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GENISIM

a Canadian company 100% o,

'a;_._].. x?_ . 1
“‘L%} owned by Dr. Marc Dupuis ‘"“w_%

*Offers independent cell modeling
and design expertise

*Distributes licenses of its proprietary
aluminium reduction cell modeling technology
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GENISIM

Dr. Marc Dupuis Experience Building
T/E. Models

With Alcan

1987-1994: Alcan prototypes: A275, A265-H, A310
Alcan prebaked: AT0, A140, A165
Alcan HSS
Alcoa P135
Pechiney AP18

With GeniSim
1906-2002: Pechiney AP30
Alcoa: P155, AGDY
Reynolds prebaked: P-19, P-205, P-235
Kaiser PA2
Reynolds HSS
Pechiney HSS
Alcan V88



Industry Challenge

The power consumption of the Hall-Héroult cell being one
of the major operating costs, the aluminium industry is
constantly trying to reduce the specific power
consumption of smelters expressed in kWh'kg of
aluminium produced.

Today, best results are:

12.9 - 13.0 kWh'kg for high amperage PBF cells
14.0 - 14.5 KWh'Kkg for best V55 cells

(der smelters still operating at 17 - 18 KkWh'kg are feeling an increasing pressure from their
more efficient competitors. They have essentially two options:

1) Retrofit their cell design in order to improve their power consumption and
hence reduce their production costs

2) Be run out of business




T ] e Success Story

- Production per potiday
n Curtent efficiency

POWER : Lauralco used GeniSim 3D ANSYS®

i thermo-electric models and Dyna/Marc
= DC kit B cell simulator to improve their cell
CONSUMPTIONS : lining design.

Gross carbon (k)
Nel carbon {hih
- Ancdes cycle-shils-B houns

Lauralco is now considered one of the
METAL PURITY : : ! .
hirten ppen) : most efficient smelter in the industry.
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POT CONDITION :
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Lauralco Retrofit Results (based on CRU data)

15853 Operating Costs
(contains no depreciation or other charge for capital)
($/ton except where noted) Before After

S meltar Deschambault Deschambault
Country Canada Canada
Company Alumax Alumax

Capacity (tpy) 224 23

Electricity usage [kK\Wh't) 13850 | 3000
Electricity price ($/kWh) 0.012 0.0z
Total electricity cost: 163.03 16627

Alumina usage (L't Al) 1482
Alumina price {3/t Alumina) 204 .80
Total alumina cost: 393.22

Other raw materials 88.44

Plant power and fuel 7.54
Consum ables 38.29
Maintenancea 5283
Labor g2.00
Fraight 39049

General and administrative a67T.71




Lauralco Retrofit Results (based on CRU data)
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Introduction to H.H. Cell Models

The “four pillars” of the

AP18 and AP30 successful [l I'% /
|

development: ]

1) Magnetic and MHD
models

2) Cell thermo-electric
and bushars balance
electrical models

3) Potshell/supersitucture
mechanical models

4) Transient thermo-
mechanical cell start-
up model




Introduction to H.H. Cell Models

The main three pillars of Hall- Héroult cell design

Stress models which are generally
associated with cell shell
deformation and cathode heaving
issues.

Magneto-hydro-dynamic (MHD)
models which are generally
associated with the problem of cell

stability.

Thermal-electric models which are
generally associated with the
problem of cell heat balance.
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Introduction to H.H. Cell Models

Retrofitiing a cell design in order to improve its power consumption typically
involves improving the cell thermal balance and the cell MHD stability

MHD Stability
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Introduction to H.H. Cell Models

It is now possible to drastically reduce the number of physical prototyping trial and error
design loops by using mathematical models to perform most of that trial and error
development work using virtual prototyping instead.

E.etrofitted
Cell Design

Thermo-electric
Model




Introduction to H.H. Cell Models:
Thermo-electric Models from GeniSim

ANSYS® based 3D steady-state Dyna/Marc
thermo-electric models lump parameters+ model




Dyna/Marc Lump Parameters+ Model

DY¥YNAMARC (DYNAmic Model of Aluminum Reduction Cells) is a
dynamic simulator of the behavior of aluminum reduction cells.

DYNAMARC is composed of three different models.

The first is the Process model, that solves the heat ..
and mass balance in the cell. It also takes into
account the evolution of the ACD (anode to

cathode distance) and the line amperage
Muctuation.

The second model is the Controller model. This
reproduces the plant controller response based on

all the programmed algorithms taking into
account the current cell state.

Finally, the Operator model allows the software to
simulate the actions undertalien by the operator
on his schedule or when the controller requires

his intervention.
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ANSYS®-based Steady-State Finite Element
Thermo-Electric Models
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ANSYS®-based Steady-State Finite Element
Thermo-Electric Models
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ANSYS®-based Steady-State Finite Element
Thermo-Electric Models
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ANSYS®-based Steady-State Finite Element
Thermo-Electric Models

Full cell side slice model
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ANSYS®-based Steady-State Finite Element
Thermo-Electric Models

Full cell quarter model
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ANSYS®-based Steady-State Finite Element
Thermo-Electric Models

Full half-cell + bushars model
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Description of a 3D Steady-state
Cathode Side Slice Model




Cathode Lining Topology

Al = Calcium Silicate

B1 = Insulating Brick

C1 = Semi-Insulating Brick
D1 = Firebrick

El = Bedding Material

F1 = Castable Refractory
F2 = Semi-Insulating Brick
1 = Lower Side Block

H1 = Sloped 5ide Block

I1 = Castable Refractory

-
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Non-Linear Material Properties

| i i el viky

Silicon Carbide
Thermal Conductivity
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Size Parameters Definitions




Steel to Air Boundary Conditions
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Isotherms
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Heat Flux in Lining
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Cathode Heat Balance

CATHODE HEAT IOST

above bath level
opposite to bath
opposite to metal
opposite to block
below block

Cradle above bath level
Cradle opposite to bath

Cradle opposite to metal
Cradle opposite to block
Cradle opposite to brick
Cradle below floor lewel
Bar and Flex to air

End of flex to busbhar
Cathode bottom estimate

Total Cathode Heat Lost




Validation of a 3]) Steady-state
Thermo-electric Model




Thermal Blitz

To be considered
validated, a new model
must be able to well
reproduce the existing
cell measured heat
balance. Typically, the
most difficult part of
the model development
and validation exercise
is obtaining reliable
data of a cell heat
balance from a thermal
blitz campaign.

Thermal blitz heat flux measuremenis

w




Thermal Blitz

Heat flow meters and probes used in a thermal blitz
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Up to 200 positions on the cathode shell and cradles are measured




Thermal Blitz

Up to 60 positions on the anode panel (prebalked example) are also measured
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Thermal Blitz

Heat Plux Measurements Heat Flux Heasuramenta
for Cell Heat Balance Far Cell Heak Balance

11-Rug-03
"YAH* 300

Shell Wall

Cradle web

Cradle flange

Measurements are then transfer into an Excel spreadsheet

6 side slices and 4 end slices measurement are transfer for the cathode part




Thermal Blitz

Heat Flux Measurements Heat Flux Measuremsnts
[far Cell Heat Balance for Cell Heat Balance

11 -Aug-03 glda slices mean 11-Rug-03 ends mean

"VRW" 100 "VRAWT 300

sShell

Descripbicon

Cradlae flange

The Excel spreadsheet is used to perform heat flux averaging
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13-Amg-03

Cakthode Neast 1

Thermal Blitz

Baat Balancs Ragults

Eba cabbada pace

Anoda Hest Lossas

t
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TUE
Brud
Yok
Alumlirum

Totkl foF Cha AnSda jﬁl.:'-l

Tocal for the cell

For each suxfaces, the average
heat flux is multiply by the
surface area in order to obtain
the surface heat loss.

The summation of all the
surfaces heat losses gives the
total cell heat loss.

By using a spreadsheet, the
blitz results are available as
soon as the measurements are
transferred into it.
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Thermal Blitz

Measurement of the complete heat balance requires that all heat losses be measured
such that the sum of the measurements is equal to what is called the theoretical heat
loss, The theoretical heat loss is calculated from the voltages and line curment. The
heat balance closure, then, is defined as the % of the theoretical heat that is actually
measured;

© nd e
— Smaml ] ()
(Ve =By = Ve J o1

Yo Closure =

Thorough and careful measurements usually close the heat balance between 93% and
105% of the theoretical heat loss.

To be judge reliable, the cell heat loss
measured in a thermal blitz must be
comparable with the assessment of the cell
internal heat.
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Thermal Blitz

side ledge downsiream In order to support the model calibration
exercise, it is also quite important to measure
during the thermal hlitz the following:

Collectors har to flex heat loss
Voltage hreak down
Freeze profiles

{Operating temperature
70 B0 50 40 30 20 M O
d
5|d5_- Edﬁg(o upﬂrlnm

Bath chemistry

Cell superheat (Cry-O-Therm)
Temperature in the basement
Average anode crust height

Temperature under the hood

]

Temperature in the potroom

i)

20-10

I
M G0 S50 40 30 20 0 0
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Model Calibration

Assuming that your are using the best material properties available and that
vou have a good estimate of the houndary conditions, the Key items that may
need to be calibrated because they are very hard to assess and have a big
influence on the model behavior are:

Freeze profiles (freeze thickness)

Calcinm silicate/insulating brick degradation temperature
Cast iron/cathode block contact resistance

Anode crust thickness

Anode crust densification temperature

Cast iron/anode block contact resistance

w




Examples of Applications of an ANSY S®-based
3D Full Cell Slice Thermo-Electric Model

Base Case

Retrofit 1

Retrofit 2

Cell amperage (kA)

300

330

265

Cell internal heat (kW)

628

713

427

Cell kWh/kg

1875

13.40

11.94

Those two extreme cases clearly demonsirate that as far as the cell thermal
balance is concerned, the window of opportunities is quite wide. Only a
complimentary technico-economical study can indicate which of the two
retrofit scenarios offers the best return on investment (obviously, the
outcome of that study will mostly depend on the selected long-term cost of

the electrical power).

w




Retrofit Study No: 1
Step by Step




Validated Base Case Model Results

Arnperage 300 kA

IMh. ofanodes 32

Annde size lémX0&Em
IMb. of anode studs 3 per anode
Annde stud diameter 15 cm

Annde cover thickness 16 cm

IMb. of cathode blocls 14

Cathode hlock length 347 m

Tvype of cathode block 30 %o graphitic
Twype of adeblock 30 %o graphitic
mide block thiclmess 15 cm+

ASD and AED 35 om

Inside potshell size 144 m 4 35m
ACD 5o

Faxress AlF. 10.9 %
COperating tempetature SR
Liguidus superheat 6.6 " C
Current efficiency 04 1 %

It erral heat A28 LW
Eneroy consutmmntion 1375 KWhikg




Step-by-Step Retrofit Study

EU Cell anperage | Anods to cathode distance

Cell amperage / Anode to cathode distance

® Process model’s trend analysis: Exchanging A CD for amperage




Step-by-Step Retrofit Study

Iamperage / Anode ent

1.80 1.61 1.682 1.63 1.84 1.85 1.66 1.67 1.68 1.65 1.70 1.71
Lanode (m)

® Trend analysis: More amperage using longer anodes




Step-by-Step Retrofit Study

a8 Curenl elfency & Bath and metal lemperalioe / Concentbaben of escess aluminen Fuoiide in bath

4 Current effiency & Bath and metal temperature / Concentration of excess aluminum flucride

12.0 12.5
Calfex (%)

® Trend analysis: Effect of adding excess AlF; on CE




Step-by-Step Retrofit Study

IMb. of anode studs 3 per anode
Anode stud diameter 18 cm

Anode cover thickness 16 cm

Mh. of cathode hlocks 15

Cathode block lenoth 347 m

Tvype of cathode block 30 % graphitic
Tvype of side block 30 % graphitic
mide block thickness 15 o+

Inside potshell size 144 mx435m

T
i ..-r.
e
1
B
s

COperating termperature Dal.& °C
Liguidus superheat LT

. : Current efficiency 05,8 %o
® Confirmation of results using 2D+ S 30 T

model Eneroy consurtmption 13.09 kWhig

w




Step-by-Step Retrofit Study

® DModifying cathode and side wall
blocks

Amperage

3247 ka

Mh. ofanodes

i

Annde size

17mX0.8m

Mhb. ofanode studs

3 peranode

Annde stud diatneter

18 o

Anode cover thickness

16 cin

It of cathode blocks

Inzide potshell size

15

144mX435m

ACD

4 cin

Faxcess AlF.

13.5 %

Cperating tempemture

058.0°C

Ligquidus superheat

Sl

Current efficiency

0.0 %o

Intertal heat

fi2d W

Eneroy consutrption

14.95 EWh/lcg

w




Step-by-Step Retrofit Study

® Decreasing anode cover to 10
cm and increasing amperage
to 335 kA

Mh. ofanodes

i

Annde size

17mX0.8m

Mhb. ofanode studs

3 peranode

Annde stud diatneter

Mt of cathode blocks

18 o

15

Cathode block length

3.67m

Tvype ofcathode block

100 %o graphitized

Tvype ofsideblock

ailicon carbide

aide block thickness

10 ctn+

ASD

30 cim

Inzide potshell size

144mX4.35m

ACD

4 cin

Faxcess AlF.

13.5 %

Cperating tempemture

050.2°¢C

Ligquidus superheat

Sl

Current efficiency

0.0 %

Intertal heat

657 W

Eneroy consutrption

13.2 kKWhig

w




Step-by-Step Retrofit Study
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® Increasing stud diameter to 19
cm and increasing amperage
to 345 kA

Mh. ofanodes

3

Annde size

17mX0.8m

Mhu. ofanode studs

Anode cover thickness

3 per atinde

10 ctn

Mt of cathode blocks

15

Cathode block length

3.67m

Tvype ofcathode block

100 %o graphitized

Tvype ofsideblock

ailicon carbide

aide block thickness

10 ctn+

ASD

30 cim

Inzide potshell size

144mX4.35m

ACD

4 cin

Faxcess AlF.

13.5 %

Cperating tempemture

Ba0.3°C

Ligquidus superheat

sl SR

Current efficiency

0.0 %

Intertal heat

95 W

Eneroy consutrption

13.35 EWh'lcg

w




Step-by-Step Retrofit Study

® Increasing amperage to 350 kA

Mh. ofanodes

3

Annde size

17mX0.8m

Mhb. ofanode studs

3 peranode

Annde stud diatneter

19 o

Anode cover thickness

10 ctn

Mt of cathode blocks

15

Cathode block length

3.67m

Tvype ofcathode block

100 %o graphitized

Tvype ofsideblock

ailicon carbide

aide block thickness

10 ctn+

ASD

30 cim

Inzide potshell size

144mX4.35m

ACD

4 cin

Faxcess AlF.

13.5 %

Cperating tempemture

Oa0.4°C

Ligquidus superheat

AEr

Current efficiency

0.1 %

Intertal heat

713 W

Eneroy consutrption

13.4 KWhig

w




Model Accuracy Risk Assessment Analysis
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® DMonte Carlo risk assessment analysis: Input distributions




Model Accuracy Risk Assessment Analysis
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® DMonte Carlo risk assessment analysis: Output distributions




Operational Range Dynamic Analysis
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Conclusions

® These days, with the support of well established and reliable
mathematical models, older smelters operating at 17-18 kWh/ke due to a
poor thermal design should be able to come up with successful retrofit
design proposal(s) well within a vear, test that (those) design proposal(s)
in prototypes during a minimum of two years and then be able to
proceed to a full implementation phase.

As far as the thermal balance problem of the cell is concerned, there is
no known technical reason that should prevent a significant reduction of
their power consumption.
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