.3 s. After 2.7 s have passed and the system
has been reset to its original condition, it will remain in that mode permanently. Once that happens, it rapidly
dims back down to its baseline brightness. The second layout incorporates a bidirectional converter and a
backup battery without sacrificing the design's original variable irradiance. As a result of this upgrade, the
system can withstand a continuous voltage of 415 volts without fluctuating. The data, shown in Figure 8,
shows that maintaining a voltage of 415 V over the whole system resulted in a current of 21.3 A across the
entire load. The simulation could be completed in three seconds, which would allow for assessing the
system's stability at six different irradiance levels. Since it operates in both directions simultaneously, the
system may be fully relied upon either way. By using this approach, we are able to fix a problem that has
plagued previous attempts to build hybrid systems. Initial conditions will see zero voltage. After receiving a
voltage greater than 1013 volts, the device's DC converter will begin accumulating the extra power it
generates. By applying 575 volts to the PWM inverter, a sine wave may be produced. The PWM inverter
requires 0.04 s, or four times as long as the first 0.02 s, to attain a stable condition during cycle two. About
50 percent of the time, the system will perform as expected.
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Figure 7. Output voltage of the isolated load side without backup battery system

The final load output that result from the proposed converter
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Figure 8. Output voltage of the gird side with backup battery system

5. CONCLUSION

In this test, a bidirectional converter connected to a PV panel and backup battery system maintained
a DC voltage of 575 volts and supplied 2.1 amps to charge the backup battery. Because of this, even if the PV
side of the system was not functioning well, the system was still able to function. Keeping the voltage at
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575 volts require the converter to take 6.3 amps from the battery when the irradiance is low, as in the case of
400 w/m?. The waveforms of the output voltage and current after the PWM inverter detected the voltage and
formed the sinusoidal PWM output of 415 volts to the load after the PWM inverter had previously detected
the voltage. Using the PWM sinusoidal inverter, the asynchronous generator was able to achieve its goal of
spreading the 9.3 A load current in the form of a sinusoidal waveform. This research allowed us to confirm
our suspicions that the bidirectional converter performs as designed and that the system has been stable
throughout its deployment and operation. Artificial intelligence-based predictions suggest that response times
will get faster in the future because controllers will be smarter.
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