
Calculation of energy density of
superconducting energy storage

What is superconducting magnetic energy storage (SMES)?

(1)      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) is thus a current source[2,3]. It is the "dual" of a capacitor,which is a voltage source.

 

What is a high-temperature superconducting flywheel energy storage system?

This article presents a high-temperature superconducting flywheel energy storage system with zero-flux coils.

This system features a straightforward structure, substantial energy storage capacity, and the capability to

self-stabilize suspension and guidance in both axial and radial directions.

 

What is a large-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.

 

How much energy can a superconducting magnet release?

The energy stored in the superconducting magnet can be released in a very short time. The power per unit

mass does not have a theoretical limit and can be extremely high (100 MW/kg). The product of the magnet

current (Io) by the maximum allowable voltage (Vmax) across it gives the power of the magnet (Io Vmax).

 

What is the value of stored energy per unit mass?

Assuming a reasonable working stress of 100 MPa,the virial 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 CMS (Compact

Muon Solenoid)  magnet of the LHC collider almost reaches this value for its cold mass (2.6 GJ/225 tons or

11 kJ/kg).

 

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.

Recent research work in Superconducting Magnetic Energy Storage (SMES) area, nuclear fusion reactors, and

the plasma reactors such as Tokamak has suggested an advanced coil with a helical toroidal structure [1], [2],

[3], [4].The main reason for this suggestion is the ability to implement special target functions for this coil in

comparison with other structures such as ...

Superconducting magnetic energy storage (SMES) systems are characterized by their high-power density; they

are integrated into high-energy density storage systems, such as batteries, to produce hybrid energy storage
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Using the advantage of inductance coils, superconducting magnetic energy storage systems (SMESs) are

widely designed and fabricated as they can store energy in terms of large circulating currents for longer time

durations. It consists of HTS coils, a cryogenic system, a power-conditioning unit, and supporting structures.

In a superconducting magnetic energy storage (SMES) system, the energy is stored within a magnet that is

capable of releasing megawatts of power within a fraction of a cycle to replace a sudden loss in line power. ...

They offer both a higher energy density through the proper selection of reactant pairs as well as a higher

power density by ...

The design method and analysis results of this paper can provide a reference for building higher power density

coreless superconducting wind turbines. ... The design and calculation of a 500 kW superconducting machine

is presented as an example of the ... Design of a 1 MJ/100 kW high temperature superconducting magnet for

energy storage.

Superconducting Magnet Energy Storage(SMES) system is being used in various applications such as

instantaneous voltage drop compensation, and dampening low-frequency oscillations in electrical power

systems. ... The operating current for unsupported and supported coil comes out to be 393 A and 512.88 A

respectively. A quick calculation of ...

Superconducting magnetic energy storage (SMES) is one of the few direct electric energy storage systems. Its

specific energy is limited by mechanical considerations to a moderate value (10 kJ/kg), but its specific power

density can be high, with excellent energy transfer efficiency.This makes SMES promising for high-power and

short-time applications.

Superconducting coils (SC) are the core elements of Superconducting Magnetic Energy Storage (SMES)

systems. It is thus fundamental to model and implement SC elements in a way that they assure the proper

operation of the system, while complying with design...

The review of superconducting magnetic energy storage system for renewable energy applications has been

carried out in this work. SMES system components are identified and discussed together with control

strategies and power electronic interfaces for SMES systems for renewable energy system applications. ...

Rankine-based Carnot batteries are ...

Based on FEM, researchers have proposed several methods to accelerate computational speed. Among these,

H-formulation, which uses magnetic field intensity H as the single dependent variable, has been employed to

simulate stresses in superconducting maglev devices, aiming to enhance the system''s load capacity [14].On

the other hand, T-A formulation ...

Superconducting magnetic energy storage (SMES) is composed of three main components, which are
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superconducting magnet, power conditioning system (PCS), and system controller to fulfil the task of ...

In this paper, an effort is given to review the developments of SC coil and the design of power electronic

converters for superconducting magnetic energy storage (SMES) applied to power sector. Also the required

capacities of SMES devices to mitigate the stability of power grid are collected from different simulation

studies.

The superconducting magnetic energy storage (SMES) device has been known as one of the most promising

energy storage device as the superconducting coil shows almost zero electrical resistance.

The coil must be superconducting; otherwise, the energy is wasted in a few milliseconds due to the Joule

effect. The SMES has a high power density but a moderate energy density, a large (infinite) number of ...

An optimization formulation has been developed for a superconducting magnetic energy storage (SMES)

solenoid-type coil with niobium titanium (Nb-Ti) based Rutherford-type cable that minimizes the cryogenic

refrigeration load into the cryostat. ... density is adapted in the design of superconducting coil of SMES to

reduce the size of the coil ...

Just for comparison, the energy density of the pumped hydro storage is 0.2--2 Wh/kg, which is rather low and

requires significant masses of water and large reservoir size to deliver utility scale power. ... SMES

(Superconducting ...

The design gives the maximum stored energy in the coil which has been wound by a certain length of

second-generation high-temperature superconductors (2G HTS). A ...

Renewable energy utilization for electric power generation has attracted global interest in recent times [1], [2],

[3].However, due to the intermittent nature of most mature renewable energy sources such as wind and solar,

energy storage has become an important component of any sustainable and reliable renewable energy

deployment.

SUPERCONDUCTING MAGNETIC ENERGY STORAGE (SMES) FOR INDUSTRIAL APPLICATIONS

F. V&#246;lker/CERN I. Joly and P.G. Therond/EDF*) Abstract There is a strong interest in using the energy

stored in a superconducting coil as an impulsive high-power supply for industrial applications (smoothing of

short power interruptions or of varying load).

Abstract Superconducting magnetic energy storage (SMES) systems can store energy in a magnetic field

created by a continuous current flowing through a superconducting magnet. ... SMES systems have a larger

power density, fast response time, and long life cycle. Different types of low temperature superconductors

(LTS) and high temperature ...
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This paper presents Superconducting Magnetic Energy Storage (SMES) System, which can storage, bulk

amount of electrical power in superconducting coil. The stored energy is in the form of a DC ...

A direct current conversion device for closed HTS coil of superconducting magnetic energy storage. Author

links open overlay panel Chao Li ... which require large power density. However, widespread utilization of the

devices based on HTS coils ... The good consistency of two curves demonstrates that the simulation

calculation could reflect the ...

The energy density of superconducting magnetic energy storage (SMES), 107 [J/m3] for the average magnetic

field 5T is rather small compared with that of batteries which are estimated ...

This article presents a high-temperature superconducting flywheel energy storage system with zero-flux coils.

This system features a straightforward structure, substantial ...

o The calculation of load schedule in energy storage systems for use in distribution power . ... this improves

the energy density of supercapacitors (Johnson, 2019); the use of graphene yielded ...

The central topic of this chapter is the presentation of energy storage technology using superconducting

magnets. For the beginning, the concept of SMES is defined in 2.2, followed by the presentation of the

component elements, as well as the types of ...

[1] Koohi-Fayegh S and Rosen M A 2020 A review of energy storage types, applications and recent

developments J. Energy Storage 27 101047 Crossref; Google Scholar [2] Strasik M, Hull J R, Mittleider J A,

Gonder J F, Johnson P E, McCrary K E and McIver C R 2010 An overview of boeing flywheel energy storage

systems with high-temperature ...

Contemporarily, sustainable development and energy issues have attracted more and more attention. As a vital

energy source for human production and life, the electric power system should be reformed accordingly.

Super-conducting magnetic energy storage (SMES) system is widely used in power generation systems as a

kind of energy storage technology with high power ...

Abstract -- The SMES (Superconducting Magnetic Energy Storage) is one of the very few direct electric

energy storage systems. Its energy density is limited by mechanical ...

In this paper, stress calculation in a 50 kJ SMES is carried out using load transfer methods with the

assumption that the stress generated is within the limit, and does not ...

The maximum capacity of the energy storage is (1) E max = 1 2 L I c 2, where L and I c are the inductance

and critical current of the superconductor coil respectively. It is obvious that the E max of the device depends

merely upon the properties of the superconductor coil, i.e., the inductance and critical current of the coil.
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Besides E max, the capacity realized in a practical ...

Electrochemical energy storage, known for adaptability and high energy density, efficiency, and flexible

sizing, offers advantages over other methods 6,7,8,9. Batteries are promising energy ...
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