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Principle

Cool to —200 °C (70 K)
Much higher loadable than traditional cables



Another dimension!

Traditional cables Super cables
WAYZY LWYAYZAY
10 4 -15 15-70
20 10 - 30 35 - 140
50 30-70 80 - 350
110 150 - 250 200 - 760
150 200 - 350 250 - 1000

Much higher power transport



The challenges: new power sources

Integration of power plants

Integration of renewables

Upgrading weak grids

Short circuit currents
Voltage fluctuations

Reactive power

Capacity




The challenges: load increase

Continuously improving common welfare

Overloading infrastructure

Air conditioning

Heat pump




The challenges: electric cars

Overloading infrastructure

Netherlands:
7 min cars

100 KW/car } 700.000 MW

_ _ Every grid is too weak
Charging batteries from a

standard socket



The challenges: underground infra

Decreasing acceptance of overhead lines

EM fields

Visual impact

Reliability




The challenges: available trenches

Many pipes and cables already installed

Diverse infrastructures

Negative influence (EMC, heat)



Technology for the future

Superconacing Cables
In the grid of tomorrow

Environmental friendly

* Barely EM-emissions
* Low energy losses
* No visual impact

No harmful materials like oil or
SF6

Technical advantages
 Large power transport
 Low impedance

e Reduction of short circuit
currents

* No heat emission

Reduction of the environmental
impact

Efficient integration power
sources

Efficient upgrading of existing
grids
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Upgrading to Super cable

/

Super cables
must be at least
several
kilometres long
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Upgrading to Super cable

Intelligent cable:

Planned project USA -Normal operation: low impedance

Inom = 4 kA -Short circuit: high impedance

«Serious limiting
*Very fast
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Super cable from 6 km

Feasiblility study

Gas pressure cable Super cable Triax
150 kV 50 kV

100 MVA 250 MVA
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Grid configuration

Main ring Main ring

Super cable
6 km 6 km
100 MVA 200 MVA 250 MVA

200 MVA 200 MVA
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Location

Downtown Amsterdam

Main ring
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|[deal demonstration

sLong cable M A

*Grid integration

sLow civil costs Super cable

6 km

*80 % of load through
Super cable: low losses

eShort circuit limiting

*Acceptable risk
emergency
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Breakthrough in the Cooling System

Coolers only at the substations

~

RETURN
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Breakthrough in the Cooling System

Go and return integrated

cooling channels

teel pipe

cryostat

\ cable

cooling channels




Installation of the Cryostats
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16 sections Forces within the limits!

max. 560 m
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Installation of the Cable

Pull in Cable

Pulling forces
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3 cable sections — —
max. 2150 m Forces within the limits!

2 joints
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Partners

Grid optimization
Cable design and manufacture

6 km
200 MVA 250 MVA

:150 kV

50 kV
a )

200 MVA

Cooling system optimization 21



From Cool Dutch discovery to Hot applications!

How simple can it be?
« Just install a Super cable

“A new cable ...
... only when it's ice- and ice-cold”
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