








 
Figure 7. Heat deflectors used to increase side- and end-wall insulation of D20+ cell. 
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Figure 8. Operating superheat and noise of D20+ cell.  

 
Figure 9 and Table 1 show the ability of D20+ to operate above the designed amperage limit of 
270 kA. Most notable are 1.23 kWh/kg Al (9 %) lower specific energy consumption and 
improved environmental performance, with 73 % lower equivalent CO2 of PFC emissions. 
There were several contributing factors for the improved performance of D20+ Cell Technology 
in comparison to D20 Cell Technology:  

 The modifications of the busbar design, which increased MHD stability of the cells and 
enabled operation at lower ACD (Figure 10).  

 Increased number of anodes which decreased operating anode current density and bath 
voltage drop.  

 Increased number of cathode blocks, which decreased cathode current density and 
helped decrease the cathode voltage drop. 

 Copper inserts in the cathode blocks, which decreased the cathode voltage drop.  
 Good control of anode current distribution.  
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Figure 9. Operating key performance indicators of D20 and D20+ Cell Technologies 

from 1 January to 31 August 2017. 
 

However, maintaining lower energy input and electrolyte volume induces spatial variations as a 
result of operational activities such as anode setting, leading to the formation of spikes and 
imbalanced current distribution, all of which adversely impact performance. During anode 
setting, cell thermal and anode current balance are disturbed for several hours to reach normal 
operating conditions [6]. Anode setting activity causes the most frequent disturbance to cell 
MHD stability [7]; the disturbance occurs due to formation of bath freeze on the cold anode 
surface which insulates the anode and prevents current flow. The increase in number of anodes 
allowed increasing the anode setting shift rota which resulted in increasing the gap between 
each consecutive anode set activity.  
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Table 1. Summary of KPI’s of D20 and D20+ cell technologies  
from 1 January to 31 August 2017. D20+ data are for 5 cells, representative of 

typical D20+ design. 
Parameter Unit D20 D20+ D20+ - D20 

Amperage kA 272.89 272.89 0 
Current efficiency % 93.63* 93.63 0 
Metal production kg/pot-day 2058 2058 0 
Cell net voltage V 4.481 4.093 -0.388 
DC net specific energy kWh/kg Al 14.26* 13.03 -1.23 
Gross carbon consumption kg C/t Al 540 540 0 
Net carbon consumption kg C/t Al 418 422 4 
Bath temperature °C 963 965 2 
Excess AlF3 % 11.8 11.0 -0.8 
Fe % 0.097 0.086 -0.011 
Si % 0.026 0.022 -0.004 
Anode effect frequency AE/pot-day 0.097 0.040 -0.057 
Anode effect duration  s 12.5 8.7 -3.8 
PFC emissions CO2  equivalent** kg/t Al 22 6 -16 

Cell noise (instability) mV 9 6 -3 

Metal height before tap cm 25.4 17.7 -7.7 
*Estimated. 
**CO2 equivalent is calculated as in Reference [5], using the Tier 2 method and SAR (Second 
Assessment Report). 
 

 
Figure 10. Average noise and metal height in D20 and D20+ Cell Technologies  

from 1 January to 31 August 2017. 
 
Further optimization of D20+ cell performance is possible. For example, very low metal height 
target was introduced to keep more heat in the cells; increasing the metal height may help cell 
stability and current efficiency, but then another means of heat conservation has to be found or 
ACD has to be somewhat increased, which in itself will favour better current efficiency.   
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4. On-Line Anode Current Monitoring System  
 

Cell voltage is the only continuous measured signal whilst other voltage components are either 
assumed constant or measured on a discrete basis. Automated cell control algorithms are used to 
regulate essential cell activities such as alumina feeding and energy input based on calculated 
pseudo-resistance which is calculated from: 
 

cell extrapV V
R

I


      (1) 

 
where: Vcell  Cell voltage, V, 

Vextrap Extrapopolated voltage (zero current intercept of V versus I), typically 1.65 V, 
I Cell current, A.  

 
Calculated pseudo-resistance is used to maintain constant ACD which continuously changes due 
to the dynamic nature of the cell, while carbon electrodes are consumed and cathode metal pool 
is accumulated. Deterioration in cell MHD stability due to spatial or temporal changes in cell 
conditions are usually treated by either manual adjustment of individual anodes or ACD 
regulation. Studies have shown that limiting cell monitoring and control strategy to pseudo-
resistance control is inadequate for prompt fault detection [8]. The increase in modern cell 
dimensions and aim to operate at a lower energy input has imposed difficulties in detecting 
spatial changes and thus a new control strategy based in individual anode current monitoring 
signal is essential. Thus, D20+ pots were equipped with the latest in-house developed design of 
anode current monitoring system using monitoring sampling frequency of 2 Hz. An example of 
individual anode currents is presented in Figure 11, showing anode change at 16 o’clock. 
 

 
Figure 11. Individual anode current signals in a D20+ cell as reported in D20+ visual 

interface (iPots).  
 
5. Conclusions  
 
The intensive sophisticated work, modeling and optimization by EGA’s technology 
development team has resulted in developing an improved busbar design for D20+ technology. 
The cells have had stable operation since January 2017 at a lower energy input than the existing 
D20 Cell Technology. The specific energy has been reduced by 1.23 kWh/kg Al from 14.26 DC 
kWh/kg Al to 13.03 DC kWh/kg Al at 272.9 kA. The aim is to achieve net energy consumption 
lower than 13.0 DC kWh/kg Al, which should be possible to attain with a few adjustments of 
operational parameters. 
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