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Sticky Note
The mission of the International Energy Agency’s Technology Collaboration Program on High-Temperature Superconductivity (HTS TCP) is to evaluate the status and assess the prospects for future use of HTS by the electric power sector within the developed and developing world and to disseminate these results to decision makers in government, the private sector, and the research and development community. This presentation summarizes the results from a HTS Roadmap for the Electric Power Sector sponsored by the TCP.
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Roadmap Purpose

 Paints a picture of where the HTS industry is at 
present and what steps it should take to promote 
widespread adoption of HTS based devices. 

 Outlines challenges and needs.

 Provides members of executive committee 
with info to help inform management in 
government and industry for future HTS R&D.

 Does not make predictions about 
the future nor identify specific 
organizations to tackle problems. 

The analysis conducted was based on the 

best data available at the time; it’s intended 

to be updated in another year.
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The roadmap document outlines challenges and needs for HTS technologies – wire, cables, fault current limiters, transformers, generators, and SMES.Data was collected from more than 85 experts from 10 countries. We tried to the best of our ability to get a cross section of respondents from across the world using several data collection methodologies. In some cases, in‐person and telephone interviews were conducted to gather additional information from the respondents. The survey was sent directly to experts in the field and also distributed through the Superconductivity News Forum (SNF) http://snf.ieeecsc.org, which reaches about eight thousand superconductivity specialists around the world. Data were also collected from various meetings across the globe including Applied Superconductivity Conference in Charlotte, NC, USA in August 2014; The IEA IA HTS Executive Committee meetings in Milan, Italy in June 2014 and Jeju Korea in December 2014; and the 27th International Symposium on Superconductivity (ISS) November 2014. Data were also collected from publically available websites and other published journals.   After collecting the data, it was analyzed and summarized in the Roadmap document.
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Superconductivity has Broad 
Applications

Focus of Roadmap

• HTS Wire 

• Cables

• Fault current limiters

• Generators

• SMES

• Transformers
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Superconducting applications span a broad range of sectors in the world’s economy as shown in the slide. However, the scope of this roadmap focused on applications for electric power systems. There are still important partners and product development underway in the LTS arena. In addition to the core components of HTS conductor and cryogenic systems, electric power devices include: cables, fault current limiters, generators, SMES, and transformers.



© 2016 

Aging Infrastructure

 For the global power sector, $16.4 trillion of 
investment will be made; transmission and 
distribution is expected to account for $7 trillion 
2014-2035 (in 2012 US$).[i]

 The Edison Electric Institute estimated that the total 
infrastructure investment in the US will be between 
$1.5 and $2.0 trillion; transmission 
and distribution is expected to account 
for about $900 billion by 2030.[ii]

 HTS based devices have the potential 
to play a critical role in helping to 
transform the global transmission 
and distribution grid.

[i] “Cumulative global power sector investment by type and selected region in the New Policies Scenario, 2014-2035” from IEA, “World Energy 

Investment Outlook – Special Report”, OECD/IEA, 2014. https://www.iea.org/publications/freepublications/publication/WEIO2014.pdf
[ii] Edison Electric Institute. “Transforming America’s Power Industry: The Investment Challenge 2010-2030.” November 2008. 
http://www.eei.org/ourissues/finance/Documents/Transforming_Americas_Power_Industry_Exec_Summary.pdf.
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The International Energy Agency’s (IEA) World Energy Outlook 2014 states the energy system is under stress now and there is a continued rise in global greenhouse‐gas emissions in many of the world’s fast‐growing economies. Global energy demand will increase by 37% by 2040 and carbon dioxide (CO2) emissions grow by 20%. The power sector is leading the transformation of global energy and contributes more than any other to the reduction in the CO2 emission. It is forecast that 7200 GW of capacity is needed to meet increasing global electricity demand. Many power plants are due to retire by 2040 (around 40% of the current fleet). Similarly, the strong growth of renewables such as wind power raises their share in global power generation to one‐third by 2040 because of its low carbon emissions.   These profound changes affecting the electric power sector offer an unprecedented opportunity to transform the future grid.  The data in the slide shows the expected investment needed on the T&D system.  There is a lot of potential for HTS based devices to help transform the grid.  So why isn’t it happening; what should be done in the future to help ensure it is a top choice for grid modernization?  The next slide will explore some of the key issues.
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Challenges

Outreach. Utilities and regulatory 
community are generally unaware of 
HTS applications & benefits.

Targeted communications and 
outreach on system benefits; 
regulatory structures could be 
modified to better incentivize HTS. 

Economics. The cost associated with 
manufacturing HTS wire is several 
times more expensive than copper.

Long term reliability. Data are not 
available that proves undiminished 
product-performance HTS 
components life time over 30 years.

Because of the unique attributes of 
HTS devices, a system cost analysis 
should be conducted. 

Accelerated lifetime testing is 
essential to confirm reliability and 
guide product improvements

Process control. There is a general 
lack of manufacturing knowledge in 
producing HTS wires over kilometer 
lengths.

QA/QC and process control tools that 
can meet the requirements of high-
yield manufacturing in high volume.

Needs
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These challenges and needs are general to the HTS devices and not necessarily specific to any one device in particular.There are more specific technical challenges for each of the HTS based electric power devices.



© 2016 

R&D Needs for Cables

 Reduced cost of wire and cooling system, (e.g., 
lower capital expenditures) 

 Improved cooling system characteristics such as 
COP, reduced operating expenditures, cooling 
power, reliability, and maintenance downtime

 AC loss reduction

 Overcoming electric insulation issues and 
withstand and impulse voltage problems

 Improved total reliability that enables a “fail 
free” system and easy operation 
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For all the HTS based devices covered in the roadmap, there is a R&D needs section. This slide covers examples from cables.
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Price and Capacity for HTS Wire 
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The Roadmap also collected data on what the price and capacity of HTS wire is today and could potentially be in the future.  This was done for YBCO, Bi2223 and MgB2.  Each of the dots/squares/triangles indicates a respondent’s idea of where the price and capacity is today and will be in the future.The currency exchange rate was as of May 2015.In the tables, Ic values for the price unit in kAm are for 77 K and self-field for Bi2223 and YBCO, and for 20 K and 1—2 T for MgB2.
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Stages of Market Maturity Cable

Stages of Market Maturity Today 2020 2025 2030

Widespread market 
maturity

● ● ●

■ ■ ■

● ● ●

■ ■ ■

Mass production
● ●

■ ■ ■

● ● ●

■ ■ ■
■

Initial market penetration
● ●

■

● ●

■ ■ ■

●

■ ■

●

■

Demonstration in the field
● ● ●

■ ■ ■

■ ■ ■
● ●

Research and development ●

● Distribution <60 kV,■ Transmission >60 kV
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This slide shows respondents feedback on when they think market maturity will occur for HTS cables.  Each of the circles corresponds to one respondent’s thoughts on where distribution level.The red squares indicate where transmission level. Widespread market maturity could be expected around 2025 to 2030.Additional data not shown in the graphic indicate that the future target length is greater than 5 km while the today’s longest cable is the Ampacity project in Germany at 1 km.
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TRL (Technology Readiness Level)
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This slide is a depiction  of Technology Readiness Levels (TRL) levels for the various technologies.  Closer to the right is more advanced and closer to commercial applications.The Y axis is a relative scale of the number of projects for each of the grid technologies.SFCL: TRL Level 6-8. Superconducting FCLs are the farthest along this TRL continuum. Some companies (Nexans and Applied Materials) are deploying several SFCL devices. These devices are not only in the EU and US, but also in an emerging area such as Thailand.Cable: TRL Level 6-7. HTS cables are also being demonstrated worldwide through national or regional projects, but with government subsidies. These projects are aiming to show long term reliability and ability to solve real world grid problems. HTS cables are fairly far along the pathway, but still haven’t energized a commercial application without government subsidies.Generator: TRL Level 3.5-6. Using Bi2223 wire, a large motor (technologically similar to generator) over 30MW was demonstrated in the US and a few megawatt machines have been tested elsewhere. At present, the field coil of YBCO or MgB2 wires and the cooling system (core technologies) are being studied for the wind turbine generator, while the design study for the whole system has been well studied in many institutes. SMES: TRL Level 3.5-5.5. An LTS SMES device is working in a real factory for voltage drop compensation and was also tested in the grid. For HTS, now large YBCO coils (core device of SMES) are being studied for higher field (that is compact SMES) and low cost system. Transformer: TRL Level 3-4. A few transformers components have been fabricated using YBCO wires. The cost issue, however, is the most considerable obstacle, compared to the conventional reliable and inexpensive transformer, to proceed to the next level.
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So Where Do We Go From Here?
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There is saying that “A rising tide lifts all boats”.  Under the auspices of the IEA, our HTS collaborative program hopes that stakeholders across the world can work together and exchange information, collaborate on projects, and work to provide effective communications to a range of stakeholders. The IEA HTS TCP is a convening mechanism with the support of IEA that strives to support the entire HTS industry.These types of collaborative efforts are what is meant by lifting all boats.  These efforts can help to advance the entire industry.  There is, of course, competition and not every project is going to benefit every company.  However, the industry should strive to find commonalities, and new partnerships, if possible. We will need your help in making updates to the next roadmap.  For instance, what type of information would be useful to know in a next version of the roadmap?  If you are willing to provide information as input to the roadmap then please contact us. (see next slide for contact info)
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For More Information

 Download the Roadmap executive summary: 
www.ieahts.org

 Brian Marchionini, IEA HTS Operating Agent 
bmarchionini@energetics.com

 Yutaka Yamada, IEA HTS Operating Agent 
yamadayu@shibaura-it.ac.jp

 Luciano Martini, IEA HTS ExCo Chairman 
Luciano.Martini@rse-web.it

 Hiroyuki Ohsaki, IEA HTS ExCo Co-Chairman
OHSAKI@k.u-tokyo.ac.jp
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