
electronics

Article

Comprehensive Survey of Various Energy Storage Technology
Used in Hybrid Energy

Ahmed Riyaz 1,2,* , Pradip Kumar Sadhu 1, Atif Iqbal 3 and Basem Alamri 4

����������
�������

Citation: Riyaz, A.; Sadhu, P.K.;

Iqbal, A.; Alamri, B. Comprehensive

Survey of Various Energy Storage

Technology Used in Hybrid Energy.

Electronics 2021, 10, 2037. https://

doi.org/10.3390/electronics10162037

Academic Editor: Md

Alamgir Hossain

Received: 24 July 2021

Accepted: 15 August 2021

Published: 23 August 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Electrical Engineering Department, Indian Institute of Technology (Indian School of Mines) Dhanbad,
Dhanbad 826004, India; pradip@iitism.ac.in

2 Electrical Engineering Department, BGSB University, Rajouri 185234, India
3 Electrical Engineering Department, Qatar University, Doha 2713, Qatar; atif.iqbal@qu.edu.qa
4 Department of Electrical Engineering, Taif University, Taif 21944, Saudi Arabia; b.alamri@tu.edu.sa
* Correspondence: riyazamu@gmail.com

Abstract: Various power generation technologies, such as wind turbines and solar power plants, have
been increasingly installed in renewable energy projects as a result of rising demand and ongoing
efforts by global researchers to mitigate environmental effects. The sole source of energy for such
generation is nature. The incorporation of the green unit into the power grid also results in volatility.
The stabilization of frequencies is critical and depends on the balance of supply and demand. An
efficient monitoring scheme called Load Frequency Monitoring (LFM) is introduced to reduce the
frequency deviation from its natural state. Specific energy storage systems may be considered to
improve the efficiency of the control system. The storage system contributes to the load rate, peak
rushing, black start support, etc., in addition to high energy and rapid responsive features. A detailed
study of different power storage systems, their current business scenario, and the application of
LFM facilities, as well as their analysis and disturbance, is presented in this paper. According to
the literature analysis, the current approaches can be divided into two categories: grid and load
scale structures. This article also distinguishes between the organized aggregate system and the
uncoordinated system control scheme, both of which have advantages and disadvantages in terms of
technology.

Keywords: load frequency controller; load scale system; battery energy storage; grid-scale system

1. Introduction

In the interconnected power system for smooth and stable operation, the balance
between production and demand for load should be preserved. In accordance with the
frequency deviation and the interfacial power change, the balance is directed at the planned
level known as the power of the ties in the respective control areas. The frequencies and
power difference of the tie line should be maintained; otherwise, this would threaten
the overall stability and durability of the power structure [1–3]. The balance between
production and demand is disturbed by one or more production units (also known as
generation side) or abrupt changes in connected loads. The short-term loading technique
is available daily for this type of scenario and cannot be expected much before the day
ends [4,5].

In recent years, renewable energy sources have increased to a high level, thus chal-
lenging the generation-demand balance [6]. In addition, renewable energy generation has
been increasing. To maintain this balance, the power structure, therefore, has used three
different control schemes. The control vector is referred to as the “balancing authority”
in accordance with the North American Electric Reliability Company (NERC). There is
a certain time frame for the control systems applied to the power system, as shown in
Figure 1 [7]. Its main objective is to curb the fluctuation in frequencies and the power tie-in
at the control area as well as to maintain a constant power fluctuation in the prescribed
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limits. The minute-to-minute control used for limiting the frequency to a nominal value
followed by interruptions is normally known as LFM [8].

Figure 1. LFM Control scheme specified time window.

Various power plants that are operated synchronously with the power supply grid
are controlled and coordinated in conventional LFM control, either partially or fully. The
power plant works to converge the control error to null. However, the LFM faces some
economic and practical challenges due to partial loads [9–12]. These include high operation
and maintenance costs and reduced efficiency. Furthermore, LFM requires 1–10 min
because various mechanical links are connected, which is not sufficient to address the
above-mentioned challenges. As a result of the research, several control schemes for
improving the LFM have been proposed so that the power generation and demand are not
suddenly disrupted. The use of fast-acting energy storage elements in the power system is
a useful method for overcoming these disturbances. A wide range of storage technology
is compatible with the LFM control, including power storage, flywheel, heat storage, and
battery storage. Moreover, battery storage is adaptable and makes it a significant player
in frequency control applications with advanced electronics systems. A literature survey
shows that a lot of work is carried out by many researchers in the areas of energy storage
and flexible ac transmission (FACT). The majority of the papers looked at various power
system models, their management, and other dynamic aspects, and some papers focused
on frequency control energy storage management. As a result, the authors of this paper
set out to investigate the various storage systems in their class, as well as the technical
aspects of current strategies. The current energy storage scenario is discussed in several
advanced and underdeveloped countries, such as the U.S., Japan, China and India. Lastly,
the use by frequency regulation of storage and control mechanisms is incorporated in the
paper. The paper is organized in the following sections as follows: Section 1 presents the
study and comparison of different energy storage technology technical features, followed
by Section 2, which presents scenarios of management of energy storage in various parts of
the world, and Section 3, which presents energy storage system (primarily battery storage)
applications and control strategies in the frequency regulation process. Sections 4 and 5
present the topic and final conclusion of this paper, respectively.

2. Technology for Storage
2.1. Pumped Hydroelectric Storage System (PHSS)

One of the leading energy storage systems is pumped hydroelectric storage and
characterized by high long-term storage of energy [13–15]. PHSS is present worldwide but
is mostly found in countries such as Japan (24.6 GW), the United States (21.8 GW) and the
least in the European peninsula (6 GW). In a standard PHSS, two tanks are built, with a
head maintained between them to convert potential water energy into kinetic energies and
turbines. However, during peak hours, water for a pump back system is pumped back into
the main reservoir [16–18]. Generally, an increase in the standard hydroelectric station is
the pump back system. Thus, by applying the pump system back to the conventional hydro
system, the efficiency of the total units is increased [19]. PHSS has a number of advantages,
including a long run time, a rapid start, and extremely dependable and efficient power and
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frequency operating controls under up–down conditions. Unfortunately, PHSS includes
large upfront expenses, as well as a longer construction phase and a longer reimbursement
period. However, with the support of governmental and other organizations, PHSS is
certainly profitable and can be used for flood control and irrigation [20].

2.2. Compressed Air Energy Storage (CAES)

CAES is an emerging energy storage system for a short or long time. It consists of
three stages: compression, storage, and expansion [21–23]. Therefore, in the quantity of
storage, the geographical topology of the site is of crucial importance. In certain cases,
CAES is used to maximize efficiency with a gas power plant [24,25]. Even researchers have
produced advanced technologies in the cryogenic mode for the purpose of generating more
energy without wasting energy. It offers many PHSS advantages, such as high reliability,
high efficiency and long lifetime. Table 1 also shows that the CAES delivers high levels of
volumetric volume, mass power, and power, compared to PHSS [26]. In the recent scenario,
very little profit was appreciated, despite the various benefits of this storage. There is,
therefore, still a major question of commercial viability [27].

Table 1. General storage system specifications for pumped, compressed air and flywheel.

Specification Pumped-Storage
Hydropower

Compressed-Air
Energy Storage

Flywheel Energy
Storage

Particular Power
[W/kg]

0.2–0.35
[13,15]

1.7–30
[21,23]

250–25,000
[28–32]

Power Density
[kW/m3]

0.12–0.45
[13–15,18]

0.01–8
[24,26]

35–4000
[29,30]

Efficiency [%] 52–74
[17–19]

54–78
[23,25]

65–85
[28,32]

Scale [MW] 20–6000
[13,17]

0.03–4200
[22,24]

0.02–12
[28–30]

Self-Discharge Rate
[%/day] 0 0 20–50

[28,29]

Lifespan [yrs] 10–50
[13,15,17–19]

5–25
[23,25,26]

5–20
[28–30]

Power Capital Cost
[US$/kW]

500–7122
[13,14,16,19]

450–2122
[23,24,26]

20–500
[30,32]

Application advanced level of
Energy Management

advanced level of
Energy Management

intermediate level of
Power quality

2.3. Flywheel Energy Storage Unit

Flywheel energy storage unit (FESU) is an ancient energy storage technology that
stores energy in the form of rotary motion. The Flywheel energy storage unit is a common
power supply that is virtually unimpaired by a normal temperature drop [28–31]. A
recent study has shown that the efficiency of the FESU sub-system can be improved
through modernization. However, for the grid connection mode, FESU is still under
development. The FESU is now used in the locomotive regenerative locomotive break-up
system [32], which generates electricity through braking. The FESU’s advantages include
high energy and density, quick operation, long service life, temperature invariance, and
low maintenance.

2.4. Thermal Energy Storage

Thermal energy storage may be used for grid applications in solar power towers at
shifting time [33–35]. The change in time means an increase in the conversion rate and
the associated thermal alternator power conversion device [36–38]. Different types of
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thermal storage specifications are shown in Table 2. The high energy/power density and
low discharge rate as shown in the table below are very effective mechanisms for the grid
management system.

Table 2. Diverse thermal energy storage specifications.

Specifications Applicable Heat Useful Heat Reaction Heat

Explicit Energy [J/kg] 36,000–432,000 540,000–900,000 900,000

Specific Power [W/kg] - 10–30 -

Power Density [kW/m3] - - -

Efficiency [%] 10–94 78–95 81–92

Lifespan [yrs] 6–25 12–34 -

Scale [kW] 1–10,000 1–300,000 10–1

Energy Capital Cost
[Rs./kWh] 2.99–3739.49 224.37–6636.10 815.21–10,246.21

Power Capital Cost
[Rs./kW] 186,974.63–590,839.82 14957.97–22,436.96 -

Application intermediate level
Bridging Power

intermediate/
High-level Energy

Management

Lower/
intermediate-
level Energy
Management

2.5. Battery Energy Storage Unit (BESU)

The best efficient and broadly used electricity storage device is chemical batteries.
Table 3 illustrates the different physical characteristics of batteries, including zinc silver
oxide, lithium–ion, lead–acid and alkaline [39–41]. The efficiency of a traditional battery
depends greatly on the electrical materials used. However, cycle life and battery life are
based on the composition and stability of the used electrolyte. The temperature variation,
environment, and charge-unloading regime, therefore, affect the majority of the battery.
One of the batteries, zinc silver, is known for flat release, low temperatures and climates
and its high strength (ZnAg) [42]. The performance of the electrode (zinc) material is higher
than other batteries, but the cost is high. Thus, the battery presence of ZnAg battery is
limited in smaller applications, such as hearing aid devices and clocks [43], and is thus not
suitable for large-scale storage applications. Its internal resistance is low or high, but its
low-temperature driving performance is low-current, and the increasing demand leads to
ground contamination problems because its materials recover from the soil at a low zinc,
manganese and stain recovery rate [43–47].

The choice of a battery energy storage unit is important for a stationary energy storage
application. Moreover, the working mechanism of the polymer membrane cell (PEMFC) is
similar [48]. It features remarkable features, such as stability, energy-free size, flexibility,
reduced environmental impact, high discharge depth, etc. makes it ideal to support power
generation by non-conventional power sources. The use of lithium–ion batteries over
recent years has brought many advantages: low cost, reasonable processing time, high cell
strength, excellent efficiency at low temperatures, long service life [49,50]. In addition, by
using a Li–ion battery [5], researchers are focused on the storage management of plug-in
(PEV) hybrid vehicles. In [51], a novel technology of EV wireless charging, which facilitates
the on-move charging, can represent another important storage system, given the high
number of EVs.
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Table 3. Diverse battery storage system general specification.

Particulars Lithium–Ion Zinc–Silver-Oxide Lead–Acid Alkaline

Explicit Energy [Wh/kg] 30–300 81–276 10–50 80–175

Energy Density [kWh/m3] 94–500 4.2–957 25–90 360–400

Specific Power [W/kg] 8–2000 0.09–330 25–415 4.35–35

Power Density [kW/m3] 56.8–800 0.36–610 10–400 12.35–101.7

Efficiency [%] 70–100 20–100 63–90 36–94

Lifespan [yrs] 2–20 2–1 3–20 2.5–10

Cycle Life [cycles] 250–10,000 1–1500 100–2000 1–200

Self-Discharge Rate [%/day] 0.03–0.33 0.01–0.25 0.033–1.1 0.008–0.011

Scale [kW] 0–3000 0–250 0–50000 0–1

Energy Capital Cost [Rs./kWh] 14,957.97–299,159.40 236,859.45–1495,797.00 3739.49–82,268.84 7478.99–74,789.85

Power Capital Cost [Rs./kW] 13,088.22–4000 74,789.85–889,999.21 13,088.22–67,310.87 74,789.85–889,999.21

Application
Lower/intermediate

level Energy
Management

Lower level
Energy Management

Lower/intermediate
level Energy
Management

Lower level
Energy Management

2.6. Simple Conduction and Supercapacitor Magnetic Energy Storage

In processing and storing systems, such as storage voltage and synchronous gen-
erators, superconductors are very common [52–54]. Indeed, the Super-Leading Magnet
Energy Stock (SMES) was developed with supranational properties. The main aim is to
provide relatively high power quality for a shorter time period [55]. Since it was observed,
maximum grid failure numbers are due to sag and failures that last less than one second.
SMES is highly effective for faster operations and energy quality problems with grid appli-
cations. In addition, SMES aims to control the reparation slope and power quality, which
are expected to range from 10 to 1000 MW by 2040 [7].

Sometimes, the super condenser is called an electric condenser of dual layer and is com-
monly used as a secondary primary system in hybrid-powered vehicles [56]. The efficiency
rates are high, the charge period is faster, and internal losses are low [57]. Consequently, it
is mostly used for slope compensation in grid operations. Although they are expensive, the
SMES and super condensers are almost maintenance free. The SMES and super condenser’s
technical specifications are presented in Table 4. The cost of a superconductor is expected to
decline gradually with several manufacturers entering the market [58,59].

Table 4. Diverse SMES and super-capacitor storage devices specifications.

Particulars Superconducting Super-Capacitor

Explicit Energy [J/kg] 972–270,000 252–308,160

Explicit Power [W/kg] 300–12,000 6.32–200,000

Power Density [kW/m3] 500–3000 14–3400

Efficiency [%] 78–94 63–94

Lifecycle [yrs] 20–30 4–23

State of Charge [%/day] 1–22 0.43–50

Capacity [MW] 0.02–300 0–4

Energy per capita Cost [Rs./kWh] 29,930.62–7,931,614.30 7482.65–6,210,603.65

Power per capita Cost [Rs./kW] 13,842.91–748,265.50 7482.65–59,861.24

Application intermediate/Higher level
Power Quality

Low/intermediate level
Power Quality
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3. World-Wide Storage Scenario
3.1. United States of America

The U.S. has developed carbon-storage technology [60,61] and is one of the most
developed countries. The first battery was developed by Volta in 1800, and Volta Cell was
also the first power storage device founded in 1929 on the Housatonic River in Connecticut’s
Rocky River. In the U.S., 41% of projects are operational, and 33% are being built. California
is the leading country, with 220 operational 4.2 GW power projects, followed by Virginia
and South Carolina. Energy storage in the U.S.A. increased more rapidly from 2013 to 2018,
by 174%, in various measures between the government and the local agency [62].

3.2. Japan

As of 2018, 1361 projects [60] were completed. In the United States, 41% of projects
are operational, while 33% are under construction. California is the leading country with
220 power plants, followed by Virginia and South Carolina with 5.3 GW each. The PHES
(3.68 GW), BES (0.75 GW), CAES (0.114 GW), and FESU (0.058 GW) were the maximum
energy storage amounts (94%) of the total installation, as of December 2020. As the U.S.
now builds the largest battery storage system, Japan continues to be the world leader in
battery storage. In addition, Japan plans to expand half of the global storage sector by 2025.
Since 1990, the installation of NaS batteries has increased more quickly, as the data reveal.
In 1998, the rating was only 10 MW, but in 2009, 300 MW/2000 MWh and, in the following
year, 350 MW, were achieved.

3.3. China

In addition to the continued growth of additional services and sustainable grid in-
vestment through smart grid development, the energy storage progress in China has
increased faster [63]. Recently, the cost of lithium–ion batteries decreased by up to 50%,
compared to the past. In 2019, Jin Jiang Province of Fujian implemented the first and largest
electro-mechanical power plant in China with a virtual synchronous generator [64]. The
system provides a battery power storage capacity of 100 MWh with 400 MW integrated
wind, 200 MW photovoltaic and 50 MW of a concentrated PV system. The rating of the
system will increase to 1000 MWh. In the next phase, government reforms will promote
nationwide storage system development and further build the system’s capacity [65].

3.4. India

The anticipated reforms and stimulus of the government are only just starting In-
dia’s storage industry [66–68]. Renewable energy battery storage systems are allowed at
6000 MW [69–72]. The new energy storage range is predicted to be significantly higher than
the existing unit by 2022, as the government will expand renewable energy production
to 175 GW. In addition, 20,000 micro-networks/400 MW of microns and mini-networks
will be integrated into the current system [73]. Therefore, there are much more options in
storage systems if the abovementioned goal is fulfilled.

4. Overview and Use of LFM Energy Storage

Since the early 1900s, power system applications have been used for energy storage
battery technology. In [74], the authors discussed how to match battery and tested Indiana
Traction Company’s sub-stations in 1902. The use of storage, for example, can be 2–3 times
more efficient than the introduction of frequency rules for combustion units [75]. The
hierarchical description of power storage use is shown in Figure 2. One method of this type
is the management of frequencies; the Battery Energy Storage Unit (BESU) has been used
for decades. When the frequency exceeds the program, the charging mode is the battery.
Furthermore, under these conditions, BESU will deliver electricity to the grid when the
level falls below the planned value, called the discharge mode. In addition, researchers
considered the concept to be applied for smart grid systems [76–78].
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Figure 2. Flow chart showing energy storage application in power system.

In Figure 3, a program to control LFM by power storage technology is defined [79].
Based on the volume of the power storage, position and grid control, efficiency, and activity,
two types of systems are implemented through different shipping systems.

Figure 3. Line diagrams show the LFM single area system coordination.
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4.1. System of Grid Scale

In this type, LFM is used to control centralized battery systems and the modern
reheating type is considered. In 2001, two BESU interconnected power systems were used
with LFM with a heat heating plant. A 1% increase was observed on the market for the
device in the simulation test. In addition, in the MATLAB simulation environment, the
LFM performance of the two-area connected system was simulated by [80–84]. BESU was
used in [85] to improve the system’s LFM performance. The impact of BESU on LFM was
achieved in an isolated power system for the optimal size of BESU. The BESU results for
one month of operation were inspected by MATLAB. The frequency deviation without
BESU was observed to be 0.98% (scheduled 50 Hz), while the deviation with BESU was
only 0.18%.

In a multi-microgrid system, the idea of integration of BESU as a part of a distributed
system can be accepted [86]. A multi-microgrid with two micro grids was observed, which
are interconnected. In this case, a two-ACE multi-microgrid frequency control was used.
Wind turbine generators, supporting batteries, and hydro plants are all housed in an
insulated system. The LFM’s chrematistics was tested with and without the energy storage
element. The BESU’s power rate was demonstrated to be 53% lower.

4.2. LFM Control Schemes

• For future studies, the LFM schemes are important. LFM control systems are inevitably
used in Automatic Generation Control (AGC). Depending on the device condition,
the control signal of LFM connecting units is activated. For further information on
LFM control schemes, [87] may be referred to. The LFM controllers are classified as
two different types:

• Classic control system: a linear quadratic controller, proportional integral derivative.
• Control system for artificial intelligence (AI): this includes a fuzzy optimization

scheme, genetically modified and hybrid.

A battery energy system can be used to improve the BESU LFM system in all types
of control procedures. In this case, the controller will send the signals to the assisted BES
and LFM units. In addition, in the literature survey, multi-stage monitoring, fractional
controls and cascade controllers were recently used in an LFM survey [88–91]. In [92–94],
the authors considered a robust control technique, H-infinity. The authors investigated,
presented and discussed topics, such as uncertainty in parameters and diffusion delays.
The control system introduced by the LFM two-area New England 39-bus network was
examined. This gave the controls of H-infinity greater stability and robustness than the
PI controller.

4.3. BESU Characteristics

In general, in a battery storage system, there are three basic modules [95]:

• Battery set: the sequence or simultaneous group of battery cells.
• Module for power supplying: power electronic converters are used to attach BESU to

the grid.
• Control and protection: this maintains the state of charge (SOC) track and confirms that

battery capacity regulates battery charge with regard to the control system variable
used for safety and safety in applications. Discharge of the battery charge is necessary.

In [96], the authors noted, in several applications, diverse batteries, their merit and
demerits. Battery capability, charging and discharge speeds, long evenness, and SOC
restrictions for different types of batteries play an important role in the success of the
LFM [97]. Two types of secondary batteries are usually used in power systems:

• Classical battery: includes sodium–sulfur, lithium–ion, cadmium–nickel, acid–lead.
• Battery flow: vanadium redox characterized.

Sodium–sulfur is the most efficient battery technology used mainly in the grid [98].
In comparison with other battery types, however, production costs for lithium batteries
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are high. The use of the sodium battery system is introduced in [99]. A control method
for H-infinity controllers was developed. In both areas, there is a significant reduction
in fluctuations in production with the sodium sulfur battery system. In utilities, flow
batteries between several rechargeable batteries are reliable. However, the redox batteries
have complex, costly and low energy densities in contrast to traditional batteries. In
Charging Frequency Control, the 120 redox battery is utilized. By simulating interconnected
systems in two fields, the authors examined the RF’s battery efficiency and their benefit.
Both hydroelectric and thermal battery generators feature connected systems. In the
aforementioned works, the authors clarified the LFM device with one battery. However,
the effects of different characteristics of various BESU sets were not discussed. There
was discussion in [99] on the use of various BESU sets. The authors invented advanced
SOC-based control systems, taking up and unloading characteristics. For this study, two
sets of batteries with different capacities of sodium–sulfur and nickel–metal hydrides were
considered and examined. Despite the variation in the charge–unload rate of the used
battery, the simulation results show that the LFM system’s performance has improved.

4.4. Optimum Size of BESU

The quality of the BESU system is one of the major problems in the supply chain of
the BESU location. Authors in [100] declared that, before taking account of the BES price,
it is necessary to weigh up the complexity of the BESU scheme. Thus, great profitability
in the system can be achieved by optimizing the size of BESU. Moreover, the battery size
is chosen primarily so that the LFM power and energy demand can be satisfied. The
optimum BESU sizing should, therefore, be performed. This field was worked on by
authors from [101–103]. The variations in the response speed between the battery and
the LFM devices must be considered before determining the size of the battery. Similar
methods of reducing thermal unit rates and critical power for BESU were developed in [85].
An LFM strategy through the implementation of the BESU was discussed in [100], in light
of the reduced BESU capacity. A variation in the thermal system and BESU reaction speed
was observed by the authors in the division of the LFM duty. The system’s frequency of
thermal equipment is controlled by the BESU units during the load flow. Therefore, quick
BESU does not remove thermal units, and limits loading and unloading. This significantly
reduces the BESU’s energy capacity [75]. LFM signals are obtained through the battery
storage power deviation on a line. This can be useful if the thermal unit’s output does
not depend on BESU. The capacity of BESU was shown to be cut to 30%. In [98], authors
proposed a method for optimizing the size of BESU for operating revenues by using the
Net Present Value formula.

4.5. Numbers of Grid-Scale Systems

The entire review of work in this category was based on the use of lateral control
and the connected BESU system in large-scale systems [52–54]. In the power system, this
method is the most popular. It described below the following practical challenges:

• Large-scale BESU systems’ cost installation.
• In BESU systems, high efficiency is needed.
• The variance in the time scales between generating units and BESU units is required

for a correlational transmission of LFM signal between therapeutic units, the system
operator and BESU.

Today, by managing frequencies and distributing the obstacle, we are paying more
attention to side controls. The authors have noted this in [70], stating that the capacity of
BESU can effectively be further reduced by battery storage charges. Various BESU LFM
methods and local charges are defined in the following section as regulated reservations.

4.6. Load Measurement System

In the event of changes to the frequency in the generating, transmitting, or distributing
systems, an effective method to affect load generating balance is immediately recognized
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and measured [74]. The loads play an essential role in controlling the system frequency
instead of being in the grid [74]. The role of frequency loads is first described in this section
before different LFM control schemes are discussed. Many papers were produced in this
field [76]. Loadings, such as hot pump water heaters, cooling heaters and heaters, are
ideal because thermal energy is retained [78]. In [87], LFM assistance was used for thermal
energy storage with water heaters. The ON–OFF switch can be used to control this type of
charging over a short period. For device control, this controller monitors line frequencies.
When the frequency in India is lower than usual, the load reduction controller turns off the
devices in a matter of seconds to minutes.

In [87], the authors showed a program to monitor the system frequency of the dis-
tributed load control, thereby reducing the inutility of the load. To solve this problem, a
group of devices should be set up to turn off if the frequency falls below a certain threshold.
For ON–OFF switching appliances, a control algorithm is required so that user preferences
are not disrupted. In [92], the ON–OFF plan was proposed for devices, allowing main
reserves in both directions, considering three types of user choice conservatives and opti-
mists. A new theory, called “Electric Spring”, was developed. These authors have used
electronic devices for the creation of a concept of “intelligent charges”.

The controlled programs mentioned above do not fall under our review because the
use of battery storage in the regulation of frequencies was explicitly discussed. There is,
therefore, a focus here on the demand side of BESU. Customers can use battery storage to
improve the LFM control. It falls under the category of loading system, according to our
classification. The scattered storage system is installed on the charge side for secondary
storage and is often operated in similar ways to AGC, depending on the available data, for
thermal generation. The application currently uses and mainly discusses electric vehicles.
There are various types of U.S. electric vehicles (“Hybrid and Plug-in Electric Vehicles”).
Various researchers have proposed the use, through technology growth, of such electric
vehicles on LFF’s BESU mobile platform [97]. The load network system can be split into
two forms based on the form of the power systems connected to the managed loading
units: the collective synchronized system, and the individual non-synchronized system.

5. Future Work

In the following subtopic, further analysis is necessary to create a viable energy storage
technology management plan for hybrid energy.

5.1. Synchronized Combined System

The integrated device plays a decisive role, as with any other load scale system. The
innovative devices to be used for this program are electric cars. Authors in [98] stated that
other systems can be easily used for the storage of the distributed battery energy, such
as the domestic battery banks or the battery equipment. A manager and intermediate
controller was deployed (known as the aggregator), which gathers the batteries SOC
information, and on and off time [34]. We even measured how powered and ultimately
connected electric vehicles and smart interfaces are to a dispatch center. LFM signals were
then transmitted, using the aggregator to electric vehicles [55]. In order to satisfy their
consumers, this SOC scheme only regulates plugged, fully charged electric vehicles at a
level of 80–90%. This plan proposes that in 500 local control centers, 50,000 electric cars
be installed in the main loading center. Two criteria were used to test the program, which
either took user convenience or did not take user convenience into account. The result is
that, in the event of the consideration of user expediency, the frequency response is better
than when the expediency of the user is not considered. The second example is SOC limits
for tracking electric vehicles’ performance. The authors suggested that the BESU, a district
of plug-in thermostat-regulated hybrid electrical vehicles, be used to control the LFM
control system. In a management system known as a model based on aggregator prediction
control [56,57], the authors invented an aggregation method. The proposed model is a pack
of 40,000 plugs for electric vehicles, thermo-controlled equipment and a CHP platform



Electronics 2021, 10, 2037 11 of 16

that is connected to an urban network with 160,000 people. The findings show that the
LFM system develops successfully these frequency management techniques. On the other
hand, as suggested, the speaker questions the availability and need for reserve amounts for
realistic program. Moreover, the performance of aggregations was discussed in view of the
quick communication and the result of a delay in the communication system. The effect of
grid and LFM load communications and data exchanges was discussed in [58]. The authors
finally ignored the delay in the network. The model was operated by an 8000 MW random
charge change and a large 1800 MW wind power impact. They also suggested different
transformation delays and changes in the battery storage rate. Another problem is that
SOC limits are considered to prevent overcharge or batteries being discharged [65–67]. The
authors addressed SOC limit issues by developing an energy distribution network that
changed the smart grid frequency using the Hierarchical Model Prediction Distribution [37].
The model proposed includes conventional generators, coordinated electric vehicles and
renewables. LFM showed a significant increase in efficiency [76,77], in contrast to hybrids
that cannot be driven by electric motors.

In [77], the authors discovered a new controlling system with the V2 G frequency
support system. The main goal is to deal with system complexities and perturbations,
as well as to create a simple and stable controller. The H2/H infinity control system was
used to implement a particle swarm optimization process [78], and both conventional and
intelligent control systems were used to control the controller frequency parameters. As a
PI controller, the frequency controller was used. In order to keep the battery SOC within
the set range, the SOC optimization method was used to control the power output of the
battery. The effectiveness and heftiness of the control system were determined, using the
results of a two-area wind turbine simulation.

The following are the issues that must be resolved based on our discussion:

• The charge–discharge system will strike a balance between the consumer’s needs and
appropriateness.

• To accomplish this, system controllers should be capable of managing and tracking
several loads. For the dispatch of LFM signals and interconnections with generating
units, intermediate control and aggregation systems are, therefore, required.

• The aggregator analyzes the appropriate LFM resources from local operating systems
without understanding the state of the entire network. The calculation, modification
and collection of real-time load conditions, for example, the size, duration, plug and
charge of the battery SOC [79], are the way to achieve this.

The cost of installation and maintenance of the system will increase if the above
systems are implemented. Utility operators must, therefore, adhere to this load man-
agement regime in order to achieve the best possible balance of capacity control, cost,
communication, and frequency regulation effectiveness.

5.2. Non-Synchronized Combined System

Currently, the field of power control schemes is developing rapidly. To achieve load
lateral frequency control, it has yet to be implemented the theory of unregulated control
of each charge with battery energy storage. In a synchronized combined system, electric
vehicles play an important role, where decentralized regulation is achieved via battery
chargers at the end of the electric vehicle. Therefore, intelligent interface circuits are needed,
which control the two-way current between the power supply and the battery as well as
the frequency measurement.

In [74], as mentioned by the author, the primary objective of the discrete unregulated
system is to spread the cybersecurity and communication requirements across system
operators and controlled loads so that the system is flexible. In [86], the author stated that
this scheme is the same as loading and grid responses controllers controlled by frequency.
A drop control system corresponding to the generator drop control was used to regulate
the charging–discharge process of the charged battery power storage so that the equipment
does not have to be switched off during the period under frequency.



Electronics 2021, 10, 2037 12 of 16

It was found in the literature that numerous efforts have been made. The perfor-
mance of the lithium–ion battery was examined by the authors [85]. The energy efficiency
and the battery cycling capacity were assessed from the results obtained from the sim-
ulation. The decentralized control algorithm of domestic batteries was discussed by
different authors [89–91]. The central organizations aim to prioritize customer suitability
for SOC criteria and to maintain their privacy by increasing exchange prices for their
device operators.

6. Conclusions

Energy storage provides reactive power compensation, suppression of unbalancing,
load grading and energy balance, particularly where the electricity system includes multiple
renewable energy sources. Energy storage is essential to improve the power quality. It
also provides substantial technical and economic support for the stability of the system.
This procedure can be implemented with a wide range of storage units managed through
the LFM utility. This system is required by both the operator and the service provider to
maintain the highest level of precision and cost control. Electric vehicles not only assist in
the regulation of frequencies, but also serve as an efficient energy storage system. The Tesla
Power Wall and Nissan Stocking are two examples of efficient and advanced batteries that
can be used to store energy. EVs will play an important role in the near future in terms of
energy, with high-energy stock technology. Smart grid-based services and app frequency
controls could be reasonable; as a result, power technologies could also be promoted. Soon,
the world will experience within its roles a new type of mature storage technology.
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