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ABSTRACT

The scientific community is now prioritizing the development of efficient energy storage as a
means of promoting a green and sustainable environment, while simultaneously mitigating
pollutants and reducing the elements that contribute to global warming. According to a
research by the International Energy Agency (IEA), the primary sources of pollution may be
attributed to the generation of power via the use of coal and oil-based goods. Hence, a vast
majority of nations exhibit a willingness to embrace the use of solar and wind power plants
for the purpose of renewable energy generation. The issues inherent in these technologies
pertain to the intermittent nature of their power production, necessitating the presence of a
secondary or auxiliary power source capable of properly managing the load during periods of
unequal output from the plant. Another issue that necessitates consideration is power outages,
which have the potential to impact the everyday lives of many individuals and even the entire
gross domestic product (GDP) of a nation. This suggests that energy storage devices will be
the only feasible and prompt resolution for both scenarios. Superconducting Magnetic Energy
Storage (SMES) systems have been identified as possessing advantages over other energy
storage systems due to its ability to provide much greater power densities and superior
reaction times compared to bulk energy storage systems such as hydro and CAES.
KEYWORDS: Working Principles, High-Temperature, Magnetic Energy, Storage System,
International Energy Agency, power production

INTRODUCTION

The evolution of electrical power systems,
from their humble beginnings as isolated
local networks to the  modern
interconnected grids spanning continents,
is a testament to humanity's relentless
pursuit of progress. In the early 21st
century, this pursuit led to the emergence
of a transformative concept - the smart
grid. Smart grids represent an audacious
vision of a modernized, intelligent, and
efficient electrical distribution system, one
that harnesses the power of digital

technology, communication networks, and
advanced energy storage solutions.

At the heart of this vision lies a
fundamental challenge: the need to
balance electricity supply and demand in
real-time, accommodate variable
renewable energy sources, and ensure grid
stability ~ under  diverse  operating
conditions. It is this challenge that fuels
the exploration of innovative energy
storage  technologies, with  High-
Temperature Superconducting Magnetic
Energy Storage System (HTS SMES)
devices standing out as a remarkable
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contender in the pursuit of a smarter, more
resilient grid.

Smart Grids: As we stand at the threshold
of a rapidly evolving energy landscape, the
smart grid has emerged as the linchpin of
this  transformation. A smart grid
represents an intricate network of sensors,
meters, control systems, and energy
storage solutions that collectively facilitate
real-time  communication and data
exchange between power producers,
consumers, and grid operators. The
overarching goal is to enhance the
efficiency, reliability, and sustainability of

electrical ~ power  systems.  Unlike
traditional grids, smart grids can
dynamically respond to changes in

electricity demand, incorporate renewable
energy sources seamlessly, and optimize
the distribution of electrical power. They
promise reduced energy losses, minimized
environmental impact, improved
reliability, and lower operational costs.

Energy Storage: At the core of smart
grids, energy storage systems emerge as
critical enablers. These systems play an
indispensable role in addressing the
intermittent nature of renewable energy
sources, such as solar and wind power.
Energy storage allows surplus energy to be
captured during periods of low demand
and high renewable energy generation, and
subsequently released during peak demand
periods or when renewable sources are not
available. It serves as a buffer, absorbing
excess electricity when generation exceeds
demand and supplying additional power
when the load surpasses available
generation. Moreover, energy storage
contributes to grid stability, enhancing the
system's ability to maintain voltage and
frequency within acceptable limits. It
enables utilities to optimize their
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infrastructure investments, deferring costly
upgrades by relieving grid congestion and
improving power quality. In essence,
energy storage is a linchpin of the smart
grid vision, and as the demands on the grid
grow more complex, so does the
importance of advanced energy storage
technologies.

HTS SMES Devices: Among the various
energy storage solutions vying for
prominence in smart grids, High-
Temperature Superconducting Magnetic
Energy Storage System (HTS SMES)
devices occupy a unique and promising
niche. The term ‘superconductivity’ has
long been synonymous with scientific
marvel, representing a state of matter
where electrical resistance vanishes
entirely, and current flows without
dissipation of energy. Historically,
superconductors were limited to operating
at extremely low temperatures, making
them impractical for many applications.
SUPERCONDUCTIVITY AND HTS
MATERIALS

Superconductivity, a phenomenon of
fundamental significance in the realm of
condensed matter physics, has consistently
intrigued scientists and engineers since its
discovery more than a century ago. The
core feature of superconductors is their
ability to conduct electrical current with
zero resistance, resulting in an absence of
energy dissipation in the form of heat. This
remarkable property offers a plethora of
transformative possibilities across various
scientific and technological domains, with
energy storage and electrical power
systems standing prominently among
them.

To appreciate the profound implications of
superconductivity in energy storage, it is
imperative to delve into the underlying
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principles and explore the evolution of
high-temperature superconducting (HTS)
materials. Traditional superconductors,
first observed by Heike Kamerlingh Onnes
in 1911, required extremely low
temperatures, often near absolute zero, to
exhibit  their remarkable properties.
However, in 1986, a groundbreaking
discovery by Johannes Georg Bednorz and
Karl Alexander Miiller heralded the era of
HTS materials, which could maintain
superconductivity at significantly higher

temperatures, particularly above the
boiling point of liquid nitrogen (77.3 K or
-196°C).

The fundamental concept that underlies
superconductivity is the formation of
Cooper pairs, a quantum mechanical
phenomenon where electrons, which
typically repel each other due to their like
charges, pair up in a manner that allows
them to move through a lattice of
positively charged ions without scattering.
This pairing is mediated by the exchange
of lattice vibrations, known as phonons,
which create an attractive force between
electrons. As a result, these paired
electrons can traverse the lattice without
experiencing any resistance, leading to the
absence of electrical resistivity.

In traditional low-temperature
superconductors, such as niobium-titanium
(NDb-Ti) or niobium-tin (Nb3Sn), achieving
this state of zero resistance necessitates
cooling the material to extremely low
temperatures, often within a few degrees
of absolute zero (-273°C or -459°F). The
requirement for such cryogenic conditions
imposes significant challenges in terms of
infrastructure and operational  costs,
limiting the practicality of these materials
in many applications.

ISSN: 2

International Journal For Advanced Research
In Science & Technology

1IS57-0362

Enter HTS materials, specifically cuprate

superconductors like Yttrium Barium
Copper Oxide (YBCO) and Bismuth
Strontium  Calcium  Copper  Oxide

(BSCCO). These materials, characterized
by their layered crystal structures
containing copper oxide (CuO2) layers,
defy the conventional limits of low-
temperature  superconductivity.  The
hallmark of HTS materials is their ability
to  maintain  superconductivity  at
significantly higher temperatures, typically
above -196°C (-321°F), a temperature
achievable with relatively inexpensive
cryogenic cooling systems, such as liquid
nitrogen. This leap in the critical
temperature (Tc) represents a monumental
breakthrough, making superconductivity
accessible for practical applications in
diverse fields, including energy storage.
The mechanisms behind high-temperature
superconductivity, while intensely
researched, are not yet fully understood,
contributing to the mystique surrounding
these materials. The layered structure of
cuprate superconductors plays a crucial
role in this phenomenon, with the copper
oxide planes acting as the primary location
for electron pairing and superconductivity.
Electron-electron interactions within these
planes give rise to complex electronic
behaviors, including charge density waves,
pseudogaps, and  strong  electron
correlations, all of which influence the
superconducting  properties of HTS
materials.

One of the striking features of HTS
materials is their unusual phase diagram,
which exhibits a dome-like shape. This
phase diagram depicts the relationship
between temperature and the
superconducting state. At temperatures
below Tc, these materials exhibit
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superconductivity, while at  higher
temperatures, they transition into a normal
metallic state with electrical resistance.
Interestingly, within the superconducting
phase, there exists a range where the
materials display unconventional
properties, such as pseudogaps, which
represent a partial suppression  of
superconductivity even above  Tc.
Understanding and harnessing these
unconventional behaviors are essential for
optimizing the performance of HTS
materials in practical applications.

The practical significance of HTS
materials in energy storage systems,
particularly for High-Temperature
Superconducting Magnetic Energy Storage
System (HTS SMES) devices, lies in their
exceptional ability to sustain persistent
superconducting states at relatively
manageable cryogenic temperatures. This
attribute allows for the creation of highly
efficient and rapidly responsive energy
storage systems with a range of grid-
supporting functionalities.

WORKING PRINCIPLES OF HIGH-
TEMPERATURE

High-Temperature Superconducting
Magnetic Energy Storage System (HTS
SMES) devices epitomize the convergence
of cutting-edge  materials  science,
electromagnetic physics, and advanced
engineering to create an energy storage
solution that offers  unprecedented
efficiency, rapid response, and grid-
enhancing capabilities. These devices
harness the remarkable properties of high-
temperature superconductors, such as
Yttrium Barium Copper Oxide (YBCO)
and Bismuth Strontium Calcium Copper
Oxide (BSCCO), to store electrical energy
as a magnetic field and release it with
exceptional  speed and  efficiency.
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Understanding the intricate working
principles of HTS SMES devices is crucial
to appreciate their significance in smart
grid applications and beyond.

The foundational concept that underpins
the operation of HTS SMES devices is
superconductivity—a quantum mechanical
phenomenon wherein certain materials,
when cooled to sufficiently low
temperatures, exhibit zero electrical
resistance, allowing for the perpetual flow
of electrical current without energy loss in
the form of heat. This phenomenon, first
discovered by Heike Kamerlingh Onnes in
1911, laid the groundwork  for
revolutionary advancements in energy
storage and electromagnetic systems.

HTS materials, as the name suggests,
maintain superconductivity at notably
higher temperatures than their low-
temperature superconducting counterparts.
This critical distinction makes them
practical candidates for a wide range of
applications, including HTS SMES
devices. The high-temperature
superconductors used in these devices,
notably YBCO and BSCCO, are typically
structured in layered crystal lattices
containing copper oxide (CuQ2) layers.
The presence of these CuO2 planes within
the crystal structure plays a pivotal role in
facilitating superconductivity and enables
the creation of strong and persistent
magnetic fields.

The working principles of HTS SMES
devices can be comprehensively
understood through four fundamental
stages: charging, storage, standby, and
discharging.

Charging Phase:

The charging phase of an HTS SMES
device marks the initiation of energy
storage. This phase occurs when surplus
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electricity is available, typically during
periods of low electricity demand or high
renewable energy generation. The core
components of an HTS SMES device are
the superconducting coils, often wound in
a toroidal (doughnut-shaped)
configuration. These coils are
meticulously constructed using high-
temperature superconducting materials,
allowing them to  maintain  a
superconducting state when sufficiently
cooled, typically with liquid helium or
liquid nitrogen.

To begin the charging process, an external
electrical power source is connected to the
HTS SMES device. This source supplies a
direct current (DC) to the superconducting
coils. As the electrical current flows
through the coils, the HTS material within
the coils undergoes a transition into the
superconducting state. This transition is
characterized by the formation of Cooper
pairs, pairs of electrons that move through
the crystal lattice without encountering
any resistance. As a result, the electrical

current circulates within the
superconducting coils without any energy
dissipation.

Simultaneously, the superconducting coils
generate a magnetic field. This magnetic
field is the primary mechanism for energy
storage in HTS SMES devices. The energy
is effectively captured within this
magnetic  potential, akin to the
compression of a spring, ready to be
released when needed. The strength of the
magnetic field is proportional to the
amount of electrical current passing
through the coils, allowing for precise
control over the stored energy.

The charging phase is a critical aspect of
HTS SMES operation, as it enables the
capture and storage of surplus electrical
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energy, effectively converting it into a
magnetic form for later use. The efficiency
of this phase is exceptional, as the absence
of  electrical  resistance in  the
superconducting coils ensures that nearly
all the energy supplied is stored without
loss.

Storage Phase:

Once the magnetic field within the
superconducting coils reaches the desired
strength, the HTS SMES device enters the
storage phase. During this phase, the
energy remains stored as a magnetic field
within the superconducting coils. It is
important to note that the energy is stored
indefinitely in this form, without any
appreciable degradation, making HTS
SMES devices particularly suitable for
applications requiring long-term energy
storage.

The energy storage capacity of an HTS
SMES device is determined by several
factors, including the strength of the
magnetic field, the size and geometry of

the superconducting coils, and the
properties of the high-temperature
superconducting material used. These

factors collectively dictate the device's
energy density, which represents the
amount of energy that can be stored within
a given volume.

HTS SMES devices are known for their
high energy density, allowing them to
store substantial amounts of electrical
energy in a relatively compact space. This
characteristic is a key advantage in
applications where space is limited, such
as within urban substations or alongside
renewable energy installations.

Standby Phase:
During periods when the grid is in
equilibrium,  with  electricity  supply

matching demand, the HTS SMES device
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can operate in standby mode. In this mode,
the superconducting coils remain in the
superconducting state, maintaining the

magnetic field and energy storage
readiness. The device effectively "waits"
in  standby, poised to  respond

instantaneously to any grid disturbances or
changes in electricity demand.

The standby phase is crucial for grid
stability and reliability. It ensures that the
HTS SMES device is continuously
available to provide rapid support when
needed. This feature is especially valuable
for applications that demand uninterrupted
and precise control over voltage and
frequency, as the device can step in to
address  grid  fluctuations  within
milliseconds.

Discharging Phase:

The discharging phase of an HTS SMES
device represents the culmination of its
energy storage and release capabilities.
This phase comes into play when the grid
experiences fluctuations in electricity
demand, voltage deviations, or other
disturbances that require rapid
adjustments. The HTS SMES device
responds with remarkable speed and
precision.

To initiate the discharging phase, the HTS
SMES device swiftly discharges the stored
energy from its magnetic field. This
discharge process is accomplished by
interrupting the electrical current flowing
through the superconducting coils. As the
electrical current ceases, the magnetic field
collapses. This collapse induces electrical
currents within the superconducting coils,
a phenomenon known as electromagnetic
induction.

These induced electrical currents are then
made available for external use. In most
grid-connected applications, the electrical
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currents are directed to a load or power
electronics that convert the electrical
energy back into usable alternating current
(AC) electricity, matching the grid's
requirements. The speed and efficiency of
this process are unparalleled, as it occurs
virtually instantaneously, within
milliseconds.
BENEFITS AND CHALLENGES
Benefits:
High-Temperature Superconducting
Magnetic Energy Storage System (HTS
SMES) devices represent a transformative
technology with a host of benefits that are
poised to revolutionize the energy
landscape, particularly within the context
of smart grids and grid modernization.

e Enhanced Grid Stability:
Perhaps the most prominent advantage of
HTS SMES devices is their ability to
enhance grid stability significantly. The
rapid response times of these devices, on
the order of milliseconds, enable them to
address voltage fluctuations and frequency
deviations with unparalleled precision.
Voltage and frequency stability are
fundamental to the reliable operation of
electrical grids, and HTS SMES devices
act as a stabilizing force, ensuring that
these parameters remain within acceptable
limits. This feature is invaluable for
maintaining the quality and reliability of
electricity supply to consumers.

e Seamless Renewable Energy
Integration:
The intermittent nature of renewable

energy sources, such as wind and solar,
poses a significant challenge to grid
operators. HTS SMES devices offer an
elegant solution by serving as a bridge
between energy generation and demand.
During periods of excess renewable
energy production, these devices can

Volume 11, Issue 12, Dec 2021

ISSN 2457 — 0362

Page 515



IJARST

efficiently capture and store surplus
energy as a magnetic field. Conversely,
when renewable energy generation is
insufficient to meet demand, the stored
energy can be rapidly discharged to
supplement the grid. This capability
facilitates the seamless integration of
renewables into the grid, reducing the
reliance on fossil fuels and enhancing grid
sustainability.

e Peak Shaving:

Electrical grids often experience peak
demand periods, such as during hot
summer afternoons when air conditioning
usage soars. Meeting these peak demands
typically requires the operation of peaking
power plants, which are expensive and less
environmentally friendly. HTS SMES
devices offer an alternative solution by
providing additional power during peak
hours. By discharging stored energy
precisely when demand spikes, these
devices alleviate the strain on conventional
power generation facilities, reduce
greenhouse gas emissions, and contribute
to cost savings by minimizing the need for
peak power generation.

e Enhanced Power Quality:
Voltage sags, surges, and interruptions can
disrupt industrial processes, damage
sensitive equipment, and inconvenience
consumers. HTS SMES devices can
provide instantaneous voltage support
during such events, ensuring a consistent
and reliable power supply. By rapidly
injecting or absorbing power as needed,
these devices help maintain stable voltage
levels and mitigate power quality issues,
safeguarding critical infrastructure and
industrial operations.

e Load Balancing:

Effective load balancing is essential for
optimizing the distribution of electrical
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power across the grid. HTS SMES devices
excel in this regard by storing excess
energy during periods of low demand and
releasing it during peak load hours. This
dynamic load management reduces
congestion on  transmission and
distribution lines, minimizes grid losses,
and enhances the overall efficiency of the
electrical grid.  Consequently,  grid
operators can better match electricity
supply with demand, resulting in cost
savings and improved system
performance.
Challenges:
While HTS SMES devices offer a
multitude of benefits, they are not without
their ~ challenges and  limitations.
Addressing these challenges is crucial for
the widespread adoption and optimization
of this technology.
e Cryogenic
Requirements:
HTS materials, including Yttrium Barium
Copper Oxide (YBCO) and Bismuth
Strontium  Calcium  Copper  Oxide
(BSCCO), require cryogenic cooling to
maintain their superconducting state.
Typically, liquid helium or liquid nitrogen
is used as a coolant. The cryogenic cooling
process incurs energy consumption and
adds complexity to the system. Managing
cryogenic cooling infrastructure, including
the procurement and transportation of
cryogens, poses challenges and can impact
the overall energy efficiency of HTS
SMES devices.
¢ High Initial Costs:
The development and deployment of HTS
SMES devices involve substantial upfront
costs. This includes the construction of
cryogenic facilities, the procurement of
high-quality HTS materials, and the
engineering and  manufacturing  of

Cooling
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superconducting coils. These initial costs
can be a barrier to entry for many utilities
and grid operators, especially for smaller-
scale applications. However, it's worth
noting that over the long term, the benefits
of HTS SMES devices, such as reduced
operating costs and enhanced grid
stability, can outweigh these initial
investments.

e Scalability Challenges:

Scaling up HTS SMES devices to meet the
demands of large-scale electrical grids is a
significant technical challenge. Achieving
high energy density while maintaining
efficiency and cost-effectiveness is an
ongoing research area. As grids continue
to expand and evolve, the scalability of
HTS SMES technology will be a critical
factor in its widespread adoption.
Researchers and engineers are actively
working to develop scalable solutions that
can serve both urban and rural areas.

e Limited Operating Time:

HTS SMES devices have limited energy
storage durations due to the finite capacity
of their superconducting coils and the
energy required to maintain cryogenic
temperatures. The duration of energy
storage is a function of the coil's size and
the available cryogenic cooling capacity.
This  limitation  necessitates  careful
management of discharge periods to
ensure that the stored energy meets the
specific needs of the grid. Extended
discharge periods may lead to the gradual
warming of the coils and the loss of
superconductivity.

e Technological Immaturity:
Despite  decades of research and
development, HTS SMES technology is
still  relatively nascent compared to
conventional energy storage solutions.
This technological immaturity poses
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uncertainties and risks associated with
long-term operation and maintenance. It

also presents challenges in terms of
manufacturing  scalability and  the
availability of skilled personnel for

installation and maintenance. As the
technology matures and becomes more
widely adopted, these challenges are
expected to diminish.

INTEGRATION INTO SMART GRIDS
The integration of High-Temperature
Superconducting Magnetic Energy Storage
System (HTS SMES) devices into smart
grids represents a pivotal step towards
achieving a more resilient, efficient, and
sustainable electrical infrastructure. Smart
grids are characterized by their use of
advanced technologies, real-time data, and
intelligent control systems to optimize the
generation, distribution, and consumption
of electricity. HTS SMES devices, with
their exceptional energy storage and rapid
response capabilities, are poised to play a
central role in shaping the evolution of
smart grids in several key aspects.

e Grid Stability and Resilience:
Smart grids demand heightened levels of
stability and resilience to cope with the
challenges posed by variable renewable
energy sources, changing load patterns,
and potential disturbances. HTS SMES
devices excel in this regard by providing
instantaneous  voltage  support  and
frequency regulation. When voltage sags
or surges occur due to sudden load
changes or grid disturbances, HTS SMES
devices can rapidly inject or absorb
electrical energy to maintain stable voltage
levels, thereby ensuring a consistent and
reliable power supply to consumers. In the
face of unexpected grid disruptions, such
as natural disasters or equipment failures,
HTS SMES devices can serve as essential
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backup power sources, contributing to grid
resilience and rapid recovery.
e Renewable Energy Integration:

A primary objective of smart grids is to
facilitate the seamless integration of
renewable energy sources, such as solar
and wind, into the electrical grid.
However, the intermittent nature of
renewables can lead to grid instability.
HTS SMES devices address this challenge

by acting as energy buffers. During
periods of high renewable energy
generation, surplus electricity can be

directed to charge the superconducting
coils within the HTS SMES devices. This
energy is stored as a magnetic field and
can be rapidly discharged when renewable
energy production wanes, effectively
smoothing out fluctuations in renewable
energy output. By bridging the gap
between intermittent generation and
consistent demand, HTS SMES devices
promote the efficient utilization of
renewable resources, reduce curtailment,
and enhance grid reliability.
e Peak Load Management:

One of the key features of smart grids is
their ability to manage peak loads
efficiently. HTS SMES devices excel in
this aspect by offering peak shaving
capabilities. During peak demand periods,
such as hot summer afternoons or during
industrial processes with high electricity
requirements, these devices can discharge
stored energy to supplement the grid. By
doing so, they reduce the strain on
conventional power generation facilities,
including peaking power plants, and
alleviate the associated costs and
emissions. This load-balancing capability
not only enhances grid reliability but also
contributes to cost savings and
environmental sustainability.
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e Voltage and Frequency Control:
Maintaining precise control over voltage
and frequency is essential for the reliable
operation of electrical grids. HTS SMES
devices provide rapid and precise voltage
and frequency support. When the grid
experiences deviations in voltage or
frequency due to changes in generation,
load variations, or faults, these devices
respond within milliseconds to inject or
absorb power, effectively stabilizing the
grid parameters. Voltage and frequency
regulation are critical for protecting
sensitive equipment, ensuring consistent
power quality, and preventing power
outages.

e Load Balancing and Congestion

Management:

Smart grids are characterized by their
ability to optimize the distribution of
electrical power to prevent congestion on
transmission and distribution lines. HTS
SMES devices play a central role in this
optimization process by acting as energy
reservoirs. They store excess energy
during periods of low demand and release
it when demand peaks. By modulating the
flow of electricity across the grid, these
devices help prevent overloads, reduce
grid losses, and ensure efficient energy
distribution. This load-balancing function
contributes to grid efficiency, reduces the
need for costly grid upgrades, and
minimizes energy waste.

e Grid Resilience and Backup

Power:
Grid resilience is a critical aspect of smart
grid design, especially in the face of
external challenges, such as natural
disasters, cyberattacks, or physical
infrastructure failures. HTS SMES devices
enhance grid resilience by serving as
emergency backup power sources. In the
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event of a grid outage or disturbance, these
devices can instantaneously discharge
stored energy to critical infrastructure,
ensuring continuity of essential services.
Grid operators can rely on HTS SMES
devices to provide crucial backup power
during emergencies, allowing for faster
recovery and reduced downtime.

e Grid Optimization

Efficiency:

Smart grids prioritize efficiency and
optimization in  energy  generation,
transmission, and distribution. HTS SMES
devices contribute to grid efficiency by
reducing energy losses. The absence of
electrical resistance in the superconducting
coils ensures that stored energy can be
retrieved and delivered with minimal
waste. This efficiency translates into cost
savings for utilities and end-users, as well
as a reduction in greenhouse gas emissions
associated with energy production and
distribution.

e Demand Response and Grid

Flexibility:

Demand response programs, which
encourage consumers to adjust their
electricity consumption based on grid
conditions, are a cornerstone of smart grid
strategies. HTS SMES devices enhance the
effectiveness of demand  response
initiatives by providing rapid and reliable
energy injections or absorptions. Grid
operators can dynamically adjust energy
supply to match demand, mitigating the
need for costly peak generation and
minimizing the risk of overloading grid
infrastructure. This grid flexibility is
essential  for  accommodating  the
increasing  electrification of various
sectors, including transportation and
heating.

and
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Efficient energy storage is one of the
future aspects where research communities
are focusing their attention due to green
and sustainable environment  while
minimizing the pollution and factors
affecting global warming potential.
International Energy Agency (IEA) has
reported that major causes of pollutions
are associated with the electricity
production using coal and oil products.
Thus, almost all countries are willing to
opt renewable energy production using
solar and wind power plants. The
challenge associated with such
technologies is that their output power is
intermittent and needs some secondary or
supportive power source that can handle
the load efficiently at the time of uneven
plant’s output. The other issue that needs
attention is power blackouts which can
affect the daily lives of many peoples and
even the overall GDP of any country. This
implies, for both the situations energy
storage systems will be the only possible
and immediate solution. Among various
available energy storage systems, it has
been found that Superconducting Magnetic
Energy Storage (SMES) systems have
merits over the others as they can provide
much higher power densities and response
time is also better than other bulk energy
storage systems like hydro and CAES.
Therefore, in this dissertation, the possible
design of SMES has been studied where
the previous development related to the
SMES design has been classified
nationally and internationally. The high
temperature superconducting tape has been
identified on the basis of available
manufacturers and current carrying
capacity.
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