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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

e Conclusions
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Summary of the TMS 2017’s retrofit study

Base case ?gz%fégél

Amperage 500 kA 500 kA Efjji ave)
Nb. of anodes 48 64 :Vi:}fth
Anode size 195m X 665m |1.95m X 5m B
Nb. of anode studs 4 per anode 4 per anode 5 gé%%
Anode stud diameter 17.5 cm 17.5cm §§§§§§
Anode cover thickness 10 cm 10 cm % ngﬁj
Nb. of cathode blocks 24 24 % E%E%
Cathode block length 417 m 4.17m = o
Type of cathode block HC10 HC10 e
Collector bar size 20cm X 10cm 25cm X 16 cm Mi e
Type of side block SiC siC
Side block thickness 10 cm + 10 cm + 2?%‘1
ASD 30 cm 30 em % o
Calcium silicate thickness 3.5 cm 3.5cm % %E%%

2 | |Inside potshell size 178 X 485m 17.8X 4.85m -l

z”ﬁi.?f“"‘“ ACD 3.5 cm 3.2cm

, "4“"“"‘““‘ Excess AlF, 12.00% 12.00%
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Summary of the TMS 2017’s retrofit study

Base case

Amperage 500 kA 500 kA 400 kA
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 389V 359V 320V
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

TS 2018

tion

]

Amperage 762.5 kA

Nb. of anodes 48

Anode size 2.6 mx.65m
Nb. of anode studs 4 per anode
Anode stud diameter 21.0 cm
Anode cover thickness 15 cm

Nb. of cathode blocks 24

Cathode block length 5.37m

Type of cathode block HCI10
Collector bar size 20cm x 12 cm
Type of side block HC3

Side block thickness 7 cm

Anode side wall distance: ASD | 25 cm
Calcium silicate thickness 3.5¢cm

Inside potshell size 17.02 x 5.88 m
Anode cathode distance: ACD 3.0cm

Excess AlF; 11.50 %
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Summary of the ALUMINIUM 2017’s retrofit study

NN [ .
Anode drop (A) 347 mV W e
Cathode drop (A) 118 mV N N 3
Busbar drop (A) 300 mV & N "_"\\\“ ‘
Anode panel heat loss (A) 553 kW - \\\ . \?\
Cathode total heat loss (A) 715 kW :
Operating temperature (D/M) 968.9 °C
Liquidus superheat (D/M) 10.0 °C
Bath ledge thickness (A) 6.82 cm
Metal ledge thickness (A) 1.85 cm
Current efficiency (D/M) 95.14 %
Internal heat (D/M) 1328 kW
Energy consumption 12.85 kWh/kg
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TIVIS 2018  1HE WoRID COMES HERE. © @ A }~?'2\‘91_a._\§:i§;ﬂog§'li';,i__\

147" Annual Meeting & Exhibition




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

58053
B 167156
266.259
Kok HEAT BALANCE TABLE Hokok |
EEEE Half Anode Model : 500 kA Rk - 464 .466
I:I- 563.569 20 cm
B 76775 anode cover
ANODE PANEL HEAT LOST kW W/m"2 % mm S60-878
____________________________________________________________ 959.981
Crust to air 85.76  1130.63 29.36
Studs to air 165.70  2093.65 56.73
Aluminum rod to air 40.64 449,31 13.91
Total Anode Panel Heat Lost 292.10 100.00
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Thermal design of the 500 kA with 100% downstream
current exit cell running at 11.2 kWh/kg

ok HEAT BALANCE TABLE EEEE
FEFE Side Slice Model: 500 kA il
CATHODE HEAT LOST kW W/m"2 %
Shell wall above bath level 48.00 779.66 11.96
Shell wall opposite to bath 35.82 3620.92 8.92
Shell wall opposite to metal 23.04 5124.05 5.74
Shell wall opposite to block 60.50  2356.32 15.087
Shell wall below block 7.77  396.23 1.94 LR o e ] L
Shell floor 30.41  373.24 7.57 o=
Cradle above bath level 2.08 936.98 0.52 ._.-—---‘""""—___
Cradle opposite to bath 9.79 1403.73 2.44 . -——-"""":__—
Cradle opposite to metal 3.84 1615.32 0.96 Vel'y hlgh """"::..--—-— 1
Cradle opposite to block 18.12 386.58 4.51 =l T
Cradle opposite to brick 3.39 75.35 0.84 |nSUIated
Cradle below floor level 35.58 97.40 8.86 .
Bar and flex to air 64.74  9903.13 16.13 pler
End of flex to busbar 76.20 264566.31 18.98
Cathode bottom estimate 257.40 64.11 +
Total Cathode Heat Lost 401.50 100.00
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Thermal design of the 500 kA with 100% downstream

current exit cell running at 11.2 kWh/kg

Amperage

600 kA

500 kA

Nb. of anodes

48

64

Anode size

2.0m x .665 m

1.95m = .5m

Nb. of anode studs

4 per anode

4 per anode

Anode stud diameter 17.5cm 17.5¢cm
Anode cover thickness 10 cm 20 ¢cm

Nb. of cathode blocks 24 24

Cathode block length 4.17m 4.17m

Type of cathode block HCI10 HC10
Collector bar size 20cm * 10 cm 20 cm x 20 cm
Type of side block SiC HC3

Side block thickness 7 cm 7 cm

Anode side wall distance: ASD | 28 cm 30 ¢cm
Calcium silicate thickness 3.5cm 6.0 cm

Anode drop (A) 318 mV 238 mV
Cathode drop (A) 104 mV 123 mV
Busbar drop (A) 311 mV 134 mV
Anode panel heat loss (A) 449 kW 292 kW
Cathode total heat loss (A) 692 kW 402 kW
Operating temperature (D/M) 964 .8 °C 958.4 °C
Liquidus superheat (D/M) 11.8 °C 5.4 °C
Bath ledge thickness (A) 6.36 cm 11.84 cm
Metal ledge thickness (A) 1.76 cm 3.48 cm
Current efficiency (D/M) 96.40 % 96.30 %
Internal heat (D/M) 1140 kKW 699 kW

Inside potshell size

17.8 x 485 m

17.8 x4.85m

Energy consumption

13.26 kWh/ke

11.2 kWhkg

Anode cathode distance: ACD

35cm

3.2cm

Excess AlF;

12.00 %

12.00 %

TMIS201
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Design of a 650 kA wide cell running at 11.3 kWh/kg
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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.




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

69,282

Hedk ok ok HEAT BALANCE TABLE

kA k& Half Anode Model: 650 kA
ANODE PANEL HEAT LOST kW
Crust to air 105.63
Studs to air 177.39
Aluminum rod to air 43.81
Total Anode Panel Heat Lost 326.83
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Design of a 650 kA wide cell running at 11.3 kWh/kg

TR HEAT BALANCE TABLE Aok 33.294 1
e Side Slice Model: 650 kA Ak = }}212-327 Yery hlgh

CATHODE HEAT LOST kW W/m~2 % 531211;[51‘11 insulated

------------------------------------------------------ O i

Shell wall above bath level 53.42 769.17 ] %Sgézg pler

Shell wall opposite to bath 39.51  3540.15 L1 282 . 901

Shell wall opposite to metal 25.30  4986.43 ] 889.988 +

Shell wall opposite to block 66.30 2235.30 L 597 .075

Shell wall below block 8.29 372.59

Shell floor 35.36 366.17

Cradle above bath level 2.44 925.21

Cradle opposite to bath 11.46 1383.66

Cradle opposite to metal 4.48 1587.32

Cradle opposite to block 20.98 376.99

Cradle opposite to brick 3.82 74.79

Cradle below floor level 21.85 98.68

Bar and flex to air 113.28 10545.17

End of flex to busbar 92.87 257964.26

Cathode bottom estimate 319.10

Total Cathode Heat Lost 499,35

TRV M
Nl 45.318 THE WORLD COMES HERE.

eeting & Exhibition



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

THE WORLD COMES HERE.

Amperage 762.5 kA 650 kA

Nb. of anodes 48 48

Anode size 2.6mx .65m 2.6mx.65m Anode drop (A) 347 mV 296 mV
Nb. of anode studs 4 per anode 4 per anode Cathode drop (A) 118 mV 109 mV
Anode stud diameter 21.0 cm 24.0 cm Busbar drop (A) 300 mV 220 mV
Anode cover thickness 15 cm 24 cm Anode panel heat loss (A) 553 kW 327 kW
Nb. of cathode blocks 24 24 Cathode total heat loss (A) 715 kW 499 kW
Cathode block length 537 m 537m Operating temperature (D/M) 968.9 °C 967.0 °C
Type of cathode block HC10 HC10 Liquidus superheat (D/M) 10.0 °C 8.1 °C
Collector bar size 20cm x 12cm | 20em x 15 cm Bath ledge thickness (A) 6.82 cm 11.86 cm
Type of side block HC3 HC3 Metal ledge thickness (A) 1.85 ¢cm 3.38cm
Side block thickness 7 em 7 cm Current efficiency (D/M) 95.14 % 94.80 %
Anode side wall distance: ASD | 25 cm 25 cm Internal heat (D/M) 1328 kW 832 kW
Calcium silicate thickness 3.5cm 6.0 cm Energy consumption 12.85 kWh/kg 11.3 kWh/kg
Inside potshell size 17.02 x 5.88 m 17.02 x 5.88 m

Anode cathode distance: ACD 3.0 cm 2.8 cm

Excess AlF; 11.50 % 11.50 %




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.

2018 THE WORLD COMES HERE. [ ¢
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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/cm? 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/cm? in order to get to 10
kWh/kg level.

2018 THE WORLD COMES HERE. [ ¢
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BREAKING THE 11 KWH/KG
BARRIER

Marc Dupuis

THE WORLD COMES HERE.




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

AN
ELEMENTS

AUG 25 2017
MAT NOM 16:31:32
PLOT NO. 1

Py

4 blocks, 3 stubs per block, anode design

TVIS2018
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Design of a 650 kA wide cell running at 11.0 kWh/kg

ANSYS 12.0.1
SEP 1 2017
1517231
PLOT NO. 40
kR HEAT BALANCE TABLE AR i

A, Half Anode Model : 650 KA TEEE SUB =1

TIME=1
o TEMP

ANODE PANEL HEAT LOST kW W/mn2 % on A
--------------------------------------------------- SMN =69.196

Crust to air 98.89 1025.88 29.18 SMX =?@L?g7
Studs to air 203.87 1784.71 60.16 69.196

> . 168.177
Aluminum rod to air 36.13 267.158

366.139
Total Anode Panel Heat Lost 338.89 féi'iﬁ%
o J . \
£63.083
762.064
861.046
960.027
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Design of a 650 kA wide cell running at 11.0 kWh/kg

Amperage 762.5 kA 650 kA 650 kA

Nb. of anodes 48 48 36

Anode size 2.6 x.65m 2.6 x .65 m 2.6 x.86 m Anode drop (A) 347 mV 296 mV 252 mV
Nb. of anode studs 4 per anode | 4 peranode | 12 peranode | | Cathode drop (A) 118 mV 109 mV 109 mV
Anode stud diameter 21.0 cm 24.0 cm 16.0 cm Busbar drop (A) 300 mV 220 mV 170 mV
Anode cover thickness 15 cm 24 cm 25 cm Anode panel heat loss (A) 553 kW 327 kW 339 kW
Nb. of cathode blocks 24 24 24 Cathode total lieat loss (A) 715 kW 499 kW 482 kW
Cathode block length 5.37m 5.37m 5.37 m Operating temperatur (D/M) | 968.9 °C 967.0 °C 966.5 °C
Type of cathode block HC 10 HC 10 HC 10 Liquidus superheat (D/M) 10.0 °C 8.1°C 7.6 °C
Collector bar size 20x12cm 20x15cm 20 x 15 cm Bath ledge thickness (A) 6.82 cm 11.86 cm 14.25 cm
Type of side block HC3 HC3 HC3 Metal ledge thickness (A) 1.85 cm 3.38 cm 4.58 cm
Side block thickness 7 cm 7 cm 7 cm Current efficiency (D/M) 95.14% 94.80% 94.90%
ASD 25 cm 25 cm 25 cm Intenial heat (D/M) 1328 kW 832 kW 804 kW
Calcium silicate thickness 3.5 cm 6.0 cm 6.0 cm Energy consumption 12.85 kWh/kg | 11.3 kWh/kg | 11.0 kWh/kg
Inside potshell size 17.02x5.88m | 17.02 x 5.88m | 17.02 x 5.88m

ACD 3.0 cm 2.8 cm 2.8 cm

Excess AIF, 11.50% 11.50% 11.50%




Thermal design of the 520 kA with 100% downstream
current exit cell running at 10.85 kWh/kg

1.971

B0 OR00NN

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

Anode drop (A) 318 mV 238 mV 248 mV
Cathode drop (A) 104 mV 123 mV 182 mV
Busbar drop (A) 311 mV 134 mV 85 mV
Anode panel heat loss (A) 449 kW 292 kW 295 kW
Cathode total lieat loss (A) 692 kW 402 kW 404 kW
Operating temperatur (D/M) | 964.8 °C 9584 °C 958.3 °C
Liquidus superheat (D/M) 11.8°C 54°C 5.3 °C
Bath ledge thickness (A) 6.36 cm 11.84 cm 11.83 cm
Metal ledge thickness (A) 1.76 cm 3.48 cm 3.46 cm
Current efficiency (D/M) 96.4% 96.3% 96.5%
Intenial heat (D/M) 1140 kW 699 kW 701 kW
Energy consumption 13.26 kWh/kg | 11.2 kWh/kg | 10.85 kWh/kg

Amperage 600 kA 500 kA 520 kA
Nb. of anodes 48 64 64
Anode size 2.0 x .665 m 119575 m 1.95x.5m
Nb. of anode studs 4 per anode | 4 peranode | 4 peranode
Anode stud diameter 17.5 cm 17.5 cm 17.5 cm
Anode cover thickness 10 cm 20 cm 20 cm
Nb. of cathode blocks 24 24 24
Cathode block length 417 m 417 m 417 m
Type of cathode block HC 10 HC 10 HC 10
Collector bar size 20 x 10 cm 20 x 20 cm 20 x 20 cm
Type of side block SiC HC3 HC3
Side block thickness 7 cm 7 cm 7 cm
ASD 28 cm 30 cm 30 cm
Calcium silicate thickness 3.5cm 6.0 cm 6.0 cm
Inside potshell size 17.8x4.85m | 17.8x4.85m | 17.8 x4.85m
ACD 3.5cm 32 em 2.8 cm
Excess AIF, 12% 12% 12%




Future work
EGA
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Heat Recovery in EGA

» Itis the opinion of the author

that further reduction of the energ;f;%a;; o

cell energy consumption will

probably have to come from f=m===
the recovery of some of the T :i L ks Prelzﬁlated

heat loss by the cell. At the AME T E K

recent ICSOBA conference f_ LNV ‘\

in Hamburg, such a heat == eS| Cold oil
recovery system (HRS) was LD 71| Hot oil
presented by EGA. — 7 ¥-

Potshell sidewall | — -
energy collector I - ;’;‘ §
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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.

TIMIS m:}‘!g THE WORLD COMES HERE.
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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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INSTRUCTIONS

» 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.
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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
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