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Best paths project: 5 complementary Demos

1. HVDC in offshore wind farms and offshore interconnections

2. HVDC-VSC multivendor interoperability

3. Upgrading multiterminal HVDC links

4. Innovative repowering of AC corridors

5. DC Superconducting cable



PARIS , 29 AUGUST 2018

3

Objectives of DEMO 5

1. Demonstrate full-scale 3-GW-class HVDC superconducting cable system operating at
320 kV and 10 kA

2. Validate the MgB2 superconductor for high-power electricity transfer

3. Provide guidance on technical aspects, economic viability, and environmental impact of
this innovative technology

Superconducting cables for very high power transmission
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q Test of operating conditions on the demonstrator
q But use only modeling to check the cable behavior during faults and polarity changes

Characteristics of the cable system

Structure Monopole

Power 3.2 GW

Voltage 320 kV

Current 10 kA

Demonstrator length ~ 30 m

Cooling media Liquid N2 for the electrical insulation
He gas for MgB2 conductor 

Demonstrator losses < 50 W at 20 K in He gas

Fault current 35 kA during 100 ms

AC ripples on 10 kA DC current < 1% amplitude 50 Hz

Change of power flow direction 100 MW/s up to 10 GW/s
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Demo 5 partners

● AC loss assessment
● Current leads

● Manufacturing and optimisation 
of MgB2 wires 

● Demo coordination
● Optimisation of MgB2 conductors
● Cable system
● Cryogenic machines
● High-voltage testing 
● Integration into the grid

● Demo coordination
● Dissemination activities 

● Optimisation of MgB2 wires and 
conductors

● Testing in He gas

● High-voltage insulation

● Cryogenic machines and 
cooling systems

● Long-length systems

● Integration into the grid
● Reliability and availability

● Cable system (terminations)

● Integration into the grid
● Socio-economic impact
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Wires and 10 kA cable conductor 
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10 kA cable conductor objectives

The most suitable wire for cabling activities is
a round wire

• Able to transport a current > 500 A

• with the smallest possible diameter (i.e. below or
close to 1.5 mm)

• With good mechanical properties to enable
cabling operations.

An important parameter for cabling is the
critical bending radius to prevent deterioration

• During handling or introducing the cable twist
pitch



Wire 1

Wire 2

Baseline wire design

Optimized wire design

Wire 1
Diameter (mm) 1.3

Filaments 36

MgB2 17%

Monel 53%

Nickel 30%

Wire 2
Diameter (mm) 1

Filaments 37

MgB2 12%

Monel 46%

Nickel 15%

Nb 13%

Copper 14%

Monel

Nickel

MgB2

Monel

Nickel+Nb

MgB2

High RRR copper
electroplated

Wire unit length between 2-3 km.

Statistical distribution of the wire diameter

with values between the specification limits

Two wires selected for cabling
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Confirmation of the wire manufacturing process 
capability to stay between the specification limit

Wire diameter and SC properties homogeneity 
achieved along entire batch length

Two wires have then been selected with mechanical 
properties better fitting cabling parameter and the 
cable conductor manufacturing on industrial machine
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Planetary cabling machine

Up to 36 
Rotating pay-off

Cabling
Die

Lapping unit

Capstan
Delivery Spool

Samples and spools
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Wire 1 Wire 2
Nominal operating requirements 

DC operation
Current rating 10 kA

Voltage rating of the cable system 320 kV

Power rating of the cable system 3.2 GW

Operating temperature 20 K

Fault current 35 kA during 100 ms

Cable #1 Cable #2

Fault tolerant cable configuration: MgB2 cable conductor designs

24 MgB2 wires
IC = 12960 A @ 20 K & S.F. 0.7 T 

Iop/IC = 0.77

cable diameter = 9.9 mm

18 MgB2 wires
IC = 14200 A @ 20 K & S.F. 0.7 T 

Iop/IC = 0.70

cable diameter = 9.9 mm

Baseline wire design Optimized wire design

Modeling: Transient phenomena
• Power inversion from 100 MW/s up to 10 GW/s         Limited 

5 GW/s for cable #1 

• Fault current: 35 kA during 100 ms Cable design 

validated 

• Converter ripple losses         Negligible for both cables

Validation of the cable conductor by critical current measurements on:  
- Extracted wires  
- Full cable conductor
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320 kV Lapped HVDC cable insulation
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Insulation characterization

1-mm thick and 2-mm thick PPLP and paper samples 
under up to 60kV

• Mean internal electric field up to 60kV/mm
Test in liquid nitrogen under 5-bar hydrostatic pressure

• Representative operating conditions
Pressure-wave-propagation method

• First space charges distribution measurements under these 
conditions

Kraft paper
or PPLP Carbon paper

Sample

Pressure pulse
generator

LN2
Cryostat

Lapped HV insulation
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Space charges ?
1. No trapped charge migration observed (30kV/mm)

2. Similar behavior of PPLP and Kraft paper

3. Unexpected effect of the electrodes is seen

–Charges trapped in isolated carbon particles
(PPLP retains more charges)

–Disappearance of the effect with metallic
electrodes

No
charges

Inner

Outer

No space charge Þ Adapted to HVDC cable insulation 
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Cable system: Demonstrator design For 320 kV DC class cable 
testing up to 592 kV DC

Cable cross section

* The two diameters indicate the corrugation depth Based  on electric field  
breakdown: 37 kV/mm 



Termination –the Best paths concept

Complete uncoupling of current management and voltage
management

• No electrical field in high current areas
• Hybrid current lead
• MgB2 petal in Helium gas

• In liquid nitrogen (dielectric), no current in any 
superconducting parts
• No risk of dielectric degradation (bubbles..)
• During operation, the current impact is perfectly transparent 

for the HVDC termination

SC cable core + hybrid current lead could be 
considered as an adjustable module 
of a “fixed” HVDC termination design
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High voltage (DC) validation of the demonstrator termination
concept 
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• Termination prototype developed and focus
on High DC Voltage validation

• Integrated in a testing loop
o 2 terminations
o 30 meters cable

• Preparation on-going on testing platform

PARIS , 29 AUGUST 2018



Overview of termination to be High Voltage (DC) tested
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High Voltage (DC) test program for testing loop
TTest program inspired of CIGRE TB 496 & IEC 62895 (FDIS)

World’s first testing loop for such High Voltage DC level
dedicated to superconducting cable system applications

Example of superimposed switching impulse 
(same polarity)

Example of superimposed lightning impulse



Testing loop preparation in test platform
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Welding of cable cryostat extremity (termination cryostat connection)

Cable core pulling into cryostat
HVDC Generator

PARIS , 29 AUGUST 2018
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Link  :      500 km - 6.4 GW   

without Electrical Losses
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What about installation into the grid? (1)

limited  Footprint

10 m 1 m 

XLPE
(8 x 320 kV – 2.5 kA)

S
1,40 m

MgB2
2 x 320 kV – 10 kA
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Based on this concept, Best Paths demo 5 has also shown that:

• All the technologies including cooling machines are available for long length
systems based on 50 - 80 km long segments

• As other superconducting technologies, it offers unrivaled advantages in
regards with environmental impacts and acceptances.

• It presents an economical interest under the following conditions:
1. Very high power rating
2. High load rate : >70%
3. Very long length : > 300 km
4. Good reparability : Mean repair time <30 days

• On case by case basis, a short length of such a superconducting link can be
inserted in an a long resistive link as a mean to pass obstacles such as urban
areas or rivers, …

What about installation into the grid? (2)



PARIS , 29 AUGUST 2018

23

Conclusions
1. 3.2 GW HVDC superconducting cable has been designed and tested 

reaching a level TRL 4. 
2. It includes innovative solutions such as new MgB2 cable conductor, 

lapped HV insulation and terminations. 
3. Our Best Paths technologies can be considered as an available toolbox 

adaptable to voltage and the current to grids requirements (for lower 
power). 

4. It completes the offer of superconducting cables for grids.
5. HVDC test standards for superconducting cables are still required and 

can be a good topic for a Cigré group.
6. The next step is to install a cable loop into the grid to reach the TRL 

level 7 and to overcome “Internal social acceptance” of grid operator 
teams.



PARIS , 29 AUGUST 2018

Contacts
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www.bestpaths-project.eu

Follow us on        @BestPaths_eu

Christian-Eric BRUZEK  
christian_eric.bruzek@nexans.com

Adela MARIAN  
adela.marian@iass-potsdam.de

Frédéric LESUR  
frederic.lesur@nexans.com

http://www.bestpaths-project.eu/

