Research Journal of Engineering Technology and Medical Sciences (ISSN: 2582-6212), Volume 05, Issue 01, March-2022
Available at www.rjetm.in/

Research on Implementation of Battery Energy Storage Systems (BESS) with
Reactive Loads at the Load Terminals

Aamir Khan?, Prof. Mithlesh Gautam?

tAamir Khan, MTech Scholar, Department of Electrical and Electronics Engineering, Truba College of Science & Technology Bhopal (M.P), India
2Prof. Mithlesh Gautam, Assistant Professor, Department of Electrical and Electronics Engineering, Truba College of Science & Technology Bhopal
(M.P), India
laamir011k@gmail.com, 2mithlesh.gautaml@gmail.com

* Corresponding Author: Aamir Khan

Abstract:.Renewable Energy Sources (RES), which generate energy from the environment systems, are increasingly
being used to satisfy the growing world power demands, displacing traditional energy sources. Sources of energy are
limited and running out. Battery storage technologies are critical for accelerating the transition from renewable forms of
energy. Between green energy supply and meeting energy requirements, batteries storage devices will become
increasingly important. The focus of the study was on the low tension lines (local loads) following the electricity supply,
in which the network also is powering the electrical motor and responsive loads and lots at the high pressure line. The
impact was investigated using a 400V phase to phases appropriate items and then expanded to a high pressure line.
Voltage or current profiles thorough assessment, with an emphasis on active and reactive adjustment.
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l. Introduction

Renewable Energy Sources (RES), which generate energy from the environment systems, are increasingly being used to
satisfy the growing world power demands, displacing traditional energy sources. Sources of energy are limited and
running out. Renewable energy sources, on the other hand, are continually developing in nature. Solar radiation, wind
turbines, hydro power, geothermal power, and biofuels are the most common RES.

Renewable energy sources (RES) are becoming more essential in the distribution network, and that they are expected to
play a bigger role in the coming. Every year, new power facilities are attached to distribution systems, indicating that
they have been no professional experience undesirable loads to be attached and forgot about. Connecting the expanding
quantity and capacity of RES systems to power distribution networks poses a variety of technological hurdles for
manufacturers and distributors, who see RES devices as possible technical disruptors.

The energy field's developmental focus shifted to renewable energy power generation—based dispersed electricity
generation technologies. The variability and intermittency of windy, sun, as well as other renewable power, but at the
other hand, exacerbates the conflict among new energy and the network. Nevertheless, hexagonal pattern outages
highlight the urgent need for an economical and large power storage system. Using energy production database to collect
and transfer electricity produced by solar and wind energy might provide quick active and reactive assistance, improve
frequency control modulating capability, and allow large-scale solar and wind energy to be quickly and accurately
incorporated into normal networks.As a result, energy storage technology has emerged as one of the future techniques for
deploying new power electricity production on a big scale.

Battery storage technologies are critical for accelerating the transition from renewable forms of energy. Between green
energy supply and meeting energy requirements, batteries storage devices will become increasingly important. Energy
storage, also known as battery energy storage systems (BESS), are technologies that allow renewable alternative energy
sources and winds to be held and delivered when consumers need it the most. Lithium ion batteries, which can be used in
cellular phones and electrical vehicles, are the most common battery storage for big plants to enable electrical networks
maintain a consistent production from renewable energy.

Battery Energy Storage Systems are critical for incorporating and speeding up the development of renewable energy.
Battery are used in four ways to enhance the quantity of fluctuating renewable power and enhance the stability of power
generation. A rechargeable batteries system enables wind and solar power energy to be sent and controlled. The
electricity from the wind and solar power plants can be stored locally in the battery pack while the network is at peak
capability. The battery's power can be despatched and purchased at a later time. Simultaneously, the battery system will
assist in smoothing short-term changes in energy generation caused by changing weather patterns.

200 | Research Journal of Engineering Technology and Medical Sciences (ISSN: 2582-6212), Volume 05, Issue 01, March-2022


mailto:1aamir011k@gmail.com

Khan and Gautam

M pc
— -2 Temperature
VA @ control _
< LB == 11
LYP 2 |
DC switch | & AC breaker
Storage :
device | L \
" Monitors &
control Power conversion

AC transformer

system

Figure 1Battery Energy Storage Systems (BESS)

The battery, monitoring and management devices, and an energy conversion technology are the important ingredients of
a battery storage system. Cells are integrated into modular and ultimately into packages in mitochondrial batteries.
Exterior tank loaded with only an electrolytes flow via a reaction stack make up battery technology. The battery
management system, which includes proven methods, provides security and maximizes effectiveness. The energy storage
system avoids respondents rated of cellular components and regulates the charging process of the batteries. This is
critical for both performance and reliability.

1. LITERATURE REVIEW

(Bin et al., 2021) [1]presents an overview and evaluation of BESS as a kind of RE integration throughout history. Under
specific preset conditions, a search of the Scopus database for the most cited journals in the field of BESS integrating
RESs is undertaken. The Scopus databases searches were done in the third week through December 2020The majority of
the articles (50 percent) comprise prototype model and computational methods, while 29.17 percent are survey-based
studies. The top-cited articles come from 32 scholarly literatures and come from 28 different nations. This study revealed
that BESS incorporated RESs integrating is an active and growing subject of study.

(Mihlbauer et al., 2020) [2] presents a mechanism for the systematic examination of numerous power flow control
schemes (PFCS) (BESS). Due to the complexity of considering multiple PFCS in diverse circumstances and
infrastructure components, a combination of five static and dynamical PFCS are explored in two separate application-
oriented situations and evaluated using two aim indicators: productivity and efficiency. A simulation centered on a
heterogeneous multiple BESS with a hierarchy control strategy is created, the model's constituents are verified, and the
PFCS' operation is verified on a real test benches.To investigate the performance and reliability of the implemented
PFCS in an energy- and massive amount application domain, simulation in MATLAB/Simulink are used.

(Fleer & Stenzel, 2016) [3] Stationary battery energy storage systems (BESS) are a possible alternative to power stations
for supplying primary control reserve (PCR). They provide the ability to adapt effectively and accurately to network
frequency variation and may help coal power stations reduce their must-run capacity. Ultimate control reserve is
auctioned on a distinct auctions market in Europe with particular restrictions that allow the BESS to manage its current
charge and maintain operational capability using a variety of approaches. In a case study for a 2 MWh BESS underneath
the German regulatory regime, this study analyzed the effect of operating processes on parameter settings such as energy
conversion thru the scheduling system money transfers, overall energy retention, full cycle equivalents (FCE), and state-
of-charge (SOC) distribution patterns.

(Prabpal et al., 2021) [4] created a symmetrical battery energy storage system (BESS) with the required control provided
by the symmetry technology called as volt/var control. Over the last year, the incorporation of BESS into traditional
transmission has had a substantial influence on energy expenditure. The appropriate sizing and placement of BESS in an
electric power systems was investigated using peak load likelihood. The OpenDSS simulator was interfaced with
MATLAB m-file scripts and displayed utilizing time series data with connected load. A genetic algorithm (GA)
performing the skill and ant colony optimization were used to adapt the best BESS solution (PSO).

(Dozein et al., 2021) [5] provides a thorough and complete examination of the issues for BESS in producing FFR and
dynamic contemporary real and reactive reactions under minimal system intensity situations, as well as related solutions.
First, we suggest a restriction to explain the negative effect of negative organized and coordinated on BESS phase-locked
loop (PLL) stability, as well as potential mitigation measures. We then introduce d-q current-power specifying to start
investigating the deleterious impact of high unforeseen circumstances on BESS DC-link stabilisation and active and
reactive regulate, and suggest a solution predicated on reactive current prioritising that precludes converter-level stability
problems whilst also having provided concurrent real and reactive dynamic behavior.

(Mihlbauer et al., 2022) [6] presents a methodology tool for determining Pareto-optimal power flow control strategies
(PFCSs) in heterogeneity battery energy storage systems (BESSs), with the goal of attaining organization's decision. The
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effectiveness with which a BESS operates determines its environmental and economic benefits. Rapid advancements in
rechargeable batteries, on the other hand, have a considerable impact on the use of an effective PFCS. The Hyper Space
Exploration (HSE) method is used to quantify trade-offs in different use cases and systems using a proven simulation
platform of a BESS.In a peak shave application domain, simulations are conducted to examine the target indications
productivity, effectiveness, and serviceability pertaining to the applicable PFCS.

(Khalid et al., 2021) [7] provides a technical overview of several battery system architectures, benchmark specifications,
integration issues, BESS design and connectivity recommendations, grid norms and regulations, energy conversion
topology, and operating grid functions. A thorough examination of control mechanisms for batteries equilibrium, power
management, communications, and management of many BESSs is also included, as well as a description of protective
blindness and purposeful islanded mode employing BESSs.

(Gwabavu & Raji, 2021) [8] proposes a real-time dynamic controlling system that is based on control scheme (MPC) to
fully use the flexible and manoeuvrability of energy production to alleviate wind turbine unpredictability and intermittent
renewables difficulties. The proposed controller first plans the predicted output, then employs algorithms and techniques
to maximize grid integration wind farm BESS electrical output, establish an ideal BESS corporate strategies, and avoid
some unexpected events that could compromise the performance of the website. The findings suggest that the proposed
strategy may reduce energy wind energy fluctuations, restrict system failures, manage the BESS throughout the
dispatched period, and maintain electricity supply stable operation.

(Qiu et al., n.d.) [9]Normally, the regulatory energy projection for regulatory service is predicated on the demonstrates
that high regulatory capability; the power required for a particular regulatory services is undisclosed to the BESS owner.
Nevertheless, when developing the linear system BESS model with the state of charging restriction, this documentation is
needed in the regulation model (SoC). Whenever the model is used for regulation, this drastically reduces the
performance of the models.A charge rate (C-rate) based method is employed in the present study, which may explore
multiple control techniques of a BESS for cooperating with wind farms to engage in wind farm estimated error
compensating, demand - side management, power bid, and regulatory bid.

(Fahad et al., 2022) [10] proposes a cooperation control method with two major goals: (1) regulate evident input
resistance at the PCC of the active distribution network (ADN) using DG coordination; (2) use voltage and current of
battery energy storage system (BESS) for transitory silencing at PCC and reactive power for DG reactive power
compensation. An ADN based on a 7-bus test system is used to test the suggested control approach. The unique way of
managing the apparent impedance of PCC via active and reactive power coordinating of DGs greatly enhances the
system reliability at the ADN PCC, according to this work.

I1l.  Methodology Used

Researchers have created many computational methods to represent elements of batteries power systems. Individual elements
effectiveness is evaluated using deterministic or stochastic methodologies. The basic modelling components of a battery bank grid
connection that is meant to power the electrical motor and responsive demand at the load line of 400V are covered in this section.

3

Battery DBC/ D:: DC/AC SoTTTTTTTTTTTT D

> 00s > ] )

enetrgy Converter Inverter i Al guided shunt |

system 1 device for |
,\/’ ----------- -I quality

|
|
STt assessment |
|
I
I

drive

A

\ 4

Reactive load

Figure 2Block diagram of battery system implementation with Al switched regulatory shunt devic

Battery, a power conversion system (PCS), and a control method called the battery management system make up the
battery energy storage system (BESS) (BMS). The key electrical parts of the system are the battery and PCS, and that
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both technologies are increasingly evolving [43]. The main construction of a BESS is shown in Figure 4.2. It is made
of of a battery that sends DC power to the PCS, which translates it to AC, and a transformer that changes the voltages
to accommodate the utilities and applications. The BMS serves as the central device for both the battery and the PCS.
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Figure 3BESS model in simulation for analysis

The battery packs are the central notion around which the entire BESS is built, and the battery are essential for energy
storage and transfer. The remainder of the infrastructure is in place to make the battery grid-compatible. Both the charge -
discharge processes are managed by the PCS, which controls conversions and energy delivery. The BMS is the main
controller that determines which direction the electricity must flow. It determines whether the batteries should really be
charged or discharged to the grid [7]. The control scheme can be managed in a variety of ways. One technique to make
the system work is to use the energy to determine the charging process of the battery.

Al guided Shunt Quality Enhancement device

The shunt device is meant to offer a continuous supply despite any fluctuation or outcomes are influenced by varying
loads at the grid line by having a constant reference voltage and throughput with low distortion. The developed
compensation employs a three-leg IGBT circuit with an Al-guided control scheme and made substantial contributions.
The output of the IGBTS is controlled by regulating the trigger impulses to them, resulting in a more optimal output. The
control is improved further by important factor in establishing of critical electrical characteristics using a grey wolf-based
optimization method and further understanding of changes in the network characteristics.
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Figure 4Block diagram of control system function

The number of fighters in the flock is controlled by the user in a GWO model. The optimum solution is represented by
Alpha. Alpha (), Beta (), and Delta () analyses are initially assigned at random among some of the potential remedies.
When the amount of functional cycles is raised, as with so many other optimization algorithm, a better solution can be
found. Nevertheless, this doubles the algorithm's computational burden and slows everything down. The number of
repetitions used to build GWO-based optimisation solutions to the various professions should indeed be defined by the
specific application and consumption parameters. Alpha, Beta, and Delta solution are computed in each repetition, and
the determined value is stored as Alfa at the end of each step.
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V. Result and Discussion

The work has centered on battery energy dynamic simulation and execution, which is guided by an Al-driven shut
mechanism that acts as a compensation, as well as power distribution parameter performance improvement control. The
quality improvement Grey Wolf Optimization (QE-GWO) controller is directed to sustain the voltages at the lines and
adjust the power factor in the network when powering different types of forces. The system is powered by battery storage
energy as a resources and then connected to the system, as well as driving reactive load and electric drive at the high
pressure line. The system is intended to investigate quality metrics on both low and high voltages lines.

The developed controllers of the shunted devices has been further modified using a multiple machine learning approach,
in which the response of the system to reactionary loads and electrical input was continuously monitored and stored as a
matrices for future choices..The control scheme was dubbed NLQ GWO and was created with feed forwards architecture
of neuronal networking technologies of learning algorithms for improving quality. The effectiveness of a battery system
interconnected with the grids, followed by a front-end traditional compensation design that focuses on bridging
conversion technologies, has been evaluated using correct Al approaches for increased performance from the very same
architectural. The technique was therefore further investigated for line power quality improvement by merging Al
optimisation with learning technologies.

The output from of the battery system connected to the network in the given situations was analysed and discussed:
CASE 1: With no shunt mechanism for quality assurance, BESS is powered by an inverters and uses the Vector
Control Algorithm.

CASE 2: Grid-connected BESS with shunt device controlled by QE-GWO.

CASE 3: Grid-connected BESS with shunt device controlled by NLQ-GWO

The level of distortions in the voltmeter and current from of the systems is just being investigated utilizing various
methods of governance for the shunt device prior to its incorporation with the electricity network. Measuring the voltage
level at the lines and active and reactive augmentation are also used to compare the electrical characteristics of the power
source.

The battery energy storage system is constructed in MATLAB/SIMULINK for this research, but it is also connected with
both the network energy economy. At the reduced voltage terminals of 400V phase to phase, the design comprises a
shunt mechanism influenced by different regulators as detailed in the preceding chapter.

Low voltage is converted to high voltage by the transformers, which is subsequently incorporated into the network. LV
voltage, current, power factor, and power factor are all examined. For controllers quality testing, the overall harmonic
current level also was assessed.

CASE 1: Battery energy storage system grid integrated driving various loads (no parallel device).

Voltage Qutput =

o 005 01 015 0z 025 a3 035 04 045 05
Time

Figure 5Voltage output from the BESS at the LV terminal

In the system with BESS and no shut mechanism for quality evaluation and management, the electricity generators in the
LV line is roughly 400 volts, as shown in figure 5 In example 1, the three colors in the picture represent three phase AC
voltage.
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Figure 6: FFT analysis of Voltage output from the BESS at the LV terminal with no shunt device in the system

The Fast Fourier Transform of the voltages in the LV line in Case 1 is shown in Figure 6. These are used to calculate the
percentage of THD in the power.

Fundamental (50Hz) = 411.1 , THD= 5.92%
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Figure 7THD% in Voltage output from the BESS at the LV terminal

Figure 7 shows the total harmonic current level calculated with the MATLAB FFT window. With higher limited overs
harmonic in the BESS system than in instance 1, the THD percent analyzed was 5.92 percent.
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Figure 8Current available in the BESS at the LV terminal

Figure 8 shows the three-phase Alternating voltage of power accessible in the BESS's LV line in instance 1. With LV
voltage magnitude, the power in the LV line is fed to different loading.
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Figure 9FFT analysis of Current available in the BESS at the LV terminal with no shut device in the system

Figure 10The FFT window function of the SIMULINK is used to do the quick Transformation function of the Ac power
in the reduced voltage line, as illustrated in figure 5.6. As in instance 1, this is used to determine the presence of
harmonic in the modulated signal.

Fundamental (50Hz) = 17.85 , THD= 4.76%
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Figure 11THD% in Current available in the BESS at the LV terminal

Figure 10 depicts the Total Harmonic Distortion in the modulated signal of the BESS in Case 1. In the modulated signal
with limited overs harmonic, the THD percent was 4.76 percent.
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Figure 12Active Power output available in the system with no shunt device connected

Figure 13shows how the active voltage supplied in the BESS in Case 1 got to be around 5.865 KW.
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Figure 14Reactive power output in the system with no shunt device connected

CASE 2: Grid Integrated BESS with Shunt device driven by QE-GWO controller.
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Figure 15Voltage output in the BESS system having shunt device driven by QE_GWO controller

Figure 16shows the current increases in the LV line, which is around 400 voltages, in a systems with BESS and a shut

device controlled by the QE GWO algorithms for quality analysis and regulating, as in instance 2.
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Figure 17FFT analysis of voltage output in the BESS system having shunt device driven by QE_GWO controller

The Fast Fourier Transform of the energy in the LV line in Case 2 is shown in Figure 14 This is used to calculate the
percentage of THD in the current.

Fundamental (50Hz) = 417.9 , THD= 5.24%
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Figure 18 THD% of voltage output in the BESS system having shunt device driven by QE_GWO controller

Figure 19shows total harmonic current level calculated with the MATLAB FFT windows. With much more lower order
overtones in the BESS system than in instance 2, the THD percent analyzed was 5.24 percent.
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Figure 20Current output in the BESS system having shunt device driven by QE_GWO controller

Figure 21shows the three-phase AC waveform of power supplied in the BESS's LV line in scenario 2. With LV voltage

magnitude, the electricity in the LV line is fed to load variations.
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Figure 22analysis of Current output in the BESS system having shunt device driven by QE_GWO controller

The FFT window function of the SIMULINK is used to do the quick Transformation function of the Ac power in the low
power ling, as illustrated in figure 17. As in instance 2, this is used to determine the presence of harmonies in the output
waveform.

Fundamental (50Hz) = 18.25 , THD= 4.64%
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Figure 23THD% measured of Current output in the BESS system having shunt device driven by QE_GWO controller
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Figure 24depicts the Total Harmonic Components in the output current of the BESS in Case 2. In the modulated signal
with lower order harmonic, the THD percent was 4.64 percent.
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Figure 25Active power output from the BESS system having shunt device driven by QE_GWO controller

As indicated in figure 5.16, the active power available in the Battery charger in Case 2 was approximately 6.61 KW.
When the machine is powered off, the QE GWO controller is used to control it.
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Figure 26Reactive Power output from the BESS system having shunt device driven by QE_GWO controller.

As indicated in Figure 20 the reactive generated power in the Battery storage in Case 2 was approximately 1.879 Var.
When the machine is powered off, the QE GWO controller controls it.
CASE 3: Grid Integrated BESS with Shunt device driven by NLQ-GWO controller
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Figure 27Voltage output in the BESS system having shunt device driven by NLQ_GWO controller.

Figure 28shows the voltages accessible in the LV line, which is around 400 volts, in a network with BESS and a shut
devices controlled by the NLQ GWO algorithms for quality analysis and regulating, as in instance 3.
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Figure 29FFT analysis of Voltage output in the BESS system having shunt device driven by NLQ_GWO controller

The Fast Fourier Transform of the voltages in the LV line in Case 3 is shown in Figure 22 This is used to calculate the
percentage of THD in the voltages.

Fundamental (50Hz) = 421.6 , THD= 4.68%
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Figure 30THD% in Voltage output in the BESS system having shunt device driven by NLQ_GWO controller

Figure 31displays the complete harmonic current level calculated with the MATLAB FFT window. With additional
middle order harmonics in the BESS technology as in instance 3, the THD percent analyzed was 4.68 percent.
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Figure 32Current output in the BESS system having shunt device driven by NLQ_GWO controller

Figure 33shows the three-phase AC waveform of power supplied in the BESS's LV line in scenario 3. With LV voltage
magnitude, the current in the LV connection is fed to different loading.
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Figure 34FFT analysis of Current output in the BESS system having shunt device driven by NLQ_GWO controller

The FFT window function of the SIMULINK is used to do the quick Transformation function of the Ac power in the
reduced voltage line, as illustrated in figure 25. As in instance 3, this is used to determine the presence of harmonies in
the modulated signal.

Fundamental (50Hz) = 18.45 , THD= 4.25%
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Figure 35THD% in Current output in the BESS system having shunt device driven by NLQ_GWO controller

Figure 26 depicts the Total Harmonic Components in the output waveform of the BESS in Case 3. In the modulated
signal with limited overs harmonic, the THD percent was 4.25 percent.
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Figure 36Active Power output in the BESS system having shunt device driven by NLQ_GWO controller

As indicated in Figure 27 the responsive power available in the Battery storage in Case 3 was approximately 6.724KW.
When the gadget is turned off, the NLQ GWO controller controls it.
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Figure 37Reactive Power output in the BESS system having shunt device driven by NLQ_GWO controller

As shown in Figure 28, the responsive power available in the Battery energy storage system in Case 3 was around 1.4
Var. When the gadget is turned off, the NLQ GWO controller controls it.

Table 1: Comparison of output parameters in three cases for Low voltage line

Parameters/ Model Case 1l Case 2 Case 3
Voltage (Volts) 400 400 400
THD% in voltage 5.92% 5.24% 4.68%
Peak value of Current 17.85 18.95 18.45
(Ampere)

THD% Current 4.76% 4.64% 4.25%
Active Power (KW) 5.865 6.61 6.724
Power Factor 0.82 0.90 0.91
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Table 2: Quality assessment at high voltage line terminal driving reactive loads
Models/Parameters THD% in voltage | THD% in current line
line
Case 1 3.99 % 5.80%
Case 2 3.48% 5.20%
Case 3 2.70% 4.56%
V. Conclusion

The goal of the research was to improve performance of battery energy storage systems while powering reactionary load.
The focus of the study was on the low tension lines (local loads) following the electricity supply, in which the network
also is powering the electrical motor and responsive lots and lots at the high pressure line. The impact was investigated
using a 400V phase to phases appropriate items and then expanded to a high pressure line. Voltage or current profiles
thorough assessment, with an emphasis on active and reactive adjustment.
 The active and reactive output current has increased from 5.865 KW to 6.724 KW in the systems with a shunt
mechanism controlled by the suggested controllers, NLQ GWO.
* THD percent of voltage or current profiles of the load terminals were reduced by the programs directed by synthetic
methodologies in both high power levels voltage lines. In the LV line, the distortions in the modulated signal was
decreased from 4.76 percent to 4.25 percent, and the voltage distortions was lowered from 5.92 percent to 4.68 percent.
« The analysis was expanded to include the HV line, which connects the reactionary loading and driving systems. In the
HV line, the distortion in the output current was decreased from 5.80 percent to 4.56 percent, and the voltages
deformation was decreased from 3.99 percent to 2.70 percent
* While it is powering fluctuating responsive load at its terminals, the power factor has improved to 0.91. The BESS
system was designed efficient for driving loads with increased active energy capacity at its terminal, according to that
specification.
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