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Abstract: Today, the development of any country depends on a great extent on the availability and usage of energy. It is therefore 

natural that we all would be utilizing the available energy for industrial production, commercial activities, urban & rural 

development and personal requirements. No country can therefore afford to think of not using the energy. Efficiency of power 

production, transmission and distribution, improvement of power quality become priorities in the field of electric power industry 

in the 21
st
 century. Requirements to ecological and resource saving aspects at all phases of power production and distribution are 

simultaneously raise. Continual improvement of technologies for the safe use of power resources is a key to sustainable 

development of a human society. In particular, high temperature superconductivity (HTS) should be used to meet the growing 

needs of the electric power industry. It is known that HTS power cables allow us to increase the level of transmitted energy to 

several W at a voltage of 66-110kV. HTS cables of a coaxial design are almost ideal non-polluting system shielding 

electromagnetic field. Superconducting electric machines are electromechanical systems that rely on the use of one or more 

superconducting elements. The most important parameter that is of utmost interest in these machines is the generation of a very 

high magnetic field that is not possible in a conventional machine. In the present work, it has been tried to analyze the various 

configuration of HTS power transmission systems and various applications in superconducting electrical machines.     

 

Keywords: Energy Conservation, Energy Efficiency, HTSrs, HTSing, high critical current density (JC), high critical magnetic field 

(HC), high critical temperature (TC), liquid nitrogen (LN2), cryogenic, cryostat, poly propylene laminated paper (PPLP). 

__________________________________________________*****_________________________________________________ 

I. INTRODUCTION 

Nowadays, demand of clean energy, green energy and fossil 

fuels is increasing to the fast economic growth of the world 

because all energy resources (like renewable and non-

renewable) are supplied to run industrial machineries, 

domestic activities, transportation, commercial and 

agricultural activities as shown in fig. 1 and 2[1], in which 

in fig. (1) show the world’s total energy consumption by 

fuels, in Quadrillion (10
15

) and fig. (2)  show the 

contribution of Natural resources in the electrical power 

generation in Trillion kWh. 

 
Fig. (1) 

 

Year Total Coal  Other  Nuclear  NG Liquid  

2005 462.2 122.5 35.5 27.5 107.4 169.4 

2010 512.5 140.2 42 28.8 120.3 181.1 

2015 563 157.8 45 31.4 134.4 194.4 

2020 608.4 171.1 49.5 34.5 146.9 206.1 

2025 651.8 186.7 54.7 37.7 155.8 216.9 

2030 694.7 202.2 59 39.4 164.7 229.3 
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Fig. (2) 

Year 2004 2010 2020 2030 

Oil  937.2 987.9 1106.2 1178.8 

Coal 6722.8 8073.8 10711.8 13649.8 

NG 3230.5 4281.5 5914.3 7423.3 

Renewable 3085.5 3666.2 4199.4 4803.9 

Nuclear 2619.2 2722.3 3255.2 3618.9 

Total  16595.5 19731.7 25186.6 30673.8 
An enormous demand of energy has created pressure to 

exploitation more and more non-renewable energy sources. 

It has increased energy crisis due to far less supply than the 

actual demand. Energy conservation by the energy efficient 

improvement, energy audits at all levels, even individual 

office level and domestic level, and highly energy efficient 

machines are better way of solution. Technological 

applications of HTSrs in electricity generation and AC/DC 

power T&D systems have vast intension for energy 

conservation that will reduce consumption of fossil fuels as 

well as environmental pollution alongwith greenhouse gases 

(GHGs).  

Technology of HTSing T&D systems and equipment are 

characterized by high current carrying density (Jc), high Tc, 

minimum losses, high power transmission capacity and zero 

electromagnetic field radiations. Now, HTSr’s power T&D 

systems and equipments are being demonstrated and 

implemented for advancement of AC/DC power T&D 

cables and wires, superconductor machines, clean economic 

growth, energy conservation and environmental conditions. 

The principles of green fuels (like H2 energy, methanol, 

biofuels etc.) from solid wastes, sewages, residues etc., 

clean electricity from solar, geothermal, tidal, wave & wind 

energy & energy efficient technologies (such as LN2 based 

technologies of HTSrs) for power generation and effective 

use of energy resources are increasing interest in alternative 

of fossil fuels, clean environment. Many researchers agree 

that discharge of pollutants from fossil fuels based power 

generation & transportation account for a significant portion 

of total GHGs emissions, NOx, SOx and suspended 

particulate matters that are damaging whole ecological 

system.  

In 1911, superconductivity was discovered in Hg when it 

was cooled in liquid helium (4.2
0
K), Lead (Pb) in 1913 and 

NbTi in 1941 were found to superconduct at 7
0
K and 16

0
K 

respectively. Thereafter, in 1962, the first commercial Low 

Tc superconductor wire NbTi alloy was developed. 

Superconductivity in the metals or some alloys (known as 

Type I superconductor) is established by the formation of 

copper pairs (BCS theory) and in the HTSrs (known as Type 

II superconductor) is due to magnetic flux tubes or vortex 

phenomenon, where the HTSrs work efficiently to carry 

large current at a very high critical magnetic field and 

transition temperature that give opportunities to develop 

highly energy efficient electrical machines, electronic 

devices and hybrid superconducting magnetic bearings 

(HSMBs) for energy conservation, low power losses and to 

reduce environment pollutants as well as GHGs. In this 

paper, energy conservation efforts and way of minimization 

of power losses & environmental pollutants by the 

replacement of old technologies with LN2 based HTSrs 

technologies are being represented for solution of 

environmental issues and energy security. Wires of HTSrs 

are resistance free with current carrying capacity of 100-150 

times the amount of Cu wire. Loss of electrical energy in 

form of heat in conventional conductors like Cu or Al , 

resistance is accounted to more than 8% of total electrical 

generation that can be reduced easily by the LN2 based 

HTSrs. A scientific study of Finland estimated that its CO2 

emissions can be reduced between 1.53 million tones to 2.65 

million tones per annum by the replacement of conventional 

power plant generators, transformers and other machines 

with HTSr devices. 

Now in this era of high temperature superconductivity [2], 

superconducting technologies are playing a vital role in 

power T&D systems, equipment designs and smart grid 

because the application of these technologies can increase 

efficiency, capacity and power quality and grid stability. 

High temperature superconducting power equipment (such 

as transformers, fault current limiters, magnetic energy 

storage devices, generators, electrical machines etc.) have 

been demonstrated and commissioned in the power grids 
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and the super performance and capacity of fabricated new 

wires of HTSrs and LN2 cooled HTSrs cables are giving 

new compact power T&D network, generator’s winding 

wires, compact and oil free liquid nitrogen (LN2) based 

smaller transformers. They improve the performance, 

reliability, safety, environmental conditions and energy 

efficiency of power plants. The HTSing wires can help in 

deliver more power with greater voltage control and high 

current density with a negligible resistance in normal 

conditions and with zero resistance at LN2 temperature 

(77
0
K).                      

II  OVERVIEW ON HIGH 

TEMPERATURE SUPERCONDUCTORS (TYPE I 

AND II SUPERCONDUCTOR) [3] 

Generally pure metals and metalloids like Al, Pb, Zn, Hg, 

Tl, SiCB etc.) of type I superconductor are having zero 

electrical resistance below Tc, complete absence of internal 

magnetic field and Hc (critical magnetic field) above these 

parameters property of these materials destroys. Because of 

low value of Hc and sudden disappearing superconducting 

state at low Tc of type II superconductor have limited 

commercial applications. Type II superconductor perform 

better to higher temperature and magnetic field in cryogenic 

conditions (4.2
0
K and 77

0
K). Most of the compounds and 

alloys are type II superconductors, they exhibit higher HC 

and current density JC, thus these materials are capable of 

sustaining much higher magnetic fields for practical 

applications. Use of HTSrs in the power generation and 

power utilities promise to follow the law of energy 

conservation by reducing the power losses. Currently, the 

new technologies of HTSy are also being used from 

supercomputers to efficient brain imaging devices (MRI).        

 

III   CATEGORIES OF SUPERCONDUCTORS  

Conductors and LTSrs Since the discovery of 

superconductivity, many metals, alloys and compounds such 

as Cu, Al, Pb, Hg, C60, Nb0.6Ti0.4, C22H14, Nb3Ge etc. nave 

many superconductive properties to flow of electricity 

without resistance and to develop high magnetic field. 

Further, nano-scale superconductor consists of sheet of 4 

pairs of molecules less than one nanometer had been formed 

that can be fabricated and could be used for nano-scale 

electronic devices, medical, defense, space and energy 

applications.  

Middle High Temperature Superconductors HTSy was 

discovered in BaLaCuO at 35
0
K having electrical resistance 

of superconducting material at high TC and in YBaCuO at 

93
0
K under cryogenic conditions of LN2. Other middle high 

temperature superconductor discovered in magnesium 

diboride (MgB2) in the year 2001 at 39
0
K. This compound 

has been fabricated for commercial applications. MgB2 is 

highly effective in high field magnetic applications like 

MRI, NDT, power cables and wire compared to LTSrs (like 

Nb3Sn, NbTi etc.). It is cheap and much easier to work into 

wires and thin films. 

High Temperature Superconductor In 1986, HTSr, 

BaLaCuO at 35
0
K (the phenomenon of disappearing the 

electrical resistance of superconducting material at high TC 

which is known as first HTSr). In 1987, high temperature 

superconductivity on the YBaCuO was also discovered at 

93
0
K. Since the discovery of HTSy, superconductivity in the 

many superconducting materials such as YBa2Cu3O7, MgB2, 

(A)3 C60, Bi2Sr2Can-1CunO2n+4, CuBa2Can-1CunO2n+2, 

Y3CaBa4Cu8O18+, TlBa2Can-1CunOn+2, Tl2Ba2Can-

1CunO2n+2+δ, Ba4Ca2Cu10Oy, AuBa2Ca3Cu4O11, HgBa2Can-

1CunO2n+2+δ, Nd1+xBa2-xCu3Oy, InSnBaTmCuO, YSr2Cu3O7 

etc. has been reported as superconducting material between 

35
0
K and 371

0
K. Role of HTSrs gives high level of energy 

efficiency, improvements in the energy generations and 

power utilizations. Some HTSrs are available for 

commercial applications which work efficiently to carry 

large critical current density (JC) at high HC and TC above 

the boiling point of LN2, such as YBa2Cu3O7 wires have 

TC= 93
0
K, JC= 2x10

6
Amp/cm

2
, at cooling at 77

0
K and 

1.5x10
6
 Amp/cm

2
 in 1 Tesla at cooling 77

0
K. BiSrCaCuO 

with Ag sheath wire TC= 70-115
0
K, IC= 10

4
Amp. 

Room Temperature Superconductors Till the discovery 

of many HTSrs, no any perfect room temperature 

superconductors are available on commercial level. RT 

superconductivity has been suspected in Tl-Be-hydride and 

Pb-Ag-carbonate compounds. 

 

 

Table (1) below shows the comparison of various compounds with their properties. 

Sr. No. HTSrs 

compounds 

Types of 

fabrication 

JC(Amp/cm
2
) HC (Tesla) Cryogenic 

(
0
K) 

TC (
0
K) 

 HTSrs  

1. YBaCUO with 

NdCaO3 substrate 

Thin film 1.2x10
6
 - 77 88.5 

2 TBCCO with 

LaAlO3 substrate  

Thin film  5.8x10
6
 - 77 91.8 

3. YBCO Composite  8.6x10
4
 0 77 93 

4. YBCO Wire  >2x10
6
 Selffield  77 93 

5. Bi-2212/Ag  Tape  >10
7
 5 77 - 

6. MgB2 Sample  1.5x10
7
 - - 39.6 

 LTSrs 

1. Nb3Sn Wire  8x10
4
 28 4.2 18.5 

2. NbTi Wire 5x10
5
 11 4.2 9.5 

3. V
3
Ga Wire  10

7
 25 4.2 15 

4. 8x104 Wire  8x10
6
 105 4.2 9 
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5. Nb3Ge Wire  4x10
6
 5 4.2 - 

6. Pb  Wire  4.4x10
4
 550 4.2 7.7 

 Normal conductor  

1. Cu  Wire  100-500 - - - 

Table 1: JC of some conductors and superconductors  

Thus, for the occurrence of superconductivity in a material, 

the temperature of operation must be below the transition 

temperature (TC), the external magnetic field (H) must be 

below the critical magnetic field (HC) and the current 

density (J) must be below the critical current density (JC). 

Now HTSing wires and been developed and manufactured 

in long lengths and current densities 150 times higher than 

Cu. HTSing power equipment compact and lightweight. 

New installed undersigned HTS cables can carry up to ten 

times the power of similar sized Cu cables HTSing electric 

power equipment include under-ground power cables, fault-

current limiters, magnetic energy storage, transformers and 

generators.  

In India, near about 25-30% electrical energy is being lost 

due to theft and technical losses. In conventional T&D 

losses system, technical losses are due to conventional 

conductors and equipments due to poor characteristics. So, 

in present energy and environmental crises, selection of 

energy efficient power T&D technology must be the main 

objective to increase efficiency of power system and 

equipments.            

IV   ENERGY EFFICIENCY OF HTSrs TO 

ENERGY CONSERVATION   

Super performance of HTSrs promise to develop highly 

energy efficient technologies for energy conservation and 

upgrading the industrial technologies. Technologies of 

HTSrs are being fabricated for improvements of energy 

efficiency in the industrial operation, electrical machines, 

pumps, motors, power generators, transformers, 

transportation, lubricants free HSMBs. overhead and 

underground power T&D cables, winding wires, electronics 

devices, space applications, magnets, electromagnetic 

radiation, shielding, MRI etc. and they will reduce power 

losses, environmental pollutions, maintenance costs and 

fossil fuels consumption. Losses in the conventional 

electrical and mechanical designs are based on factors: 

 Losses in conventional conductor are due to lower Jc 

and high resistance. 

 Losses are due to use of conventional mechanical and 

active magnetic bearing in machines. 

 Lubricants losses are due to obsolete cable and 

bearing technologies. 

 Losses of raw materials and chemicals are due to the 

manufacturing o conventional manufacturing of 

conventional heavy weight and big size electrical and 

mechanical machines and equipments. 

 Hazardous cooling oil losses are due to conventional 

underground power transmission cables and winding 

wires.  

 Fossil fuels losses are due to conventional power 

generators and electrical equipments. 

 

 V  BASIC TECHNOLOGICAL 

APPLICATIONS OF HTSrs IN TRANSMISSION & 

DISTRIBUTION SECTORS 

In this section, various applications about the energy 

conservation technologies of HTSrs have been discussed as 

under:- 

 HTSrs in Power cables and Winding Wires Leading 

challenges in power T&D system will be solved by the 

HTSing technology where HTSing cables are highly 

capable to wear large JC under cryogenic conditions 

(77
0
K) with zero resistance, low impedance, zero 

electromagnetic radiation and free from hazardous 

cooling oil than conventional power cables and wires. 

Underground AC/DC power T&D network of HTSrs use 

inexpensive and environmentally safe LN2 cooling core 

which provides cooling to the material to maintain the 

superconducting state [4]. In addition, the installation 

cost of underground and overhead power cables can be 

reduced more than 20%. In conventional overhead Cu 

based power T&D cable system, about 50kW/km of 

electrical energy is dissipated due to high resistance of 

conductor can be reduced by HTSrs (table 2)[5]. For 

transportation of 5GW power with 75kV overhead AC 

lines require 600’ wide ROW and 130’ high pole & 

whereas 5KW with 200kV underground DC HTSrs cable 

require about 3’ diameter pipe and 25’ROW according to 

AMSC (USA). 

Sr. 

No.  

Description of cable specifications  Conventional 

conductors AC 

cables  

HTSing AC 

cables  

HTSing DC 

cables  

1. Power transmission capacity (MVA) 1500 1500 1500 

2. Power transmission voltage  275kV rms  66V rms  130kV 

3. Power transmission current  1kA rms/phase  3.3 kA 

rms/phase  

12kA/phase  

4. Cable type and diameter size (cm) Single phase XLPE 

(14cm) 

3 in one 

(13.5cm) 

3 in one 

(13.5cm) 

5. No. of cables  9 4 1 

6. Transmission cables (kW/km) 740 200 20 

7. CO2 emission and rediction  778 210,562 21,757 

Table 2: Comparison of HTSing and conventional cables 

High superconducting cable, characterized by high current 

densities and low transmission loss, shows promise as a 

compact low-capacity power cable that exhibits several 

environmental advantages such as energy and resource 
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conservation as well as no external electromagnetic fields. 

HTS Dc cable takes maximum advantage of the 

characteristics of superconductivity. Because they are absent 

of those problems unique to AC applications, HTS DC 

cables are expected to outspace HTS AC cables, in line with 

future performance enhancements and price reduction of 

converters.  

HTS DC cable is a large-capacity, compact, energy-saving 

& environmentally-friendly cable. Moreover, further 

improvements in performance & declines in price are likely 

to give rise to greater economic efficiency. High-

temperature superconducting (HTS) cable, characterized by 

high current density and low transmission loss, shows 

promise as a compact large-capacity power cable that 

exhibits several environmental advantages such as energy 

and resource conservations as well as no external 

electromagnetic fields, nonexplosiveness, non-flammability 

and non-toxicity. Due to these advantages, HTS AC cable 

demonstration projects are being planned and promoted.  

The zero resistance of HTS material is observed only in DC 

current, while the transmission loss is generated in AC 

current. Moreover, it is necessary to take measures to solve 

the problems to HTS AC cables such as protection against 

short circuit current and solution to avoid unbalanced AC 

current in each HTS conductor. HTS DC cable, on the other 

hand, is a cable that utilizes the advantages of 

superconductivity most effectively and shows no problem 

inherent in HTS AC cables.  

HTS DC cable applications: In view of the above 

advantages and superiority of HTS DC cable, the major 

applications can be as under:- 

1. Ultra-high substations. 

2. Primary substations. 

3. Relay substations. 

4. Distribution substations. 

5. From back-to-back to interconnection applications and 

other applications. 

Basic Structure of HTS DC cables (EMI free) In HTS AC 

cables, superconducting wires are used for shielding with 

both ends shorted. In this manner, the current in the reverse 

phase form the conducting current flow can be induced to 

carry through the superconducting shielding layer. This 

induction cancels the magnetic field outside the shielding 

layer to create a state that is purely free of electromagnetic 

interference, which means that no leakage of any electric 

field is allowed. An EMI-free state can also be created in 

HTS DC cable by flowing the return current through the 

shielding layer in monopolar transmissions and by carrying 

the positive and negative currents side by side in bipolar 

transmissions. In the HTS cable architecture, general design 

of HTS cables consists of [6]: 

1. A former on which the HTS tapes or wire are stranded 

around. 

2. For electrical insulation a dielectric is lapped around the 

HTS material. 

3. A second HTS layer on the dielectric acts as a shield or 

current return.      

Several cable principles can be used to distribute the power 

consists of single-phase, 2-core or 3-core structure as 

depends on actual application conditions such as voltage, 

current and line system structure: 

1. One phase cable   2. Bipolar coaxial cable

  3. Twisted cable 

One Phase cable: One or more layers of HTS tapes are 

stranded around the former, the dielectric insulates these 

layers. For a DC cables system, two of these cables are 

necessary. It is possible to have both phases in one cable 

cryostat. The return flow of the coolant can be integrated in 

each phase or one phase is the inflow and one the outflow. 

One cable can be connected to the generator with the rated 

voltage and the other cable is the current return and it is 

grounded (0V/+1000V) or voltage is applied to both cables 

(-500V/+500V).  

Bipolar Coaxial Cable: In these cables, the current return is 

in the same cable. The current flows in one cable from the 

generator to the motor and back, no additional transfer line 

is needed. Magnetic fields caused by both phases are 

superimposed, there is no magnetic field outside the cable 

and the cable can be connected symmetrically (-

500V/+500V) or with the outer HTS cable grounded 

(0V/1000V).  

Twisted Cable: The current return is in the same cable 

system. The current flows in one cable from the generator to 

the motor and back. The coolant return is integrated in the 

cable cryostat. The magnetic field outside is minimized and 

the cable can be connected symmetrically (-500V/+500V) or 

with the outer HTS cable grounded (0V/1000V). 

CRYOSTAT: It is a vacuum between inner and outer walls 

provide thermal insulation. It consists of two walls made of 

stainless steel and liquid nitrogen LN2 flows within the 

cryostat. The Cooling system ensures the continuous flow of 

LN2 through cable system. Cooling system compensates for: 

1. Heat losses in cryostat and terminations. 

2. Heat generated by the cable. 

3. Pumping of LN2. 

Typically the overall efficiency is 10% at 77
0
K.   

Terminations: The termination represents the connection of 

the cable end to the electrical devices. Its design minimizes 

the heat load on the cryogenic machine. For the cable 

system two bipolar terminations are required.  

Design of HTS DC cables:  

Conductor Design The conductor in an HTS DC cable does 

not require the equalized current-carrying function that is 

necessary in an AC cable to realize current flow through the 

each wire of the entire superconducting conductor by 

selecting the suitable winding pitch. Although very high 

current does not affect the HTS DC cable itself, it may be 

accompanied by problems such as difficulty to lead such 

high currents out of the terminal or the terminal becoming 

larger. It is also possible to design a cable structure that 

secures the return path of coolant within a thermal insulation 

pipe. 

Electrical Insulation Design Insulation design must 

provide the adequate strength against nominal DC voltage, 

surge voltage (impulse) and polarity reversal. Sufficient Ac 

strength and impulse strength have been verified for 

polypropylene laminated paper (PPLP), currently used as 

electrical insulation tape in HTS AC cable. Oil-impregnated 

PPLP has shown enhanced impulse strength and DC 

strength with increased polypropylene proportions. So, HTS 

cables immersed in liquid nitrogen is expected to provide 

the same preferable effects. Further in case of oil-filled 
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cable, a unique and superb combination has been developed 

and put up into practice, in which PPLP is used as a main 

insulation having a kraft paper layer whose dielectric 

constant is high and dielectric resistance is relatively low. 

This combination of PPLP and kraft paper can enhance the 

total breakdown strength of oil filled cable and improve the 

electrical performance of joint. This is also effective for 

HTS DC cable.    

Transmission capacity is determined by the transmission 

line conditions and suitable cable design. Table (3) shows 

the comparison of the transmission capacity of HTS AC and 

HTS DC cables. 

 

 

 

 

 HTS AC cable HTS DC cable  

Structure  3-core to one cryostat HTS conductor 

4 layers with 50 tapes HTS shield 

2 layers with 50 tapes 

JC= 100A 

Insulation thickness = 6mm  

Current capacity  3kA rms  13.5 kA rms/3-

core  

Nominal voltage  66-77kV rms  130kv 

Transmission 

capacity  

350MVA 1750MVA 

Table 3: Transmission capacity Comparison of HTS 

cables 

Cooling Design [7] Since the entire length of an HTS cable 

must be cooled to the required temperature using liquid 

nitrogen, it is imperative to simplify the cooling system as 

much as possible to maintain high viability. It is also 

desirable to make the cooling distance as long as possible. 

Cable cooling is performed by circulating the refrigerant for 

cooling both the heat dissipated from the cable and the hest 

invasion through the thermal insulation pipe at a specified 

pressure and within the specified temperature range. The 

following formula represents these relationships to design 

the cooling system in HTS cables. 

ΔP = λ (Lρv
2
/ d) and  ΔT = L*W/ (c*m) 

The cooling distance for HTS DC cables, which suffers no 

transmission loss, can definitely be very long compared to 

HTS AC cable with its conductor loss.  

 Fault Current limiters This, HTSing, technology 

enables new compact and efficient fault current limiters that 

operate passively and automatically to ensure system 

reliability when individual circuits are disrupted. HTSing 

fault limiters have ability to respond to just thousandths of a 

second to limit tens of thousands of amperes of current. 

Many local grids face a rising risk of high power surges. 

These surges are induced by adverse weather, falling or 

uprooted trees, traffic accidents, birds interferences, and 

other random events. Thus due to these, rating of existing 

circuit breakers, switchgear, bus, distribution transformers 

and other equipments and expose grids to much more costly 

damage. Protection from these surges is a major concern of 

electric utilities. Thus, HTSrs are capable to provide the 

protection against these faults, since the current surges 

exceeding the limit of conductor will rapidly switch the 

conductor from zero-resistance superconducting state to 

high resistance normal state and hence reduce the magnitude 

of surges. Superconducting fault will be used either 

separately or in conjunction with superconducting 

transformers. Recently, power utilities have also begun to 

use superconductor bases transformers and fault limiters. 

   HTSrs in Power Generation HTSrs in Power 

generation will reduce technical power losses, which are 

given conventional conductor and obsolete mechanical 

designs. Conventional conductor winding wires are heavy 

and oversize. So, excess load due to technical power losses 

discharges additional air, water and land pollution from 

thermal power generation units. The wastage of unit power 

by power energy efficiency of power utility and power 

generation process releases about 1.5kg CO2 and other 

pollutants. But superconductor wire, bars and tapes will 

reduce electrical losses, ground water and fossil fuels 

consumption and they may improve the power factor 

positively.  

 Supermachine Topology The major components of 

a rotating machines employing HTS winding. Only the field 

winding employs HTS cooled with a cryocooler subsystem 

to about 35-40
0
K. The cryocooler modules are located on 

the stationary frame and a gas such as helium, is employed 

to cool the components on the rotor. The stator winding 

employs conventional copper winding but with a few 

differences. The stator winding is not housed in 

conventional iron core teeth but superconductor magnetic 

material. 

 Industrial Supermotors [8] The world’s most 

powerful Supermotor were developed American 

Superconductor’s first generation HTS wire. American 

superconductor has demonstrated a 5000Hp, 1800rm 

synchronous motor in July, 2000. This supermotor 

undergoing factory testing. The rotor assembly includes the 

HTS field winding operating at cryogenic temperature 

(35
0
K), its support structure, cooling loop, cryostat and 

electromagnetic shield. The stator assembly includes AC 

stator winding, back iron, stator winding support structure, 

bearing and housing. This motor has met all design goals by 

demonstrating HTS field winding, cryocooling system and a 

noval armature winding cooled with a fresh water. 

 Superdrive for Ship Propulsion [9] Modern electric 

drive has many advantages over competing mechanical 

systems. The advantages include redundancy, reliability, 

better fuel economy and reserve power when needed, better 

use of internal space allowing revenue producing space, 

quietness, easier maintenance and improved ship safety. A 

conceptual design has been developed under an Office of 

naval Research contract for a 25MW, 120rpm, HTS motor 

for ship propulsion. In order to demonstrate the key 

technologies employed for the 25MW motor, a 5MW motor 

preliminary design has been completed.  

The 25MW 120rpm HTS Superdrive motor is 2.65m in 

diameter and 2.08m in length. It weighs 60kg and generates 

structureborne noise of 48dB at full speed. The motor 

employs a 6.6kV stator winding that is cooled with fresh 

water. The HTS rotor winding is cooled by off-the-shelf 

cryocoolers positioned in the stationary reference frame-a 

defective cooler could be replaced in less than 30 minutes 
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without having to stop the motor. This motor has an overall 

efficiency of 97% at full speed and 99% at 1/3
rd

 full speed.     

 HTSrs Transformers Electrical transformers are 

major equipment in the power supply and utility system. 

Most of the present and conventional transformers use Cu 

winding and internal oil coolants, which sometimes create 

environmental contamination and heavy losses caused by 

the fire hazards. Furthermore, many conventional very large 

and high capacity transformers nay be difficult to transport 

and shift to the site. Because of higher JC and zero resistance 

of HTSing  winding (such as MgB2, YBaCuO, 

Bi2Sr2Ca2Cu3O10 etc.) superconducting transformers give 

much lower electrical losses, smaller size, require less 

expensive and environmental friendly coolant which reduce 

the overall cost of transformer. It also reduces the losses by 

70% as compared to conventional designs. Today’s power 

transformer lose about 1-2% of the total rating power in 

wasted energy. Losses in conventional transformers 

(63MVA) were about 839.7MWh and in same rated 

superconducting transformers, losses were about 

160.3MWh.  

For the boost up of windmills renewable energy generation, 

HTSing based generator has been developed to green energy 

generation. This reduction in weight would also allow an 

increase in blade size, efficiency, lower the cost of power 

generation and greater power output.  

 Superconducting Energy Storage Today, this 

system is being used to enhance the capacity, reliability and 

stability of the grids. In this system, flywheels based on 

frictionless superconductor bearings can transform electric 

energy into kinetic energy (avoid metal to metal contact), 

store this energy in a rotating flywheel and use the rotational 

kinetic energy to regenerate electrical energy as needed. 

Superconducting magnetic energy storage (SMES) systems 

are being used in power T&D systems for many years. 

Conventional flywheels suffer energy losses of 3-5% per 

hour whereas new HTSrs (Bi2Sr2Ca2Cu3O10) based 

flywheels operate at <0.1% loss per hour. Thus, a large 

magnet store electrical energy in an almost lossless manner 

for future use. Small and momentary fluctuations in 

electrical power can damage computers or shut down 

processing lines, but the rapid response of SMES control 

fluctuations and power quality for short duration.  

 

VI BENEFITS OF ADVANCED HTSING 

TECHNOLOGIES AND EQUIPMENT  

HTSrs based energy efficient technologies of power T& D 

systems are capable to offer clean economic, growth, energy 

conservation, environmental advantages and social 

advantages. The advantages of the HTSing technology 

include the following:- 

 Reduce ROW by 25% compared to conventional 

conductor. 

 Enhance the overall main system efficiency due to 

low or zero losses. 

 Increase utility system operating, flexibility, 

reliability of power supply, security of network and reduce 

the generation cost. 

 Minimize environmental and electromagnetic impact. 

 Extend the service period of the equipment. 

 No fire hazardous oil technology.  

 Much reduction in NOx, SOx, Hg, SPM liquid and 

solid waste and greenhouse gases emissions from generating 

units. 

 Increase resource security and clean energy 

production. 

 Elimination of He and SF6 by LN2 at the power grid, 

gas transmission cables, energy storage devices, magnetic 

field generation etc. 

 Reduction of chemicals and electricity consumption 

at the time of manufacturing of HTS electrical equipment 

and cables. 

 Cost of transportation is reduced. 

 Support to energy independency.      

 

VII  CONCLUSION   

The applicable ability of HTSrs to conduct the electricity 

with zero resistance can be used in many applications. 

Scientists are working to take HTSrs at room temperature 

which can make many resolutions in the electricity 

generation, utilization and many other  fields. Author 

predicts that in near future HTSrs will come to room temp. 

or ambient temperature and will serve in many applications. 

Growing demand of energy for the human needs have forced 

to develop energy efficient technologies to reduce 

environmental pollutions and to energy conservation. So, 

technological applications if the HTSrs help to meet in 

energy conservation and environmental pollution reduction 

targets. These HTS based designs fundamentally change the 

value proposition for electric motors and generators and 

demonstrate that HTS technology has attained a proven 

level of maturity. The successful design, fabrication and 

operation of two SuperMotors proves that the key 

technologies essential for the commercial introduction of 

HTS motors and generators are high performance, 

sufficiently robust and affordable.  
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