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Superconducting cables are ready for in-field installations

arl grids for the it

) AMPACITYE

tellung aus HK Luftbilder / Karten Lizenz Nr. 197 /2012 it Genehigung vom Amt fir
Geoinformation, Vermessung und Kataster der Stadt Essen vom 13.02.2012"

It is now time to implement them !
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Introduction to superconductors

Superconductors are perfect conductors of electricity

Superconductor

Resistance

T, Temperature
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Introduction to superconductors

Breakthrough at the end of the 1980’s !
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Introduction to superconductors

Very large current transport capability

Section required to transport
the same current

/ \

Copper ’ ‘ HTS tape | HTS material

= High-current cables can be manufactured
(> 5 kA AC and tens of kA DC)
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Cable system components

[ Conventional cable ] [ HTS cable ]
Copper Bismuth-based
wire 1G tape
or
Current s oyt
conduction . A5 - . VYitrium-based
Aluvrcilpelum e 2G tape
: : Polypropylene
Cross-linked .
.EleCt”.Cal polyethylene laminated paper
Insulation (XLPE) (PPLP)
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Cable system components

[ Conventional cable ] [ HTS cable ]

Cryogenic envelope

Corrugated inner tube
Low-loss spacer

Vacuum space (<10 mbar)
Multilayer superinsulation
Corrugated outer tube
Polyethylene jacket

Thermal
insulation

ook wh =

Joints

Connections

Terminations

Joints Terminations
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HTS cable architecture alternatives

3 phases in one cryogenic
envelope (3-in-1)

Concentric phases

3 separate phases

Voltage f

MV HV

11 - TGEG 2018, 3.1 L - Paris - August 29, 2018




MV cable with concentric phases

Inner LN, Phase1 Phase2 Phase3 Screen

cooling / - / /

Former

Dielectric

Outer LN,
cooling

%

Cable cryostat
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MV/low HV cable with 3-in-1 design

Corrugated SS pipe Cryostat

Electric insulation (thermal insulation)

Cu shield

Superconducting  Superconducting
conductor shield

Courtesy of Sumitomo Electric Industries
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HV cable with separate phases

Outer cable sheath

j Liquid nitrogen

HTStape  Former

Dielectric

HTS screen
Copper shield

Outer cryostat wall o o1y ostat wall
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Liquid nitrogen cooling system

Two options Typical open loop system layout
m__...__é Pressure
® Open loop system o Circulation il built-up
_ Liquid nitrogen pump
© Simple system storage tank Vacuum
Low investment cost TN PUmP @
Low maintenance costs R
® Liquid nitrogen tank refilling HTS cable

once or a few times per month W i i

® Closed loop system
© No refilling required

Liquid nitrogen

® More complex system
recooler

Includes a refrigerator
Higher maintenance costs

Cooling stations are needed every 5 to 10 km for AC applications
(and about 20 km for DC applications)
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Main AC HTS cable projects (phases &= 100 m)
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Hard benefits

e High-power transmission at limited voltage
- Higher power at the same voltage
- Transport transmission voltage power at
distribution voltage level

® Environment-friendly
« Negligible magnetic field
« No thermal impact
v No soil drying
v No need to evacuate heat
v" No maximum depth
v No issue with cable crossing

e Compactness
- Very narrow right-of-way needed
« No space needed between phases
- No need to space out from other cables or pipes

® Very low impedance
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AC HTS cable benefits

Soft benefits

e Easier/faster permitting
- Lower voltage
- Eliminate or reduce the need to buy land
or get access to it

® Public acceptance
« Lessissues with land owners
« No impact on environment
« Reduce nuisances from civil work
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Drivers for HTS cables

Issues HTS solutions

® Bring additional power to city centers (to ® Remote transformer station, lower voltage
charge electric vehicles, run data centers,...) and very narrow right-of-way

® (Congestion in city right-of-ways ® No need to space out from other networks

® | ocal oppositions to new projects (linked to ® Underground solution with reduced
OHL, real estate, civil works,...) right-of-way and civil works

® Environmental concerns: use of real estate, |® Reduced right-of-way, no thermal impact,

soil heating, magnetic field,... negligible magnetic field
® Public demand and political pressure for ® Possibility to mesh urban networks with
uninterrupted power minimum nuisances

= The interest for HTS cables can only grow in the future
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Drivers for HTS cables

HTS cables only make sense if significant savings, compared

to conventional solutions, can compensate their higher cost

Possible savings

® Substation equipment, in particular transformers
e Civil work and installation costs

® Real estate

® Permit-related expenses
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Applications cases

1.  Remote transformer station

2. Connecting substations
- Substation connection ring to improve grid resiliency
- Link to balance power between two substations
- Feeding from a second substation to secure power

3. Replacing OHL in urban areas
4. Retrofit in pipes

5. Use of XLPE cable tunnels

21 - TGEG 2018,3.1 L - Paris - August 29, 2018




-
@AMPACITY 1. Remote transformer station

Smart grids for the city

. - 1 km link between substations in Essen, Germany
| - 10 kV, 2300 A, 40 MVA replacing 110 kV cable
- In operation for more than 4 years with 100% availability
-The world reference for superconducting cables
- More than 6000 visitors

Luftbild: ’Darstellung aus HK Luftbllder/ Karten L/zenz Nr 197/ 2012 mit Genehmlgung
vom Amt flir Geoinformation, Vermessung und Kataster der Stadt Essen vom 13.02.2012"
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u Smart grids for the city

Basic principle

HV HV

MV HTS cables W

MV MV
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3 solutions considered

Conventional 110 kV cable

Conventional 10 kV cables

7
600

1050

1200

650

=/

AMPA

Smart grids for the city

10 kV HTS cable

100

;‘4

100

r“
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AMPA
\_/ Smart grids for the city

Cost comparison

> Comparison of the 3 options based on NPV method
> Investment costs and operating costs (maintenance and losses)

> 40 years 120
o) : 103.2
> 2 % yearly increase 100 | 93.7
> 6.5 % interest rate q§p - 87.7
> 65 €/MWh =
= 60 -
Z
T 40
o
= 20
Real estate savings not 0 -
110 kV 10 kV conv. 10 kV HTS

taken into account

m Investment costs BNPYV cperating costs
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AMPA
u Smart grids for the city

Initial layout

Substation Substation
Dellbrlgge Herkules
1+
110 kV UGC
40 MVA
1+
| 110 kV UGC
10kV 40 MVA
<
40 MVA
<
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u Smart grids for the city

Final layout

Substation Substation
Dellbrlgge Herkules
110 kV UGC
J; 40 MVA

<——
< 10 KV HTS UGC FOL

10 kV

40 MVA 110 kV

10 kV

27 - TGEG 2018,3.1 L - Paris - August 29, 2018




&ML

HTS cable

HTS Fault Current Limiter
Termination
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Cable puIIing and joint installation
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Lalid
& MG

Substation Herkules
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AMPA
u Smart grids for the city

More than 4 years of operation at 100% availability

LICHTHLECK FUR QUEFNERGEEWENDE:

DASZSRIEKT A vaE

2013 RWE Innovation Official celebration on April 30, 2014
Supplier Award
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2. Substation connection ring for ComEd (Chicago)

MV “Resilient Electric Grid” (REG) System

Distribution Networking

Transmission Bus Transmission Bus Transmission Bus
[ ’ [
his REG system provides the utility: ,L s LTJ 1 I,L ,L ,I, i 1, I,
T m m _,”I m m
Increased reliability from N-2 to N-4 - '

m Tl"[-':
t I W | : *4'11"—

Can serve load upon loss of all power % Distribution Bus Dt i B Distribution Bus

-

i
.

supply to any substation

12 KW HTS Cable

Increased load serving capacity Distrdstation Biss e e

) o

without installing new power ¢

J F
transformers t J,
M N m
Provides Fault Current Limiting T . T . T L T

Transmission Bus Transmission Bus

e
el |,
¥oee

-]

Nexans is the cable manufacturer selected for the project
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2. Substation connection ring for ComEd (Chicago)

Four-stage project

1) Prototype qualification Complete ‘/
Full prototype test sequence according to CIGRE TB 538

2) Installation of one 200 m link inside a substation Starting soon
3) Installation of two substation-to-substation links

4) Installation of remaining two cables
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3. Replacing OHL in urban areas

® Business cases
- Partial undergrounding of OHL corridors close to urban areas
- Undergrounding of OHL which have been incorporated in city
expansions
® Drivers for HTS solution

- Very narrow right-of-way allowing to go through densely-populated
areas and possibly finance the project through the land freed up

- No thermal impact
- Negligible magnetic field
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3. Replacing OHL in urban areas

® 600-meter 138 kV, 2400A HTS AC cable demonstrator commissioned
in Long Island in 2008

® Development work carried out up to 225 kV

- Relevant dielectric tests successfully
performed on cable and termination
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4. Retrofit in pipes

Existing pipes can be emptied and reused for HTS cables

® Business case
Bring additional power with minimal civil works and installation costs

e Example
Replacement of pipe-type cables

Oil or SFg

Pipe-type cable 3-in-1 HTS cable

36 - TGEG 2018,3.1 L - Paris - August 29, 2018




-
5. Use of XLPE cable tunnels

Existing XLPE cable tunnels can be filled with HTS cables

® Business case
Bring additional power with minimal civil works (no need for an

additional tunnel ) and installation costs

e Rationale for HTS solution
HTS cables can be installed next to XLPE
cables in existing tunnels taking advantage
of their absence of thermal impact and of
their negligible magnetic field

® Need to take appropriate safety measures
in case of nitrogen leak
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Conclusion

® HTS cables are ready for commercialization, both at MV and HV levels

Feasibility has been proven through numerous successful projects, some of them
with in-grid incorporation
Reliability is being demonstrated (already more than 4 years of operation in Essen)

® HTS cables constitute a new tool for utilities to resolve grid evolution issues

e HTS are already economically viable in several configurations where they
provide significant savings compared to conventional systems

® Although HTS cable remain expensive, very significant cost reductions are
foreseen when the market develops

We need to intitiate this virtuous circle !
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Thank you very much for your attention !

40 - TGEG 2018, 3.1 L - Paris - August 29, 2018




