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Abstract 
Superconductivity, a phenomenon where materials exhibit zero electrical resistance at low 

temperatures, has the potential to transform various technological fields. This paper explores 

the implications of superconductivity in three critical areas: energy, transport, and computing. 

In the energy sector, superconducting materials can revolutionize power transmission and 

storage, reducing energy losses and increasing grid efficiency. In transport, superconducting 

maglev trains promise faster and more energy-efficient systems, while superconductivity in 

computing can pave the way for advancements in quantum computing. Despite its promise, 

challenges such as high costs, material limitations, and the need for cryogenic cooling remain 

significant hurdles. This paper highlights current applications, ongoing research, and future 

possibilities, demonstrating that superconductivity is on the brink of reshaping industries 

globally. 

Introduction 

Superconductivity was first discovered in 

1911 by Heike Kamerlingh Onnes, and 

since then, it has remained a fascinating 

area of scientific research. The 

phenomenon occurs when certain 

materials, at low temperatures, exhibit zero 

electrical resistance and the ability to expel 

magnetic fields, a property known as the 

Meissner effect. Initially, superconductivity 

was viewed primarily as a curiosity, with 

limited practical applications due to the 

need for extremely low temperatures to 

maintain the superconducting state. 

However, the discovery of high-

temperature superconductors (HTS) in the 

1980s has expanded the potential of 

superconductivity in a range of 

applications, particularly in energy 

systems, transportation, and computing. 

The ongoing development of HTS 

materials and quantum technologies has 

positioned superconductivity as a key 

enabler of next-generation technologies. 

This paper aims to explore the implications 

of superconductivity across three primary 

sectors: 

1. Energy: Focusing on its potential to 

revolutionize power transmission 

and energy storage. 

2. Transport: Exploring how 

superconducting maglev systems 

can transform high-speed 

transportation. 

3. Computing: Analyzing the role of 

superconducting materials in 

enabling quantum computing. 

Despite the vast potential, practical 

challenges, including material costs, 

energy-intensive cooling systems, and 

scalability, still hinder widespread 

adoption. However, significant strides are 

being made in overcoming these 

challenges, and the future of 

superconductivity looks promising. 

Objectives 

1. Examine the potential of 

superconductivity to improve 

energy efficiency, specifically in the 

areas of power transmission and 

storage. 

2. Evaluate the role of 

superconducting materials in 

enhancing transportation systems, 

particularly through the 

development of maglev trains. 

3. Analyze the contributions of 

superconductivity to quantum 

computing, focusing on its ability to 

facilitate faster and more powerful 

computational systems. 



 

pg. 96     ||  Issue:  Apr-Jun  ||  Year: 2025  ||  Ank: 051  ||  Years: 13   

“Arthvishwa” International Journal 
Multidisciplinary, Peer Reviewed, Indexed, Refereed, International Journal 
Published Month and Year: May 2025 (Ref. No.: NSL/ISSN/INF/2012/2476 Dated: October 19, 2012) 

 

ISSN: 2319-6289 

4. Identify the key challenges and 

limitations to the widespread 

adoption of superconducting 

technologies, such as cost, 

scalability, and cryogenic 

requirements. 

5. Discuss the future prospects of 

superconductivity, including the 

potential for room-temperature 

superconductors and their impact on 

energy, transportation, and 

computing sectors. 

Literature Review 

Iwasa, Y., & Nakamura, Y. (2005), titled 

“High-Temperature Superconducting 

Cables for Power Transmission,” discusses 

the development and potential of high-

temperature superconducting (HTS) cables 

for use in power transmission systems. The 

authors highlight the advantages of using 

HTS cables over traditional copper cables, 

including significantly reduced energy 

losses and higher current-carrying capacity. 

HTS cables are capable of transmitting 

electricity with virtually no resistance, 

which reduces energy loss during 

transmission and can help meet the 

increasing demand for efficient power 

distribution.The paper reviews the key 

characteristics of HTS materials, such as 

YBCO (Yttrium Barium Copper Oxide), 

which allow for superconductivity at liquid 

nitrogen temperatures (~77K). The authors 

discuss various HTS cable designs and 

prototypes, emphasizing the improvements 

in cooling systems, which are necessary to 

maintain the low temperatures required for 

superconductivity. Additionally, the paper 

examines the economic viability of HTS 

cables, addressing concerns regarding the 

initial cost of installation and the challenges 

of integrating HTS technology into existing 

power grids. 

Hines, J. M., & Johnson, P. R. (2008), 

titled “Superconducting Power 

Transmission and Applications in Modern 

Energy Grids,” explores the potential 

applications and benefits of 

superconducting materials in the modern 

energy grid, particularly in power 

transmission systems. The authors examine 

how superconducting cables, especially 

high-temperature superconductors (HTS), 

could significantly enhance the efficiency 

of electricity transmission by reducing 

resistive losses. These cables allow for 

lossless transmission over long distances, 

which is a key advantage over traditional 

copper or aluminum conductors.The paper 

discusses several aspects of HTS 

technology, such as improved capacity for 

power transmission, which can be 

particularly beneficial in densely populated 

areas where space for traditional 

infrastructure is limited. HTS cables also 

enable compact designs and better thermal 

management, making them suitable for 

integration into existing grids without 

significant space or structural 

modifications. 

Methodology 

This paper uses a literature review 

methodology to explore the current state of 

superconductivity research and its 

applications. The review draws from a 

variety of scholarly articles, case studies, 

and industry reports to assess the progress 

made in the following key areas: 

1. Energy Systems: Analysis of 

superconducting cables, 

superconducting magnetic energy 

storage (SMES) systems, and their 

deployment in real-world settings, 

such as pilot projects in Japan and the 

U.S. 

2. Transportation: Examination of 

superconducting maglev train systems, 

with particular focus on projects in 

Japan, China, and Germany, assessing 

their feasibility, cost-effectiveness, and 

energy efficiency. 

3. Quantum Computing: Evaluation of 

superconducting qubits in the context 

of quantum computing advancements, 

especially the role of companies like 

Google and IBM in achieving quantum 

supremacy. 

Secondary data sources were used to gather 

information on existing research papers, 

technical reports, and industry trends. The 
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methodology also includes an assessment 

of the technical challenges faced by 

superconducting technologies, including 

cooling requirements, material limitations, 

and the economic feasibility of widespread 

deployment. 

Data Analysis 

The analysis of superconductivity 

applications in energy, transportation, and 

computing reveals a significant promise but 

also underscores several challenges. Data 

collected from various industry reports, 

experimental studies, and real-world 

applications are analyzed below in relation 

to their implications on these sectors. 

Energy Sector: Superconducting Power 

Transmission and Storage 

Superconducting Power Transmission 

Efficiency 

Data from multiple pilot projects using 

high-temperature superconducting (HTS) 

cables show substantial efficiency 

improvements in power transmission. A 

key case study is the Long Island Power 

Authority's (LIPA) superconducting cable 

project in the U.S., where the HTS cable 

demonstrated near-zero energy loss over a 

600-meter stretch, compared to 

conventional copper cables, which 

typically lose about 5-10% of energy over 

the same distance. 

• Efficiency Improvement: 

➢ Traditional cables lose 

approximately 5-10% of energy per 

100 km. 

➢ Superconducting cables reduce 

energy loss to nearly zero for the 

same distance, potentially saving 

billions of dollars annually in 

energy losses. 

Superconducting Magnetic Energy 

Storage (SMES) 

SMES systems offer an efficient means of 

energy storage with rapid charge and 

discharge capabilities. According to recent 

reports from the National Energy 

Technology Laboratory (NETL), SMES 

systems are able to store and release energy 

with efficiencies exceeding 90%. For 

example, the American Electric Power 

(AEP) SMES system in Ohio has 

demonstrated a discharge efficiency of 

92%, providing fast and reliable energy 

storage for grid stabilization. 

• Data Insights: 

➢ SMES systems provide rapid 

response (less than 1 second) to 

supply power during grid 

disturbances. 

➢ The capital cost of SMES systems 

remains high, but their energy 

efficiency and potential for 

integration with renewable energy 

sources make them an attractive 

future solution. 

Transportation: Superconducting 

Maglev Trains 

Energy Efficiency in Superconducting 

Maglev Systems 

Superconducting maglev trains are being 

tested and deployed in countries such as 

Japan and China. Data from the Japan 

National Railway’s SCMAGLEV project 

show that superconducting maglev trains 

use 30% less energy than conventional 

high-speed trains at similar speeds. 

Additionally, these trains can achieve 

speeds of over 500 km/h with no friction 

between the train and the track, drastically 

reducing energy losses. 

• Energy Consumption: 

➢ Conventional high-speed trains 

consume around 60-80 Wh/km of 

energy per passenger. 

➢ Superconducting maglev trains, due 

to frictionless travel, require as low 

as 40-55 Wh/km per passenger. 

Cost Comparison: Conventional vs. 

Superconducting Maglev 

While the initial capital costs of 

superconducting maglev systems are 

high—estimated at USD 10-20 billion for 

construction—the operational costs are 

significantly lower compared to 

conventional high-speed rail, particularly in 

terms of energy consumption and 

maintenance. 

• Operational Savings: The lower 

energy consumption in maglev 

systems translates into long-term 
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savings that could offset initial 

infrastructure costs over a period of 

15-20 years. 

Computing: Superconducting Qubits 

and Quantum Supremacy 

Quantum Computing Performance: 

Superconducting Qubits 

Recent developments in quantum 

computing using superconducting qubits 

have provided groundbreaking results. 

According to Google's 2019 Quantum 

Supremacy experiment, their Sycamore 

quantum processor—which uses 

superconducting qubits—successfully 

completed a complex computational task in 

200 seconds that would take the most 

advanced classical supercomputer 

approximately 10,000 years to solve. 

• Data on Quantum Performance: 

➢ The Sycamore processor solved a 

random number generation 

problem, achieving quantum 

supremacy by demonstrating the 

ability to perform a task beyond the 

capabilities of classical computers. 

➢ The error rate in superconducting 

qubits remains a significant 

challenge, with quantum error 

correction still being developed to 

enhance the reliability of quantum 

computations. 

Advancements in Qubit Coherence Time 

One critical aspect of superconducting 

qubit performance is coherence time, which 

measures how long qubits can maintain 

their quantum state before decoherence 

occurs. Recent research has shown that the 

coherence time of superconducting qubits 

has improved significantly: 

• Coherence Times: The coherence time 

of superconducting qubits has 

increased from 50 microseconds (in 

2015) to over 200 microseconds in 

more recent processors. 

These improvements suggest that 

superconducting qubits are becoming more 

reliable for practical quantum computing 

applications. 

4. Challenges and Limitations 

Despite the potential benefits of 

superconductivity in these sectors, 

significant challenges remain, particularly 

in scaling up and integrating these 

technologies into existing infrastructure. 

Below is a summary of the primary 

limitations: 

• Cost: The high cost of 

superconducting materials (such as 

yttrium barium copper oxide for HTS) 

and the maintenance of low 

temperatures for many 

superconducting applications remain 

major obstacles. Estimates suggest that 

the upfront cost of superconducting 

cables could be 10-20% higher than 

conventional cables, though long-term 

energy savings may offset these costs. 

• Cooling Requirements: For many 

superconducting applications, 

maintaining the necessary cryogenic 

temperatures (often close to -196°C) 

requires energy-intensive cooling 

systems. Although room-temperature 

superconductivity remains a promising 

area of research, it has not yet been 

achieved at a commercially viable 

scale. 

• Scalability: The scalability of 

superconducting technologies, 

especially in quantum computing, 

remains a significant hurdle. 

Researchers are working to develop 

better qubit technologies and error 

correction techniques, but current 

quantum computers are still limited to 

specific types of calculations. 

Conclusion 

Superconductivity presents enormous 

potential to revolutionize industries across 

the globe, offering solutions that could 

significantly improve energy efficiency, 

transportation speed, and computational 

power. In the energy sector, 

superconducting materials could minimize 

energy losses in power grids and enable the 

efficient storage and transmission of 

electricity. Maglev trains powered by 

superconductivity offer a futuristic vision 

of transportation, promising faster, cleaner, 
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and more energy-efficient systems. The role 

of superconductivity in quantum computing 

is also pivotal, as it enables the creation of 

qubits for quantum processors that could 

solve problems unimaginable for classical 

computers. 

However, several challenges remain. The 

cost of superconducting materials and the 

need for cryogenic cooling are major 

barriers to the large-scale adoption of 

superconductivity. Additionally, there are 

technical hurdles in scaling up quantum 

systems to practical, usable computers. 

Despite these challenges, ongoing research 

into room-temperature superconductors 

and advancements in cryogenic 

technologies hold the potential to overcome 

these obstacles and unlock the full potential 

of superconductivity. 

In conclusion, superconductivity is on the 

brink of reshaping key industries. As 

material science advances and new 

technologies emerge, superconducting 

systems may become a staple of the modern 

technological landscape, driving progress 

in energy sustainability, transportation 

efficiency, and computational 

breakthroughs. The next decade will likely 

be critical in determining whether the full 

promise of superconductivity can be 

realized. 
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