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Plan of the Presentation

• Introduction: previous work presented in 2017

– TMS 2017’s 500 kA cell with 100% downstream current exit (electrical design only)

– ALUMINIUM 2017’s 760 kA wide cell design running at 12.85 kWh/kg

• Thermal design of the 500 kA with 100% downstream current exit cell 

running at 11.2 kWh/kg 

• Design of a 650 kA wide cell running at 11.3 kWh/kg

• Future work

• Conclusions
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Summary of the TMS 2017’s retrofit study
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Summary of the TMS 2017’s retrofit study

Base case

Amperage 500 kA 500 kA 400 kA

Nb. of anodes 48 64 64

Anode drop 265 mV 224 mV 179 mV

Cathode drop 87 mV 130 mV 104 mV

Busbar drop 310 mV 134 mV 107 mV

Cell voltage 3.89 V 3.59 V 3.20 V

Current efficiency 95.90% 95.90% 95.90%

Internal heat 758 kW 699 kW 414 kW

Energy consumption 12.1 kWh/kg 11.2 kWh/kg 9.95 kWh/kg
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Summary of the ALUMINIUM 2017’s retrofit study
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Summary of the ALUMINIUM 2017’s retrofit study
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Thermal design of the 500 kA with 100% downstream 
current exit cell running at 11.2 kWh/kg

20 cm 
anode cover

+
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Thermal design of the 500 kA with 100% downstream 
current exit cell running at 11.2 kWh/kg

Very high 
insulated 

pier

+
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Thermal design of the 500 kA with 100% downstream 
current exit cell running at 11.2 kWh/kg
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Design of a 650 kA wide cell running at 11.3 kWh/kg

Very simple RCC busbar concept with
alternating upstream and downstream
risers.

The upstream collector bars are
feeding the 3 upstream risers, while
the downstream collector bars are
feeding the 3 downstream risers.

Magnetic compensation busbar are
also presented below the cell position.
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Design of a 650 kA wide cell running at 11.3 kWh/kg

24 cm 
anode cover

+
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Design of a 650 kA wide cell running at 11.3 kWh/kg
Very high 
insulated 

pier

+
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Design of a 650 kA wide cell running at 11.3 kWh/kg
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Future work

• On the 500 kA cell side, the current 7 m. cell to cell distance could be reduced as the

100% downstream current extraction concept hardly requires any space between

cells. The “500” kA cell energy efficiency could be further reduced by decreasing the

ACD to 2.8 cm and increasing the cell amperage in order to maintain the same internal

heat.

• On the wide 650 kA cell side, the current 2 studs per carbon block design could be 

replaced by a more appropriate 3 studs per carbon block design considering the 

length of those carbon blocks. This is not a technical problem but it does require the 

construction of a new model as the topology of the anode would not remain the same. 

The RCC busbar network could be further optimized in order to further reduced the 

busbar drop by decreasing even more the busbar current density.
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Conclusions

• It turned out it is possible to reduce enough the heat dissipation of a cell to be able to

operate cells in thermal balance at the very low energy consumption level of around

11.2-11.3 kWh/kg. Electrically, at 0.8 A/cm2 of anode current density, this requires

operating at close to the lowest achievable ACD which is around 2.8-3.0 cm and a total

ohmic resistance of the anode cathode and busbar corresponding to a total voltage

drop of about 500-600 mV.

• Thermally, this requires operating at the lowest possible cell superheat, a very high
anode cover thickness, very high pier height, and using a special design feature to
reduce the stubs and collector bars heat loss.

• Electrically, it is easy to continue to decrease the cell internal heat production by

reducing the anode current density of around 0.6-0.65 A/cm2 in order to get to 10

kWh/kg level.
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Plan of the Presentation

• Follow-up from TMS 2018’s paper work
– 650 kA wide cell design running at 11.00 kWh/kg

– 520 kA cell with 100% downstream current exit running at            

10.85 kWh/kg

• Future work

• Conclusions
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Design of a 650 kA wide cell running at 11.0 kWh/kg

From 6 to 8 risers design
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Design of a 650 kA wide cell running at 11.0 kWh/kg

4 blocks, 3 stubs per block, anode design
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Design of a 650 kA wide cell running at 11.0 kWh/kg
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Design of a 650 kA wide cell running at 11.0 kWh/kg
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Thermal design of the 520 kA with 100% downstream 
current exit cell running at 10.85 kWh/kg

From 7 m to 6.2 m
pot to pot distance
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Thermal design of the 520 kA with 100% downstream 
current exit cell running at 10.85 kWh/kg
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Future work

• It is the opinion of the author

that further reduction of the

cell energy consumption will

probably have to come from

the recovery of some of the

heat loss by the cell. At the

recent ICSOBA conference

in Hamburg, such a heat

recovery system (HRS) was

presented by EGA.
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Future work

• On the cell exhaust gas heat recovery, it would

be far more efficient to first increase the gas

exhaust temperature. This could be achieved by

reducing the area of the hood openings and

also insulating the hoods and the fume plate in

order to be able to decrease the gas exhaust

rate and keep more of the anode panel heat loss

in the exhaust gas. Also at the ICSOBA

conference, the author presented a model that

was developed to study the impact of such

design changes on the cell hooding system heat

balance and the cell hooding HF capture

efficiency.
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Conclusions

• Contrary to the author expectations one year ago, the present study has produced cell

designs that have reached and in the second case broken the 11.0 kWh/kg cell energy

consumption barrier. At 10.85 kWh/kg, at the time of writing this paper, the author ran

out of design idea to further reduce that number without involving HRS.

• Several months later, it is no longer the case. The author is now planning to reveal at

the next TMS conference the design feature used to reduce the anode stubs and

collector bars heat dissipation and to better use that design feature to further reduce

cells power consumption still without involving HRS.

• Yet, clearly at some point, the only way to further reduce the cells energy

consumption will be to captured low grade heat energy dissipated by the cell to

preheat the alumina and/or the anodes.
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Thank you
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• This PowerPoint Presentation Template has been pre-formatted to provide font size and color 
combinations that will ensure maximum visibility in large conference rooms. 

• Following these instructions are several master format slides that will allow you to insert 
bulleted text, pictures, tables and charts. Please follow these master slide formats as closely as 
possible.

• Text and graphics may be orientated differently on the slide, but at a minimum please maintain 
the pre-formatted font size and color combinations.  

• Background format and TMS2018 information at the bottom may not be modified.

• Delete these Instruction slides prior to submitting your presentation.

• This template is being provided to assure uniformity and continuity among presentations at the 
conference, and to reduce the amount of commercialism and use of company logos within 
slides. Use of this template is strongly encouraged.

INSTRUCTIONS



29

Full-Size Chart

Double clicking will take you to a screen where you can 
create the chart information (alternatively, you can also 
insert your own chart as  a picture/photo/figure).

After creation, right-clicking on the chart will take you to a 
menu where you can change the chart type.

Please delete this comment when finished.
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Bulleted List and  Small Chart
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Full-Size Table

Double clicking will take you to a menu where you can 
create the table information (alternatively, you can also 
insert your own chart as  a picture/photo/figure).

After creation, right-clicking on the chart will take you to a 
menu where you can modify the table.

Please delete this comment when finished.
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Picture/Photo/Figure with 
Bulleted Text

•Delete text box and insert 
picture here
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Full-Size Picture/Photo/Figure

•Delete text box and insert Picture/Photo/Figure here


