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Abstract —It has been a requisite for humanity to live since
the electricity invented around an early 1900s. According to
the electrical energy sector's economic constraints, power
must be employed as quickly as practical after it is
generated. Because storing large amounts of electrical
energy is prohibitively expensive. However, as energy
storage material becomes more accessible, dispersed
production becomes more viable, especially with the Smart
Grid concept.In this paper, we use the MATLAB -
SIMULINK platform to investigate a battery energy
storage system (BESS). We used an effective algorithm,
which is really a part of artificial intelligence (Al), to
develop a controller for a converter system.The research
focused on the low tension line (regional loads) and the high
tension line (HV) after the grid connection, where the
framework also compels the electrical desire and reactive
loads.

Keywords: ESS, BESS, Micro-grids, Distribution

Generators, Types of BESS, Al, THD
1. INTRODUCTION

The much more long-term strategy for reducing emissions the
power industry is distributed generation involving renewable
energy. A low voltage (LV) system with a cluster formation of
distributed generators (DGs) and loads linked to DG integration
is defined as micro-grid (MG). The Micro-Grids can be set to
run in grid-connected or unbiased configuration. In MG,
intermittent DGs (such as wind turbines (WT), photovoltaic
(PV) generators, and so on) will cause a power supply and
market discrepancy. As a result, frequency is a critical
component of MG's smooth operation.Distributed generators
are attracting numerous of researchers now a days. since the
use of DG leads to minimize the waste of energy in the the PDS
(power distribution system), also minimizes the variations in
voltage levels, and many more are its advantages.

The ESS operation is categorized as follows in broad terms:
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1. Getting charged intime span: This methodology is
appropriate for using network electric power during off-peak
intervals when electricity is considerably cheaper.

2. The charge - discharge timespan: An ESS's stored energy is
used throughout peak periods. It must be remarked that system
of electrical energy is currently more expensive, making the
use of DGs more cost-effective. As a result, the primary
justification for using an ESS system is to reduce or even
eliminate the risks involved with renewable DG.The ESS
operation is categorized as follows in broad terms:

1. Getting charged intime span: This methodology is
appropriate for using network electric power during off-peak
intervals when electricity is considerably cheaper.

2. The charge - discharge timespan: An ESS's stored energy is
used throughout peak periods. It must be remarked that system
of electrical energy is currently more expensive, making the
use of DGs more cost-effective. As a result, the primary
justification for using an ESS system is to reduce or even
eliminate the risks involved with renewable DG.

The Battery Energy Storage System (BESS) is a framework
that stores electric charge in specially designed batteries. The
underlying principle is that some energy can be saved and used
at a later time. Battery design process obtained from a vast state
of science, turning the concept of a Battery Energy Storage
System into a simple reality.

In most cases, a BESS is activated by a chemical reactions and
electrical energy solution. overall ESS (Energy Storage
Systems), in actuality, collect energy and information for later
use.

These technologies include pumped hydro, air compressor
storage, mechanical means flywheels, nowadays and BESSs.
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These systems subsidies differential renewable sources like
wind, tidal, and solar power in an attempt to stabilize energy
output and usage.

1. LITERATURE REVIEW

This study looks at the impact of placing BESS on a grid-level
transmission system to support quick inertial frequency
response. In three case studies, different simulation scenarios
have always been run to evaluate the efficacy of using grid-
scale BESS to provide the proper inertial responsiveness to the
grid. BESS has a high level of performance and qualities for
providing this service, findings revealed. Three critical factors
of BESS's upcoming use were suggested by the studies
reviewed by (Alhejaj& Gonzalez-Longatt, 2016).

The proposed MILP planning tool by (Mehrjerdi, 2019)
employs a one-of-a-kind linear model for BESS that takes into
account reactive power contributions as well as the flow limit.
To improve the model's performance, it is also taken into
account reactive power fluxes, bus wvoltages, and network
losses. Aside from smoothing the voltage profile, the model's
goals include lowering overall operating and planning costs.

The BESSs can be best designed in terms of cost reduction or
voltage enhancement, depending on the planner's choices. The
simulation results show that the woltage profile of the
networking buses can be changed to some extent without
significantly increasing the minimum cost.

This research looks at a flexible MPC-based optimization
problem for a network of micro-grids, each of which has a
hybrid energy supply, crucial, determining the possible loads,
and energy storage systems. In addition, a microgrid adaptive
controller architecture was developed by (Gbadega Peter
&Saha, 2020), in which power connections are established
among microgrids as well as with the host grid.

The adaptive controller is primarily an enhanced MPC in used
according that facilitates each EMU to provide either estimates
and customized estimations connected to RESs energy
production, local load demand, and selling prices more than a
communications network throughout every run time. Even so,
as microgrids are becoming more complicated, the traditional
MPC depending EMS is becoming more challenging to adapt
to various of scenarios.An efficient dimensioning technique for
BESS in a smart microgrid with high PV protection and air-
conditioning assets is presented by(Xie et al., 2020) .
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To reduce overall system costs, the proposed method includes
two layers: a BESS preliminary dimensioning model and a
BESS optimum dimensioning variant. The simulation results
showed that now the ideal BESS dimensions could be achieved
while retaining the original system cost low. In addition, the
aggregator may be able to control the more accurate two-
parameter air conditioners to reduce energy consumption. The
energy assets of the microgrid have been carefully planned to
handle large amounts of PV, reduce peak demand, and lower
system expenses. The analysis in this article is dependent on a
individual machine infinite-bus power system. It gives insight
into the matter and provides a deep understanding, advising
upcoming development in the specific situation of multi-
machine power systems. The investigation outlines the
proposed methodological approach for a single-machine
infinite-bus power system.

In this case, the proposed scheme by (Du et al., 2011) is very
likelyto the conwventional damping torque assessment
framework. But at the other hand, the recommend analytical
procedure can easily be extended to the case of damping
control using ESS to reduce energy oscillation over a
transmission line in a multi-machine power system.The current
project of (Koch-Ciobotaru et al., 2015) describes a generic
method for incorporating RES power plants by employing
SLBESS provide a PV power plant with a fluctuation blending
provider.

Using used battery packs for this service is a more cost-
effective option than using inventive storage systems. Besides
that, the optimization technique used here can be applied to an
advanced battery system as well (first life). The recommend
optimization model, which composed of reference
measurements collected from a PV plant out over curriculum of
a year, is used to achieve the ideal overall score for an
SLBESS.

1. METHODOLOGY

Researchers are working on a number of modelling tools
to represent various aspects of battery energy systems
(BESS).

The functionality of single components is modelled using
supervised or unsupervised strategies.

This section explains the basic simulation frameworks for
a grid-connected battery system that is designed to
perform an electric drive with reactive load at the 400V
load line.
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Figure 1 Block diagram of battery system implementation with Al
switched regulatory compensator

The battery energy storage system (BESS) comprised of three
basic parts: a battery, a power conversion system (PCS), and a
battery management system controller (BMS). The battery
packs and PCS are the structure's main electrical components,
so both technologies are constantly developing. The basic
framework of a BESS is shown in Figure 1. It consists of a
battery that transmits DC power to the PCS, which converts it
to AC, and a transformer that adjusts the voltage to meet the
needs of the utilities and loads. Both the battery packs and the
PCS have their own control unit, which is the BMS.
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Figure 2 BESS model in simulation for analysis

This paper's inverter proceedure is a three-phase grid-connected
Voltage Source Inverter (VSI) configuration that is commonly
used in evenly distributed generating interfaces. A
synchronised frame SVPWM regulator was used to control the
inverter. Time calculations and arranging switches between first
sector and all the others as detailed below:
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Table 1 : Inverter Considerations

Power electronic systems IGBT/Diodes
Snubbed resistance 5000 ohms
Forward voltages 0

Ron 1x10° ohms

The GA variables were used to find the best and most optimal
solution to the non-linear transcendental formulas that already
existed. 50 people are in attendance. The number of iteration is
100, and the crossover rate is 0.8. a mutation rate of 0.01.
When a predefined number of iterations have been completed
and the value delivered by the optimization problem has
remained stable for a specified number of iterations while
remaining below a threshold, the GA halts.

R

Reference vector On time calculation|

v 1
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‘ in sector A

Vector rotating to
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v
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Figure 3 The three-level SVPWM calculation flow Computation
created simpler

The upper-level optimization senses a group of power system
failures (frequency and THD levels), while the lower-level
optimization simulates the system operator's response to the
upper-level outages.In the event of a crisis, the system operator
serves as a mechanism to perform the power system. The
design of the compensator stays constant, with the only
variation being the device's control.

V. RESULTS AND DISCUSSIONS

The device is powered by BESS battery storage energy and is
then fed to the system, as well as being designed to power
reactive loads and electric drives at the high tension line. The
compensator was designed specifically for a battery energy
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storage system (BESS) that has a constant system output at
410V and is utilised by two converters for whom the output is
managed by a controller that is accompanied by a controller
that is followed to maintain the voltage at the line and
remediate the power factor in the system in order to drive a
variety of loads. The system is driven by BESS battery storage
energy and is then connected to the grid, as well as being
developed to power reactive loads and electric drives at the
high tension line.

After the controller was built using a rhythmic constrained
genetic algorithm of Al learning, the control system was
labelled HL GA. The front-end traditional converter model
based on bridge converter innovation, accompanied by the
battery energy storage system BESS incorporated with the grid,
has been investigated for enhanced quality through the use of
appropriate genetic assessment and genes variables for
enhanced performance from the same infrastructure.

(System 1) BESS with Pl-controlled converters that generate
PWM signals

BESS with converters controlled by an HL GA-based control
system (System 2).

CASE 1: BESS at the LV load side for a comparison of two
designed controllers and their effectiveness prior to grid
integration

The assessment of the system on the BESS's low voltage (LV)
side with a line voltage of 410V is the focus of this example.
The system's aspects are assessed at the bus terminal after the
converter, before it is connected to the grid system via
transformers.

Figure 4 Voltage output from the converter driving loads prior to the
grid integration in system 1
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FFT window: 4 of 2119 cycles of selecied signal

Figure 5 FFT investigation of VVoltage output from the converter in LV
line driving loads in system 1
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Figure 6 THD% in Voltage output in LV line of system 1 driving
loads

Figure 7 Current output from the converter driving loads before grid
integration in system 1

FFT window: 4 of 25 cyoies of selected signd

Figure 8 FFT analysis of current output from the converter in LV line
driving loads in system 1
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Figure 9 THD% measured in current output from the converter in LV
line driving loads in system 1

Figure 10 Active Power output in BESS system driving LV line loads
having converters with control of system 1

Figure 11 Reactive Power in LV line with converters having control as
in system 1

LV line quality analysis using controllers in system 2

driving local loads
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Figure 12 Voltage output from the converter driving loads before grid
integration in system 2
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Figure 13 FFT analysis of VVoltage output from the converter in LV
line driving loads in system 2
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Figure 14 THD% of Voltage output from the converter in LV line
driving loads in system 2
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Figure 15 Current output from the converter driving loads before grid
integration in system 2
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Figure 16 FFT analysis of current output from the converter in LV line
driving loads in system 2
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Figure 17 THD% measured in current output from the converter in LV
line driving loads in system 2
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Figure 18 Active Power output in BESS system driving LV line loads
having converters with control of system 2

Figure 19 Reactive Power in LV line with converters having control as
in system 2

Table 2 Comparison of distortion factors at the low voltage line
of the BESS employing two controls for converters
Factors/ Model System 1 System 2
performance at the performance at the
LV line .
LV line
Active Power
(KWatts) 6.142 6.565
Voltage (Volts) 410 410
Current (Ampere) 17.98 18.09
THD% in voltage 4.84 4.03
THD% Current 4.27 3.82
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CASE 2: Analyzing the impacts on the high voltage line
driving heavy loads (electric drive and reactive load)

An 11KV high voltage line is used to supply two types of loads
in this case: aggressive and customizable nature electric drives.

The investigation included both loads in the devices connected,
as well as multiple converter control approaches, and the Total
Harmonic Distortion Percentage at some of these load
terminals was examined.

It is carried out to see how changes in the converter control
scheme affect the HV line quality at the loading locations.

Table 4: Comparison of two controllers with distortion
measured at high voltage line of BESS
Factors System 1 in HV Line System 2 in HV line
Electric Reactive Electric Reactive
drive load drive load
terminal terminal terminal terminal
S -
THD% in | g4 4.36 4.03 3.45
voltage
o
THD % in | 4o, 5.17 4.09 421
current

The deformation stages of the current (I) ingested on the load
terminals, which are expected to rise or fall in identity, are
lowered using the controller on system 2 that is HL GA,
according to previous data of THD percent estimation at the
loaded terminals of two loads. THD levels in systems 1 and 2
range from 5.17 percent aggressive load point and 4.94 percent
electric drive load to 4.21 percent reactive load point and 4.09
percent electric drive load. Variations in THD percent of
voltage waveforms attainable at loading sites are also
noticeable. Despite the minor distinction between the two
systems, the controller that was assembled consistently proven
to be a suitable solution for handling the inverter architectural
features.

V. CONCLUSION

In this paper, we have usedthe MATLAB - SIMULINK
platform to analyse a battery energy storage system (BESS).
We used an optimal algorithm, which is a subfield of artificial
intelligence, to construct a controller for a converter system.

The research focused on the low tension line (local loads) and
the high tension line (HV) after the grid connection, where the
framework also motivates the electrical drive and reactive
loads. A 400V phase to phase load line's repercussions has been
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investigated. The independent inquiry will include a voltage
and current analysis including the purpose of analysing the
distortion level fluctuations that have established in the LV and
HV lines when driving various loads with the proposed
controller.

* In Case 1, the controller designed reduced current and voltage
waveform distortions from 4.84 percent to 4.03 percent and
4.27 percent to 3.82 percent, respectively, when other waves
were investigated at the LV line. The output of active power
increased by about 6%.

» The established genetic algorithm motivated converter control
strategy diminished the THD percent in voltage and current
waveforms across both terminals to 4.03 percent and 3.45
percent in voltage and 4.09 percent and 4.21 percent in current
waveforms in Case 2 at the HV line.
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