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Abstract— Superconducting Magnetic Energy Storage  (SMES) systems are one of the superconducting technologies with 
wide variety of applications in power systems. The flexibility of these systems permits autilization not only as Energy 
Storage Systems (ESS) but also as power devices, for power quality applications.  In a SMES system, the power 
conditioning system (PCS) is the crucial component for controlling the power flow between the superconducting coil and 
the ac system. The dynamics of the PCS directly influences the validity of the SMES in the dynamic control of the power 
system. This paper describes how this system is able to improve the dynamic stability of different renewable energy 
sources with reliable grid interconnection of SMES technology. 
 
Index Terms— Superconducting Magnetic Energy Storage, Power Conditioning System, Control unit, Cooling System. 
 
I. INTRODUCTION 
 
Existing electric grids face technological challenges 
derived from different causes, such as the increasing 
penetration of renewable sources and an increasing 
demand for electric power. At the same time, in the 
last years there has been a great existence of sensible 
non-linear loads like electronic and IT devices, 
which increases the requirements of power quality 
improvement [7]. Since the output power of the solar 
cell and the wind turbine regulate with the sunlight 
irradiation and the flow of wind velocity, the power 
of the solar cell and the wind turbine are not stable, 
so there is a requirement of a storage equipment 
connected to the micro-grid system [1]. So, in order 
to avoid such power quality issues energy storage is 
really important for balancing the source and load 
capacity. 
Hence for these purpose different types of energy 
storage methods are there such as Battery Energy 
Storage System (BESS), Pumped Hydro Energy 
Storage, Compressed Air Energy Storage (CAES), 
Super capacitor Energy Storage System (SCESS), 
Superconducting Magnetic Energy Storage (SMES), 
etc. [5]. Because of following limitations such as 
shorter life span, low power handling capability, 
environmental issues and hazards, requirement of 
Right of Way (ROW), slower time of response under 
disturbances SMES system is preferred over other 
types of energy systems [5].  
Different technological barriers need to be overcome 
in order to accomplish grid characteristics such as 
frequency, voltage regulation, there is a necessity of 
creation of innovative devices. One such technology, 
with different possible applications in power systems, 
are superconducting devices, as superconducting 
magnetic energy storage (SMES) systems and 
superconducting fault current limiters (SFCL) [10]. 

SMES is a large coil made up of superconductor 
capable of storing huge amount of electrical energy 
by means of passing a direct current through it. This 
energy is stored in magnetic field form and as per the 
requirement of load this stored energy is fed or 
absorbed.  The main advantage of using an SMES 
unit is that it not only controls the active power but 
also controls the reactive power. An SMES absorbs 
or releases the active power to the low-loss 
superconducting coil, depending on the power 
requirements of the system. 
 
II PARTS OF THE SYSTEM 
 
Fig. 1 indicates SMES system which consists of 
following different sub-systems: 
 
A) Superconducting (SC) Coil: When the 
temperature of conductor is maintained below the 
cryogenic temperature by a cryostat or Dewar that 
contains either helium or nitrogen liquid as the 
coolant [6]. The dc current flowing in a 
superconducting coil, which is wound around a long 
core magnet, creates the magnetic field. Here, energy 
can be reserved or supplied over short or long 
periods lasting from milliseconds to many hours [6]. 
  Energy stored in a normal inductor will vanish 
rather quickly due to the ohmic resistance in the coil 
when the power supply is disconnected. Therefore, it 
is obvious that  in this way the energy storage will 
not be efficient. So, in order to obtain efficient 
storage, the ohmic resistance of the coil has to be 
removed first.  This is possible by maintaining the 
temperature of the conductors to a level of cryogenic 
temprature where the normal conductor become 
superconductor i.e. it's resistance reaches nearly zero 
value. 
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They are classified into two types of superconducting 
material named as High Temperature 
Superconductors (HTS) and Low Temperature 
Superconductors (LTS). The HTS are made up by 
obtaining the temprature to 77 K using liquid 
nitrogen. A LTS is generally cooled using liquid 
helium to 4.2 K [11].  
 

TABLE I: Critical tempratures of different 
materials 

 
 
The above table shows different materials used as 
superconductor with different critical cryogenic 
tempratures [5]. 
 
B) Power Conditioning System (PCS): A power 
conditioning system (PCS) is required in order to 
transfer the energy from the SMES coil into the grid 
[9]. A PCS contains a dc-dc converter (chopper) and 
a 3 phase Voltage Source Converter (VSC) or 
Current Source Converter (CSC) [9] The SMES coil 
along with a dc-dc chopper is connected to the VSC 
through a dc-link capacitor. This capacitor acts as a 
temporary dc voltage source for the VSC to inject 
active/reactive power into the grid [5].  
Specially the converters are classified into types 
namely line commutated converters and self 
commutated converters. A line-commutated 
converter using thyristors has low on-state losses and 
it can handle large amounts of power, but it has 
lagging power factor and high low order harmonics 
[3]. Either there are higher on state losses than that 
in case of thyristors, these have better characteristics 
when it comes to harmonics and controllability of  
reactive power flow. Self commutated converters are 
again categorized into two types named as Current 
Source Converters(CVC's) and Voltage Source 
Converters(VSC's). 
CSCs are only available in the market in two-level 
topology, whereas the VSCs are available from two-
level to multi-level topologies. The CSC may seem 
the most suitable solution as the SMES can be 
viewed upon as a current source. A CSC is also more 
efficient when operated in square-wave mode than a 
PWM VSC [3]. On the other hand, a CSC is more 

complicated to control than a VSC, it has a high 
level of low order harmonics and the inductance in 
the DC side makes the response slower [3]. 
 
C) Control System (CS): It is required for controlling 
the energy which is going to be exchanged between 
the SMES coil and the grid. It is also necessary for 
observing the operation and protecting the SC coil. 
Usually PWM techniques are used as control 
strategy, but other approaches like Fuzzy logic 
control strategy can be also preferred [9]. 
 
D) Cryogenic Refrigeration System : The cryogenic 
system plays the crucial part in the SMES system. 
Superconducting magnets have to be kept at 
temperatures in the range of 4 – 10°K so as to 
maintain its superconducting property and carry high 
currents which build strong magnetic fields [2]. 
These temperatures can be realized by liquid helium. 
Hence the liquid helium forms the heart of the 
cryogenic system. Also, it must be observed that the 
SMES coil does not overload since there might be 
possibility of breakdown of the cooling system. If the 
current higher than the rated current is allowed to 
pass through the SMES coil, the heat dissipation 
increases and hence a violation in the cryostat is 
possible [2]. 
 
III. OPERATION OF SMES 
 
The SMES coil works as an active power 
compensator in three different operation modes: 
 
A) Charging Mode: Supply>Demand 
 In this mode of operation, generation is more than 
load. Here, the grid voltage is compared with 
reference voltage and VSC or CSC converts AC to 
DC, providing this DC supply to chopper through 
DC link capacitor for charging the superconducting 
coil in order to absorb the excessive power from the 
grid for maintaining the grid stability and reliability. 
The above Fig. 1 shows bypass switch consists of two 
switches which are in ON condition i.e. charges the 
SC(superconducting coil) to the maximum value.  
 
B) Stand-by Mode:  
The second mode of operation is also called as the 
freewheeling mode. In this mode, the current 
circulates in a closed loop. When the SMES coil is in 
this mode, one of the two switches is OFF. During 
this period, there is no considerable amount of loss, 
as the current through the SMES coil is circulating 
in a closed loop. Hence, the current remains fairly 
constant [2]. 
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Fig. 1 SMES System 
 
C) Discharging Mode : It is exactly opposite to the 
charging mode. The stored energy is fed to the grid 
through DC link capacitor. But here the only change 
is that converter is acting as the self commutated 
inverter providing the necessary power to the grid. In 
this mode both switches are in OFF condition hence 
the stored energy is delivered to the grid in order to 
maintain the balance in the system. 
 
IV APPLICATIONS, ADVANTAGES & 
DISADVANTAGES OF SMES 
 
There are wide range applications of SMES system 
found by researcher's, scientist's,  some of them are 
mentioned in the following 
1) Energy Storage : The huge amount of energy can 
be stored from mili seconds to few hours. Not only 
storage of energy is possible but also in efficient 
manner this stored energy is utilized as per the 
requirement. 
2) System Stability, Power Quality Improvement, 
Load Leveling, Dynamic Voltage Stability, Backup 
Power Supply, Spinning Reserve. 
3) Military applications : In case of electromagnetic 
launcher this system is used. An electromagnetic 
launcher required high power pulse sources that has 
been developed as a railgun for military applications. 
 
Advantages : 
There are several advantages of SMES technology 
over other storage methods: 
1) Charging and discharging rate of superconducting 
coil is very fast. 
2) Huge amount of power can be exchanged between 
the grid and SC with very fast response time. 
3) Exchange of energy with high efficiency nearly 
above 95%. 
4) Not only the active power but also reactive power 
control is possible  in a very efficient manner. 
5) Additionally the main parts in a SMES are 
motionless, which results in high reliability. 

6) Optimum use of available renewable energy 
sources is possible. 
7) It is environmental friendly. 
8) It acts as a separate source of energy. 
9) The grid interconnection with renewable energy 
sources is maintained with high reliability and 
imbalance in voltage profile is controlled efficiently. 
 
Disadvantages: 
As there are so many advantages of this system but 
in each and every thing has both some positive and 
some negative sides. The following disadvantages 
are realized by referring the International Journal 
[5]. 
1) SMES have low energy density. This area requires 
more research and development to make SMES 
systems competitive. 
2) It is necessary to have a cryogenic system and 
power cost required to maintain lower temperatures 
are high. 
3) Shorter discharging times (milliseconds to 
seconds) is desirable to protect an electric load from 
voltage sags. SMES are referred in such conditions. 
In a power grid for leveling of load, the discharging 
time should be large (hours to weeks). SMES does 
not have larger discharging time. 
4) The energy content of current SMES systems is 
very small. Methods to increase the quantity of 
energy stored in SMES often resort to large-scale 
storage units. 
 
Existing SMES Projects 
SMES systems have been deployed all over the world 
and are functional. Some of them have been listed as 
follows. The following information is taken from 
International Journal shown in reference paper [5]: 
An important project to improve the application of 
SMES at Grid level is being sponsored by U.S 
Department of Energy (DOE), under Advanced 
Research Projects Agency for Energy (ARPA-E). 
They aim to develop 1-2 MWh commercial scale 
SMES system that is cost competitive with lead acid 
batteries. 
Team: Brookhaven National Laboratory, University 
of Houston, ABB and Super Power. $5.3 M, out of 
which $4.2 M  from DOE.  
A 30 MJ (8.4 kWh) SMES unit with a 10 MW 
converter has been installed and commissioned at the 
Bonneville Power Administration (BPA) substation 
in Tacoma, Washington. This system, which is 
capable of absorbing and releasing up to 10 MJ of 
energy at a frequency of  0.35 Hz. 
In 2000, in order to enhance the grid stability, 
American Superconductor Company installed six 
SMES units in the grid in northern Wisconsin, USA. 
To provide high quality power for a synchrotron 
source, 
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1.4 MVA/2.4 MJ SMES was installed at Brookhaven 
National Laboratory (USA). 
In North Carolina, Owens Cornings extrusion and 
production lines have been protected by SMES from 
voltage sags. 
In South Africa, a SMES has protected a paper 
machine against 72 voltage dips in 11 months. 
In Japan, to compensate the voltage dips in a liquid 
crystal manufacturing facility, a 5 MW 7 MJ SMES 
was installed in 2003. 
 
CONCLUSION 
 
In this paper, the detailed information of SMES 
technology has been elaborated. The comparison 
between various types of superconducting materials, 
different power conditioning systems, different PWM 
controlling techniques, advantages, disadvantages 
and applications are represented. 
But, now day by day the power system is becoming 
innovative and research works are in progress. For 
huge amount of energy storage movable high 
temperature superconductors (HTS) are replaced by 
LTS and HTS. 
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