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I. TMS Paper
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Where can HTS be utilized?
With simplified, slightly altered calculations
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Where can HTS be utilized?

Magnetic Field Comp.

Interconnection Bus
Collector Busbars
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[1] earth.com/earthpedia-articles/aluminum
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Where can HTS be utilized?
• Lets look at the cases:

• Case 1: Collector Bars

• Case 2: Interconnection Bus
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Where can HTS be utilized?
• Lets look at 3 cases:

• Case 3: Magnetic Field 
Compensation

• Case 4: Interconnection Bus
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Case 2:

• Interconnection bars connect multiple potlines

• Facilitates an even electrical load

• Less current than case 1
(50 kA compared to 400 kA)

• Longer distance than case 1
(1,000 m compared to 415 m)

• How will this affect the overall CAPEX/OPEX?
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Case 2:

Case 1: (Collector Bars) Case 2: (Interconnection Bars)
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II. Case 3: Magnetic Compensation
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Magnetic Field Compensation – Why?
• High currents cause high magnetic fields!

• This causes the Al in the smelter to magnetize 
and coalesce

• The current distribution in the smelter changes
(depicted by arrows)

• Increasing the resistance of the smelter..
• … which increases the losses
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Magnetic Field Compensation – Why?
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Magnetic Field Compensation – How?

• Magnetic fields cannot be blocked, only redirected!

• The solution is to generate a counter-acting magnetic field…

• …through a separate current

• Conventional compensation busbars are installed the pots in a hot 
and tight environment around the smelters

• This results in additional assembly difficulties and therefore 
additional costs
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Magnetic Field Compensation – How?

• Due to the small size of HTS busbars, these difficulties can be 
reduced

• Contrary to aluminum busbars, a HTS loop can be created inside 
the cryostat
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Magnetic Field Compensation – How?

• The additional turns increase the resulting magnetic field, 
similarly to an inductor

• By using 5 turns, we can reduce the operating current
by a factor of 5!

• Reducing the needed power
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Magnetic Field Compensation

• Resulting benefits:

• Reduced compensation current

• Increased space efficiency in an already crowded industrial 
space

• No additional heat is introduced

• Minimal interference with the smelters
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Magnetic Field Compensation

• CAPEX rough order of magnitude:
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Needed: Unit Price
1 HTS 50                        €/kA/m
2 Cryostat 500                      €/m
3 Current Lead 2,500                  €/kA
4 Cooling Machine 100,000              €/kWcool
5 Connectors, Supports, Control.. 300,000              €/system

System Parameters
a Current 40 kA
b Length 500 m
c Electric Power for Cooling Machines + Losses 43 kW
d HTS Mutual Magnetic Factor 1.5
e Number of current leads 1
f Heat Losses per m 0.002 kW/m

CAPEX Calculation
HTS 1,500,000          1*a*b*d
Cryostat 250,000              2*b
Current Lead 20,000                3*a*e/5
Cooling Machine 100,000              4*b*f
Supports 300,000              5
Total 2,170,000          
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Magnetic Field Compensation – How?
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III. Case 4:
DC Connection between Potlines and 

Power Plant/Grid
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HTS DC-Transmission vs. Conventional AC
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Conventional Overhead Line

• Power is provided either by grid connection or a power plant

• The distance can be several 100 ms ranging to multiple kms.

• To keep transmission losses low, 
a higher voltage is needed …

• …which results in two transformers…

• …and an overhead line
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HTS System

• Since HTS have no ohmic losses, we don’t need to worry about 
transmission losses

• A DC transmission from the power source to 
the aluminum plant is possible…

• …without the need for transformers

• No costly overhead lines are needed either

• Due to the small size of the HTS system, 
less construction is needed

• DC transmission also incurs no reactive power
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Case 4: Results
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Merci !
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