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>"100 years of superconduictivity
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| have a dream!

e Electricity transport at
long distances without
losses
e Generate high
magnetic fields (10 T at
that time). Can we
jumptothe 40 -50T
__: | A magnets?
< Onnes (1o11) e - Massive electrical
energy storage ?
Are we close to Onne’'s dreams?
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Presentation Notes
The dream of using superconductivity to generate very high magnetic fields and to manage and transport electricity has more than 100 years!

http://www.icmab.es/icmab/
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"A new electrical energy paradigm
ICMAB

The Energy Future: new paradigm
- Change in Energy Production

- Increase in Electricity Generation
- Increase in Renewables

CSIC

Will result in

- More energy exchange and transport
- More energy storage

- More flexible generation

- Demand for new solutions

What could be the benefit, the application and the future of HTS energy applications?

Is superconductivity a solution to a problem? Are we ready?
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Presentation Notes
21st century will see a new energy paradigm and the established requirements for the electrical system provide a unique opportunity for superconductivity

http://www.icmab.es/icmab/
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‘ u raper based on this presentation was published by Superconductor Science & Technology (SuST, IOP) 27, No. 4, 044003 (2014).

Superconductivity: a timely opportunity?

ICMAB CSIC

* Where our electrical system requires the use of
superconductivity ?

» Real advantages versus other technologies? Where are we
essential?

e Are we ready?. Right materials and a reliable engineering?

 What can we achieve with the existing materials and
technologies? How far are we from the required cost /
performance ratio?

* Do we still need new materials? What performances would
make real breakthroughs?
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The questions we shall put ourselves now is: Are we ready?, Do we have the required performances?, Can we produce conductors at an affordable cost? Have we already developed a reliable electrical engineering? 

http://www.icmab.es/icmab/

Paper based on this prgsentation was published by Superconductgr Science & Teg ghnology (SuST, IOP) 27, No. 4, 044003 (2014).
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systems with new functionalities CSIC

* Highest current densities without (dc) or reduced losses (ac)
 High magnetic fields can be generated
Reduced Weight/Volume "= Higher Power Densities
Reduction of Losses =) Better Efficiencies

Optimization of Conventional Systems Novel Applications

| | N |
Cable Trans-former Motor Flywheel Sc. Magn. Fault Current
Generator Energy Limiter
Storage

(SMES)
- Siemens

Higher Power Energy Savings Volume, Weight Energy Density Availability Novel Power 6Grids
Density Life Energy Savings  Energy Savings Savings of Savings of
Retrofit Safety soppn  Safety Ressources Ressources

Courtesy of H.C. Freyhardt Power Quality
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Presentation Notes
Several types of power systems are envisaged to be produced out of HTS CC‘s. Some of them optimize conventional systems while others are novel concepts which do not exist in classical systems. Flywheel is based on bulk HTS textured ceramics. In all cases enhanced efficiencies and higher power densities are achieved.
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Presentation Notes
There’s actually a very long way from the physics of superconductors to a real implementation of power systems based on them. It is necessary to properly consider the corresponding issues, requirements and dynamics associated to academic discovery, industrial development and implementation for final users.
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e Charging of CuO, squares: screening length similar to interatomic distances

e Supercurrents flow through regions between distorted regions

e Conductors rely on current percolation through grain boundaries

S. Graser, P.J. Hirschfeld, et al;"Nature Physics 6, 609 (2010)
F. A. Wolf et al, Phys. Rev. Lett. 108,117002(2012)
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Presentation Notes
The grain boundary problem appears to be a fundamental one in HTS materials. A fundamental understanding now exists of the electronic structure of the actual grain boundaries and how this influences to supercurrent transport.

http://www.icmab.es/icmab/
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Control of vortex motion — Nanometric defects ~ & (nm) 52§

Intrinsic upper limit of Irreversibility line: loss of vortex line tension
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\Vortex Lattice

Meissner State

Temperature

T
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\L Double Kink excitation
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U Hy = A% 7 L[ HaM)—H
477 K A\ H,(T)

—

Energy cost of deformation at
different H

U(T,H)=KT

Maximal excitation of a bulge

H,(T) = H, (M- (g/ At-1) 7]

J. Figueras, X. Obradors et al., Nature Physics 2, 402 (2006)
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HTS has fundamentally modified our knowledge of vortex physics. Many new concepts were necessary to understand HTS type II superconductors. The magnetic phase diagram is now much more complex and many phases are identified which finally influence very deeply the transport properties of HTS materials. 
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Metallic Metallic
Ti (Sn etc.) MgB, / Fe based

Oxide

e s { I. y - :;: .‘:‘ A /C
Bi2223 2 N\
REBCO

Bi2212 ’ Buffers \

CSIC

Only a few materials allows wire manufacturing !

Courtesy of T. lzumi
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Only a few materials can be practically transformed into wires.
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Presentation Notes
The Irreversibility line is the upper practical limit to use HTS as conductors. REBCO is the material which heavily expands the regions of the B – T magnetic phase diagram where practical conductors can be in principle used. A very broad region of magnetic fields and temperatures should be made practically useful now. There are three regions of the phase diagram where we are quite close to the required performances and so they will be probably the first ones where practical applications will appear. The feasible cooling approaches are completely different in those three areas: liquid He, cryocoolers and liquid N2.
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Irreversibility Field (T)

"Condtictors at ultrahigh fields and 16w temperatures
csic

20 4.2 K
Several HTS
100 conductors can be
20 N suitable for
\ : :
N ultrahigh field
60 . YBCO (1) magnets
Bi-2212 RW Y4
\
40 Nb,Sn » YBCO has the
20 Nb-Ti highest J.
Bi-2223 (L)

0 -~ Bi2212 round wire
0 20 40 60 80 Is also very
Temperature (K) appealing

Courtesy of D. Larbalestier

32 T magnet at
Tallahassee
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Ultrahigh field magnets working at liquid He temperature are being demonstrated based both on YBCO CC’s and Bi-2212 round wires. DC magnets close to 40 T are at sight. 

http://www.icmab.es/icmab/
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At high temperatures and magnetic fields only REBCO-based CC’s are useful conductors. The first breakthrough was made possible by novel methodologies to achieve biaxially textured conductors where only low angle grain boundaries persist. The second strong push of CC’s was associated to a new breakthrough: a methodology allowing to produce nanocomposite CC’s where artificial pinning centers at the nanoscale were developed.

http://www.icmab.es/icmab/
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A practical metric of the progress in CC’s industrial development is using the product Ic x L at 77 K and self-field, i.e. the total critical current Ic multiplied by the total length of the tape. A huge progress has been made in 10 years of CC’s development.
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26 years after the discovery of HTS ....we are ready !
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YBa,Cu,0, , is able to push all the power applications up to the present limits
Lenght, allowed cost and required performances strongly differ (~1 km to 300 km)
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Power applications and magnets are made feasible at different temperatures because the magnetic field at which the corresponding conductors strongly differ. In this magnetic phase diagram the Irreversibility Line of YBCO is indicated and it is shown how this line determines the regions where the different systems might achieve the required performances with the existing CC’s. All these systems are now feasible within the indicated regions (still quite broad) with the existing materials. It should be also reminded that the necessary CC lengths actually strongly differ in each application.
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Europe has a strong activity in the field of CC’s and the new European-funded project EUROTAPES is generating a strong synergy among academic and industrial partners.

http://www.icmab.es/icmab/
http://www.ifw-dresden.de/
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Partners from all around Europe are involved in CC development programs, particularly EUROTAPES.
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YBCO COATED CONDUCTORS: EPITAXIAL
°
ICMAB csIC

Buffer layers

RABITS textured
substrate

IBAD textured
buffer layer

Buffer layer

BCO

PENAVDI
Vq‘?&gﬁ“a‘;‘:\
KNI TR

U SSRAR A

Polycrystalline metallic tape
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Nanostructure control on km length materials: very close to real
power applications
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A CC consists on a metallic substrate where a biaxially textured REBCO coating is grown. Mainly two different approaches are presently used to develop biaxial texture: a polycrystalline substrate with an oxide template textured by an Ion Beam Assisted Deposition (IBAD) approach or a textured metallic substrate prepared through a thermo-mechanical process (Rolling Assisted Biaxial Texture, RABiT). Several oxide buffer layers are usually necessary to complete the CC architecture.  

http://www.icmab.es/icmab/
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ATED CONDUCTORS: EPITAXIAL
ARCHITECTURE esie
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Nanoengineering of the
vortex landscape defines
the properies

Cap layer : Ag thickness = 0.2 - 0.5 um

SC layer : YBCO ~ 1.0 -2.0 um

Buffer layers : CeO, , YSZ, STO,...~ 0.1 pm

Metallic substrate: RABIiTS Ni, SS-
IBAD, thickness ~ 80 um

Grain boundaries should
not be an issue

Nanostructure control on km length materials: very close to real

18 of 72

power applications
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Typical architecture of a CC.

http://www.icmab.es/icmab/
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Presentation Notes
A real CC is a complex assembly of a multilayered material where many parameters have a strong influence on the final superconducting performance. All these characteristics need to be properly handled with the final goal of achieving a low cost and long length conductors. Both, chemical and physical – based methodologies can be used to prepare the different layers. In the scope of EUROTAPES, Chemical Solution Deposition (CSD) and Pulsed Laser Deposition (PLD) are considered.

http://www.icmab.es/icmab/
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CC’s are very challenging materials where a wide spread of knowledge in many areas need to be combined. It becomes essential to create synergetic actions with a strong interdisciplinary character. It was never before developed such a type of epitaxial, multilayered material where a control of the nanostructure is required in lengths in the range of km. 
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eurotopes r
Self — field J, o0 J csic

ForT—>0, J°/l,~0.2
At 77 K, )56/1,~ 0.1

~ 62 MA/cm?
) 57 (77K)<6-7 MA/cm?
J,(77K)~70 MA/cm?

20 40 60 &0
T [K]

*Theoretical limit for self-field J_: depairing current density
e Can we multiply by 5 the self-field J_ (77K)?
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Presentation Notes
There is a theoretical upper physical limit for the critical current density: the depairing current density. This limit is still well above the present typical best performances, therefore there is plenty of room for improvement.

http://www.icmab.es/icmab/
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* Increase of I_through J_ and thickness enhancement
e Reduce the magnetic field dependence J (H): vortex pinning
e Practical processes to achieve high I (H) values
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In practical power systems, the important parameter is the total critical current at a given temperature and magnetic field. Here again there is plenty of room for improvement based on several parameters: enhanced SC film thickness in CC’s, improved vortex pinning leading to smoothed magnetic field dependence of the critical current density.

http://www.icmab.es/icmab/
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Practical conductors, in addition to maximized Ic need to fulfill other physical requirements, such as a high mechanical strength due to the large associated forces under working conditions and also, when ac conditions are used, the ac losses need to be minimized. On top of all these requirements it appears necessary to keep a low cost/performance ratio.

http://www.icmab.es/icmab/
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cost/performance ratio (similar needs in photovoltaic industry)
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There exists an urgent need to simplify the CC architectures being used at present in all the existing practical manufacturing methodologies. This fact would help to reduce the manufacturing cost, enhance the manufacturing throughput and keep a high yield due to the simplified processes.
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The partnership of EUROTAPES covers all the important steps and approaches to develop the most promising approaches to CC’s. The best combinations of physical and chemical deposition methods will be explored based on two types of substrates.
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=  Metallic substrates with reduced ac —losses and lower cost ABAD templates
= Simplified architectures and cost effective CC

= Engineered nanocomposite CC (CSD, PLD) for high fields (3-10T, 60K) and
ultrahigh fields (>20T, 5K).

= Eco-friendly chemical and colloidal solutions for nanocomposite CC’s
= New round wire low cost and low ac losses

= Multifilamentary striated conductors at low cost and low ac losses

= High throughput processing with high yield and performance

= Development of in-situ monitoring tools for process scalability

= Demonstrate (+500 m) manufacturing

Ag/Cu coating Ag/Cu coating joint
CSD-YBCO PLD/CSD-YBCO
CSD-Ce0, PLD/CSD-Ce0,PE
CSD-PY/PE IBAD/ABAD-YSZ/TiN
Ni/Cu clad-RABIiT™ Polycrys. SS/SDP
Low cost Medium cost Round wire 5, .., Roundwire

Small diameter Large diameter
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Well defined objectives have been established based on different architectures adapted to specific applications and performances.

http://www.icmab.es/icmab/

@ M 1EEE/CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), October 2013
2 sed on this presentation was [)Eﬁ)ﬁﬁT Elelp&E,glogy (SuBIQP) 27, N0f@4003 (2014).
L j

eurotapes

ICMAB
100 T ———rrrry ;
i Transformers
e '
[ I
60 i_ _ FCL _ :
<
: 40 t Motors i
generators
20 i
0.01 0.1 1 10 100
B(T)
TARGETS:
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e Length :+500 m
Performance:
*For low fields (B< 1 T):
l. (77K, sf) > 400 A/lcm-w
*For ultrahigh fields (B > 15 T):
I.(5K, 15 T ) > 1000 A/cm-w
*For high fields (B ~3-5 T):
” Ome( 60 K) > 100 GN/m3
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Three regions of the magnetic phase diagram are being targeted covering the most attractive applications.
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Ag/Au protection layer (0.1-3 um)

YBCO (1-3 pm
ABAD 4omm y YSZ/SS CeO2 buffer (—0.05 pm)
(4Amm/12mm also available) YSZ buffer (1.5 um)

|

)

Cu-envelope, 20 pm SS substrate (50-100 pm)

Targets:

Substrate 8 => 150 m/hour
polishing

ABAD 4 == 35 m/hour
width 12 == 40 mm
length 100 == 500 m

. _ __ o

OXOLUTIA by
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Towards cost reduction :

Solution Deposition Planarization (SDP) process to substitute mechanical polishing
28 of 72 Bruker HTS
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Alternating Beam Assisted Deposition is the choice of Bruker for biaxially textured templates. SDP is being analyzed as a route to decrease the cost.

http://www.icmab.es/icmab/

C/) CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global editioJ
apey based on this presentation was published by Superconductor Science &
BRUKER

ober 2013
logy (SuST, IOP) 27, No. 4, 044003 (2014). ——
‘ 5

All PLD approach:
longest CC’s Iin Europe
(~2



Presenter
Presentation Notes
The PLD approach of Bruker to CC’s is the longest length produced so far in Europe.


~ ST P e RSB for arge area

E.'Llr‘l:l —Opes
BRUKER

HTS coated conductors

- Efficiency of material transfer is about 2 times
higher as was expected

- Pulse energy of 600mJ is sufficient for 8 beams

- This indicates further increase cost efficiency
and throughput

2500

BHTS té e K ‘measureme‘nts
| p 4.2 K
2000 I T —
Bla.b < =1.8um; w=4mm
|
< 1500 N
o - BHTS
1000 |r  1=1.8um; w=4mm
Blc <
500 t ——p
\
0
0 5 10 15 20 25 30

B[T]

WR (Fujikura)
572 A/ 816 m

Bruker HTS

Highest |, achieved in 6 m long tape: 500 A/cm-w at 77K, SF
Well-reproducible I (~ 200 m): 250 Alcm-w at 77K, SF
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Very good performances have been demonstrated in CC’s grown by high rate PLD on ABAD substrates. The performances at very high magnetic field and 4.2 K is the worldwide record at present.
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Application of IBAD-TiN on stainless steel: faster alternative to YSZ-ABAD?

I

T T IIIII'H

homoepi TiN

RHEED

o e L e L e e W RS i e 3

4
(%]
=
o

=2

J.=

0,001 001 O1 1 10 100 FIB cross section
HOH T] R. Gartner et al., IEEE Trans. Appl. Supercond. 21 (2011) 2920

i“i 310f72

UNIVERSITATEA m
TEHNICA BRUKER
{ >

DIN CLUJ-NAFOCA
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TiN templates can be prepared by IBAD and they have the potential for a faster deposition than YSZ-ABAD. The CC architecture needs to be modified. This novel architecture is being explored in the scope of EUROTAPES.


waloRABITS-NiWW-stibStratea commercial product

eurotopes

Available products:

NiSat%W - evico, STANDARD melting hot rolling cold rolling recrystallisation

_ew?oj I};‘n £ .—H ,5”4 -
A B he texture fraction
S R O surface roughness
' hMVL A -
e g Lo quality, stable process A

{ V5 180 thickness, 10 mm width,

A T 10 -250 m length |
| :

Y g
’k'-_‘

e 00 T > 96% cube texture fraction = customized dimensions on request
SeNo s Sapina — status: available, pilot production

o Aeie 1* = 80 pm thickness, 10 mm width, = Ni9at%W - Research

R o S AT 1 -100 m length .

s ke LRSS 10 2 not available yet

; Ak - > 94 % cube texture fraction

Status: transfer to production soon

320f72

Spin-off from IFW- Dresden —
’ evico

The leading manufacturer of Ni-based RABIT in Europe
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RABiT NiW substrates are already commercially available for 5 %W contents. Higher W content are under development to reduce ac losses due to the decrease of the Curie temperature of the ferromagnetic substrate.
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Non-maghnetic RABIT Ni-W tapes
eurotopes

4 oo -0 - .o

Development of highly textured non-magnetic RABITS tapes T o[ NEW
N _ _ 2 2y - e -NiBW
BN o~ L A E 12+ . = e = NiBSW
I 0 V iy e I - == - NIgW
) NI gat/OW . ;—- " L p, e - -i-N:mw
J o . : b i P [ a4 s s -

2 - A
YBCO coated conductor 2 o] T, AL Lo
architecture validated by g o V. A
pulsed laser deposition 2 e v T
LN A A 0 20 40 60 80 100 120
I - 1 Mop . Step=1 jirn: Grid 351,25
Temperature [K]

: Ni-9.5 at.%\W U. Gaitzsch et al,, Scripta Mater. 62 (2010) 512

Typical J.-values:

10

substrate:
—o—STO
—2— Ni-5 at% W

Ni-RABITS 10° —o—Ni-7.5a% W
—>—Ni-9.5 at% W

I = 1 | Mapd; Step=3 ym; Grid201:1 01

Fraction of cube texture: >95% %\ 10°
Deviation from (001)[100] <
cube texture: —° 10°

m 7 T=77K

Blic
0° 62° 103 (SR(,)AOBT':'T]S;Nide bridges
R. Hithne et al., Supercond. Sci. Technol. 23 (2010) 034015 0o 2 4 6 8
H
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RABiT compositions with reduced ferromagnetic Curie temperature are being analyzed and very promising results have been already demonstrated.
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~roccc== Al|l-chemical CC’s: CSD buffer on NiW UNIVIIEEI;\\?_II_TEIT P
@ 100 nm La,Zr,0, are effective as metal difusion barrier

All chemical CC Pyrolysis atmosphere
architecture

sie)

AGENTIA HATIOMALE

Full elimination of organic components with an

air pyrolysis in a single coat of 100 nm
/

T 350 °C
Air
pyrolisis 1050 °C
ArH,
crystallization

34 0f 72

Roughness R, = 3.5 nm (2x2.m) Good texture
(6.5 with standard annealing)
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Achieving “all chemical” CC’s based on RABiT substrates is a strategic choice in Europe. Several architectures and buffer layers are being explored and modified processing methodologies are being investigated.
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- All-chemical CC’s: CSD buffer on NiW ugs

IVERSITEIT :
GENT AGENZIA NAZIOMALE

PER LE NUOVE TECNOLOGIE, LENERGLA

Effect of annealing temperature
(980°C-1060°C)- optimum for 1020 °C

320x400 microns EBSD image

-1020°C, 30 jpin-

- Y .
. s
- . # ¥
L 5 - il

[  GoeoE i

For 1020°C: 99% of the scan points
are indexed as LZO; No defects.

The joints between crystals are all
below 7°.
Grain Baurdaria:

LabZi 60 75

E LO SVILUPPO ECONOMICO SOSTENIBILE

100 nm La,Zr,0, are effective as metal difusion barrier

New buffer layer: YBIO,

40 nm <110> view

YBCO deposition by PLD
yields 3.6 MA/cm2 on YBO-
buffered single crystals

350f72
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CSD processing of oxide buffer layers is being widely investigated. New buffer layers are also explored.
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Buffer layers by CSD: Gd,Zr,0,

Thickness gradient is very
informative to study: i)
morphology change
associated with growth mode
i) surface texture evolution

Sharp surface
texture

5nm
|

Strong texture Weak texture

CrystEngComm, 2012, 14, 3089 . .
DTU Energy Conversion, Technical University of Denrr31?';1(|)'lf(72 a- mu ItI_Step anneal I ng proceSS
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The nucleation and growth mechanism of the oxide buffer layers on the metallic substrate needs to be fully understood to achieve high performances. 


TR based CSD oW eost YBCO and X
CSIC

eurocaopes ICMAB |
nanocomposites
Precursor solution Solution deposition Pyrolysis Ex-situ Growth
synthesis , e _ Nucleation,
o) Y, Ba,Cu metal- —}Ink-Jet Printing ==sp Removal organic crystallization
organic precursors sty precursors

and oxygenation

aperture ® end

==

: : X. Obradors, et al, SUST (2012)
For Nanocomposites: In-situ

Addition of metal-organic salts (Zr, Ce, Ta, ...) in the TFA precursor solution: Spontaneous
Np segregation within the epitaxial YBa,Cu;0, matrix : Y,05, BaZrO; Ba,YTaO4, BaCeOs; ...

Nature Materials (2007); Nature Materials (2012)

For Nanocomposites: Ex-situ

TFA colloidal precursor solutions: MFe,O,
(M=Co, Mn), CeO, (BaCeOy3) ...

37 of 72

J. Nanoparticle Res. (2012); Mat. Res. Bull. (2013)
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CSD approach is the most attractive approach to reduce CC’s cost. Ink Jet Deposition is a strategic choice within EUROTAPES. 
Nanocomposites can also be prepared based on CSD.
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nanoschicht

multilayers
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YBCO films

CSD

Ink Jet Printing

ABAD / RABIT

CSD
Buffer layers

‘_:,_-

eurotaopes

OXOLUTIA sROxer
e

MOPYBCO

TFA precursors
(BaF, process)

In-situ
nanocomposites

Low F precursors

Non F precursors

throughput, length

(Non BaF

BaF, pr Z

(BaF, process) orocess) ‘
Ex-situ Rob‘:::"zsls' R2R, Explore

nanocomposites g€ lo capabilities

Nucleation and
growth control

Nanoparticles

Stabilize
solutions

J

~
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A wide program of CSD development exists for the YBCO films, including low-F precursors and compositions suitable for nanocomposite growth. Ink Jet Printing is the choice for film preparation.
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0y

IEEE/CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), October

2013

Paper based on this presentation was published by Superconductor Science & Technology (SuST, IOP) 27, No. 4, 044003 (2014).

Low flourine

ICMAB non-fluorine precursor solutions
u
“Mremaea | Carboxylate salts +Solvent + Chelating Agent
= __ | Acetate Methanol Triethanolamine (TEA)
| Propionate Propionic acid
soreteres | Ethylhexanoate Acetic acid 50-80% less fluorine
o . o 2+ O
FoC—& v’ H3C—( |8 H3C‘/( |
o} O O
| 3 — —2 — —2
-80% F

** More environementally friendly (-80 % F or non-F)
+»» Stable solutions adapted to 1JP: less sensitive to

humidity (chelating agents)

s*Large thickness with one coat (~1000 nm)
**Pyrolysis can be undertaken at faster ramps
s»*Similar growth process that TFA-based solutions
+* Good progress towards F-free CC’s

J_ (77K, sf) = 3-4 MA/cm?
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X. Palmer et al,, to be published

L. Soler et al, to be published
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Novel low-F precursors are being investigated and the processing adapted. The performances already demonstrated are very promising. One of the advantanges of these novel solutions is that they are more robust.
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OXOULUTIA CSDCCson ABAD-YS N

4 ICMAB
. All chemical 1JP: YBCO / CeO,/2840ysz /ss CSIC

‘ CONSEIO SUPERIOR DE INVESTIGACIONES CIENTIFICAS

tcaopes . . . .
SRR, CZOMODbgpitaxial with good texture quality.
 Enhanced surface planarity, small grain size

| OROLUITIA
02'12 },I,m YBCO‘MODTFA
PARCIONIUI Zr-doped CeO,-MOD
1.2 pn <)
BRUKER
; (<O
i ,’&' . '_9‘ Bruker HTS GmbH
N—— J(sf,77K)=2 MA/cm? 1=108 A/cm-w

E. Bartolomé et al, SUST (in press)

* No coherence between buffer layer and YBCO grains
 Current percolation different than RABIT CC'’s

Goals: Low-F - 200 A/lcm-w -1 nm/s - 20'm
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The all CSD approach on ABAD substrates appears as a very robust approach to CC’s. Oxolutia and ICMAB have combined the CSD approach on buffer layer and YBCO to reach high performance CC’s based on ABAD substrates from Bruker. A remarkable surface planarity of the buffer layer is achieved with only 20 nm  of cap layer. This approach has been proved to be suitable for IJP in reel-to-reel.
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D processes

Paper based gn this presentation was publishedby Su erconducLor Sci
Development of RABIT

Superconducting layer by Low F TFA process

105-:

Jc (Alem?)

10° -

High quality buffer layer

stack Supercond. Sci. Technol. 25 (2012) 1 Thickness = 200 nm

JC (77K, SF) = 2.1 MA/cm?

T T T T rrrry T T T rrrry T LIS B N B |
1E-3 0.01 0.1 1

Applied field (T)

A strong surface texture and a superior
morphology on the cap layer ensure the
high performance of the YBCO layer

41 of 72
DTU Energy Conversion, Technical University of Denmark
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All chemical CC’s have also been achieved in Europe based on RABiT substrates.


4003 (2014). deUtSChe

nanoschicnt

BASF GmbH owner

o CSD for all layers is considered to

200-800nm silver, 10-100um copper be the "most promising and most

05-12U.m YBaZCU3OX T LI R,
10-30nm CeO, e
200-350nm LZO

50-80pum Niw-alloy B8 ) layer technology, 1JP.
= ¢
2 \)}/W » Established industrial
' cooperations on metallic

Ink-jet printing in continuous substrates (Thyssen Krupp),
processing

challenging process

* Unique and protected CSD-multi-

coating solutions (Honeywell) and
insulation (Elektrisola)

v All samples continuously processed in
minimum 10 m lengths
v (77K, sf) = 1.2 -1.8 MA/cm? for 1 um HTS
v' 7mm wide slitted and stabilized sample,
|. /cm-w > 160A

v 100 m wound to coil witk @verall J, =1.4 MAcm?
B UNIVERSITY OF

Q¥ CAMBRIDGE
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All chemical CC’s have been achieved in Europe at the industrial scale based on RABiT substrates.
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ound wire objective: more compact f\fe Xans

. S and low cost cables

superconductive

! Core made of
N —
wires

Round geometry
Flat geometry

Metallic substrate
Superconducting Adaptative
layer | —

0.15 rum

substrate

Welding technology already developed by Nexans
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Nexans patent
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A new concept of round wire production based on CC’s has been recently proposed which fits very well with the demands in the cable development. 
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Korean approach: high growth rate CC’s

®

m RCE-DR : Reactive Co- _ *

_ o Metal tape Multi-turn R2R Low PO, High PO,
Evaporation by Deposition & (o) © “
Reaction acm ] E\ Fumace O

computer Upto
. . \ Feedback program 2km
m High rate co-evaporation to the gy g
. : O e =
target thickness (> 1 um) (6 ~ Differentially e j
pumped J-sg:-:: i
10nm/s) Yom Cu Ba|  Egu@okw e o
- & T T TTT T TT T TT T TTT TTT7T T 17 T
m Fast (<< 30 sec.) conversion [ ARARRAARARRAANNARAZRERAA RaNEERASS RU
1 04 1100 1000 : 900 800 700 101
from amorphous glassy phase » .
. YBCO 10
to superconducting phase 10 -
(~ 100 nm/s) < 0 107 5
éﬂ 10° 2114L 10-3%
L'I? I G .._3,
m Simple, higher deposition rate & o I 1 L o 170
’ 102k Conventional proens -
area, low system cost .+ CDR path SuNAM
i .f (repeat more DR path
m Easy to scale up :single path o .
105 than >>1,000 ° (single
44 of 72 10 . ;
"~ 7 times) 90 95 time)
M SUNAM 10000/T (K)



Presenter
Presentation Notes
Alternative approaches exist which reach very high growth rates. SUNAM uses a step in PO2 to induce a transient liquid for YBCO growth.
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s VOIEEX PINRIAE T YBCO Nandcomposites

Nanoengineering is the path towards control of vortex pinning and enhace performances

v 1D_ﬂpc dislocation, columnar defect v 2D-APC grain boundary, planar defect

CsiC

Superconductor
ntisite clusters, | O0D-APC
isotropic nano-strain .
Anisotropic and Oxygen

vacancies, ...

strong defects

The role of interfaces in nanocomposites
are the key issue

Courtesy M. Matsumoto (adapted)
Isotropic and strong defects

Isotropic and
weak defects

.. but there always exits superposition of different contributions in a single material
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Artificial pinning centers (APC) are key to achieve high vortex pinning efficiencies. The strength, the anisotropic distribution and the dimension of APC are the defining parameters in the analysis of the APC efficiency. 
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composites

CsiC

Interfaces and associated strains, defects, ... can be tuned and maximized
and vortex pinning properties enhanced

YBa,Cu,;0,_, — BaZrO, nanocomposite by PLD/MOCVD

Epitaxial YBCO-BZO interfaces Self-organized BaZrO; nanorods . .

" o T 1] 0.8 T ]
: R = Hilc | e Undoped Hi/ab 1
o7 L —a—2% BZO i
0.6 =
Sy Tosf ]
u L
=
= 0af _
o -
-
0.3 4
G'EEV‘M*———.—_*.CAQ. ]
u.-l:|||||||||||||||||||||||||||||||
77K1T-4D 0 20 40 60 80 100 120
Angle {deg)

Anisotropic increase of performances

Y.o¥emada, APL 87(2005) B. Maiorov, Nat Mat 8 (2009)

J. McManus-Driscoll, Nat. Mat. 3, 439(2004) ,
S. Kang, Science 311 (2006)
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Extensive developments have been made in the development of YBCO nanocomposites based on PLD.
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Field Angle

 Superior, but complex, angular properties
 Excellent and easy tunability

Overall Field Direction

Pinning Force N/m?3
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| UNIVERSITY OF
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Nanorods / nanoplatelets

—4=—5%BYNO
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77K —A—5%BYTO
8E+09 " YBCO
6E+09
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2E+09 -
0

M Bighthetti, G.Ercolano, A.Kursumovic,
J.L. Macmanus-Driscoll (unpublished)

B. Maiorov, Nat
Mat 8 (2009)
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The anisotropy of Jc displays a complex angular dependence due to the superposition of several APC having its own anisotropic vortex pinning efficiency. Synergetic actions are achieved but the vortex pinning properties are difficult to model.
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Addition of metal-organic salts in the TFA precursor solution : Spontaneous nanoparticle

segregation within YBa,Cu;0,; matrix : BaZrO; Ba,YTaOg BaCeO; Y,0,
3.2
L# %, YBCO- BZO Nanocomposite

2.4-
1.64 77K, 1T
_ X7
0.8- ,\ YBCO-TFA
Sigsn R 0.0 r’90 1% 0 s
Incoherent YBCO-BZO interfaces give rise to high . 9(‘#99)'1 -
density of Y248 intergrowths (%\80 -Hllc 1
= Z 60} s, |
% , YBCO -NANOCOMPOSITE 65K |
O
2407 X5
=) _
£20 NbTi 4.2K
a —
. YBCO-TEAGK .,
0 2 8

4 6
HH (T)

The highest isotropic performance ever
found in any superconducting material

A LIordes etal. Nat. Mater , 11, 329 (2012) 48 of 72

J. Gutierrez et al, Nat. Mater. 6, 367 (2007)
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CSD naanocomposites display a completely different pattern as compared to PLD films because nanoparticles are formed before the epitaxial growth of YBCO films. Many interfacial planar defects are generated at the interface with the nanoparticles. The angular dependence of Jc is much more isotropic than in PLD films. The experimental Jc can be analyzed as a superposition of an isotropic and an anisotropic contribution.
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Addition of metal-organic salts for TFA
nanocomposites with Y,03, BaZrO,, Ba,YTaOy,
BaCeO5; nanoparticles

Nanostrain is the key issue for the
performances achieved

e Local lattice A. Llordes, et al. Nat. Mater , 11, 329 (2012)
. J. Gutierrez et al, Nat. Mater. 6, 367 (2007)
strains generated M. Coll et al., SUST 26, 015001 (2013)
by CuO
intergrowth
e XRD: nanostrain
determination
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The YBCO matrix is strongly strained due to the generated intergrowths and the partial dislocations surrounding them. A close correlation has been established between the isotropic pinning force and the nanostrian determined by X-ray diffraction analysis.
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T.Puig et al., SUST 21, 034008 (2008); J. Plain et al, PRB 65, 104526 (2002);

YBCO — BZO nanocomposite _
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The contribution of the isotropic and anisotropic contributions to Jc can be depicted in magnetic phase diagrams which clearly stress that in nanocomposites the strong – isotropic  contribution has been strongly enhanced and it has become the dominant term in most part of the magnetic phase diagram.
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| Coupling lattice strains with Cooper pair supression

eurotopes

Pair breaking energy:

Cu 0 Cu
- A : pseudogap

(tewo) i

CuO  t. o : transfer integral between Cu
&) M @ =4 ———— Cuo

4 2A=4 8t0 d and O p orbitals

BCP : K~ U
- U : on-site Coulomb repulsion

24 1 2 tcuo (oc 1/dCu05) - t, : half bandwidth

In plane- B
dislocation
Strained /
regions v c

vortex —7, partial

dislocation
20nm .~

Huge dislocation density ~1-5 x10'2 cm~2

510f72

G. Deutscher, P.G. de Gennes, CRAS (2007) / G. Deutscher, APL (2010); / A. Llordes et al., Nat. Mater 11, 329 (2012)


Presenter
Presentation Notes
A new mechanism for vortex pinning generation has been proposed based on the generation of strained regions where Cooper pair is suppressed due to a modified imbalance of the pairing energy.
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eurotopes 2
61 v J *: Blocking effects of nanodots on CsIC
@ BYTO percolating current should be reduced “V"
j§E)4_
5.
0] 10 % Np 20 30

Advanced
processing

J(H): Enhanced nanostrain avoiding
np coalescence
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200 nm e See M. Coll 4M-MA2-11
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Nanoparticle coalescence is a source of the limitations in raising Jc and it should be avoided.
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breaking

Paper based on t] n was published by Su rconductor Sm ce&Tec nologw (SuST, IAP) 27, No. 4, 044003 (2014).
CSD""rnovel Vortex pinnifig approach

CsiC
Superconducting
nanocomposites
Randomly oriented Nanoparticle size ‘
2 nanoparticles loscence € P=—me

!

Incoherent interface

Intergrowth generation <€

|

Intergrowth lateral size

See M. Coall
AM-MA2-11

Dislocation density

\

Nanostrain

v

Vortex pinning: APC is Quasi-isotropic pinning

> Quasi-isotropic nanostrain
distribution

within the matrix 53 0f 72 > landscape: all B-T range
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A full strategy is required to nanoengineer the structure of the CSD-based nanocomposites. The relevant processing parameters need to be identified and the consequences of the observed defects on the physical properties properly quantified.   
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eurotopes ‘

Simultaneous YBCO/NP
growth (PLD, MOCVD)

|

Self-asssembly
Superposition anisotropic
defects

(nanorods,nanoplatelets)

v

Complex combination of
defects to smooth J (0)

v

Complex vortex behavior

|

Fast implementation in
CC’s

APC generation

nanocomposites

tex pinning-isstes in YBCO nanoeomposites

l

Sequential NP/YBCO
growth: Ex-situ (CSD)

v

Random nanoparticles
induce isotropic
nanostrain

v

Natural generation of
quasi - isotropic J (0)

Need atomic scale
understanding Cooper
pair breaking

v

New vortex pinning
mechanism: nanostrain?
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v

Adapting optimal
implementation to CC’s

CSIC
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The comparison of the issues associated to APC development in PLD and CSD nanocomposite films stresses the fundamental differences existing between both approaches.
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.z = nanocomposites from colloidal solutmE CSIC
Thermal (2h) and MW (10 min) synthesis ICMAB

Np size: 512 nm

Highly dispersed and crystalline nanoparticles (~90 mM)
= MFe,O, NPs (M = Mn, Fe, Co, Ni and Zn) MnFe,0,
= CeO,, YSZ, Ru, ... -

E. Solano et al., ) Nanopart Res (2012) 14:1034

e Stable solutions in alcoholic media
TFA colloidal solutions are stable !

NPs precursor

Stabilizing compound

R Triethylene glycol (TREG)
R—? )
B R
R Oirn,}{i ] % HO o
Lo\ N
‘\_“‘ —
R C] o) R
R e |
M= Ce, Mn, Fe, Ru, ... Np size:ssmn

R= CH,, Ph, CF,, ... 2+0.4 nm A. Garzon et al., (to be published)
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Presentation Notes
Colloidal solutions are based on preformed nanoparticles: they are a novel opportunity for achieving an enhanced control of the nanostructure and the vortex pinning characteristics. 
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ICMAB

e CeO, NP size: 2-4 nm Challenges
» Keep nanoscale dispersion of NP’s

* Control chemical reactivity NP’s with YBCO
precursors

* Avoid coarsening of NP’s

e Minimize impurity diffusion into YBCO (keep
high T.)

g

= 0D9gA(500)
029A(r00)
£ 0049A(g00)

45
o
2
<
W
®)
O

T.=85.6 K

CeO, NPs react with Ba: BaCeO; NP’s are formed
Some NP coarsening occurs (~20 nm)
T~90K, J=3-3.5 MA/cm?

Concentrations of spinel NPs in YBCO: ~ 10 % mole
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Some decrease in T_: Fe diffusion into YBCO lattice?
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First successful results on YBCO nanocomposites from colloidal solutions have been demonstrated. There remain still, however, many challenges.
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Laser structuring of CC (IR Pico-second laser) at KIT ﬂ(IT

. See EUCAS 3P'WTR'12 Karlsruhe Institute of Technology
 KIT Picosec-

pulse-laser y 120
generates i By P to
5 S R . shown
« negligible : ___ N i (100 / cm-w.)
melting Soisuaae
effects at the i |

edges of the
groves "f"’j_"_'__i_

=

100_ T T T T T T T T T T T T T T T AChieved DC Currents

el e in striated CC

090 : -

o] \. - 1 Green curve: expected /, : _

. \ 1 dueto loss of ' % Width
o o | superconducting 20 micron
= \ ! material in the grove

1 _- ] T L_ o

0,65 1 Red curve: measured /.

0,60 71 additional degradation

0,55 =] occurs from statistically

U h @ b % @ b & % oo mo diStributed

number of filaments mhomogeneltles
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Structuring CC’s is a key objective to reduce ac losses. Laser scribing allows to generate multifilamentary CC’s. KIT has widely analyzed this technique and it has demonstrated that reduced ac losses are achieved. 
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universier - YBCO Patterning by inkjet printing
Water based solutions MOD based solutions

622.7 um

0.25 1
0.20 - 05
e 0.157 0,41
0.10 ‘g;(l3_
0.05 Q
X 0,2
0.00 S
| | I 1 | 1 = 0 1.
0 100 200 300 400 500 600 '
(um) 00

0 100 200 300 400

YBCO pattern after a 5 x fold printing p Width (um)

sequence, without an intermediate drying Lo’ e

step. High homogeneity and uniformity along
The homogeneous lines with average all track length. Tracks are 150 pm x
thickness of 200 nm at a width of 200 um. - ol 300 nm. Similar J; in all filaments

-
eurotopes
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IJP is a novel approach to prepare multifilamentary CC’s based on CSD.
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Low Temperature performance of KIT Roebel cables ﬂ(IT

Karlsruhe Institute of Technology

« >5mlong produced at KIT

« 2 m tested at CERN (FRESCA)
at4.2Kand B <10 T (sample B, C)

e I.= 1100A @ 77K s.f
e I,=14000A @ 4.2K s.f.

Modified cable design will allow
—s— Cable A Perp. ~ —&— Cable B Perp. > 5 x current enhancement for

——— (Cable C Perp. --a-- Cable A// : :
o Cable C // Fusion magnets, LHC dipoles
14 Foa. (a)

F "S---.:.‘:,'::a_.: A Stra|n
2T T, . ,— sensitive
10-r KIT cable 10 strands, eSS paper

< 8t 12 mm width (B,C :
é (8.C) Cable withstands up to 160 MPa transverse stress
~ 6 T

4 I Supercond. Sci Twhnul. 26 (2013) 065014 (Spp) . ’ doi: 10.1088/0053-2048/;

........... Electrical characterization of REBCO
2 Roebel cables
0 : l l l J Fleiter' 2, A Ballarino', L Bottura' and P Tixador’
0 2 4 6 8 1 D i C'ERN. Grng\ at 23, CH-Iqll 1. Switzerland ) o '
B(T) 5 Grenoble INP 46 e Fls Vit Grenatl, 603 Fanee
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Complex conductors have been fabricated at KIT and outstanding performances demonstrated.
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Rutherford Cable with CC Roebel strands ﬂ(IT

Karlsruhe Institute of Technology

Concept for >20 kA for HTS Fusion Magnets (12T, 50K)
and large Power Generators
The flat

cable y

=
N 2
o

= concept ~
__ =

Several strands investigated on the RF-former The new and alternative
round concept

I, norm [A]

10- xkaig{% N The edge bending

Y T N was too strong for
0—0-0-e 19 mm, sc inside

08- N Nron e c[ackdfree :_?oet_bel - Roebel
] N \K\ strand application strands
0.64 15 mm, sc ou'tsideD i L.

8g Longer transposition
05 LNZ,SFI . . . . \?

0 10 20 30 40 5 60 70 needed
Winding angle []
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Cables suitable for fusion magnets have been developed at KIT. All these complex architectures have been modeled.
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Coated conductors for fusion magnets

H 3
@ &H Neutron irradiation changes J_-anisotropy:
\ 810° —
puscassc 17102 o
\ T G4K’“ b
SN FATFAY
@ N S
£ ai. of ot ¥ ol B e y
Me + 3.5 MeV I A
i I
410° ‘ 1. x;
et P WY O
Damage in fusion reactor can be 0 % 180 270 360
simulated by irradiation in the ne
TRIGA MARK Il Reactor and stress sensitivity:

1.1 T T

10T, 6)/I(0 T, 25 MPa)

GABCO/IBAD#1 pristine ®
#GdBCO/IBAD#2 ®.t = 102 m? O
1 | |

0.6

0 200 400 600 800
c (MPa)
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The superconducting properties after neutron irradiation have been investigated at TUW. 
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Lower cost and higher
performance of
conductors is key for

propagation!

Capable

Courtesy of T. lzumi
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Presentation Notes
A continuous and spectacular progress has been demonstrated during the last 10 years in the development of CC’s. The present achievements should allow to fully expand the use of CC’s in many power applications.
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. CC’s: expected market growth and cost
Bt = decrease

Throughput and performance are
key to reduce cost/kAm: capital
investment depreciation and

7000 ¢~
total current
6000 T
g 5000 200
é e Magnets 180 LT CT T ' [
z 4000 1 160 | I S| !
é 3000 M Rotating machines 140 | -- 1
T _ 3 , , |
- - B Transmission and s e
§ 2000 T "
s ) distribution ?_: 100 ' ' ' [T 1
1000_/ g 80 ! Ll |- Ll
o — = 60
0 ' ' ' ' 40 copper wire price
2010 2015 2020 2030 2
Year 0
1,000 10,000 100,000 1,000,000
ESt| m ated WOI’|d m al’ke’[ Cumulated conductor length in km
evolution of SC systems Estimated cost decrease of CC’s with

cumulated production: operating

condition is the real metric
~ 6.5 bn € by 2030 (1.3 bn € in wires)

~ 1.500.000 km/year by 2030 (x 1000 présent production)
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Presentation Notes
A very large growth of the CC’s demand is expected which should allow to reduce the unit cost through cumulated production. The useful metric to follow the progress is the cost/performance ratio under the corresponding working condition. Progress in performance is therefore very useful to advance in the CC penetration and acceptance for applications. A huge market increase is predicted in power applications if the cost reduction is achieved.
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B - Contributions to Power Applications at Applied ICMAB
- Superconductivity Conference 2012 in Portland
euroctopes
CSIC
Cables | Fault Current Rotating Trans- SMES Total
Limiters Machines formers
Korea @, 14 42 10 - 14 80
China 13 19 11 - 13 56
Japan | ©® 10 5 7 1 8 31
Europe [EE 6 21 14 5 4 50
US e 7 4 5 - 3 19
Others 2 8 3 1 2 16
Total 52 99 50 7 44 252
Percentage contributions
* 66% Asia
» 20 % Europe
7% USA

Asia is taken a leading role in Power Applications of Superconductivity
Significant effort EU and USA. Leadership towards a new electrical paradigm?
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Presentation Notes
Efforts in the development of power systems have an unequal geographic distribution.
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Superconducting Cables AMPACITY
Ampacity Project 09/2011-2/2016 &/ smart gids for the city

Substation |~
Herkules

Source: M. Stemmle et. al. ,40 MVA HTS Cable and Fault Current Limiter

Installation“, ASC Conference 2012, Portland USA

HTS Cable and resistive type FCL will be
installed by end of 2013

= = Z e /—f. = -‘.“" A § S5 ; Federal Ministry
s TET . % of Economics
and Technology

Luftbild: "Darstellung aus HK Lufthilder / Karten Lizenz Nr. 197 / 2012 mit Genehmigung
vom Amt fiir Geoinformation, Vermessungund Kataster der Stadt Essen vom 13.02.2012"

"VORWEG GEHEN S\fexans KIT PW

Forschungszentrum Juluch
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Several power demonstrators are being implemented in Europe. Here is mentioned the longest cable based on CC’s.


r 2013

EU PPTECCORIOW Stiperebtdiicting FeL
/\/eccoflow

Resistive FCL 1 kA, 24kV, YBCO 2010-2014

AIR LIQUIDE
One resistive SCFCL design fits two different applications sy |
{{

ELU

Busbar Coupling Transformer Feeder E" endesa

et
FEDERALE D[RLAS:?NN[
W ST

124

Zshunt :_‘? ICMARB CSIC  arbuner imstiut fr Tecnnoiogie
— e labeiny
/+ ;L‘ CB R IL‘ ;+ éx ] ;%\‘ N |
-D-l ( HTS HTS ( -D-l — e X a n S
! > = 1T | VORWEG GEHEN
VATTENFALL ‘o
B CBnormally closed v :
O CBnormally open i i f V-
Endesa Grid in Mallorca, Slovakia, permanent installation
Spain (6 months 2013)
Other FCL:
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Bruker (10 kV, 800 A inductive), Italy (9 kV, 3.4 MVA Resistive) , Russia (3.5 kV, 650 A Resistive)
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This European project pushes CC’s towards real FCL which will be implemented in the grid in two points in Europe.
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Rotating Machines : Synchronous SIEMENS

Machines at Siemens

4 MW HTS Il - Long term field test at Siemens motor factory in Nuremberg

== - Test results:

: = Loss reduced by 50 %
= Full capacitive power
= High overload stability
= Low voltage drop

» L ow total harmonic
distortion

= More than 7500 operating
hours

= Safe operation

Figure: Siemens

None of the shutdowns caused by HTS winding or cooling!
All operating states and shutdowns tolerated by the system!

Source: Tabea Arndt. ,Experience, status and prospects of HTS rotating machines with 1G and 2G HTS at Siemens “, ASC Conference 2012, Portland USA

Other Rotating Machines: Wind generator projects (USA, Korea, Japan)
67 of 72

Russia (Synchronous generator, 10 MVA), Oswald (Torque motor 26000 Nm ,156 kW, 57 rpm)
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Presentation Notes
A continuous progress in the development of powerful rotating machines has been made. Several applications are being explored, among them, wind generators.
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(Superconducting Magnetic Energy Storage) csic

USA

25T, 20 kW, 3 MJ HTS prototype
HTS - SMES for integrating renewables

GRIDS SMES SYSTEM

Power Converter SMES

| ABB Brookhaven National Lab
1 || _L 1 1

EHE 6] £ "wlu.‘

—Hislmres Sm", " W@L?

! r—i 1l { S "

S B -

I 2G HTS Wire

| SuperPower/University of Houston I

2 GJ, 100 MW for load compensation
JAPAN High power density and low discharge time

energy storage for smart grids
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Magnetic energy storage projects targetting very high performances are being developed in Japan and USA.

http://www.icmab.es/icmab/

New National Projects in JAPAN
“Development of HTS Goiling Technology”

(2013~2017 $9M/year) Awarded!
Realization of He-less Medical Magnel

1. HTS Coils for MRI
- 10ppm in 40cm® ﬁ
with 1ppmh@ 3, 10T

2. HTS Coils for Medical Acl:olaratlr =10
- 100ppm in 10cm® e *- .
under Pattern Excitation to 3T ##ss

3. Gommon Technologies for HTS Colls
- “Coll operated in Lig. N,” and "Low Loss Coil®

- “Long GG with High IcIB)” and “Ultra-low Loss GG
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New projects have been recently aproved in Japan targeting the use of powerful magnets for medical applications.


‘ IEEE/CSC & ESAS SUPERCONDUCTIVITY NEWS FQRUM (global editiogy), October 2Q1 3
‘ u r Paper based on this presentation was published by Super 6Sﬁceé ﬂog( 860ﬁ7§). 4, 044003 (2014).
ICMAB csIC

» After 100 years of superconductivity, materials are ready to transform
electrical engineering: contribution to a new energy paradigm

» The input of nanoscience has been essential to meet the challenges
faced for high performance coated conductors

» Progress in “all chemical conductors”: very promising low cost
approach. It requires a solid understanding and control of the whole
growth process. Cost reduction is progressing in all CC’s.

» Nanocomposites very useful to enhance vortex pinning in HTS.
Further understanding of nanostructure versus pinning required: room
for improvement

» Power systems based on HTS are-being spread all around the world
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