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ABOUT THE STUDY 

The global demand for energy continues to grow, driven by technological 

advancements, population growth and the shift towards electrification in sectors 

such as transportation and industry. However, current energy transmission 

infrastructure is increasingly challenged by inefficiencies, with a significant 

portion of electrical power lost as heat due to resistance in traditional 

conductors. Superconducting materials, which can conduct electricity without 

resistance, have emerged as a promising solution to address these challenges. 

Innovations in superconducting materials for high-capacity electrical grids are 

poised to revolutionize the way we transmit and distribute electrical energy. 

 

Understanding superconductivity and its importance 

Superconductivity is a phenomenon that occurs when certain materials are 

cooled to extremely low temperatures, causing them to lose all electrical 

resistance. When materials exhibit superconductivity, they can transmit 

electrical currents without any loss of energy, a stark contrast to conventional 

conductive materials like copper or aluminum, which suffer from resistive losses. 

This property makes superconducting materials ideal for power transmission, as 

they can carry large amounts of current over long distances without the energy 

losses typically associated with traditional methods. However, for 

superconducting materials to be widely adopted in electrical grids, they must 

meet several critical requirements, high current-carrying capacity and the ability 

to operate at higher temperatures to reduce cooling costs and long-term 

durability and stability in real-world conditions. 

 

High-Temperature Superconductors (HTS): A breakthrough in materials 

science 

Historically, superconductors required cooling to near absolute zero, achieved 

using liquid helium, making them impractical for most energy applications. 

However, the discovery of High-Temperature Superconductors (HTS) in the late 

1980s materials that superconduct at much higher temperatures marked a 

significant breakthrough in the field. These materials include compounds such  
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as yttrium barium copper oxide and bismuth strontium calcium copper oxide. The higher critical temperatures of HTS 

materials have reduced the cooling challenges and made them more viable for practical use in energy grids. One of the 

most significant innovations in HTS technology is the development of coated conductor wires. These wires, made by 

depositing a thin film of superconducting material onto a flexible substrate, offer a high degree of flexibility and 

scalability. Coated conductors, such as yttrium barium copper oxide tapes, are capable of carrying large currents while 

maintaining their superconducting properties, making them suitable for use in power cables, transformers and other 

grid components. This innovation has opened the door to creating compact and efficient high-capacity cables that can 

be integrated into existing grid infrastructure. 

 

Applications in high-capacity power transmission 
 

The integration of superconducting materials into electrical grids offers several advantages, particularly for high-capacity 

power transmission. Superconducting power cables can transmit electricity with almost no loss, even over long 

distances, unlike traditional cables that lose energy as heat due to resistance. In densely populated areas where space 

for additional power lines is limited, superconducting cables can replace conventional cables, carrying more power in a 

smaller space and reducing the need for costly new infrastructure. One of the most promising applications is in 

Superconducting Magnetic Energy Storage (SMES) systems. SMES units store energy in the magnetic field created by a 

superconducting coil. When electricity demand spikes, the stored energy can be rapidly released back into the grid. This 

technology is particularly beneficial for stabilizing the grid by providing quick bursts of power during sudden fluctuations 

in supply or demand, enhancing grid reliability. 

Additionally, Superconducting Fault Current Limiters (SFCLs) are emerging as critical components in modern electrical 

grids. These devices can detect faults, such as short circuits and quickly limit the fault current to prevent damage to 

other grid components. Unlike traditional limiters, SFCLs operate with minimal energy dissipation, making them more 

efficient and reliable. By reducing the need for large-scale power outages or equipment damage, SFCLs can significantly 

improve grid stability. 


