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Energy storage, analogous to data storage in a computer system, is one of the
enabling technologies that has emerged alongside the widespread use of
renewable energy sources in the nation's power grid. This article shows that
the underlying platforms for storing data and energy are quite similar.
Batteries and hydrogen storage offer significant energy potential, much like a
hard disk for storing vast amounts of data in a computer's central processing
unit (CPU). A supercapacitor or flywheel storage device can be used to have
emergency power on hand, with access times as fast as random access memory
(RAM) in modern computers. In this study, we propose an energy-control
scheme for caches that is akin to computer engineering and is used to
coordinate the operation of multilevel storage systems that incorporate both
capacity and access-oriented storage. By supporting the energy-management
system, which in turn provides modern plug-and-play functionality, cache

energy control helps optimise the system as a whole. Such an integrated
system calls for renewable energy generation, local loads, fueling stations, and
connections to gas and electric distribution grids. Distribution energy concepts
with various storage systems can be easily grasped by drawing parallels
between computer engineering and power system integration.
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1. INTRODUCTION

The energy department of the U.S. estimated the growth of the distributed energy resources (DER)
capacity increase by 20 GW over the next decade [1]. The major part which is to be installed in DER units will
be renewable energy conversion units of wind and solar which are abundantly available in nature [2], [3]. It
will become progressively challenging to incorporate such units into the power grid as DER enter the market,
which has previously been influenced by a handful of big power plants with controllable output [4]. So, for the
integration of DER, it is required to introduce the concept of energy storage to solve these challenges. Hence
in this area of power system education, energy storage is becoming a highly interesting technology. There are
different features and applications of various energy storage technologies. Some of the energy storage
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technologies have high charge and discharge life cycles, which provide fast access to power, for example,
super-capacitor (SC), superconducting magnetic energy storages (SMEs), and flywheel storage [5]-[7].

However, the cost of maximum energy stored in standard batteries is less. Energy storage to solve
these challenges. Hence in this area of power system education, energy storage is becoming a highly interesting
technology. There are different features and applications of various energy storage technologies. Some of the
energy storage technologies have high charge and discharge life cycles, which provide fast access to power,
for example, SC, SMEs, and flywheel storage [8]. However, the cost of maximum energy stored in standard
batteries is less. For storing the data in the computer, various technologies are available. In the computer
system, there are two types of storage technologies. The first is low-cost data storage, such as a hard disk,
which can hold tens to hundreds of gigabytes of data. Second, random access memory (RAM), that's also
supplemented by a hard disk with a few gigabytes of storage capacity and speedy data access [9]. Fast-access
data storage is more expensive per bit of data stored. RAM, which is access-oriented storage, serves as a cache
for hard disk storage that is capacity-oriented. This type of systems engineering results in higher effectiveness
at a lower cost. Hence this contribution made an evolution of personal computers (PCs) everywhere. So, the
analogous transition has taken place in the power infrastructure from a few plants of large size to integrated
DER.

From this analogous transition, the results are explained in this paper. Major contributions are
considered. The incorporation of computer and power systems has been mentioned, as well as the analogy
between both data storage and energy storage. Overall, power system demonstration and multiple types of
energy storage have been explored. Cache energy control has been developed that uses this analogy [10]. It is
illustrated how the plug-and-play premise becomes analogous to a network of distributed renewable energy
sources. Data and energy storage technologies are studied respectively in sections 2 and 3 data, then energy
storage technologies are classified in section 4. By using this classification, the analogy is explained. The
distributed energy system design with the application is illustrated in section 5. Section 6 represents the
conclusions of this paper.

2. DATA STORAGE TECHNOLOGIES IN THE COMPUTER SYSTEM

A wide range of data storage options is available. The most cost-efficient storage devices are hard
disk and digital versatile disk (DVD), which has large data storing capacity and the cost per bit of data stored
is low. In modern computers, the data storing capacity of a hard disk is hundreds of gigabytes, while that of a
DVD is multiple gigabytes. The data on the hard disk is accessed up to 5 to 10 ms, and that of the DVD is quite
slow that is up to 100 ms [11].

In the central processing unit (CPU), static random access memory (SRAM) and dynamic random
access memory (DRAM) are installed for fast access to data that is frequently used. For SRAM, access time is
up to 10 ns for DRAM, it is up to 100 ns. Solid-state integrated circuitry is implemented in the CPU. As the
access time for SRAM is high, so the cost per bit stored is high than that of DRAM. Hence for low capacities
of up to a few megabytes, SRAM is implemented in mainstream PCs [12]. This paper discusses four common
data-storage methods. Categorized by access speed and cost per bit stored.

2.1. Static random access memory and dynamic random access memory

Volatile SRAM latching circuitry flip-flops stores each data bit. Cache and CPU registers require
faster and more expensive memory. Power loss erases SRAM data. SRAM costs more to implement since it
requires more transistors per bit. Figure 1 shows six metal oxide semiconductor field effect transistor
(MOSFET) based SRAM transistor ideas.
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Figure 1. SRAM design
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In Figure 1, M1, M2, M3, and M4 construct two cross-coupled converters, saving each cell bit in
four transistors. Storage cells hold two stable bits, 0 and 1. Two more transistors manage storage cell
availability during read-and-write activities in the SRAM paradigm. Its energy consumption depends on how
often it can access data. It runs at 10 ns and is widely available. Cache memories in processing units use
SRAM because speed is more essential than cost and size. Each bit of data is stored in a memory cell with a
transistor and metal oxide semiconductor capacitor. Complex circuits with billions of memory cells can take
up to 100 ns to operate. Digital electronics have used DRAM for low-cost, high-capacity memory. It loses
data quickly when the power goes out. A rectangular array of charge storage cells with one capacitor and
transistor per data bit. Word lines are the horizontal lines in the illustration, and each column has two-bit
lines, with each storage cell linked to another in the column. The bit lines have a sense amplifier, a pair of
cross-connected inverters. A first inverter's input is connected to a + bit line, its output to a - bit line, and vice
versa for the second inverter. Hence, DRAM cells store data.

2.2. Hard disk and phase change digital versatile disk

Hard disk store data when the power is off. Hard disk store digital data on rigid, fast-spinning
magnetic platters. Capacity and performance define the hard disk. Hard disk storage drives have
1,000x capacity. 1 TB storage has 1,000 GB and a 5-10 ms access time. The time to move the head to track
the cylinder to retrieve data determines its performance. Airflow through the E-block excited by resonant
vibrations as the disc rotates on the spindle motor. The flexible E-block supports the read-write head over the
disc and stores data in the disc drive. High-capacity digital optical data storage. Its data storage cost and
access speed are low. DVDs can be read or written at constant angular or linear velocity. Red light laser
technology is used to rewrite phase change technology 500,000 times. The DVD's phase-changing spiral track
reduces access time to under 100 ms.

3. POWER DISTRIBUTION ENERGY STORAGE ADVANCEMENTS

Energy storage technologies have various functional characteristics as per their types. The fast and
frequently accessible storage technologies are SC and flywheel, which have higher round trip efficiency of up
to 90% [12]. Both storage systems have high charge and discharge cycle life, and response time is up to a few
milliseconds. Fly-wheel stores kinetic energy within a rapidly spinning wheel-like rotor. SC stores
electrochemical energy between electrodes and electrolytic ions. In this flywheel and SC, the cost of stored
energy is very high [13]. The cost of maximum energy stored in battery and hydrogen storage is low with space
constraints. If space is readily available, a large amount of energy can be stored. From the electrolysis of the
water, pure hydrogen is made available easily. The rating of hydrogen tanks gives the amount of energy stored.
By taking hydrogen as an input, electrical energy is generated in fuel cell stacks, so the decoupling of energy
and power ratings [14]. Flow batteries also have a lower cost of stored energy and high capacity. Research is
ongoing to improve the roundtrip efficiency of hydrogen storage by up to 50%, which is lower than the
roundtrip efficiencies for flywheel and SC. On increasing response time, charge, and discharge cycle life [15].
There are various energy storage technologies are discussed in this paper.

3.1. Super-capacitor

Electrochemical storage systems can store 10-100 times more energy per unit volume than batteries.
Its high capacitance and low voltage make it an ultra-capacitor, bridging the gap between electrolytic and
batteries. This SC is fast-access energy storage since it charges and discharges quickly. An electrochemical
capacitor's ion-permeable membrane and paradoxically connected electrolyte distinguish two electrodes.
When the electrodes are given a voltage, the electrolyte ions generate electric double layers with opposite
polarity. Electrostatic energy stores the electric field, which takes milliseconds to access. Even at %
efficiency, the capital cost per kilowatt hour of energy held is significant.

3.2. Flywheel energy storage system and superconducting magnetic energy storage

Flywheel energy storage system (FESS) uses a flywheel driven by a rolling-element bearing and
coupled to a motor generator in a vacuum chamber to reduce friction and waste. The flywheel stores energy
as rotational kinetic energy by quickly rotating a rotor. According to the rule of conservation, the flywheel's
speed increases when energy is added to the system. It provides millisecond power access and 90% roundtrip
efficiency. Flywheel storage is expensive per energy stored. Therefore, access-oriented storage. SMES stores
heat in the magnetic field using direct current passing through cryogenically cooled superconductivity coils
below its critical temperature. Energy is available in milliseconds. SMEs storage systems can reach 90%
efficiency and last a long period [16]. Higher power ratings have a high capital cost per maximum energy
held.
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3.3. Battery energy storage system and hybrid energy storage system

Battery energy storage system (BESS) can provide short-term peak power, spinning reserve, and
frequency management to reduce power failures. Battery chemical reactions occur when voltage is applied
between electrodes. Reversing it extracts energy. Battery storage systems feature 80% roundtrip efficiency and
minimal charge and discharge cycles. Low capital cost per maximum storage. Milliseconds provide electricity
for different uses. Like hybrid autos, the battery is only charged and discharged to extend its cycle life. Battery
storage allows cache energy control. Hybrid energy storage system (HESS) uses increased pressures, colder
temperatures, and chemical compounds that release H2 when needed. Esters are everywhere. Water electrolysis
extracts hydrogen and oxygen.

Hydrogen and oxygen can be kept in tanks and fed to the fuel cell unit to generate electricity,
notwithstanding the HESS. Cylinders, tubes, and cryogenic tanks can store and transport hydrogen as a
compressed gas or cryogenic liquid for use in industries or space missions. Fuel cell type determines reserve
time. Research is underway to improve hydrogen storage efficiency to 50%. When the hydrogen fuel plant has
no space constraints, stored energy costs less.

4. IDENTIFICATION AND ILLUSTRATION OF ANALOGY

Data and energy storage are separately discussed in sections 2 and 3. According to this identification,
analogies between these storages are explained. Table 1 provides a brief introduction to the categorization of
data storage technological advances, which would be mentioned in section 4. Storage that is easily accessible
access-oriented storage includes SRAM and DRAM. Hard disk and DVDs have a large storage capacity but a
low cost per bit of data stored. Therefore, they are categorized as capacity-oriented storage [17].

As illustrated in section 3, the key characteristics for differentiating SC and flywheel, on one side
batteries and hydrogen storage on another side are the access speed and cost per unit of energy stored. So, the
classification is done based on access orientation and capacity orientation in Table 2. A similarity between data
and energy storage is given in Tables 1 and 2, then highlighted the analogy between data and energy storage is
in Table 3.

Table 1. Data storage classification

Class Term Cost per unit data  Access speed
Access orientation SRAM High High
DRAM High High
Capacity orientation  Hard disk Low Moderate
DVD Low Low

Table 2. Classification of energy storage

Class Term  Cost of capacity  Access speed
Access orientation SC High High
FESS High High
Capacity orientation ~BESS Low Moderate
ESS Low Low

Table 3. Data and energy storage analogy

Analogy Data storage Energy storage
Access orientation SRAM SC
DRAM Flywheel
Capacity orientation  Hard disk Hydrogen storage
DVD Battery

Presume the computer stores 40 GB of data and has an access time of up to 10 ns. One such execution
has been solely to use RAM as a faster processing storage methodology. Presume the cost per megabyte has
been 0.1 US Dollars so that the PC's storage would then cost $4000 US Dollars. Even so, the utilization of
cache storage allows for faster access to data at a cheaper price. The most frequently used data is nothing but
a small amount of highly accessible data, which is known as a cache. RAM is implemented as only a fractional
part of the overall storage of the system due to its higher cost. Comparatively, the bulk amount of data is stored
on a hard disk, but it is accessed rarely. Cache-control is the process of the selection of data storage locations.
In Figure 2, the hierarchy shows the cache-control methodology. A CPU restores the vast bulk of data through
a bus from the smallest level of the hierarchy, recognized as a cache in RAM storage technology.
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Figure 2. Cache-control hierarchy in computer systems

There is hard disk storage at the top of the hierarchy, which is used rarely. Nowadays, this hierarchy
of storage technology improves the performance of PC at a given cost. So, the provision of a highly effective
storage system in the PC is done by using the collaboration of both access and capacity-oriented storage [18].
The use of more than one storage orientation alone will lead to undesirable operations. Similarly, while
designing an energy storage system, exploitation of both energy storage systems is necessary for a highly
reliable system. In Figure 3, a combination of access of capacity orientation storage is given as an example of
an interconnected system. The simulated power station, keep referred to as stochastic energy management,
appears to include multilevel energy storage linked to a DC bus for predetermined power output with an
integrative wind conversion system.

Renewable Energy Electrical connection
Source interface

AC-DC ] DC-AC p
V —e net
Converter -T % Converter —
H Transformer
Wind
speed Management and . P,
control
Storage for cache Storage for high
energy and fast access capacity of energy
to power P, P
Access — Power Power — Capacity
oriented converter converter oriented
storage — storage

Figure 3. Multilevel energy storage system for a simulated power plant

Access-oriented storage improves the system's power quality. One such storage orientation responds to
fast stochastic volatility in the renewable power converter's stochastic power [19], [20]. Ultilizing
capacity-oriented storage, the entire plant could be deployed. In Figure 4, multilevel storage composed of battery
and SC is shown, which stores cache energy. Computer hierarchy is used to synthesize energy in this storage
hierarchization. Over the interface of electricity infrastructure, this power plant operates efficiently, and the power
flow is well-controllable over various periods. Even as the existing power system has been intended for the
assimilation of a generalized power station, the system has easily incorporated the use of these advanced
technologies [21]. The capacitor attached to the batteries in hybrid, as well as fuel cell vehicles, has been used to
store cache energy and also is gaining popularity in power system transportation. Also, it is used to fulfil the
power plant demand. For a multilevel storage system, SMEs are used to meet the power plant demand.
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Figure 4. Throughout energy systems, a suggested cache-control organization in power systems

5. RESULTS AND DISCUSSION

Data storage and computer is familiar to most people nowadays. For explaining this energy storage,
this computer analogy is the best suitable tool for engineers and managers. Various studies and presentations
are used to prove that this analogy is best suitable to explain the analogous nature of flywheel storage and RAM
storage. From the transmission of the data storage system in modern computers, this method of DER is designed
is adopted. Power fluctuates throughout scenarios such as interrupted power from renewable sources, the
beginning of large motors, delivery of backup services, vehicular fueling, or prudence of power swapped with
the system. As a result, the multilevel storage system reacts to shifts in electricity variations over various
periods, preventing the framework from experiencing rapid power changes [22]. Access-oriented storage for
cache-control has a shock-absorbing functionality that protects equipment from quick volatility. Capacity-
oriented storage is also utilized to balance long-term volatility. The DER network is linked in a plug-and-play
fashion, equivalent to the plug-and-play system in use in computer systems, as shown in the study.

A 25-kW roof-mounted solar array is used to generate electrical power during daylight hours as
illustrated in Figure 5. For the supply of 90 kW, only the photovoltaic system is not sufficient so DER is
connected to the energy system for the net power P,,; and natural gas as energy carriers. The gas shown here
is used for industrial processes and also requires reform of the hydrogen gas. Here, a hydrogen storage tank
with a capacity of 50 kg is employed to serve capacity-oriented storage [23]. To fuel continuous-duty vehicles
such as forklifts with the around-the-clock operation, the hydrogen flow m,; may be directed to a dispenser,
so it requires short refuelling times. Also, the 100-kW fuel cell is supplied by hydrogen, and the efficiency of
the fuel cell is about 50% [24], [25]. So, to increase the efficiency and life of the fuel cell, operational aspects
should be considered, and the output of the fuel cell should be free from unpredictable changes in the system.
Hence to control the fuel cell, its response time is limited to 250 s. To increase the response time up to 5 ms
and the round-trip efficiency of about 90% of capacity-oriented storage that is 50 MJ flywheels with the rated
output of 100 kW cache energy is used [26]. As a result, high-frequency volatility has been soaked up or
provided by access-oriented storage for rapid response time as well as high round trip efficiency, as well as to
embrace the high cycle life of both charge and discharge processes. Cache-control, which streamlines the
operation of two different storage types, is employed to split the high-frequency power fluctuations from the
rest of the spectrum [16]. This design largely corresponds to the configuration of the stochastic energy
management plant shown in Figure 3. Only the difference is that the natural gas and electricity network
connections are present, and for storing the cache energy, SC is used.

Approaches executed in MATLAB ® are employed to operate the DER throughout a loss of access
to the electric distribution network via circuit breaker operating condition. The results of these operations are
shown in Figure 6. Here the energy management concept is only designed in MATLAB. The electromagnetic
transients resulting due to circuit breaker operation and switching of the power electronic components are not
modelled. Most converters for power electronics are built with their standard models. The computation depicts
a transformation from electricity transmission system power to local backup power over a 10-minute interval.
Whenever the DER switches to recover data power after 100 seconds, there is a loss of power from the electric
distribution system due to a fault upstream of the DER, causing the network connection to be interrupted due
to a circuit breaker opening. The first three graphs throughout Figure 6 depict the subsequent power flows from
the electric distribution system to the DER's local load as well as the multilevel energy storage.
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Figure 5. Design of distributed energy sources
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Figure 6. Results of MATLAB situation of the cache operation of the multilevel energy storage

Multilevel energy storage via the flywheel is the fourth defined consequence, while hydrogen storage
is the fifth. It is assumed that the computation appears to occur when no power is supplied by the solar array,
which helps to differentiate the use of backup power for multilevel energy storage. The load is expected to
initially fluctuate by around 5 kW from its nominal value of 90 kW. In order to keep the distribution system
running smoothly, it is set up to dump any surplus load that might otherwise cause frequent outages. Hence, it
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is manifested as a sharp decline in a load of 15 kW over 300 s after the connection is broken and another
15 kW over 100 s. Each time the local load requires 100 seconds of electricity, this type of multi-level energy
storage device makes up the difference. As a result of its rapid response time, access-oriented storage powers
numerous local loads until capacity-oriented storage appears to have sufficient time to raise its output within
the designated operating restrictions.

Unlike flywheel storage, which response to short-term variations in load, fuel cell storage may adapt
to longer-term shifts in energy demand or supply. In this scenario, local loads are not lost while the primary
power source is gradually replaced by the secondary power source. Caching takes effect as the flywheel
smooths out the peaks and valleys in power usage. To compensate for the energy delivered during the outage,
the reformer at the hydrogen plant has been supplied with more natural gas, and the electrical distribution
system will be restored only when the flywheel has absorbed the energy it has stored. The simulation findings
show that the multilevel storage for the DER system is effective and reliable, able to smooth out power
fluctuations. The DER-linked platform can plug into this and get power from it.

6. CONCLUSION

Energy management uses the representation and organisation of paper to store energy. Researchers
are looking into the potential of computing systems to be used in power engineering after realising the
similarities between data storage and energy storage. Cache energy is represented here. The ideas of energy
and data storage are easily understood by the reader. The popularity of the research has increased thanks to
the widespread adoption of the analogy's illustrative technology for distributed energy systems. This research
illustrates the "plug and play" nature of a multi-tiered energy system with complementary access and capacity
storage. A connection between computing and electrical engineering can be seen in the many forms of storage
that focus on either access or capacity. Having a high storage reaction time and a long charge/discharge cycle
life. Storage space is shared between the flywheel, the SSD, and the access-oriented RAM. High capacity can
benefit from hard drives, batteries, and hydrogen storage because these can all be optimised for a low cost
per media.

By combining access and capacity storage, multilevel storage boosts system performance. Instead
of focusing on storage capacity, computers use a cache, which is designed to speed up data access. The
integration of a distributed energy system in an industrial setting related to electric and gas distribution
networks demonstrates the usefulness of cache energy control for shared energy systems in electrical
networks. A hydrogen production facility can double as a filling station thanks to capacity-based storage. The
ability to save data in advance minimises the need for longer outages. Fuel cell units need to be turned on so
that the hydrogen plant can be supplied with energy and blackouts can be avoided. The flywheel improves
both roundtrip efficiency and power quality due to its rapid start-up and ability to compensate for
disturbances. The plant is running smoothly and power may be controlled from a central location in the
distribution system's common coupling. Cache power is supplied via the battery-connected capacitor as well.
This cache power management employs plug-and-play, analogous to the plug-and-play functionality of PCs.
The advantages of combining data storage systems are illustrated through analogies in this paper.
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