SOLAR Pro. Calculation method of energy density of
superconducting energy storage

What is superconducting magnetic energy storage (SMES)?

@D When the short is opened,the stored energy is transferred in part or totally to a load by lowering the
current of the coil via negative voltage (positive voltage charges the magnet). The Superconducting Magnetic
Energy Storage (SMES) isthus a current source[2,3]. It isthe "dual" of a capacitor,which is avoltage source.

What is alarge-scale superconductivity magnet?

Keywords: SMES, storage devices, large-scale superconductivity, magnet. Superconducting magnet with
shorted input terminals stores energy in the magnetic flux density (B) created by the flow of persistent direct
current: the current remains constant due to the absence of resistance in the superconductor.

What is the value of stored energy per unit mass?

Assuming a reasonable working stress of 100 MPa,the viria theorem gives for a magnet with steel structure
the value of stored energy per unit mass (mass specific energy) of 12.5 kJ/kg(3.5 Wh/kg). The CM'S (Compact
Muon Solenoid) magnet of the LHC collider aimost reaches this value for its cold mass (2.6 GJ/225 tons or
11 kJKQ).

What is a superconducting system (SMES)?

A SMES operating as a FACT was the first superconducting application operating in a grid. In the US, the
Bonneville Power Authority used a 30 MJ SMES in the 1980s to damp the low-frequency power oscillations.
This SMES operated in real grid conditions during about one year, with over 1200 hours of energy transfers.

What is a superconducting magnet?

The heart of a SMES is its superconducting magnet, which must fulfill requirements such as low stray field
and mechanical design suitable to contain the large Lorentz forces. The by far most used conductor for magnet
windings remains NbTi, because of its lower cost compared to the available first generation of high-Tc
conductors.

How does peak magnetic field affect energy density?

An increase in peak magnetic field yields a reduction in both volume (higher energy density) and cost
(reduced conductor length). Smaller volume means higher energy density and cost is reduced due to the
decrease of the conductor length. There is an optimum value of the peak magnetic field,about 7 T in this case.

In principle, the operation capacity of the proposed device is determined by the two main components, namely
the permanent magnet and the superconductor coil. The maximum capacity of the energy storage is (1) E max
=12L I c2, whereL and Ic are the inductance and critical current of the superconductor coil respectively.

Flywheel energy storage (FES) can have energy fed in the rotational mass of a flywheel, store it as kinetic
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energy, and release out upon demand. The superconducting energy storage flywheel comprising of magnetic
and superconducting bearings is fit for energy storage on account of its high efficiency, long cycle life, wide
operating temperature range and so on. ...

Energy is essential in our daily lives to increase human development, which leads to economic growth and
productivity. In recent national development plans and policies, numerous nations have prioritized sustainable
energy storage. To promote sustainable energy use, energy storage systems are being deployed to store excess
energy generated from ...

then found by finite element method (FEM). The proposed method is applied to different lengths of 1G and
2G HTS tapes. The optimum dimensions of maximum stored energy are decided which gives a solenoid coil
of maximum energy density. Keywords Coil conductor volume . Electromechanical stress . Energy density .
High-temperature superconducting tape.

A method to estimate the electricity storage capacity of our compact superconducting magnetic energy storage
system composed of stacks of Si-wafers loaded with superconducting thin...

The energy density of superconducting magnetic energy storage (SMES), 10 7 [Jm 3] for the average
magnetic field 5T is rather small compared with that of batteries which are estimated as 10 8 [JJm 3]. This
paper describes amethod for the high density SMES on supposition of the use of novel superconductorswhose
critical current and magnetic ...

Energy storage is aways a significant issue in multiple fields, such as resources, technology, and
environmental conservation. Among various energy storage methods, one technology has extremely ...

Some of the most widely investigated renewable energy storage system include battery energy storage systems
(BESS), pumped hydro energy storage (PHES), compressed air energy storage (CAES), flywhed,
supercapacitors and superconducting magnetic energy storage (SMES) system. These energy storage
technologies are at varying degrees of ...

Initial industry efforts have been put in the study and integration of high energy density ESS solutions, mainly
electrochemical batteries. However, other innovative ESS, with different capabilities, have not been yet fully
addressed. It is the case of Fast Response Energy Storage Systems (FRESS), such as Supercapacitors,
Flywheels, or Superconducting ...

This paper presents methods of increasing the energy storage density of flywheel with superconducting
magnetic bearing. The working principle of the flywheel energy storage system based on the superconducting
magnetic bearing is studied. The circumferential and radial stresses of composite flywheel rotor at high
velocity are analyzed. The ...
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In 2010, a superconducting magnet designed under the basic requirements including total the storage energy of
2 MJ and a storage energy density of 2.73 MJm 3 has also been achieved [5]. In this paper, we proposed some
new ideas and strategies for improving the energy density in SEM S system.

According to the design parameters, the two types of coils are excited separately, with a maximum operating
current of 1600 A, a maximum energy storage of 11.9 MJ, and a maximum deep discharge energy of 10 MJ at
full power. The cooling system is used to provide a low-temperature operating environment for
superconducting energy storage magnets....

low density, energy storage capacity is very high. The closed core configuration of the magnet . occupies
volume in and out of the superconducting coil thereby preventing leakage of flux (Shaw ...

Superconducting magnetic energy storage (SMES) systems store energy in the magnetic field created by the
flow of direct current in a superconducting coil that has been cryogenically ...

Abstract: This paper introduces strategies to increase the volume energy density of the superconducting energy
storage coil. The difference between the BH and AJ methods is analyzed theoretically, and the feasibility of

these two methods is obtained by simulation comparison.

This paper presents methods of increasing the energy storage density of flywheel with superconducting
magnetic bearing. The working principle of the flywheel energy storage ...
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