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Present and Potential Problems of
il Energy Technology: Aging Infrastructure

* For the global power sector, $16.4 trillion of investment
will be made; transmission and distribution is expected to
account for S7 trillion 2014-2035 (in 2012 USS).[i]

e The Edison Electric Institute estimated that the total
infrastructure investment in the US will be between $1.5
and S2.0 trillion; transmission .
and distribution is expected to account

for about $900 billion by 2030.[ii] smicion. [P
e HTS based devices have the potential R
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/WEI02014.pdf

iea e [ii] Edison Electric Institute. “Transforming America’s Power Industry: The Investment Challenge 2010-2030.”
Em:rw’ November 2008.

Retwork " http://www.eei.org/ourissues/finance/Documents/Transforming_Americas_Power_Industry Exec_Summary.pdf.
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Example: 6 years electric power consumption
increase in China is double the total one in Japan

e “Key World Energy Statistics 2016” in IEA - Free publications
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C iea e HTS Technology will contributes to reduce this trend.
Eﬂﬂlﬂ-l.'"

Technology
Hetwork
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About the [EA HTS
I Technology Collaboration Program

* Brings together government and funding Agencies
representatives, researchers, equipment manufacturers
and utility end-users to address common interests.

e Participants sponsor studies, workshops, exchange
information, introduce their research facilities to other
participants and guide the assessments.

e Participants also ask experts from their countries to
provide input and to peer-review draft reports.

e Strategic documents, minutes of meetings, and workshop
presentations are published on the website.

iea

Ennlﬁ?)TﬂthnnlnﬂH
Hetwork
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Contracting Party Information

Italy
Canada Dr. Luciano Martini - Chairman
Julian Cave Ph.D Executive Committee
Hydro Quebec, Institut de recherche I*I RSE S.p.A . l
Dr. Michele de Nigris
RSE S.p.A
Finland i
Prof. Risto Mikkonen ‘Japan
Tampere University of Technology + Mr. Susumu Kinoshita
Dr. Antti Stenvall NEDO .
Tampere University of Technology Prof. Hiroyuki Ohsaki - Vice-Chairman
University of Tokyo
Germany
Tabea Arndt, Ph.D - Korea
Siemens AG Mr. Si-Dol Hwang @’.‘3\
Prof. Dr. Mathias Noe Korea Electric Power Research Institute N
ITP Karlsruhe Institute of Technology Prof. Gye-Won Hong
Korea Polytechnic University
Israel E— )
Prof. Guy Deutscher i Switzerland
Tel Aviv University Dr. Bertrand Dutoit
Dr. Yoel Cohen Ecole Polytechnique Fédérale de Lausanne n
Ministry of National Infrastructures Mr. Roland Bruniger
. Swiss Federal Office of Energy
Sponsor Contact Information _
Dr. Klaus Schlenga United States
Bruker HTS GmbH Ms. Debbie Haught
Dr. Giovanni Grasso U.S. Department of Energy
Columbus Superconductor Dr. Dominic Lee
Oak Ridge National Lab
. . \
. .'Operatlng Agent Information I
’lea I Brian Marchionini Yutaka Yamada :
e — — — Neo Japanese Green Energy Laboratory (Japan)_ _ _ _ .,
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IEA HTS TCP Main activities

B8 . Technical discussions and outreach (e.g. Exco meeting and HTS
Roadmap)

e Share policy and technical information among TCP participants

 Develop website content with technical
and policy information

e Stay current with HTS interest groups
and |EA activities

e Organize technical Workshops
e Support in promoting TCP visibility

e Coordination with other IEA groups
such as ISGAN

2015 Annual Report

IEA Techno ogy Col sboration Program
on High :

‘ Eneraw| ihnotaay

e Survey of present energy technology problems and HTS
. solutions -  HTS Road Map
1€d Define trends for world-wide energy R&D

En i:lill-"’TEtrlnnlﬂﬂh'
Hetwork
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clarify HTS solutions

e QOutlines challenges and needs.

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

e The analysis conducted was based
on the best data available at the time;
it’s intended to be updated
in another year.

iea

Technology
etwork

BR CONDUCTIVITY IEA HTS TCP, Paris, March 20th 2017

Roadmap Purpose : To depict gap and barrier and to

e 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.

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

High Temperature Superconductivity
A Roadmap for the
Electric Power Sector

" (Niea B o o

.!._‘



Superconductivity has Broad Applications in
I Energy Technology

§88l * Focus of Roadmap
N e HTS Wire
e Cables

e Fault current limiters Fleen

Power |
e Generators

e SMES
* Transformers

Temperature |
Superconductl\ﬂty

Scientific

Research
< 1€d _
Energ I."HTGI‘.I'II-'l'ﬂkI ogy

J?8R CONDUCTIVITY IEA HTS TCP, Paris, March 20t 2017




! Benefits of HTS Power Applications

§ * Unique features of HTS

e Highest engineering current densities

e Zero DC resistance even at high magnetic fields
e Fast transition from zero to high resistivity

* Impact on Power Applications
* Improved energy efficiency
* Higher power density
 New technologies (e.g. FCL)
e Higher power quality
e Environmentally friendly

e Superior parameters and complete new systems
are possible

-~ QONDUCTIVITY IEA HTS TCP, Paris, March 20t 2017



Example: HTS Wire

e Gap, Barrier and Solutions
(TCP survey and discussion +Road Map)

Configuration of SuperPower® 2G HTS Wire

Copper Stabilizer

Silver Overlayer

‘ Energy j;:grﬂ'uny

IEA HTS TCP, Paris, March 20t 2017 10



Price and Capacity for HTS Wire
“““
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Coated Conductor Manufacturers 2016

e there are several established companies that offers wire quotes
e the range of specifications is increasing

deutsche

- Ranoschicnt Bgaggﬂ Slfp 27!

S /’, Ji g
g S
% ol

17 JS Tl

(W% | etOx Syl %g:;“;}’ﬁ?/

L7

SOz A
-4 ¥ - £
i;./: DN S

(7 LEBSRERHERAS

' ¥ o J Shanghai Superconductor Technology Co, Ltd.

) Shanghai Creative Superconductor Technologies Co., Lid.

THE\/A SUNAN F Fujikura ”

&

mm)]-ea * theissue is cost and mass manufacturing at industrial scale

Technology

Hetwork
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Example: HTS Cable

* Cost of wire, cooling system and system

& AMPACTY Pilot Project of RWE Deutschland

* Long term reliability

Technical Specification “AmpaCity”
1km distance between substations
10 kV system voltage
2.3 kA operating current (40 MVA)

e RWE AmpaCity (10kV Cable)

Cooling system (in substation Herkules)

> Cryogemc technology for the HTS cable system and the fault current limiter ; i
Liquid nitrogen (LIN) is circulated as a coolant in a closed system ; i D s e Lt 137202 G
= no release of LIN " e e ]
» LIN is cooled down in sub cooler (-206 °C)
+ LIN evaporates at 150 mbar(a)
(produced by vacuum pumps)
+ Temperatur of LIN drops to -209°C

(expansion via expansion valve)

pressure
build-up
cireulation [
pump

Energy j;:grﬂ'uny

HTS cable

B VbR CONDUCTIVITY IEA HTS TCP, Paris, March 20t 2017 13



Cable — State-of-the-Art 2016

e KEPCO Jeju (154kV Cable)

HTS Cable System V00

Demonstration in actual grid: Started from March, 2016
- World’ longest (1lkm-cct) and highest voltage (AC154kV) in HV level

= Grid connection = System component
+ Jinde C/S
West Jeju C/S
Hallim C/C h
. | 154kY West Jeju-Halim C/C T ﬁ 154k Wiest beju-sundeck TA
Superconducting
Power System
Center
£HTS AC 1540V ¢
H;"l‘l;_m 154k Gumak-Hallim T/L (Lkm, 2018) § 15ty andost Gk 1L Cable [1km-cct]
TV B0 Pl Garmak 111 i o
i 2014 : ' -
|
Hallim €/5 Gumak C/5 Andeoks/S e
240 meter HTS cable LN
_ Normal Joint (6sets) Closed-loop by applying
L IJO—IIItI :: Turbo Brayton
:: refrigerator
Supply " —
Cooli Trans " 2/%e LS
n
s;s':e';f 154/66 kV n
Site house _L_ = "
office n
Monitoring] o "
house Existing
Terminations 66 kV XLPE cable
. L. i
Existin H
' & : TEPCO Asahi (66kV Cable)
66 kV bus line {

En Elﬂ?’iﬁlﬂﬂﬂh‘
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@® Distribution <60 kV, Bl Transmission >60 kV

 We are now at “Initial Market Penetration Stage”

‘ Energy iﬁl‘gﬂﬂr

IEA HTS TCP, Paris, March 20t 2017 15




§ HTS Cables — Future Directions

§ » Applications

 More real application studies with utilities
e Long term grid application

e Towards higher voltages

e More DC applications

e Technology
e Lower system cost and less maintenance
e Lower AC and cryostat loss
e R&D on high voltage issues

- g -‘TGONDH.CT,-!XI..IV IEA HTS TCP, Paris, March 20t 2017
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Example: SFCL

e Cost of cooling system, HTS wire, HTS coil, and reliability at
faulting events (for hlgh voltage)

Nexans Siemens :“’*" a2a & SE

-fm ¥ Reti Elettriche

RSE The Italian SFCL Project {3 jaz2a
\nstallanon swte at A2A e g

A - Presen it SFCL Installation site - Phase | (2009-2014)
B - Future SFCL upgrade - Phase Il (2013-2016}

'''''''

[Total amount of Working days |
. nancs (RO *oNs
Resistive type, YBCO Resistive type, YBCO Resistive type, Bi, YBCO
12 kV, 1600 A 12 kV, 815 A 9 kV, 250 A(Bi), L000A(Y)
Installed 11/2015 Installed 3/2016 Bi 2.4years tested in 2014

Y tested in 2016

nergyf Technology
Hetwork

C - e TRL Level 8 - svystem domplete and aualified
: lea 7 1 1

owpucnvm IEA HTS TCP, Paris, March 20t 2017 17




| SFCLs — Future Directions

§ » Applications

e More commercial applications
* More field operational experience
 More diversity in applications

e Technology
e System improvement

 Demonstrators and prototypes for new types
and higher voltages

e DC Limiters

B VPR CONDUCTIVITY IEA HTS TCP, Paris, March 20t 2017
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Present Status (2016)

 TRL (Technology Readiness Level)

Number of projects or
demonstrations (arbitrary unit)

>

Basic Technology Smallscale | Largescale | Prototype
C iea research | formulation | research prototype | prototype system
Enerayv/ Technology

Network

SUPER CONDUCTIVITY IEA HTS TCP, Paris, March 20t 2017 19




Summary of Gap and Barrier for HTS
§ Applications which are being solved.

HTS Wire Cost, Capacity

Cables Cost of wire and cooling system, Low AC loss
Long term reliability in a power grid, High voltage

Fault current  Cost of system including cooling system, HTS coil (fabrication),
limiters Reliability at faulting event, High voltage

Generators Cost of HTS wire and coill,
Reliability at coil quenching,
Long term reliability for cooling system at rotating state

SMES Cost of HTS wire and caoil,
Low loss and Reliability at switching,
Long term reliability

Transformers Low cost, high reliability, comparable to conventional one

‘ Entlﬂ?)TiEElgﬂﬂﬂ

SSVPER CONDUCTIVITY IEA HTS TCP, Paris, March 20t 2017 20
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Challenges and needs
8l Common to all device

Economics. Cost of
wire, devices

Fabrication Process
Control (QA/QC)

Long term reliability

EﬂtlI?)TiﬂgﬂﬂﬂH

S

»
»

»

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

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

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

ffCONDggT,I_YI‘..TY IEA HTS TCP, Paris, March 20t 2017




I More information:

§ » Download the Roadmap executive summary:
www.ieahts.org

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

& ° Yutaka Yamada, IEA HTS Operating Agent

yamadayu@shibaura-it.ac.jp

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

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

SR coNDuCTIVITY IEA HTS TCP, Paris, March 20th 2017
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Please visit:

e wwWWw.ieahts.org

|| Superconductivity Home  AboutUs  Superconductivity Primer  Technologies  Publications  ContactUs Q)

Brconduntiu'lﬂl

A Roadmap for 20 The HTS TCP recently published

glectric PO

. a new Roadmap for the Electric
' X Power Sector.

WHAT'S NEW SUPERCONDUCTIVITY PROJECTS

= Collaboration with other [EATCPs
= HTS Roadmap Summarny
Learn how the HTS TCP is fostering the young

generation of scientists

Learn Mare

= |nterested in Membership?
Events
= 30jan-1
= We are or
Superconductivity Conference
= |EEE C5C Events Calendar

Links Learn More

= Related HTS websites

FOR MORE INFORMATION

En l:lﬂ-?"l'iﬁgl‘éﬂﬂ!
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World Projects at a Glance

e Technical monitoring of HTS projects:
e Covers EU, US, Korea, Japan, China, Russia, ...
e Focus is on electric power projects
e Updated periodically

Thank you for your attention !
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