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Abstract 

 

EGA has extensive experience in brownfield modernisation of its technologies, with D18+ and 

D20+ cell designs successfully developed to replace the older D18 and CD20/D20 technologies. 

In December 2020, EGA and INALUM entered into a Technology License Agreement and a 

Secondment Agreement of EGA’s engineers to review and optimise the performance of INALUM 

S170 Sumitomo technology reduction cells at the Kuala Tanjung smelter, Indonesia. The 

collaboration aimed to use EGA's expertise to increase metal production of the INALUM smelter. 

The initial phase involved upgrading of five pilot cells in a boosted section of Potline 1 to operate 

at an increased amperage of 20 kA above the nominal 195 kA.  

 

This paper focuses on detailed modelling studies, assessing the electrical and heat balance, 

magnetic field, MHD, and cathode lining and potshell. It also covers engineering work to modify 

the superstructure for conversion from centre-break feeding to point feeding and the 

implementation of EGA’s proprietary PLC based cell control system. The studies led to 

recommendations for improved lining and potshell designs, a superstructure with a new feeding 

system, and minor busbar modifications aimed at amperage increase while reducing specific 

energy consumption (SEC). Extensive modelling and engineering studies were required to design 

the pilot boosted section. The enhancements in design and cell control logic were pivotal in 

achieving the project KPIs. The pilot cells at an amperage of 215 kA exceeded a daily metal 

production target by 22 kg per cell, while lowering SEC by at least 0.5 kW/kg Al. The proposed 

design changes can be implemented on a live potline by shutting down a small group of cells at a 

time, thus minimizing metal production loss during construction. This paper provides insights 

into the methodologies and challenges encountered in the design improvement process, 

contributing to the successful commissioning and operation of the upgraded cells. 
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1. Introduction 

 

PT Indonesia Asahan Aluminium, INALUM, is the largest aluminium producer in the Republic 

of Indonesia and is a 100 % state-owned enterprise since 2013. INALUM smelter was established 

in 1976 with Sumitomo cell technology S170. The cell technology in potlines 1 and 3, operating 

at 195 kA now, has not undergone any major modifications since the startup, except for the lining 

design. The technology has the following features: 

• 2 end anode risers, 

• 18 anodes and 16 graphitized cathode blocks, 

• Centre-break feeding system, 

• Alesa Blue Box Pot Control System (PCS). 

 

INALUM aims to increase production from 250 kt/a to 300 kt/a. INALUM and EGA agreed to 

conduct a CAPEX competitive feasibility study incorporating minimum cell redesign to increase 

production of Potlines 1 and 3 to achieve the target production. A Technology License Agreement 

was signed on 21 December 2020 for the optimise of INALUM reduction cells. More details 

about the project are given in [1]. EGA has over 30 years of experience in smelter modernisation 

of its earlier technologies by developing D18, D18+ [2, 3], D20 and D20+ [4] cell technologies. 

INALUM pilot project marks its first experience of brownfield optimization outside the UAE. 

 

The scope of the study was to increase production from 250 kt/a to 300 kt/a, and to reduce SEC 

without major busbar modification. This requires amperage increase to 215 kA in Potlines 1 and 

3. The study included the addition of EGA’s proprietary Pot Control System (PCS) upgrade. 

 

2. Methodology 

 

Using its extensive experience in major and minor brownfield upgrades of old aluminium 

reduction cell technologies [2-4], EGA followed the following steps for INALUM S-170 cell 

optimise: 

1. Started with site investigation, visual observations of cells, measurement tools inspection 

and data collection to prepare a detailed analysis. This stage was essential to get a first 

impression of the technology, understand INALUM operation and measurement 

procedures and identify the differences in data collection methods to complement the 

process using EGA-designed tools and methodology. Determining correct measurements 

is imperative to ensure that cell design and process parameters are well evaluated. Daily 

performance data was collected for 10 cells for the period from the 1st of August 2020 to 

the 31st of January 2021 to get an understanding of typical cell performance. 

2. Followed by a detailed analysis to check the feasibility of achieving INALUM objective 

of modernisation. EGA specified in detail design changes and the expected results, based 

on experience and modelling of cell heat and voltage balance [5].  

3. Mathematical models were prepared from the drawings and process data available. 

4. During the second visit to INALUM a detailed design validation campaign of the original 

S-170 cells was carried out for model validation. 

5. Detailed cell modelling, engineering, and PCS study was made for possible 

improvements. 

6. A design implementation program was issued for five pilot cells connected to a booster. 

7. The plan for start-up, operation and normalisation of the pilot cells, was followed by a 

detailed performance review to confirm target KPIs. 
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8. Detailed design validation of optimised cells was done to prove that the design operates 

as intended and to identify opportunities for further improvements. 

9. A performance test was made on all five cells to prove that the operating result satisfied 

the licence agreement. 

 

3. Data Collection and Cell Design Validation (DV) 

 

Aluminium reduction process is complex in nature as it involves various disciplines of physics, 

thermodynamics, chemistry and material science. Mathematical models are used for process 

understanding and cell design. They have to be validated with measurements for reliable industrial 

use. The model validation and modelers’ experience have a direct impact on modelling and design 

accuracy. INALUM cell redesigning included two design validation campaigns. EGA model 

validation methodology is described in [6] and is adapted to every brownfield and greenfield 

project. 

 

The EGA/INALUM measurement team led by EGA modelling engineer spent three weeks 

conducting all required measurements. 3 cells were selected by INALUM process engineers for 

detailed design validation campaign. 

 

The following measurements were made during the first and second design validation campaigns: 

1. Thermal design validation was conducted using an infrared (IR) thermometer and a 

contact thermocouple, including: 

a. 6 anode assemblies were measured including stubs, yoke, rod 10 cm above electrical 

transition joint (ETJ), and anode cover opposite to the centre of the yoke.  

 

 
Figure 1. Anode temperature measurement locations. 

 

b. Potshell temperature at the metal-bath interface level. 

c. Potshell sidewall temperature was measured on 5 different slices at 5 different heights 

on each slice on both upstream and downstream sides as per Figure 2.  

d. Cradle temperature was taken in 4 locations on cradles adjacent to slices where 

sidewall temperature was measured.  

e. Collector bar temperature was measured at 5 slices on upstream and downstream.  

f. End wall temperature at 3 slices. 

g. Sidewall and end wall deck plate temperature at the location of the side and end wall 

slices. 

h. Ambient temperature was measured at 5 slices, 20 cm above the grating between the 

cells in the morning and in the afternoon. 
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Figure 2. Locations for sidewall and end wall temperature measurements. For sidewall 

points S1-S5 are shown. Numbering starts from the top. 

 

2. Sidewall freeze profile was measured at 6 anodes, 3 on the upstream and 3 on the 

downstream. 

3. Anode cover thickness. The thickness of the anode cover material is one of the most 

important parameters in the cell. Proper cover thickness prevents anode oxidation and 

regulates heat loss from anode assembly. 

4. Electrical design validation included: 

a. Cathode voltage drop (CVD).  

b. Anode assembly voltage drop, measured from the anode rod under the clamp to the 

anode underside (bottom face) near the sidewall channel by a special hook electrode. 

c. External (busbar) voltage drop, which is the sum of short drop and anode external 

drop.  

i. Short drop is the voltage between the end of each collector bar and the cathode 

reference point (CRP) at the base of tap end (TE) riser.  

ii. Anode external drop is the voltage from CRP to each anode rod below the anode 

beam.  

d. Cathode flex and welded tab voltage drop (Figure 3). The measurement consists of 

three parts:  

iii. B – C is flex voltage drop without welded tab. This is voltage drop is 

proportional to the collector bar current. and is used for the calculation of 

collector bar current distribution. 

iv. A – C is full flex and tab voltage drop and is reported as “Flex drop”. 

v. A – B is the welded tab voltage drop and is reported as a “Cathode tab drop”. 

This is measured for control of the welded joint quality. 

 

 
Figure 3. Cathode flex voltage drop measurement points. 

 

e. Anode clamp voltage drop, from anode beam to anode rod below the beam, was 

measured to determine the quality of anode rod-to-beam contact. 
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f. Full anode riser and anode riser bolted joints voltage drops were measured to 

determine the quality of the riser bolted connection. 

g. Busbar currents and temperatures. Currents were measured by Smart Digital Optics 

(SDO) optical fibre current sensor [7] and temperatures by a contact thermocouple 

probe since an IR thermometer is not a reliable tool for aluminium busbar temperature 

measurement. 

 

5. Magnetic field. The purpose of magnetic field measurement is to validate mathematical 

models for magnetic field calculations. The three components of the magnetic field were 

measured with a tri-axial probe. The magnetic field was measured along one line on each 

side of the cell near the edge of the anodes, just above the crust during the first validation 

campaign and inside the metal pad during the second campaign.  

6. Vertical and horizontal shell distortion of the deckplate was measured for all cells by 

using a theodolite, a string, and a steel ruler. 

7. Gas exhaust rate was measured with a Pitot tube to validate the efficiency of the fume 

duct system. 

 

4. Modelling Study and Validation Results 

 

4.1 Detailed Analysis of Cell Performance Parameters 

 

All measurement data obtained in the first design validation campaign were used to validate the 

mathematical models (cathode and anode thermo-electrical models; busbar and MHD model, and 

mechanical model) for the existing cells. Daily data on 3 cells for 3 weeks were used to obtain 

heat balance of cells in Table 1, from which, superheat, anode-cathode distance (ACD) and 

internal heat (Qin), were calculated as explained in [5]. Current efficiency was calculated for 10 

cells from 6 months performance data. 

 

Table 1. Performance of INALUM 3 control cells from 25 April 2021 to 16 May 2021. 

Parameter  Unit Existing design 

Amperage  kA 196.6 

Current efficiency (CE) % 93.2 

Net cell voltage (Vnet) V 4.39 

Specific energy consumption (SEC) kWh/kg Al 14.03 

Bath temperature (Tbath) °C 960 

Excess AlF3  % 10.0 

Calculated superheat (SH) °C 6.0 

Calculated ACD cm 4.01 

Calculated Internal heat (Qin)  kW 384 

 

4.2 Lining and Potshell Design: Thermo-Electric (T-E) and Thermo-Mechanical (T-M) 

Cathode Models 

 

EGA developed a lining design for increased amperage and lower SEC, using slice and quarter-

cell thermo-electric cathode models. Figures 4 and 5 show the model geometry of the existing 

design. ANSYS Parametric Design Language (APDL) was used for T-E modelling, using two 

different heat transfer coefficients (HTC) on the internal liquid-to-freeze boundaries, one at the 

bath level and another one at the metal level. We used two models: a cathode slice model (Figure 

5) which represents the central part of the cell (collector bars 5-12) and a corner model (Figure 

6), which represents the corner of the cell (collector bars 1-4 and 13-16). The quarter model 

temperature field was later used for the quarter mechanical model. 
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Figure 4. Slice model geometry of existing design and modelled temperature field. 

 

  

 
Figure 5. Quarter-cell model of existing lining design and calculated temperature field. 

 

The main areas of required improvement of INALUM’s existing lining and potshell design, based 

on modelling study and DV, are: 

• Potshell temperatures are lower than usual on the sides, but US (UpStream) temperatures 

closer to the cell corners are higher (Figure 6), probably, because of more intense MHD 

circulation in that area (Figure 23) and because horizontal mechanical reinforcement at 

the cell corners blocks natural convection.  

 

 
Figure 6. Potshell temperature at metal-bath interface for 3 pots. Left : US, Right: DS. 

 

• Bottom lining consists of one layer of firebricks and three layers of insulation bricks. As 

a result, solidus isotherm is located inside the insulation bricks in the existing design. 

This means that bath can penetrate the insulation bricks, can react with the bricks and can 

destroy the bottom insulation relatively fast.  
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• Side lining consists of firebricks only; that is not the best solution for solidus isotherm 

position inside the cathode block and for mechanical stress in the block. 

• All measured cells had a thick freeze, long toe on the cathode block, and a lot of sludge 

on the cathode surface. The thick freeze profile is the result of low superheat. According 

to the process control data, the calculated average superheat was 6 ℃. A significant 

contributor to high sludge accumulation on the cathode surface could have been the 

bottom lining design with only one refractory layer. Different heat transfer coefficients 

(HTCs) from metal to freeze were used along the metal height because of the sludge. 

These were chosen to fit the freeze profile and shell temperature measurements (Figure 

7). 

• A large amount of ramming paste is used on the side. Due to the big ramming paste fillet, 

it would naturally be challenging to provide good ramming quality. The compaction rate 

and baking quality during preheat were most likely not consistent and varied from cell to 

cell.  

 

 
Figure 7. Measured and modelled freeze profile of the existing design. 

 

EGA provided the following cell design improvements:  

1. Cathode block length was increased by 100 mm to reduce side lining width. Cu insert 

was added to the collector bars.  

2. 4 layers of bottom lining were replaced by 3 layers of fire bricks and 2 layers of low-

density vermiculite (LDV). Calcium silicate, instead of LDV, was introduced on the side 

to make cell corners warmer. 

3. The side ramming paste fillet was replaced by an amorphous carbon insert with low 

thermal conductivity. 

4. An insulation layer was added to the sidelining to ensure the proper location of the solidus 

isotherm and improve the mechanical behaviour of the cathode. 

5. Potshell modification included the addition of three fins between two cradles to decrease 

the potshell temperature and increase heat loss.  

6. Horizontal reinforcement angles in all sections above collector bars 1–4; and 13– 6 were 

removed and fins added between cradles. This change was checked by the mechanical 

model which showed that the potshell strength was not affected. 

 

The freeze, measured in 2023 for the new design, has a different form and thickness than the 

initially modelled one with HTCs derived from the 2021 existing cell design validation campaign 

(Figure 7). After the HTCs in the new design model were validated to 2023 measurements the 

-0,05

0,15

0,35

0,55

0,75

0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6 1,8

Freeze Profile Model vs Average Measurement

CB Metal Level Bath Level

Anode Measurement Average Existing Design

TRAVAUX 53, Proceedings of the 42nd International ICSOBA Conference, Lyon, 27 - 31 October 2024

1067



difference between modelled and measured freeze shape of the new cell design, and potshell 

temperatures gave good agreement between the measurements and the model (Figure 7, Table 2).  

 

The new cells did not have any sludge at the time of DV 2023 measurement. 

 

 
Figure 8. Measured and modelled freeze profile for the EGA design. Black dots show the 

measured freeze profile in the new design. 

 

As can be seen from Table 2, the potshell temperature remains lower for the new design at higher 

amperage and SH due to implementation of cooling fins. Collector bar T increased and CVD 

decreased due to Cu insert. The connection of the cathode flex to the collector bar has the potential 

for improvement to reduce voltage drop. 

 

Table 2. Comparison of model and measurement data. 

  Unit Measured 

in DV 2021 

Model: 

Existing design 

Measured 

in DV 2023 

Validated 

model 2023 

Amperage kA 196.6 196.6 217 217 

Average age days 440 - 130 - 

Superheat ℃ 6 6 8.9 8.9 

Potshell T         

S-1* ℃ 251 249 229 217 

S-2 ℃ 253 261 238 237 

S-3 ℃ 258 272 242 263 

S-4 ℃ 195 208 213 207 

S-6* ℃ 146 146 - - 

S-7 ℃ 156 160 - - 

Deckplate T 
   

  

Long side ℃ 125 117 126 109 

Collector bar T ℃ 302.8 293 404 385 

CVD mV 204 203 132 160 

Cathode flex 

drop (A-C) 
mV 35.7 35 43.6 43.4 

*S-5 was not possible to measure. S-6, S-7 were removed for new design. 
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4.2.1 Heat Balance Summary and SEC  

 

The design validation measurements and the cell performance test data were used to calculate 

superheat, ACD and internal heat (Qin). Table 2 gives the comparison of the existing cells, and 

upgraded cells – modelled and measured.  

 

Table 3. Electrical and heat balance of the existing and upgraded cells. 

Parameter Unit 
INALUM 

existing cells 

EGA upgrade 

modelled cells 

EGA upgrade 

measured cells 

Anode cover thickness cm 10 18 16 

Amperage kA 197 217 216 

Bath Temperature ℃ 960 960 966 

Superheat ℃  6 6 8.9 

Anode length mm 1500 1600 1600 

Anode voltage drop V 0.376* 0.425 0.378* 

CVD V 0.204 0.165 0.132 

External voltage drop V 0.378 0.352 0.350 

Cell net voltage V 4.39 4.20 4.31 

Qin kW 384 389 404 

SEC kWh/kg Al 14.03 13.44 13.54 

*This is modelled average over the anode bottom, calculated from measured values in the anode 

bottom corner model as explained in [8]. 

 

4.2.2 Cathode Mechanical Model 

 

The mechanical model (Figure 9) showed that side wall deformation reduced by a few millimetres 

in the new lining design. At the end wall, the combination of a strong deckplate and weak vertical 

stiffeners leads to a significantly deformed end wall at the cathode block level (15 mm more 

deformation than at deckplate) in the existing design. The new lining design does not solve this 

problem, which would require a major end wall modification and increase the cost.  

 

  

 
Figure 9. Potshell von Mises stress, MPa. Pink colour shows von Mises stress above 

275 MPa: Left – INALUM present lining design; Right – EGA new lining design. 

 

4.3 Anode Model 

 

The design validation demonstrated that the anode assembly temperatures and cover thickness 

vary significantly across different anodes and ages. The average stub temperature increases with 

anode age. The average cover material surface temperature decreases because of thicker cover. 

The average total anode cover thickness was around 10 cm including 4 cm of hard cover and 6 
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cm of loose cover material. Figure 10 shows big variation in the thickness of the anode cover. 

The negative value means that the distance from the reference to the measured points was more 

than the distance from the new anode block top surface to the yoke reference point and, most 

probably, related oxidation of the anode top. 

 

 
Figure 10. Average cover thickness for 3 cells. 

 

To estimate heat losses and electrical performance parameters at different conditions, an anode 

thermoelectric model was developed in COMSOL software using the same methodology 

described in [8]. There was no plan for changing the yoke design, so the modelling study included 

the following checks: 

1. Anode length impact. INALUM could produce 100 mm longer anodes than now. The 

existing and longer anodes were modelled.  

2. Anode cover material (ACM) composition and height. Initial INALUM ACM was sent 

to the lab to check thermal conductivity and it was found to be significantly lower than 

EGA one. EGA suggested using EGA ACM composition and granulometry to get higher 

heat loss for higher amperage (Figure 11), and to reduce anode oxidation. 

3. Open central channel compared to closed central channel. The existing cell model 

includes part of the open central channel because of the bar centre breaker. Figure 12 

shows an open central channel in an existing operating cell. Surface-to-surface radiation 

was applied on surfaces between the molten bath and solid anode/crust and on the crust 

facing the central channel. 

4. Impact of anode age on heat loss and anode voltage drop for existing shorter and longer 

anodes with EGA ACM (Figure 13). The relationship is not linear because a new anode 

is not covered fully and has higher heat loss from open surfaces of the carbon block. 

5. Impact of the stub diameter and anode yoke horizontal arm. A lot of eroded stubs and 

yokes were observed during the DV campaign therefore the impact on heat loss and 

voltage drop was checked in the model (Figure 14).  
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Figure 11. Calculated anode panel heat loss, kW. CC is center channel. 

 

 

 

 

 
Figure 12. Anode assembly photo with open central channel and modelled temperature. 

 

All models described below represent mid-life anode with 410 mm carbon block height except 

the model where the influence of the anode service life on the voltage drop, temperature and heat 

losses were evaluated. 

 

  
Figure 13. Impact of anode age on heat loss and voltage drop. 
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Figure 14. Impact of stub diameter and yoke arm height on anode voltage drop and anode 

panel heat loss. 

 

4.4 Busbar Modelling, Model Validation and Busbar Modifications 

 

Busbar design and magnetohydrodynamics (MHD) are essential factors affecting the cell 

performance. The MHD models were developed using MHD-VALDIS [9] and COMSOL 

software [10]. The models calculate busbar currents, current densities in the bath and metal pad 

busbar temperatures, magnetic field, metal and bath velocities, metal heave and cell MHD 

instabilities, which are oscillations of the bath-metal interface. Figure 15 shows the MHD model 

setup. The models were validated by busbar temperature measurements, (Figure 17), as well as 

electrical (Figure 17) and magnetic field (Figure 22) measurements.  

 

  
Figure 15. MHD model setup in MHD-VALDIS (left) and COMSOL (right). 

 

Modelling and design validation of the existing busbars in 2021 showed that busbar (external) 

voltage drop was high and collector bar currents were unbalanced between upstream (US) and 

downstream (DS), and between end and centre collector bars (Figure 16). Measurements of 

cathode busbar currents, made for model validation in 2021, confirm the US/DS current 

imbalance (Figure 17). Figure 18 shows the existing busbar model and calculated busbar 

temperatures. Maximum busbar temperature of 154 °C at 197 kA is on the top of anode risers.  

 

Busbar modifications were required for amperage increase to 217 kA. Figures 17 and 18 show 

the busbar modifications made, which are:  

1. End collector bar flexibles were reconnected to the outer busbar to reduce the current 

through the end collector bars (Figure 19).  

2. Cross-sections of some cathode busbars were increased to reduce busbar voltage drop 

and to balance US/DS currents (Figure 19).  

3. Cross-sections of anode riser flexes and part of the anode beam were increased to reduce 

busbar voltage and temperature in that part (Figure 25, Section 5).  

4. Improve contact surfaces of anode rods and anode beam. From EGA experience, the 

clamp drop in the existing cells could be reduced by 25 mV or even more. 
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Figure 16. Collector bar current distribution of the existing cells at 197 kA. 

 

 

 

 

 

 

 
Figure 17. Current measured with SDO in DS corners compared to model results for the 

existing busbars (DV 2021). The sketch on the right shows individual busbars in the DS 

corner. T1 are US busbars, T2 are DS busbars, i = inner, o = outer. 

 

 
Figure 18. Busbar model and temperatures of the existing cells at 197 kA. 
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Figure 19. Enlarged cathode ring sections (in blue) and cathode flex reconnections (in 

yellow) [11]. 

 

The main outcomes of the busbar modifications are: 

1. The existing busbar voltage drop is 380 mV at 197 kA; it would be around 430 mV at 

217 kA. With the busbar modification, the voltage drop was reduced to 350 mV at 

215 kA, according to the measurement in the 2023 design validation.  

2. US/DS collector bar current balance was improved to nearly perfect balance (Figure 20) 

3. Busbar temperatures are lower in the new design and are of no concern now. Figure 21 

also validates the model calculation of busbar temperatures.  

 

 
Figure 20. Collector bar currents in the cell with modified busbar. 
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Figure 21. Calculated and measured busbar temperatures of the modified busbars at 

217 kA. The busbar numbers in the top graph are indicated in the bottom figure. 

 

4.5 MHD Modelling 

 

The first part of MHD modelling is the calculation of electrical current density and magnetic field 

in the bath and liquid metal pad. Validation of the magnetic field model for the existing design 

was done by measuring the magnetic field with a tri-axial Hall probe along the cell above the 

crust. The model output was made at the measurement positions. Figure 22 shows validation of 

the vertical component of the magnetic field, Bz. We can see that the agreement between the 

calculated and the measured magnetic field is very good.  

 

As we can see from Figures 13 and 15, S-170 busbar has only 2 end risers which do not have 

good MHD. The vertical magnetic field Bz in the corners of the cell is very high (Figure 20). Bz 

also has very high bias (average Bz in the metal pad) >1 mT (10 G) due to the proximity of the 

neighbouring row of cells. These characteristics of Bz drive cell instability, and operation at low 

ACD is not possible.  
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Figure 22. Measured and modelled vertical magnetic field Bz above the crust in existing 

cells. 

 

End anode risers also generate a high transverse magnetic field By which creates a high 

longitudinal heave shown in Figure 23. The metal circulation is shown in Figure 24. 

 

 
Figure 23. Metal heave in existing cells at 197 kA. 

 

 

 
Figure 24. Metal velocity: Top - for the existing cells (197 kA) and Bottom - modified 

busbar with Cu collector bar insert (217 kA), calculated by MHD-VALDIS model. The 

long pools are created by large Bz bias. The maximum velocity was decreased from 

19 cm/s to 16.9 cm/s in the new design. 
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4.5.1 Busbar Design and MHD Models for the Test Section 

 

The test section is connected to a booster which supplies 20 kA. The booster is at the end of the 

potroom while the test section (cells 117-121) is adjacent to the central passage (Figure 25). The 

MHD model setup for the test section is shown in Figure 24, where the booster busbar is shown. 

Magnetic field calculations show that the booster busbar acts as a magnetic compensation loop 

since it is on the outside of the potline circuit, but the effect is  

 

A special MHD check was done for Cell 116 which is upstream of the pilot section with a booster 

busbar passing under the cell. The effect of this on Cell 116 is also negligible. 

 

 
Figure 25. Test section location in Potline 1 [11]. 

 

 
Figure 26. Figure 24. Model of test section with booster linkages. 

 

5. Superstructure Modification 

 

As it was mentioned before, the existing INALUM superstructure has centre-break feeding 

system. EGA gained great experience in the modification of centre-break feed to point feed 

systems during D18 [12] and D18+ [2, 3] upgrade projects. Figure 27 shows the EGA 
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superstructure design modifications. The duct system and mechanical load on the superstructure 

did not change, therefore the superstructure was not modelled.  

• The existing bar breaker and feeder system were removed. 

• Modification of the open alumina hopper to four (4) dedicated alumina hoppers and one 

aluminium fluoride hopper. 

• Introduction of one tap-hole breaker by reusing a pneumatic cylinder of the old bar 

breaker. 

• Introduction of four crust breakers with bath sensing module. 

• Introduction of four alumina feeders and one ALF3 feeder with point feed chute. 

• The anode ring bus was modified with additional riser flexibles and busbars as mentioned 

in Section 4.4, and shown in Figure 27. 

 

 
Figure 27.  Changes in cell superstructure, anode riser flexes and anode beam (in pale 

blue) [11]. 

 

6. Conclusions and the Way Forward 

 

EGA successfully developed and implemented the design for INALUM cell retrofit. 

Mathematical models were used to develop the EGA design. The models were validated by two 

detailed measurement campaigns.  

 

The cell upgrade design changes were made with low CAPEX in mind. The construction of the 

cells will be made in operating lines with only a few cells stopped at one time to reduce metal 

production loss.  

 

Additional modelling studies would be required to evaluate the potential for further amperage 

increase or SEC reduction. This would be then easily tested in the pilot cells.  
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