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ABSTRACT 

WORKSHOP ON COMP'CTER-BASED 
MATHEMATICAL MODELLING OF ALUMINIUM 

PRODUCTION PROCESSES 

Posts: DP/IND/881015111-60 to 11--64 /113207 

Global Objective: 
The immediate objective of the workshop was to assist the Government of India in 
setting up a functioning Aluminium Research, Development and Design Centre. 

Specific Objectiv~· 
- to present the s:..Lte-of-the-an in the field of mathematical 

modelling as applil!d to the aluminium industry, 
- to indicate ways as to apply these techniques to the 

aluminium industry in India. 

Duration: 
August 23 - September 24, 1993. This includes: 
August 23 - September 13 : preparation for the workshop 
September 14-18: workshop 
September 20-24: discussion with JNARDDC personnel and report. 

Conclusions and recommendation::: 
A review is given of the presentations of the four lecturers. The subjects debated at the 
workshop included mathematical modelling of casting and anode baking furnaces. 
modelling and simulation of aluminium electrolytic cells and general principles of 
radiation and magnetohydrodynamics. In view of the possibilities offered by the work 
presented and considering the present status of the aluminium industry in India with 
respect to mathematical modelling, it was concluded that serious efforts in this area 
would be very beneficial. It is recommended that the Centre should concentrate first on 
simple models that could help the plants in short term. Moreover, efforts should not be 
made for the moment on developing the software; a more effective way would be to 
purchase some ready-made specific purpose codes available. These are listed in the 
Recommendations. JNARDDC should S(ek collaboration with academic institutions in 
the framework of joint University/Industry programs. In medium term. some basic 
thermal and stress analysis package should be bought. In the long h:rm. an 
extrapolation of the needs leads to the conclusion that a more sophisticated fluid 
dynamics software package will be nec~ssary; it is indeed expected that design and 
development problems will be addressed at that time. 
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INTRODUCTION 

This report was prepared jointly by the four experts who conducted the Workshop on 
Computer-Based Mathematical Modelling of Aluminium Production Processes: A. 
Charette, S. Peter, V. Potocnik, L. Tikasz (positions DP/IND/88/015/11-60 to 11-63). 
This workshop was held in Nagpur, India and was hosted by the Jawaharlal Nehru 
Aluminium Research Development and Design Centre (JNARDDC). The workshop 
itself lasted five days (14-18 September 1993; see Appendices V. and VI.) and was 
followed by discussions with the JNARDDC and the writing of the report (20-24 
September 1993). Prior :o the workshop, the experts devoted three weeks for the 
preparation of the written and visual material. The written material was distributed to 
every participant. 

An evaluation of the workshop was made with the paruc1pants at the end of the 
workshop. They seemed to be very satisfied and indeed they participated very actively 
during the technical sessions. 

The original and global objective of the project was to assist the Government of India 
in setting up a functioning centre. This activity was part of several others that were 
initiated by the JNARDDC in order to promote the Centre. 

The specific objectives of the workshop were: 
- to present the state-of-the-art in the field of mathematical 

modelling as applied to the primary aluminium industry, 
- to indicate ways how to apply these techniques lo the 

aluminium industry in India. 

All these objectives were met. No modification was made to the original program. 

The workshop was attended by 41 participanrs of wi1ich l.t were from industry and tlle 
rest from various research and academic institutions (see Appendix Ill). Their technical 
level was very h:gh and they were able to follow the course closely. The workshop was 
very well organised by JNARDDC. 

The second week of the assignment (20-~4 September), was devoted to discussions with 
senior staff of the JNARDDC (Appendix II) in connection with the initiation of 
mathematical modelling activities at the Centre. A consensus was reached and the 
details are given in the Recommendations section. We were also shown the present 
researcr. facilities and equipment as well as the new research centre. still under 
construction. 
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i. INDIVIDUAL ACTIVITIES 

A. Modellin: of casting furnaces 

This part of the workshop was fulfilled by the team leader Andre Charette according to 
the UNIDO Job Description DP/IND/881015/11-63, Appendix I. 

Four ninety-minute presentations were made on September 17 relative to the themes of 
radiative heat transfer and mathematical modelling of the casting furnaces. The 
emphasis was put on the physical interpretation of the otherwise complicated 
mathematical formulation. Examples of applications to the industrial furnaces were 
given. Numerous questions arose from the audience during the presentations, the 
greatest interest being shoV1o1l for the mettaods u::ed in radiative heat transfer and in the 
one-dimensiona: model of the melting/holding furnace. The latter model is meant to be 
used for the analysis of the operation of the existing furnaces and has been proved 
successful in impro,·ing industrial furnace performance. 

The next day (September 18), a presentation was given on the research activities of 
GRIPS at UQAC. This includ~ a description of the mathematical model of the 
calcining kiln and •Ul overview of the experimental facilities available (ex~rimental 
furnace, infrared camera. lasc:r Doppler anemometer, etc.). This was foilowed by a 
rapid presentation on the aluminium industry of Canada. 

B. l\tarhematical modellin& of anode bakin~ furnaces 

This pan of the workshoo was fulfilled by the team member Selvin Peter according to 
the UNIDO Job Description DP/IND/88/015/11-62, Appendix I. 

Four ninety-minute presentations were given on the mathematical modelling of anode 
baking furnaces. Two different models of the venical baking furnace were introduced 
in detail: 
- two-dimensional model (1D+), which addresses the whole 

furnace operation, and 
- three-dimensional model (3D), which focuses on one 

particular section cif the furnace. 

The two dimensior.al model which analyses the horizontal anode baking furnace 
operation was passed in quick review. This model would be particularly us~ful for the 
Indian aluminium industry that has this kind of furnaces only (at NALCO and 
HINDALCO). Indeed. the questions of the participa;1ts concerned with this aspect and 
private conversa~ions of the workshop staff members with the participants from one of 
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the plants showed that they would be interested in using such a model for the 
improvement of the furnace performance, productivity and safety. 

The capabilities of the models were demonstrated by presenting the model results and 
the plant measurements. In addition, two cases were simulated to show one of the many 
capai:>ilities of the :!D+ model. The resuits were analyzed in detail. Other capabilities 
of the model were examined and our experience with the model and its applications to 
industrial practice Vlrere discus~d. 

Comments were made on similarities and differences between horizontal ring fu~ces 
and the Riedhammer vertical furnace. It was emphasized that the basic principles 
invoived in both furnaces were the same. 

C. Mathematical modelling methodologv 
Overview of priwar:y aluminiur-1 proJuction processes 

Thrl!e-dimensional thermo-elect:·ic modelling of the cell 
~tagnetohydrodynamics 

This pan oi the workshop was iulfilleJ by the team member Vinko Potocnik according 
to tt:e UNIDO Job Description DP/IND/88/015/11-61, Appendix I. 

At the beginning oi the workshop on September 14, a one-hour overview of the 
aluminium production processes and mathematical moddling methodology was given. 
In t~e process overview, are:is in which mathematical moddling is being done were 
broi;ght to light and some examples from the alumina production process. not covered 
in the workshop, w<:re aiso shown. 

In the methodology session. emphasis was given on the importance of process 
knowledge and of plant experience in support of meddling. Indeed. nowadays 
industrial applications of mathematical modelling most olten use commercial. ready­
mac!e software packages in order to allow the user to concentrate on the process rather 
than on soltware development. 

On September 15, a one-hour presentation entitled nThree Dimensional Analysis of 
Thermo-Electric and ~techanic:i.l Behavior of Aluminium Reduction Cells" was given. 
Applications made •it Alcan Aluminium Limited in the analysis, design and start-up of 
the reduction cells were shown and discussed. 

On the same day, a four-hour presentation on magneto-hydrodyn;unics(!\IHD) of 
aluminium electrolysis cells "as given. The aim was to gi'e a good und~rs~nding or 
th~ ~tHD phenomt•na. rather than elaborate on ma!hc:nu:i..:ll l.!i!:.J.iis. Examples of 
pra.:lical applications and plJ.nt measurements were 11iustr:ited. It was explained how 
the .:.:II opc::ration can affect the ~tHD and thus dc::crease the .:c::ll pc::rformance. A video-
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tape animation of the calculated metal-bath interface waves was shown and was much 
appreciated by the attendees. 

In private conversations, some paruc1pants from industry indicated that they were 
interested in looking into the busbar design of their potlines. They, however, did not 
indicate in what v.:ay they wanted to address this issue. It is believed that they would 
need some sort of mathematical model with the minimum cap:ibility of electrical 
current calculations in the busbars to analyze the situation. 

D. Simulation of an aluminium electrolytic cell 

This part of the workshop was fulfilled by the team member Laszlo Tikasz according to 
the UNIDO Job De~.cription DP-IND-88-015-11-60, Appendix I. 

A six-hour presentation including live computer demonstration was given on September 
14 and 15. 

The topics discussed were arranged in the following order: 
- Basic mass and energy balance calculations, 
- Approximating selected operation modes, 
- Developing a control emulator, 
- How to use the dynamic cell model. 

Theoretical approach, steps of model construction and of model adaptation were 
introduced and explained in detail. The capabilities of the model were demonstrated on 
examples chosen from plant practice. In addition, live computer demonstration 
completed the presentation, simulating typical operation modes of the cell. The 
participants had access to the simulator to familiarize themselves with this kind of 
research or training tools. 

During the workshop, an educational version of the Dynamic Cell Simulator was 
transferred to JNARDDC for fur "'i""~ and educational purposes. The sofrv.·are 
package was accompanied by thr1..~ ·-·~: User Guide, Setup Guide and Tutorial. 
However, it should be emphasized that an extended version of the cell simulator would 
be needed for serious plant applications. This extended software package is 
recommended for purchase by the JNARDDC (see Recommendations). 

Open discussions were arranged in the evenings and on the last day. Further operation 
examples were given based on individual demand. Some additional software 
demonstration was done for specific requested areas (data acquisition devices and 
softwares, steady-state simulation tools, discrete event simulation package, etc.). 
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11. CONCLUSIONS 

Our contacts with the panicipants, a review of some written information and 
conversations with JNARDDC personnel lead us to the following conclusions: 

l. Primary al1Jminium plants in India, more specifically in the area of reduction and 
casting, do not perform at the best of their .. pecific technology. Particular concerns are 
related to poor energy efficiency and productivity. However, a considerable effort and 
determir;ation are present to improve the situation. A core of highly skilled personnel is 
present in most plants, but it is not sufficiently strong to solve the existing problems. ~· 
The JNARDDC may be able to fill in the gaps. A combination of experimental and 
modelling approach will be necessary to solve the plant problems. 

As it stands now, poor performance of the smelters is acknowledged only by some 
plants. mostly by BALCO, partly by NALCO (anode baking, current efficiency) and 
INDAL (energy consumption) and hardly by HINDALCO (they think they are doing 
fine). 

JNARDDC is well suited to help the plants, analyse the situation and recognize their 
probkms. 

2. A significant part of cell operation problems arise from improper organization of 
manpower and machinery. fhorough analysis of potroom activities are needed to 
determine the resource allocation bottlent!Cks. JNARDDC may be a partner in such 
analysis probably jointly with an academic institution. Discrete event simulation 
approach applied to plant operation is a prove1 way to increase plant producti\ity. A 
typical commercial sof:ware package that is suited for such an analysis is SIMA~ from 
Systems Modelling Corporation (USA). 

3. !\lathen:atical modelling applications in the reduction/casting area have been 
virtually absent from Indian aluminium industry and to a very large exter.t from 
academic institutions and research centres. The workshop succeeded in giving a clear 
awareness to the participants of what can be done in this area to solve their problems. 
However, the development teams in industrial organizations are not strong enough to 
undert;-•. .-e sufficient mathem:uical modelling activities individually except on smaller 
problems. A concrete effort between industry, R&D centres and academic insti~:.itions. 

including government support, is needed. 

4. In short term. simple models that address the process or process equipment operation 
are the most appropriate starting points in Indian aluminium ir.dustry. These :nodels 
will assist solving the' probkms of immediate concern in relation to th;! plant 
performance. 

5. The contacts between industry and universities have been very scarce, but have a lot 
of potential for improvement. 
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6. The growth towards the application and devl!lopment of more sophisticated threc­
dimensional mathematical models can be a fertile ground for university - research 
centre - industry cooperation and can be adopted as a long term goal. 

7. We examined the computer equipment that has been installed or is on order at 
JNARDDC. In our opinion. this equipment is adequate for short-term mathematical 
modelling activities at the Centre. Some basic supporting software has been installed. 
but additional software has to be purchased. panicularly for the PC-based environment 
(see the list in Appendix IV). 

8. All aluminium smelters in India use purchased electrolysis cell technology with very 
different cell designs. electrical busbar arrangements, control systems and ce!l 
operation practice. This will require specific model adaptation to each individual 
technology. accompanied by experimental evaluation in each individual plant. 

9. We were shown the experimental eqtti'1.me_!!! for the ar:alysis of e!ectrolysis cell 
operating conditions. We believe that the equipment and the d~ta _analysis software 
accompanying it are sufficient at least in short term, but the software should be updated -, . , i. · ·'' 

. ..-:,.r", " regularly. · ., .·. - - _ . - . , /,..... . '/J" -
~··If J -j. - . ' -.- ''•• .;- • I rt - ·"'"' • .,.I 

. I -- ·:J' 

10. The staff that will uke care of the m:uhematical modelling at the centre (~ persons ~ t.r-' 
for c!lectrolysis, 2 for_;iJumi§.) appears to be sufficient at the beginning for the 
impkm~ntation o( the purchased codes. However, the work load depends on the 
request from the pl:1ms. These four people should be h!!aded by a senior person. 
experienced in mathematical modelling. 

11. Cell magnetohydrodynamics (MHD) can be improved by acting on the busbar 
arrangemc:nt and by a good control of the cell. The former is locked into the original 
design and can be changed to a limited extent (but sometimes quite beneficial!) by 
busbar retrofiu:ng. Whether this is worth to be done or not depends on economics and 
on projected gains. Busbar retrofitting is a one time undertaking. The study related to 
cell control indicates how to avoid trouble related to poor freeze prrtile. sludge. anode 
changing. etc. This again is a one time study for a given technology. 

12. MJ.thematical modelling combined with plant experiments is preferable to the 
phvsical modelling of the electrolysis process. The former is well suited for plant 

· analysis. the latter would at best give-so1i1~-rather t'um.l;unemJ.I results.- :, ~ .. .,, .~ 

13. Cok~ calcination in lndia is not done within the aluminium plants. even though the 
quJlity of the product (cali.:ined coke) has a large bearing on the anode quality and 
performance. lt wo11lJ be quite natural that the coke calcin~1tion be p:m of J~.\~DDC 
acti\ ity. 
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RECOMMEND A TIO NS 

Short term Cl -1 year_fil 

1. JNARDDC should help the plants to analyse their performance and to recognize in 
which areas they have problems. This includes coke calcination plants. It should then 
engage in assisting the plants to solve these problems . . 
2. JNARDDC should not engage in the development of mathematical modelling 
software, but should rather purchase a basic set of mathematical models that would 
address immediate problems and concerns in Indian primary aluminium production 
plants. The Centre should then use these models to assist the plants in solving their 
problems according to the priorities established with industrial panners. This, of 
course, would be accompanied by plant measurements carried out with the Research 
Centre equipment. This approach will assure the right direction and save many years of 
development, which would be otherwise required before JNARDDC would be able to 
serve industry effectively. 

3. The models that would be most useful to start with are: 
a) Electrolysis cell simulator, 
b) Two-dimensional model of the horizontal anode baking 

furnace, 
c) One-dimensional model of the melting/casting furnace, 
d) One-dimensional model of the coke calcining kiln. 

All these models are specifically designed to address plant operation and to analyze 
relationships between the process parameters. These models were presented at the 
workshop in a greater or smaller detail, and a lot of interest was shown for them by the 
attendees from the plants. The conditions of the acquisition of these models by 
JNARDDC will be specified in the near future. Contacts with the owners of the models 
- Alcan International Limited and UQAC - have already been made. The transfer of 
these models to JNARDDC should include at least three-month user training per 
model. This would assure appropriate transfer of modelling know-how from model 
designers to model users. The model users should also spend at least one month/model 
in an operating plant, in order to get familiar with the practical aspects of the process. 

4. The computer working environment should be enhanced by additional commercial 
software packages which will allow tl~I! usage of the cell simulator. A list of these is 
given in Appendix IV. 

5. A magnetohydrodynamics (MHD) study or b•Jsl>ar retrofitting is a one time 
1mdertaking for a gi\'en technology. If such a study is requested by a plant, it is 
probably more economical to ask for it as a service from a company that has MHD 
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models, rather than to purchase the MHD programs. This is so even for m:d and long 
term. However, a basic resistance network computer program would be r~quired for 
answering some questions about cell busbars that have already bc!;!n asked by the 
plants. This program should be purchased in short term or built by JNARDDC. 

6. Attempts should be made to create partnerships industry I R&D centres · academic 
institutions. One sided effort may not succeed. A significant amount of goverment 
~upport may be necessary at tnis stage. 

7. A similar workshop in mathematical modelling for alumina production should be 
organized by JNARDDC as soon as possible. since the situation in those p:ants seems 
to be similar to what we have found out about the electrolysis plants. 

Mid term <3-5 vearsl 

1. The basic models acquired in the short-term could be improved and exte::ded in the 
mid-term as industrial needs require. New projects in this are3 could also be started 
This could be very well done by the cooperation between JNARDDC, universities an<l 

industry. Government sponsorship of such programs has proven to be very stimulating 
for all partners involved. We can give the example of Canada, and specifically the 
programs that kd to the creation of the models quoted under the heading "Short term" 
above. Some sophi!;ticated three-dimensional models present~ in the workshop were 
also developed in such collaborative projects. Tht!sc mJthcmatical models \\ere buiit in 
partnership betwcl!n Alcan Aluminium Limited, UQAC and NSERC (;-..;atu:-:il Sciences 
and Engineering Re:;earch Council of Canada). 

~- A basic three-dimensional finite c:lement software package for tliermai and stress 
analysis would be u:;eful (e.g. ANSYS, NASTRAN, l!tC.). The need for suc:i a package 
would again be driven by industrial requirements, e.g. for the analysis and design of 
the cathodes of aluminium reduction cells. The development of specific :lpplications 
could be done in cooperation with academic institutions. 

3. It may be desirable to transfer some models directly to the plants atter they will have 
been set up and tested by JN ARD DC for the specific plants. This \\ill de?.:nd on the 
objectives of their usage selected by JNARDDC and the plants. The l\'-O models. 
identified as la and Jc under "Short term" above, seem to be the most 3us.:~ptible for 
this transfer. ? ~ c.1,,. ~J. 

Lon~ term !5-10 yearn 

In this period. JNARDDC should be able to \\ ork on more compl~x mc~els which 
include three-dimensional heat and mass transf.:r in tluids and solids. These are 
applicable to high-tcmpt!rature furnaces such as remc:lt/ca~ting furnac.:s. ca!.:!ning kilns 

I'.! 



r-~-' 
and carbon •bu.king furnaces. At this stage. a general-purpose fluid dynamics software 
package (e.g. PHOENICS. FLOW-30. FLUE.l\'T etc.). should be acquired for the 
analysis and design purposes. Specific applications could be again developed in 
cooperation with academic institutions and industry. 
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I. Job descriplions 



tl/01 ·13 lZ:lt ttozzz 231212 Qi I DO-Pl.lS 

DP/IRD/88/015/11-60 

Post !'it:le: Elpert in Almaini.WI Electrolysis Process 

.Duration: :z weeks hoae.base, 2 weeks on site including travel 

Dat:e regufred: septellber/()CtOber l.993 

Duty St.at:i012: 

Purpose o~ 
proj~: 

India 

1'tle i•11ecUata objective or 'the project is to assist 
the Governaent ~ rndia in settinq up a runctioning 
Aluaini.ua Research, Developl!ent and Design Centre 
CODSistinq ot: 

a) A1aaina Production Resea_rch Department 
b) AlUJlini.UJI Electl:Olysi.s Departllent 
c) Anal.ytical Research .Department 
d) C~l Serri.c:es, inst:rlmentat.ion and Control 

Depa.rbaent (incl.. Wuashop and Ka.1.ntenance) 
e) Genentl. Admi.n.i.stration and Finance Department 

"rhe Centre vil:!.. develop capability of canying out 
the following main. t~cti.ons on behalf of and in 
co-operation with the !2axite processinq/almnina 
production and aluai.ni\:JI SDelt~ i..ndustries in the 
country: 

a) Assi.milaticn and ac!.aptation o! a.,,ailable 
technoloqies 
b) Proviclinq rec::ommendations and ad hoc or applied 
and anaiyti.ca.l research to local industries in 
process i•prov~t, transter of technolaqy, etc. 
e) Settinq up and operati.nq a data bank 
d) Providing t:rilininq of Indian engineers 

PiY• ezperts (Position 11-60 to 11-64) are required 
by the Javabarlal R'ebrU AlWlinilDl Resea:Cll 
OeYelopment and ~ign centre 11'a9Pur for orqanisinq 
a Workshop on KathcJatlcal Kodellinq of Aluminium 
Electrolysis Cells and Processes. 'l'be workshop is 

., Appll.cat:lom am w 1 tcarioa; reprdlzlg cl11.s Jab DeseripcJon 
sboa.l.d I.lo .aot to: 

Pro Jacr l'ersom:.1. ~.ar: Secc.IDa. !Dtlascrw OpuacJoas DivLsl.oa 
UNIIJO. V.Lums lzftalat:J.oad Cacze, P.O. Jo% 300, Vlama/Aa$t:rla. 

liooz 
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ezpec;ted to be held in Nagpur in September 1993 
(preferably during the perio<i Sept. 20-24) • Four 
o~ ~ experts. (ll.-60 to 11-63) would actually 
vi..si. t JlacJpUr' while the fifth one ( ll.-64) is 
expected to fi.naiise the detail:: With mrmo Vienna 
and take care of orqanisatio:ial watt precediDcJ the 
Worksbop. 

~· ezperts are required tor COQdQcting a rive day 
vorbbap in lfagpur rnclia ror P9.rt:ici.pants .froa the 
aluaiDi:aa industries. mliven.iti.es and R fr o 
insti:tati.ons. '1'be followi!l~ 1:Mtures .fona the 
COJIW1ll reqair8llellt.s ~ al.l t:hc por::f.t:J.aas: 

p~es.nt theoretical. devel.o: nt:s invol.ved • and 
the met:bodolOCJl' applied 1D die c::am."tructi.on of the 
models for tbe processes; 

- present mtthemttical., al.goritJmic: and D~cal. 
developments imro1ved &nd the )lethodol.oqy applied 
in the construction or t"be llndeLs for the 
processes1 

d-.x.strate ~lie capabilities or the lllOdels on 
~be ~ • - : · · · . 'X' more typical. i!idust:rial uni ts. 

_ d:e study o~ opuati=a.J. or design 

- r=eseut tbe various possi!:IU.it:ies for adaptatimi 
(tun.i.nq) ot tl:e models to spec..~ic applications or 
an.its: 

prepare written Gates for cir.:al.ation to t!le 
partir.ipants in the Wo?:bhop (this -.ay f'ona oJt part 
of the pr.-..orksbop activity to be c::arried out in 
the heme . coantry of the experts) -

"l.'ha Workshop is expected to be of one week 
duration. A set of l.O lectures, eacll of 90 minutes 
duration are to be presented ill t:Jle llOa!inqs 
eov.ri.Dq the :four aa jor areas and the afternomls 
could be devoted to pr3Ctical. wsions/discussions. 
In addition the ~rts are requested to spend two 
or three .are days tor intensive disc:ussion with 
the industrial participants and th• scientists t'roa 
the laboratories and academic iustitutions for ~· 
formulation ot a pr~• tor initiation of wcrk 
on aat:hematical -.odelliDCJ of intez.wst to the Indian 
almainiua industriM. 

aooJ 
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I Deta.ll.s of topics to be covered are: 

- ind.1.cati.on of al.maina bal.mc:e and cell voltage 
alteration tor the exa•ined period of time: 

approxi-a:ti.an o~ the process by sample 
calculations tor cell voltaqe components, alm1jna 
balance, thermal. balance and current efticiency: 
- ftmdmlentals ot progzw for process 
development for checld.nq the resuJ..ts In. work 
:rc;utina, evaluatinq the plannect alqori tba; 
c:o~on of 3-D design llOdels 

Qua z iLic.stiollS: 

Dniversit:y degree (pref'erat-ly Ph.D.) ill 
~tallurgical. or Churl.cal Enqi.neering with 
extensive experience in the field or a.I.umjnjma 
prc.c!uction. 

Language raquirerent:s: 

Enqlish 

The :India.. industry looks back to a 
bistozy ot' 4- ~·~'! first aluminium smelter 
(in Al1.Dlpill'Sr :. ~~ put into ope_w-ation ill 
!943. At present there are rive alwrlna plants in 
operation and six aluminiua saelters vith an 
overall capacity of about 587 ,ooo and 580 ,ooo 
tonnes per year, respectively. nieae tacili ti.es 
belonq to five aluainiua companies, namely Bharat 
A!UJl.i.niua coapany Ltd. (Ba.lee), lli..ndustan AJ.uai.niua 
Corporation Ltd. (B:IlmALCO), the ID<"'ian Al.mai.niaa 
Coapany Ltd. (DIDM.), the Madras Almai..niWI CO•pany 
Ltd. (lfALCO) and the llational Aluminium company 
Ltd. (HAI.co). 

With the comaissioninq ot KAI.CO t.'le share ot the 
pu.blie sector h: almainiua s .. ltinq is aore than 
bal.t ot the total installed capacity or Zndia. 
This indicates the decisive intluence ot the public 
sector on the ~utQre ot the industry. The 
sustained growth and de•elopment of the al.um.iniua 
industry in India, apart ~rma requirinq th• 
adoption ot suitable loncJ tera policies in relation 
to production 11411&CJe:meot, output, pricinq, and 
fiscal levies, is also in need tor tectmology md 
market development, Which vill qradoially be handled 
by the proposed Centre. 
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fi.seal le.i.es, is also in need tor technology anti 
u.rket deftlopllellt, which will gradually be handled 
by the proposed Cent..-e. 

Durinq t:he past years. Inciia becaJle one or the 
leadincJ countries in the world havinq substantial 
balDti.te resources,. atter the discovery of larqe 
deposits ·in tbl Eastern Coast in the neaxly 1970s. 
'!'he total bauxite reserves of India are estblated 
tD be or the order o'l 2,650 lli.llion tonnes, vbi.c!l. 
places I:idi.a on the fifth place in the world list. 

With the vast reserves ot bauxite and coa1 in 
l:Dclia, ti.a lll.mdniua industry has ambitious pl.alls 
tor a "faster cr-owth rate .keepinq in view the rut:ure 
de•and ill the ~oUlldry and export potentials. 

The erlstinq al.umi.na/alllllini.um plants in Ylldia are 
bued al..ast entirely an tectmo1ogy i.llported frma 
various smu:ces. ~th in the areas o'l prodw::tion 
of alu:aina and al.uainima, a nuaber of technological 
i:aprove*i•U: have taken a>lace in advanced a.lmli.ni.1111 
prodnci ncj caamtri•. IllpOrt of i.mprovad technology 
is not al-.r-; possible. al.so its introduction is 
not feasible in the existing pla."ltS. :IllpOrt of 
tecbnologJ' necessitates proper assessments to 
d~ it:s .sui:tal>ility under Indian conditions, 
the available raw -.atarials, product demands, sta~ 
of engineeriDCJ davelopments, etc. ~ouqh research 
and development work is bei.nq caa:ied out by the 
major aluminium pro-Jucers in the country, these are 
.ainl.y directed tOWL""'d.s solvinq their day to day 
process proble.s in the plants. lfo work is done 
for the developaent of process Jmov--bow and basic 
~iDIJ. 'the tech.910loqies followed in the 
existing plants are rroa various 
couutries/~pl.ier.s - KAISER, ALtJT'l!JitV-FlCI, VAIU, 
ALCAK, wtBCATDII and ALCKDll:tJK PmEY. Apart 
troa tbe strateqic i.Jlportance of having an 
i.ndiqenoas Research, Devel_9paent and Desi9Q Centre 

. _. fol: llaml.A11Dl, t:he centre is ~ to save 
substantW. bard currency payments to tile toreiCJD 
parbers. 

For 11eet.iD1,J the estimated demand ot alwainium by 
the turn o~ the century, substantial additional. 
capacities tor aluaina and alwainiWI vi11 bave to 
be set up in th• 19908. Additional demand for 
al.uainiu. by the turn of ttte century, wb.1.cll is in 
ezcess of t:he c-.irrently available capacity woa.ld be 
of the ·order of 440,ooo tonnes per annwa. 
ConaideriDIJ the payaent for Jcnow-hov, basic 
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enql.neerinq and roya1ties for this additional 
follow-up staqa this wou.ld w-m an ezpend.i.t:ure of 
at l.east as$ 95 ai.ll.ion. 

Xt is to be pointed. out tba.t ~ cost for 
Establ i shae.nt o! the Aluainlu:a Can~ in tragpir 
(both Indian Govermlant and OICDP contribation) is 
o'L the order of us$ 12.s aCJ.ion.. '1'be rinanclnq or 
operations and t~ develor..t11e11t o~ tbe centre 1s 
envi.saqed IJy the ~t t:> he secw:ecl through a 
collection of Rs. 100 J>(:r tc;n of al.Ulliniua for 
almdniu:a researcb and devel.opment, added to the 
price of alUJlin.ima ( est:ablisJMd. nov by the State in 
:India) • ~ Omds so generated wou.Id sezve as 
~inancial. bl.sis for opera'l.ion am1 rurt11er extension 
ot the Centre. 

When the new alUlli.nima capacity will te es~llshed 
the Centre. will be tully tu."lct:ioning and if it 
contributes to savings of only tea per cent of the 
expected expenditure for project emr..neerinq and 
royal.ti.es, apart frOJ1 renderi_nq other use~ul 
services, its establishment voa.ld be fully 
justified. 

It is to be noted that a1l. !:he leadi..~ a.l.wainiu:a 
produci.nq collllcries bave 'tlieir own ll and D centres. 
Close interactions alllCDq ~ centres' .Research 
and educational institutions c=lid industry has 
enabled nmaeroas t.edmoloqi..:al 11dvances - this 
example is needed to be fol!CMed in India. 

In the liqbt of tbe above, a cocrd.inated e!tort in 
1l and D vill ~ essential tor the development of 
Jatotrhov and basic t119ineei::.i.nq to self-reliance in 
almdna am al.uai.n.i.Ull tec:!molo:JY needed for the 
establi~t of hture plants without need to go 
tor toreiCJD consultancy. fUture devel.opment o~ 
aluailli.ua industry in the country based on 
indiqenous expertise demal\ds ·' t'.hf! i.lllmediate 
est:ablishaent ot a self-reliance tull-tledqed and 
independent research, develo"PD-..nt and design centre 
for alUlliniaa at the national level. · 

Th• development objective of ~te project is to aim 
at self-rP-1iance in al\ll!li.na and aluainium 
production technology and to achieve taster groilth 
of the IndiaD aluainiUJI industry to meet the 
domestic deaand for al.uminilm products. This 9oal 
will be ac:bieved by setti nq up o~ an Aluminium 
Research, Developt1ent and Desi~ Centre at the 
national level Which will be in a im•i tion to ca-rry 
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OU~ research --and development in the rield Of 
bawd te processin<J,, alllllina and alu:aini.1Dl 

· pr.>duction leacllnq to improvement in the existi.nq 
plants and c:reatinq new prociuction tacilities. 
Thus, the output ot the project will be physical 
facilities of an Al.UB.iniu:i Research Develop1181lt and 
Design Centre,, adequately equipped with specia1ized 
re.search and test:inq equipment and trainecl 
professional. statt to render !:'eSeardl · and 
~lopaent technology ir:. the E!Jdstinq plants amt 
for settinq up of nev alwina/a.lmainiua prodUction 
facilities based on i.ndiqenous raw 11aterials and 
Dillbiral rescarces. · 
rn addition, the Centre will. bandle related 
projects such as dealinq with the use ot 
by-products! design illp:ovements tor saving of 
ene_~ and materials,, development ot new products 
and alloys. Another pa_-t.icular problea that tbe 
Centre is expected to add=ess is emana.tinq traa the 
l8Qt of adequate and un!.:l-..errupted power supplies 
which has led to poor ut!lization ot capacities in 
the recent past. Investi;ations into energy savinq 
technoloqies ot. alwaina and alUJliniua µ-oduction 
vill be one ot the i.m.por-...ant tasks tbat the centre 
will have to tackle. 

:It is e%p8d:ed tbat once the Centre is established 
it will meet the fast qrC'W'i.nq tec::hnoloqical service 
needs of the aluainima industry in India. nie 
Centre will. con:sist or t::e :tol.lowi:iq departments: 

Alim; na prodw:tion resea:c:h depart:lent with ~our 
laboratories and one pil::t plant: 

AllDliniwa electrolysis research department with 
fom: laboratories: 

Anal.yti.ca.1 research :!epart:Jilent vith three 
laboratories; 

General services, inst...-,iaentation.s and control 
departaent wit-.h four sec:ions; 

General ac::!ldn.i.atration a:-.d :!inane• departaent with 
tbr .. units. 

T!ie civil construction works !or the Centre started in 
Na9PUr iD 1990 and will be f:..~ished. by 1992-1993. The 
centre is planned to fully ope:-3te/tunction b4J 1994-199!5. 

'rbe a&signaent ot the nationa: staff and procurement ot 
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equipment started in 1989-1990. The first R/D works ba"e 
started in 1991-1992. Traininq of the staff is beinq 
carried OQt in India and abroad. 

For a max'e deta1.led ~o:naation rererence could be made 
to the Project .Docu:aent and the Detailed Centre Desi911. 

!iOOI 



UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

JOB DESCRIPTION., 

DP/IMD/88/015/11-63 

Fost Ti:le: Expert in Modelling of Casting Furnace 

Duration: One month 

Date required: September/October 1993 

.CUty station: 

Purpose of 
projec~: 

Homebase and travel to Nagpur, India 

The immediate objective of the project is to assist 
the Government of India in setting up a functioning 
Aluminillll Research, Development and Design Centre 
consisting of: 

a) Alumina Production Research Department 
b) Aluminium Electrolysis Department 
c) Analytical Research Department 
d) General Services, instrumentation and Control 

Department (incl. Workshop and Maintenance) 
e) General Administration and Finance Department 

The Centre will develop capability of carrying out 
the following main functions on behalf of and in 
co-operation with the bauxite processing/alumina 
production and aluminium smelter industries in the 
country: 

a) Assimilation and adaptation of available 
technologies 
b) Providing recommendations and ad hoc or applied 
and analytical research to local industries in 
process improvement, transfer of techn~logy, etc. 
c} setting up and operating a data bank 
d) Providing training of Indian engineers 

Piv~ experts (Position 11-60 to ll-64) are required 
by the Jawaharlal Nehru Aluminium Research 
Development and Design Centre Nagpur for organising 
a Workshop on Mathematical Modelling of Aluminium 
Electrolysis Cells and Processe~. The Workshop is 

., A?plicacions and comlUllicacions regarding chis job Description 
sboold be senc co: 

Projecc Personnel Recruitment Section, Induscrial Operations Division 
CP.IIDO, Vfonna Incernacional Centre, P.O. Boz 300, Vienna/Austria 
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expec!ted to be held in Nagpur- in September 199 J 
(preferably during the peri~ Sept. 20-24). Four 
of these experts (11-60 to l!"-63) would actually 
visit Nagpur while the fifth one (11-64) is 
expected to finalise the details with UNIOO Vienna 
and take care of organisational work preceding the 
Workshop. 

The experts are required for conducting a five day 
workshop in Nagpur India for participants from the 
alwainium industries, universities and R & D 
institutions. The followinq features form the 
common requireaents for all the positions: 

present theoretical developments involved, and 
the methodology applied in the construction of the 
models for the processes; 

present mathematical, algorithmic and numerical 
developments involved and the methodology applied 
in the ccnstruction of the models for the 
processes; 

demonstrate the capabilities of the models on 
the basis of one or more typical industrial units. 

· ~ 0 are for the study of operational or design 

- prgs ... -.. _ .:.na various possibilities for adaptation 
(tuning) of the Jlodels to specific applications or 
units: 

prepare written notes for circulation to the 
participants in the Workshop (this may form a part 
of the pre-workshop activity to be carried out in 
the home country of the experts) • · · · · 

The Workshop is expected to be of one week 
duration. A set of 10 lectures, each of 90 cinutes 
duration are to be presented in the mornings 
covering the four major areas and the afternoons 
could be devoted to practical sessions/discussions. 
In addition the experts are requested to spend.two 
or three more days tor intensive discussion with 
the industrial participants and the scientists f ~om 
thP. laboratories and academic institutions for the 
formulation of a proqramue tor initiation of work 
on mathematical modelling ot interest to the Indian 
aluminium industries. 

.. 
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Demonstration of the capabilities of the model by 
presenting and analysing the results obtained from 
the si.Jaulation ·of a typical rec~~lar shaped 
tiltinc: furnace and offer comments on-similarities 
and niff erences between the furnaces available in 
Indian companies and those modelled by the expert. 

University degree (preferably Ph.D.) in 
Metallurgical or C!lenical Engineering with 
extensive experience in the field of aluminium 
productions. 

Language require11ents: 

English 

Background information: 

The Indian aluminiUJll industry ·looJcs.; .back .. '.to::·a·!.:·::, .... 
history of 44 years. · T"::ie firs~·,,alUJli.DlUJR~sm~l~i-~~~-·. 
(in Alumpars, Kerala) · vas ·.put~<i.Jito~~:OperatiQn~in'':~-.;; ··~: 
1943. At present there are ·five;.a~miinaq>l~tS.1fiD1~-;:~>: 
oper~t:ion and six almdnium ::. smelter$ · with : an :;:· · · 

···. ~.~ ... :·;, ···• · .. · · -~~ ·· '"'· · ·' · · · ove:L"-...i.1 · c~apacity·.O:•of ,,.,•.about4'l58741>00~d~80;Do.o~·uwv~. 
tomi.~s per year,· respectively~>. ... •.'fllese·racilities-?·-.. ·· 
belc11g 'to five almainiun companies, .":namely. Bharat:-. .' 
Alum5.n5.t\Dl Company Ltd. (Ealcoh·:Hindustan Almµ.nium:· :•:;.. 
Corporr:'i-.ion Ltd. (!UNDA!.CO) ,·•the ~ndian ·Aluminium·.-;·· 
Company Ltd.· ,(INDAL), the Madras'.;Al:umJ.nium .. ~o~pany~ 1:. · . 
Ltd. (l·i.ALCO) ··and: ·.tht .. :.lf~~J.o~.1~5~ffe'!".i~j~~~?¥)f~~~".":~ 
Ltd (HAI.CO) · · ···· ·· ·· ,. ·" ... s~··-~~·"""·.: ... ·~····"'·"'~"'·"~J~•:. ot • • ·. ·. ,; . .· . . .... :~;:!;~: .. ~.~~;~.:~··.~·.,.,::_-;,·=~·~1~'T~~...J~··· -~~ 

. . ....... :,:.: ... j·;,i ~+i~~·:: ·_·,: ;~···. :·.· ... .... ~ . .::: ·:":~·:: .•. ·.· -, . 
With the commissioning· of NALCO 1·the.:" share:}of":Athe· !·.·r;~ ·x .~ 
public sector in alUJllinium smelting is more than 
half of the total ins2lled capacity of India. 
This indicates the decisive influence of the public 
sector on the future of the . industry. The 
sustain<!d growth and development~of.~·:the~.aluminium .·: · .· 
industry in India, · apart :f:.from.:.::trequirinq d .the.·.,.}:,_. . , 
adoption of suitable lonq tenll"policies in ·relation-'·· .. ,. · · · 
to production management, output,' (:::pricing, ::;and·,.;~ .. 
fiscal levies, is also in need Afor '.technoloqy and ~ ... ·. ·,,. 
market <.kvelopment, which will gradually be handled. 
by the proposed Centre. 

During the past years, India became one of the 
leading countries in tl:e world havinq substantial 
bauxite resources, after the discovery of larqe 
deposit~ in the Eastern Coast in .the nearly 1970s. 



/ 

- 4 -

Tne total bauxi tc., reserves of India are estimated 
to be of the ordGr of 2,650 million tonnes, which 
places India on the fifth place in the worlt list. 

With the vast reserves qf bawcite •nd ~oal in 
India, the aluminillll industry has ambitious plans 
for a faster gra\-:tll rate keepinq in view the future 
demand in the f otmd.ry and export potentials. 

The existinq alnb:~na/aluminium plants in India are 
based almost e11\..3.rely on technoloqy imported fro• 
various sources. Both_ in the areas of production 
of almaina and u.l.ll.DiniUJ1, a nlllllber of technoloqical 
improvements hav<. taken place in advanced aluminium 
producinq countr ies. lllport of improved technology 
is not always l-'~)Gsil>le, also its introduction is 
not feasible in the existinq plants. Import of , 
tecbnoloqy neec:ssitates proper asses~~ents to : . 
determine its ~ui"l;abili ty under Indian conditions.,. 
the available ra\-! materials, product demands, state · 
of enqineerinQ ;_:_c ·~elopments, etc. . . Thouqh research ; .... 
and developmell'l t-!ork ; is beinq .. carried : out· .. by . the ... ;.: .. 

. major alumi.niwa prc>ducers in .. the.",countryi·t.these.·are ~~.;:.. .. 
·mainly =·directed ·toWards::solviilcj ~'their~dciy.~-::to: .. :day.~:.~-:. · 
process·.:probleiil!: · iri~~ the plants; :~~·No ::work ·_-:.is.~ done· ;·'· . · 
for the devel<.>t•i.1~c rit. of process know-how .. and basic· · 

·-'·•~":· - • :M. r\;-.,.'-: ···"i'•:C,v-·.:.~:. .. enqineerinq ~.o.: · · 1
.1 ;)!_G.i-tecbnoloqies~OllOWe~.;;!the~~=:~::.. · t 

· · ·······" ·exis.tincj" ..... ·i· J .:;.nts ... ~.:· are_,_;,from·~~'~""Various .... ·•·· 
countries/suppJ ::.en; .- . KAISER,. ALtJTERV-FKI, VAMI, 
ALCAH I HONTECVl:) Ja .. and ALUMINIUM:· PECBINEY ~ .Apart ~ 
from the :,~·stJ·ntoqic importance :·: ... of · havinq · an · 
indigenous -Re£Co' ''ell, Development ".and Desiqn. Centre" .. ·. 

· .. ·: ·. ·.: for ·;~Al~riiwa, \.lie:: ·;~ntre :J:.~~r~~~~ed ;,:_:~ :::save.;,::~ .. 
~--. '. :.'' . .' substantial'.lUil (i currency~ payaen~;;~o t-tlle f.foreign '' ~~: ·· 

~e~~~.:p.-.~;£): :· =r··~·: ... ~:.·7 .. ~ . . > ~·~~~T~~f:\~~:.:· .. ~t'.?~· ··· ·J·~· · ... ··· 

For meetinq tl;c ~c;ti.Jlated demand of aluminium by 
the turn of U1G century, substantial additional 
capacities for alunina and aluminium will have to 
be set up in th<? 1990s .. • Additional. deman~ for 
alUJli.ni\DI by tl1e turn ·of . the : century, which is ·in 

.... excess of .. th" c:«•rrently. availaJ:>le ~capacity-..would .be 
ot the "" .. order- 0f ·~4401009'.m,to.nnes .~:per· ... ·annum. · 
Considerinq "UK :-pa~t.:$.f~r.:_f.J.cnow-how,-. basic 
en•ineerinq ·nnd royalties·}. tor · .. •:/.!this additional 
follow-up st.;.-.. fi~ i l1is would mean· an expenlUture of 
at least US$ ~" .~\l.llion. 

It is to I·~ •uinted out that the cost for 
!stablishme1ri. . •! the Aluminium Centre in NaCJpur 
(both Indian·~civC'rnment and UNDP .contribution) is 
of the ordei: ;-/' ~'~$ 12.5 million.: The tinancinq of 



• 

. .... .. . . :-. ...... -. ··~ .... · ) 

;.·. 
I 

- 5 -

operations and further development of the centre is 
envisaged by the Government to be secured through a 
collection of Rs.- 100 per ton of alumi.niUll for 
aluainiWI research and development, added to the 
price of' aluaini'1lll (established now by the State in 
India~. The funds so generated would serve as 
financial basis for operation and further •!Xtension 
of the centre. • 

• 
Wher. ~C! new aluminium capacity will be established 
the Csntre will be fully functioning and if it 
contr~butes to savings of only ten per cent of the 
exp~c~ed expenditure for project engineering and 
roya.: ..:ies, apart from rendering other useful 
services, its establishment would be fully 
justified. 

It is to be noted that all the leading aluminium 
producing countries have their own R and D centres. 
ClosP. interactions among these Centres' Research 
and -::1ucational institutions and industry has 
enabidd nuaerous technological advances - this 
example is needed to be followed in India. 

In the light of the above, a coordinated effort in 
R tn~ 0 will be essential for the development of 
l':...oi.\..W-!.lu~ and .basic_ engineering to self-reliance in 
alumina and aluminium technology rleeded for the 
establishment of future plants without need to go 
for foreign consultancy. Future development of 
aluminiUJI industry in the country based on 
indigenous expertise demands the immediate 
estat.lisbaent of a self-reliance full-fledged and 
independent research, development and design centre 
for aluai.niUJI at the national level. · ~ 

The development objective of the project is to aim 
at self-reliance in alumina and aluminium 
production technoloqy and.to achieve faster growth 
of the Indian aluminium industry to meet the 
dome!:'.:ic demand for aluminium products. This goal 
wil: b3 achieved by setting up of an Aluminium 
Rest:.arcn, Development and Design Centre at the 
natic~:::il level which will be in a position to carry 
out r~search and development in the field of 
ba~.r..; t~ processing, alumina and aluminium 
produ~tion leading to improvement in the existing 
plants and creating new production facilities. 
Thus: tile output of the project will be physical 
fac • .:..ities of an Aluminiui:i Research Dovelopment and 
Design Centre, adequately equipped with specialized 
research and testing equipment and trained 
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professional staff to .render research and 
development technology in the existing plants and 
for setting up of new alumina/aluminiwa production 
facilities based on indigeious raw materials and 
natural resources. 

In addition, the Centre will handle related 
projects such as dealing- with the use of 
by-products, desigfl improvewents for saving of 
energy and materials, development of new products 
and alloys. Another particular problem that the 
Centre is expected to address is emanating from the 
lack of adequate and uninterrupted power supplies 
which has led to poor utilization of capacities in 
the recent past. Investigations into energy saving 
technoloqies of alWllina and aluminiwa production 
will be one of the important tasks that the Centre 
will have to tackle. 

It is expected that once the Centre is establishe4 
it will meet the fast qrow!.nq technological service 
needs of the alWllinium industry in India. The 
Centre will consist of the following departments: · . . .... ,_ .... ... · ... ·. . 

AlWllina production research department with four 
laboratories and one pilot plant: 

....... ,_...... .:--······ . .... ;.... . ..,_. .... ~ ......... ~:.. ,;,.;.,._.. ..... ,~~ .. it9..-.~1·-"' .. 
AlWDini1111 electrolysis research depa....-tment ·with· 
four laboratories: 

Analytical research 
laboratories; 

department with three 

.. 

General ·services~ instrumentations 
department with four sections~ · : · · ~ · 

and. ··ci;n~i :~··: ~ . . .... 
-:·~·; .. . 
~ ... 

General administration arid fir1ance ·department with 
three units. 

Th~ civil ccnstruction works for the Centre started in 
~c~'Y\ll' 1n 1990 and will be finished by 1992-1993. '!he 
~~.:tre is planned to fully operate/function tiy 1994-1995. 

i!:;.; assicjhment of the J1ational staff and procurement of 
equipment started in 1989-1990. The first RID works have 
;;l:.~rted itt 1991-1992. Training of the staff is beinq 
c:.:;::..·ied out in India and abroad. 

~· . :: a more detailed in!onaation 1·~~·?•::-r:ence could be made 
·;: i:.he Project Document and the Detailed Centre Design. 



UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

JOB DESCRIPrIOtr> 

DP/IND/88/015/11-62 

Post Title: Expert in Modelling of Anode Baking Furnace 

Duration: One aoatb 

Date required: September/October 1993 

Duty Station: 

Purpose o'L 
project: 

Homebase and travel to Nagpur, India 

The i.-ediate objective of the project is to assist 
the Government of India in setting up a functioning 
Aluminium Research, Development and Design Centre 
consisting of: 

a) Alumina Production Research Department 
b) Aluainiwa Electrolysis Department 
c) Analytical Research Department 
d) General Services, instrwaentation and Control 

Department (incl. Workshop and Maintenance) 
e) General Administration and Finance Department 

The centre will develop capability of carrying out 
the fellowing !lain functions on behalf of and in 
co-operation with the bauxite processing/alumina 
production and aluminium smelter industries in the 
country: 

a) Assi•ilation and adaptation of available 
technologies 
b) Providing recommendations and ad hoc or applied 
and analytical research to local industries in 
process improvement, transfer of technology, etc. 
c) Setting up and operating a data bank 
d) Providing training of Indian engineers 

Five experts (Position ll-60 to 11-64) are required 
by the Jawaharlal Nehru Aluminium Research 
Development and Desiqn Centre Naqpur for organising 
a Workshop on Mathematical Modelling of Aluminium 
Electrolysis Cells and Processes. The Workshop is 

., Applications and communications regarding this Job Description 
•hould be seat co: 

Project Perso1U1el Recruitment Sectioa, Industrial Operations Division 
UNIDO. Vienna Ioternational Centre, P.O. Boz 300, Vieaaa/Auscria 
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expected to be held in Nagpur i• September 1993 
(preferably during the period se~t. 20-24). Four 
of these experts ( 11-60 to 11 ~63) would actually 
visit Nagpur while the fifth one (11-64) is 
expected to finalise the details with UNIDO Vienda 
and take care of organisational work preceding the 
Workshop. 

The experts are required for conducting a five day 
workshop in Nagpur India for participants f roa the 
alwainillll industries, universities and R ' D 
institutions. The followinq features fora the 
co..an requirements for all the positions: 

present theoretical developments involved, and 
the 11ethodoloqy applied in the construction of the 
aodels for the processes: 

present aathematical, algorithllic and nwaerical 
developments involved and the methodoloqy applied 
in the construction of the aodels for the 
processes: 

de110nstrate the capabilities of the aodels on 
the basis of one or more typical industrial units. 
These are for the study of operational or desiqn 
probleas; 

- present the various possibilities for adaptation 
(tuninq) of the models to specific applications or 
units: 

prepare written notes for circulation to the 
participants in the Workshop (this may fora a part 
of the pre-workshop activity to be carried out in 
the hoae country of the experts). 

The Workshop is expected to be of one week 
duration. A set of 10 lectures, each of 90 minutes 
duration are to be presented in the 110rnings 
coverinq the four major areas and the afternoons 
cC9Uld ~ devoted to practical sessions/discussions. 
In addition the experts are requested 'to spend two 
or three more days for intensive discussion with 
the industrial participants and the scientists fro• 
the laboratories and academic institutions for the 
foJlllulation of a programme for initiation of work 
on mathematical modelling o! interest to the Indian 
aluminiwa industries. · 

.. 
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The · expert is expected to deaonstrate the 
capability of the JIOdel by presenting and analysinq 
the results of various siaulations aade on a 
typical RIEl•U/~ furnace and also off er co-ents 
on si1li.lari·~-ies and differences between furnaces 
available 1 n the Indian coapanies and those on 
which aod£ J:. have been developed by the expert. 

University degree (preferably Ph.D.) in 
Metallurgical. or Chemical Engineering with 
extensive ex.1~·erience in the field of aluainiua 
production. 

Lanquage requireaents: 

English 

Background information: 

The Indian aluai.niWI industry looks back to a 
history of 44 years. The first alUlli.niWR saelter 
(in Aluapars, ICerala) was put into operation in 
1943. At prc..sent there are five alumina plants in 
operation <.11d six alWlli.niwa smelters with an 
overall '''l·~~ity ot about 587 ,oco d.nd 5!Q,OOO 
tonnes JJ€'" v~ar, respectively. These facilities 
belong ·t:.o ; .i.'FC aluainium companies, namely '3harat 
AlWRinium l:<>Tu~ny Ltd. ( Balco) , Hindustan AlW1iniW1 
Corporat ." >n l :td. (BIND.ALCO) , the Indian AlUJ1iniUll 
Coapany L·i.-t. (:CHDAL), the Madras AlWDiniWD COJ1pany 
Ltd. (MAJ.(:0) and the National AlWlinium company 
Ltd. (KAI.CO) • 

With the co111J1issioning of NALCO the share of the 
public secto1 in aluminiw:a smelting is more than 
half of the total installed capacity of India. 
This indic~~~s the decisive influence of the public 
sector on the future of the industry. The 
sustainod ·~rC'·\~ and development of the alWDinium 
industry :in India, apart from requiring the 
adoptio>i ,.; 1 \litable long term policies in ~elation 
to produ<:i:hm management, output, pri\;ing, and 
fiscal l<:sv; ,_.~, is also in need for technnlogy and 
market uevei.. .. pment, which will qradually be handled 
by the proposed Centre. 

During the past years, India became ont:: of the 
leading countries in the world having substantial 
bauxite resources, after the discovery of large 
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deposits in the East<-:· 1 1 Coast in. the nearly 1970s. 
The total bauxite re! .c·~ ves of India ar~ estimated 
to be of the order oi" <!,650 •illion tonnes, which 
places India on the fifth place in the world list. 

With tbe vast resei:vc·s of bauxite and coal in 
India, the alwrlnium .l;1dustry has aabitious plans 
for a taster growth r.'.":tc- keeping in view the future 
demand in the foundry • ->1d export potentials. 

The existing alwrlna, : : ) ;.uainiWI plants in India are 
based al.Jlost entirely <>h technology iaported fro• 
various sources. B<..~·\ h :in the areas of production 
of alUBlina and aluain:; \Hii, a number of technological 
i•proveaents have takC'n place in advanced alWlliniu. 
producing countries. :i h1port of improved technology 
is not always possible·, also its introduction is 
not feasible in the <<d.sting plants. Iaport of 
technology necessitate$ proper a!:sessaents to 
determine its sui tab:i lH y under Indian conditions, 
the available raw aat~-:i -: «ls, product demands, state 
of engin~ering deveh•J·,~ents, etc. Though research 
and development worl~ i~ being carried out by the 
major aluainiua producei !i in the country, these are 
mainly directed towai:d[~ solving their day to day 
process problems in the plants. Ho work is done 
for the developmen"t :•f 1 •rocess know-how and basic 
engineerinq. The , < ·dmologies followed in the 
existing plant~ are from various 
countries/suppliers · :i~l\ISER, ALUTERV-FICI, VAMI, 
AI.CAN, MONTECATIHI i ->1(; l::.LUMIHIUM PECHINEY. Apart 
fro• the strategic· :; 111portance of having an 
indigenous Research, L>' \•elopment and Desi911 Centre 
for Aluainiua, the c·c·1rtte is expected to save 
substantial hard cw·:i-<:11c:y payments to the foreign 
partners. 

For meeting the est:: 1oc:•l Pd demand of aluminium by 
the turn of the ce11i.;.m:y, substantial additional 
capacities for alum);·•~ <tnd alUlllinium will have to 
be set up in the :i '.·(·r!:~. Additional .demand for 
alUJ1inium t>y the tm ~. . •t the century, which is in 
excess ot the curren{ .1 y ''vailable capacity would be 
of the ortAer of 1:r:c1 , 000 tonnes per annua. 
Considering the pav1ncut tor know-how, basic 
engineering and roy. · ' ,~s for this additional 
follow-up stage thi:· . ,•\lld mean an expenditure of 
at least US$ 95 mil) · . •n. 

It is to be poii:. out that the cost for 
Establishment of thP 1d.uminium Centre in Nagpur 
(both Indian Govermm · ,·i and UNOP contribution) is 



- 5 -

of the order of USS 12. 5 million. The financing of 
operations and further development of the Centre is 
envisaged by the Government to be secured through a 
collection of Rs. 100 per ton of aluminium for 
alUJli.niua research and devei.opment, added to the 
price of aluminium (established now by the State in 
India) • The funds so generated would serve as 
financial basis for operation and further extension 
of the Centre. 

Wilen the new aluainiUJD capaci\;y will be established 
the Centre will be fully functioninq and if it 
contributes to savi?tgs of only ten per cent of the 
expected expenditu::-e for project engineering and 
royalties, apart from rendering other useful 
services, its establishment would be fully 
justified. 

It is to be noted that all the leading alwrinima 
producing countries have their own R and D centres. 
Close interactions among the~e centres' Research 
and educational institutions and industry has 
enabled nmaerous technological advances - this 
exaaple is needed to be followed in India. 

In the light of ~.he above, a C(<>rdinated effort in 
R and D will be essential for the development of 
know-h.:r• and basic e~gineerin~ to self-reliance in 
aluaina and aluminium technology needed for the 
establishment of f~ture plants without need to qo 
for foreign consul ~ancy. Future development of 
aluainiua industry in the country based on 
indigenous expertise demands the immediate 
establishment of a self-reliance full-fledged and 
independent research, development and design centre 
tor aluai.niwa at the national level. 

The development objective of the project is to aim 
at self-reliance in alumina and aluminium 
production technoloqy and to achieve faster growth 
of the Indian aluminium industry to meet the 
domestic demand for aluminium k>roduc:ts. This goal 
will be achieved by setting up of an Aluminium 
Research, Develop1:1ent and Design Centre at the 
national level which will be in a position to carr1 
out research and development in the tield o! 
bauxite processi~q, alumin3 and aluminium 
production leading to improvement in the existing 
plants and creating new production facilities. 
Thus, the output c! the project will be physical 
facilities of an Al~inium Research Development and 
Design centre, adecr~ately equipped with specialized 
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re9earch and t~sting eqaip_ment and trained 
prof essior.al staff to render research and 
development techn0logy in the existing plants and 
for setting up of new alumina/alWRinium production 
facilities based on indigenous raw materials and 
natUfal resources. 

In addition, the Centre will handle 1."elated 
projects such as dealing with the use of 
by-products, desiqn impr'lvements for saving of 
energy and aatGrials, development of new products 
and alloys. Another particular problem that the 
Centre is expect;ed to address is eaanating from the 
lack of adequate and uninterrupted power supplies 
which has led to poor utilization of capacities in 
the recent past. Investigations into energy saving 
technologies of :llumina and a lWlinium production 
will be one of i:he important tasks that the Centre 
will have to tackle. 

It is expected that once the C~ntre is established 
it will meet t11c, f:.!st growing technological service 
needs of the alWlinium industry in India. The 
Centre will cor&Si$t of the following departllents: 

Alumina productiu11 research department with four 
laboratories and «me pilot plant; 

Alt;Jllinium electrolysis research department with 
four laboratories: 

Analytical research 
laboratories: 

department with three 

General services, instruaentations and control 
department with fcur sections: 

General admini~tration and finance department with 
three units. 

The civil construct5.or: t::orks for the Centt:e started in 
Nagpur in 1990 and !L .. ,_ be :finished by 1992-1993. The 
centre is ~laMed to ,i;ully operate/function by 1994-1995. 

The assic;nment of tl"1~ national st:af! and procurement of 
equipment started !n :: ri~9-l990. The first R/D works !la,11? 
started •n 199l-lt9. . ·•.'raining of the staff. is being 
carried out in Jftdir. .md abroad. 

For a more detailed .·:•formation reference could be llfade 
to the Project Oocu*1..ni; and the Detailed Centre Design. 

.. 
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UNITED !IATIONS INDUSTRIAL DEVEl.OPKENT ORGANIZATION 

Post Title: 

.)uration: 

DP/IND/88/015/11-61 

Expert in Modelling of Aluminium Electrolysis Cell 
Construction 

One month 

Date required: September 1993 

Duty Station: 

Purpose o:f 
project: 

Hoaebase and travel to Nagpur, India 

'l'he immediate objective of the project is to assist 
the Government of India in setting up a functioning 
Al1llllinium Research, Development and Design Centre 
consisting of: 

a) AlUlli.na Production Research Department 
b) AluminiUlll Electrolysis Department 
c) Analytical Research Department 
d) General Services, instruaentation and control 

Department (incl. Workshop and Maintenance) 
e) General Adllinistration and Finance Department 

The Centre will develop capability of carrying ou~ 
the following main functions on behalf of and i.?t 
co-operation with the bauxite processing/alUJll.ina 
production and alUlliniw:1 S11elter industries in the 
country: 

a) Assimilation and adaptation of available 
technologies 
b) Providing reco .. endations and ad hoc or applied 
and a11alytical research to local industries in 
process improvement, transfer of technoloqy, etc. 
c) Setting up and operatinq a data bank 
d) Providing training of Indian engineers 

Five experts (Position 11-60 to 11-64) are required 
by the Javaharlal Nehru · Almai.nium Researc 
Development and Design Centre Nagpur for organising 
a Workshop- on Mathematic.al Modellinq of Alu:m.iniU:l 

•>Applications and c~rnic.ations regardil;g this Job Descripciou 
should ~ sent to: 

Project Persormel Recruit111etJt SectloQ. Induscrial. Oper•tloa.s Division 
l!NIDO, Viem:ui Incernational C~re, P.O. Box 300, Vienna/Alutri.a 

I 
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Electrolysis Cells and Processes. The Workshop is 
expected to be held in Nagpur in September 1993 
(preferably during the period Sept. 20-2')· Four 
of these experts (11-60 to 11.-63} would actually 
visit Haqpur while the fifth one (11-64) is 
expected to finalise the details with UHIDO Vienna 
and take care of organisational work preceding the 
Workshop. 

The experts are required for conducting a five day 
workshop in Nagpur India for participants fro• the 
aluainiu industries 1 universities and R & D 
institutions. The following features form the 
co..an requireaents for all the positions: 

preserat theoretical developments involved, and 
the methodology applied in the construction of the 
:models for the processes; 

- present mathematical, algorithlD.ic and nwaerical 
developments involved and the methodology applied 
in t..~e construction of the models for the 
processes; 

demonstrate the capabilities of the models on· 
the basis of one or more typical industrial units. 
These are for the study of operational or design 
problems; 

- present the various possibilities for adaptation 
(tuning) of the models to specific applications or 
units; 

prepare written notes for circulation to the 
participants in the Workshop (this may form a part 
of the pre-workshop activity to be carried out in 
the ho11e country of the experts) • 

Tbe Workshop is expected to be of one week 
duration. A set of 10 lectures, each of 90 minutes 
duration are to be presented in the J:lOrnings 
covering the four major areas and the afternoons 
could be devoted to practical sessions/discussions. 
In addition the experts are requested to spend two 
or three more days for intensive discussion with 
the industrial participan~s and the scientists froa 
the laboratories and acade~ic institutions for the 
formulation of a proqram:e for initiation of work 
on mathematical model ling of interest to the Indian 
aluminium industries. 

.. 
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evaluation of magnetic field components, 
determination of metal and bath velocities, 
distortion of metal surface, demonstration of 
potential distribution; examples of practical model 
applications to different cells designs and 
technoloqies operatinq with different electric 
currents should be qiven. The expert is expected 
to offer quantitative comments about the HHD of 
Indian smelters. 

University deqree (preferably Ph.D.) in 
Metallurgical or Chemical Enqineerinq with 
extensive experience in the field of aluainiUJR 
production. 

Language requirements: 

Enqlish 

Background information: 

The Indian alWDinium industry looks back to a 
history of 44 years. The first alwainium smelter 
(in Alumpars, ICerala) was put into operation in 
1943. At present there are five alWDina plants in 
operation and six aluminium smelters with an 
overall capacity of about 587,000 and sso,ooo 
tonnes per year, respectively. These facilities 
belonq to five aluainium companies, namely Bharat 
AlUJ1ini1111 Company Ltd. ( Balco) , Hindustan Alumini111l 
Corp0ration Ltd. (HINDALCO), the Indian Alumini11111 
Co11pany.Ltd. (INDAL), the Madras AlWDiniWI Company 
Ltd. (MALCO) and the National Alwainium company 
Ltd. (NALCO). 

With the commissioning of NALCO the share of the 
public sector in aluminium smelting is more than 
halt ">f the total installed capacity of India. 
This in\!icates the decisive influence of the public 
sector on the future of the industry. The 
sustained growth and development of the aluminiWD 
industry in India, apart from requiring the 
adoption of suitable long term policies in relation 
to production aanagement, output, pricing, and 
fiscal levies, is also in need for technoloqy and 
market development, which will gradually be handled 
by the proposed Centre. 
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During the past years, India becaae one of the 
leading countries in tfle world having substantial 
bauxite resources, after the discovery of larqe 
deptsits in the Eastern Coast in the nearly 1970s. 
The total bawcl b reserves of India are estimated 
to be of the order of 2,dso million tonnes, which 
places India on tne fifth place in the world list. 

With the vast reserves of bauxite and coal in 
India, the alUJ1iniwn industry has ambitious plans 
for a faster growth rate keeping in view the future 
dm:iand in the foundry and export potentials. 

The existing alumina/aluminium plants in India are 
based almost entirely on technology imported from 
various sources. Both in the areas of production 
of alWlina and alWDiniWI, a r.Wlber of technological 
i•provements have taken place in advanced almainiu. 
producing countries. Import of improved technology 
is not always possible, also its introduction is 
not feasible in the existing plants. Import of 
technology necessitates proper assessments to 
determine its suitability under Indian conditions, 
the available raw materials, product demands, state 
of engineering developments, etc. Though research 
and development work is being carried out by the 
major alwrlnima producers in the country, these are 
mainly directed towards solving their day to day 
process problems in the plants. No work is done 
for the development of process know-how and basic 
engineering. The technologies followed in the 
existing plarits are from various 
countries/suppliers - KAISER, ALUTERV-FKI, VAMI, 
ALCAN, MORTECA'l'IHI and ALUMINitJM PECHINEY. Apart 
f roa the strategic importance of having an 
indigenous Research, Development and Design Centre 
tor AlwainiUJ1, the Centre is expected to save 
substantial hard currenc-1 payments to the f oreiqn 
partners. 

Por meetinq the estimated demand of alwainiwa by 
the turn ot the cen&ury, substantial additional 
caJ'acjties for alWD1na and alW1iniwa will have to 
be set ap in the 1990s. Additional demanl for 
alt111iniwa by the turn of the century, which is in 
c!xcess of the currently available capacity wo\114 be 
of tbe ord•r 01 440,000 tonaas per annwn. 
considerinq the payment for know~how, basic 
enqineer.j.ng and royal ties for this additional 
follow-up stage this wquld mean an expe~diture of 
at leas~ US$ 95 aJ.llion. 
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It is to be pointed out that the cost for 
Establishllent of the Alwaini~ Centre in Nagpur 
(both Indian Government and UNDP contribution) is 
of the order of US$ 12.S million. The financing of 
operations and further development of the Centre is 
envisaged by the Government to be secured through a 
collection of Rs. 100 per ton of aluminiW1l for 
aluainiwa research and development, added to the 
price of aluainiw:a (established now by the State in 
India) • The funds so qenerated would serve as 
financial basis for operation and further extension 
of the centre. 

When the new al'U'lllinium capacity will be established 
the Centre will be fully functioning and if it 
contributes to savings of only ten per cent of the 
expected expenditure for project engineering and 
royalties, apart from renderinq other useful 
services, its establishment would be fully 
justified. 

It is to be noted that all the leading alWllinium 
producinq countries have their own R and D centres. 
Close interactions aaonq these Centres' Research 
and educational institutions and industry bas 
enabled nUJ1erous technoloqical advances - this 
example is needed to be followed in India. 

In the light of the above, a coordinated effort in 
R and D will be essential for the development of 
know-how and basic engineering to self-reliance in 
alumina and aluminium technoloqy needed for the 
establishment of future plants without need to go 
for foreign consultancy. P'Uture development of 
alWlinima industry in the country based on 
indiqenous expertise demands the immediate 
establishment of a self-reliance full-fledged and 
independent research, development and desiqn centre 
for alu.inium at the national level. 

The development objective of the p~oject is to aim 
at self-reliance in alUJllina and aluminiwa 
production technology and to achieve faster qrowth 
of the Indian alU11iniwa industry to meet the 
domestic demand for aluainium products. This goal 
will be achieved by settinq up of an Aluminium 
Research, Development and Oesiqn Centre at the 
national level which will be in a position to carry 
out research and development in the field of 
bauxite processing, alumina and aluminium 
production leading to iaprovement in the existing 
plants and creating new production facilities. 
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Thus, t!e output of the pr4ject will be physical 
facilities of an Aluminium Research Development and 
Desiqn Centre, adequately equipped with specialized 
research and testing equipment and trained 
professional staff to render tesearch and 
development techAology in the existing plants and 
for setting up of ney alumina/aluminium pt't>duction 
facilities based on indigenous raw materials and 
natural resources. 

In addition, the Centre will handle related 
projects such as dealing with the use of 
by-products, · design improveaents for saving of 
energy and materials, development of new products 
and alloys. Another particular problem that the 
Centre is expected to address is emanating fro• the 
lack of adequate and uninterrupted power supplies 
which has led to poor utilization of capacities in 
the recent past. Investigations into energy saving 
technoloqies of alumina and aluminium production 
will be one of the important tasks that the Centre 
will have to tackle. 

It is expected that once the Centre is established 
it will meet the fast growing technological service 
needs of the aluminiWI industry in India. The 
Centre will consist of the following departments: 

Alaina production research departllent with four 
laboratories and one pilot plant: 

Aluminium electrolysis research department with 
four laboratories: ,-

Analytical research 
laboratories: 

department with three 

General 5ervices, instrumentations and control 
department with four sections: 

- General administration and finance department with 
thref units. 

The civil construction wotks for the Centre started in 
Naqpur in 1990 and will be finished by 1992-1993. The 
centre is planned to fully operate/function by 1~94-1995. 

'l'he assignpent of the national statf and procurement ~t 
equip..-nt started in 1989 .. 1990. The tiqst R/D works have 
started in 1991-1992. Trainin9 of the staff :is being 
carried out in India and abroad. 

.. 
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For a aore detailed information reference could be made 
to the Project Docwlent and the Detailed Centre Design. 



II. Senior count&:rpart staff 

Dr. T. R. Ramachandran Director. JNARUDC 

Dr. J. Zambo Chief Technical Adviser llNIDO/UNDP 
JNARDDC 

N. G. Sharma Deputy Director, JNARDDC 

P. Vidyasagar Deputy Director. JNARDDC 

IS 
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IV. List of additional sotlw.m.-s needed 

The proposed Dyr.amic Celi Simulator of Aluminium Electrolytic Cells can be 
implemented on bo1h workstations and PC-class ~-om1>utcrs. These computers provide 
rather different work.ng environlll\.'"lllS for the users. In order to provide easy transfer of 
source code tiles between these different hardw-.in: pl•llforms. a professional program 
developing cnvironncnt has to~ established on the PC-s. 

The following commercial software products an: proposed to suppon the cell 
simulation pruj~1. 

f 
For a selected wurk:;Wioo: 
• F77 Fonran compiler 

• HOOPS graphic library 

For PC-class computers: 
• DOS extender 
• ND P Fonran compiler 
• HOOPS graphic library 

(usually provided by the 
· ·upplicr) 

"1w.m:) 

(from Phar Lap So1·tware Inc.) 
(from Microway Inc.) 
(From Ithaca Softwan:) 

Note: A general-purpose mathematical libr.iry is n\Xdc:d for both platforms. The 
NMAS library 1>o1ck.1ge which accompanies th~ huu~ Numerical Methods and Softwares 
by 0. Kahancr ct. al. from Pn:ntice Hall. 1989 cm he mentioned as an example. 
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WOl<KSllOP SCllEDUl.1-: 

Nai;pur·, India 

September 14-18, 1993 

DATE TIME TOPIC LECTURER 

14/09/93 9:00 - 9:30 Welcome and introduction. JNAROOC 
Director 

Organization of Wcrkshop. Ur.noo team 
leader 

9:30 - 10:00 Mathematical modei~ing v. Potocnik 
methodology. 

10:00 - 10:30 Process overview. v. Potocnik 

10:30 - 11 :00 Simulation of an Aluminium L likasz 
eledrolytic cell: 
basic mass and energy 
balance calculations. 

11 :00 - 11 :30 Break 

11 :30 - 13:00 Basic mass and energy L likasz 
balance caJculations: 
approximating selected 
operation modes. 

13:00 - 14:30 lunch 

14:30 - 16:00 Developing a control L likasz 
emulator. 
Using the dynamic cell 
model; examples. 

16;00 - 16:30 Break 

16:~0 - 18:00 Computer demonstration L likasz 
of the dynamic cell 
simulator and participants' 
contributions. 



15/09/93 9.30 - 10.30 30 thermo-electric V.Potocn.ik 
modelling of the 
electrolysis c·e11. 

10.30 - 11.00 Computer demonstration L.Tikasz 
of the dynamic cell 
simulator 

11.00 - 11.30 Break 

11.30 - 12.00 Modelling of potroom L.Tikasz 
activities for cell 
operation 

.,, 
12.00 - 13.00 Magnetohydrodynamics V.Potocn.ik 

(MHO): introduction 

13.00 - 14.30 Lunch 

14.30 - 16.00 Electric current V.Potocni 
calculations. 
Busbar design. 
Maqnetic field 
calculation• 

16.00 - 16.30 Break 

16.30 - 18.00 Cell hydrodynamics V.Potocni 

16/09/93 9.30 - 11.00 The anode-baking S.Peter 
Riedhammer furnace: 
Design and operation. 
Motivation for modelling. 

11.00 - 11.30 Break 

11.30 - 13.00 Development Of the 20+ S.Peter 
model 

13.00 - 14.30 Lunch 
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14.30 - 16.00 

16.00 - 16.30 

16.00 - 18.00 

.. -
17/09/93 9.30 - 11.00 

. . 
11.00 - 11.30 

11.30 - 13.00 

14.30 

14.30 - 16.00 

Simulation results and 
capabilities of the 2n+ 
model. 

Break 

Development of the 30 
model. 
Simulation results and 
capabilities of the 30 
model • 

S.Peter 

s.Peter 

Description of some A.Charette 
casting furnaces and 
overview of the ralat~d 
studies carried out at 
UQAC. 
Numerical methods in 
radiative heat transfer • 

Break 

Numerical methods in A.Charette 
readiative heat 
transfer (continued). 
Detail of the ~-thematical 
modelling of the casting 
furnaces : lD analytical 
model 

Lunch 

Details of the 
mathematica.i modelling 
(continued) 

(a} 1 D control model 
(b} fuel optimization 

calculations 
(c} 30 model 

3 

A.Charette 



16.00 - 16.30 

16.30 - 18.00 

18/09/93 9.30 - 11.00 

11.00 - 11.30 

11. 30 - 13. 00 

13.00 - 14.30 

14.30 - 16.00 

. 
16.00 - 18.00 

Break 

The remelting furnace A.Charett 

A general presentation 
on : 

A.Charett 

(a) the various research 
projects undertaken . 
by the faculty members 
in Canada, and 

(b) an overview of Canadian 
aluminium industry. 

Break 

FUrther elaboration on All stat 
aspects identified by partici-
participants during the pants 
week and/or free discussion 

Lunch 

Same topics, continued 

Conclusion - dismissal 

. 

All staff 
and parti 
cipants 

JN ARO DC 
Director, 
UNIOO tea 
leader 

Note: Free discussions may be held in the evening in 
ro~sultation with the participants. Decision 
can be made on the spot. 
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555, boulevard de rUniversit6 
Chicoutimi (Qu6bec} Canada G7H 281 
Phone: (418) 545-5233 
Fax: (41,,) 545*5012 

Or. Laszlo Tikasz obtained his masters (M.Sc.) degree in electrical 
engineering in 1978 and his doctor~ta degree (Dr. Techn.) in t9E6, both 
from the Technical University of Budapest. From 1978 until 1980, he wo1kod 
at East Hungarian Electric:it)· ·eoard as development engineer. Frcm 1960 
until 1989, he worked at Hungalu Engineering and Development Centre 
Division of Aluminium Metallurgy In the area of process measurements and 
process control. In 1989, ~e joined the UniversiM du Ou6bec a Chicoulimi 
~ invited research pr~f~ssor. There, ~e has worked in building a computer 
simulator of an aluminium electrolytic cell and In supervision of expert · 
system applications. In 1984, he lectured as a member or Uwoo expert 
group at Zheng-Zhou Light Metals Research Institute in China. . . . . 

Andrli Charette 

Univer5it6 du Qu6bec l Chlcoutlml 
555, boulevard de runiversit~ 
Chicoutimi (Oudbec) Canda G7H 281 
Phone: (418) 545-5057 
Fax: (418) 545-5012 

Or. Andre Charette obtained a diploma in chemical engineering at L.a·1al 
Universrty Quebec, Canada in 1966 and a doctorate degree in high • 
temperature dlemicaJ kinetics in 1972 from the same University. Hg joined 
the Univeraite du C\Jt)bec l Chic:>utimi in 1970 where he is novt in d12rq"' 1Jf 
the c::uraes in thennodynamics and heat transfer as a full prof'lssor. I Ii~ 
research aciivnies Induce the computation of radiative heat transhn in 
industriaJ fuma<:3S, general mcdelling of thermal prccss.sas 211d s:yroly~i5 
and calcination of carbonacsous prcducts. he partic!pated ac:ivuly in 
numerous rasaarch projec:s concuc:ed jcintiy with indu~rf. namely Alr::?n. 
C.:>m<?I~. ELF-,\tcchem. He authored or c:J·C!uthored morn th::tn r,o 
te-chni~ p2~Gf'3, presenta!lons and researc!'l raports :.nd s1Jp2r:;!;qd I i 
gr~c1;at;? S:uij:;nc;. 



Selvln Peter 

Universit6 du Qu6bec l Chicoutiml 
555, boulevard de l'Universit6 
Chicoutiml (Ou4bec) Canada G7H 281 
Phone: 1418)545-5011 ext.2277 
Fax: (418) 545-5012 

Or. Selvin Peter obtained a B.Sc.E. degree in Chemical Engineering in 
1984 and a Ph.D. degree In heat transfer in 1992 at the University of New 
Brunswic.'<, Fredericton, Canada. Womng as a research engineer al the 
Universit' du Ou4bec l Chiccutimi since 1989, he has been involved in the 
electrode baking furnace modelling for Alcan (Canada) and Comalco 
(Australia). He has b_ean author or co-author of 15 research papers, 
conferences and industrial reports. He is an active member of the 
Combustion Institute of Canada and the Order of Engineers of Ou•bec, 
Canada. 

Vlnko Potocnik 

Alcan lntemationaJ Umiled 
P .0. Box 1250 
Jonquiere (Ou6bec) Canada G75 4K8 
Phone: (418) 699-3332 
Fax: (418) 699-3996 

Or. Vinko Potoenik obtained a diploma In engineering physics at the 
University of Ljubl)ana In 1967, and a Ph.D. In plasma physics at the 
University of British Columbia. Vancouver, Canada In 1973. Sinca 1973, he 
has teen W'JrXing al AJc:an International Arvida Research and Oev9lopment 
Camre, Jonquiere~ Canada. There, he is presently senior scientist and 
consultant. He has been wooong in the area of methemati~"ll mC<JqllinQ, 
simulation, prccass contrcl and expert system:3. He also t?.uQht " 'Jr:lct11:;tn 
cour::.a (rna~ror'' lovel) In mothematic:il rnod11lllng nmJ -;imuf:uhm ac th•• 
Universita du Q1J~b&e l Chicoutimi, Chicoutiml, Canada. for 6 y9ar3. I lq i~ 
a.ls.a or.a of the ledurars at the bi-annuaJ one-weslt Aluminium E:~crr.lyo;i5 
Cour-sa at Came9ie Mellon Universir/, Pittsburgh, US,\. 
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1 • MF..thematlcal Modelling Methodology 
- . -

Mathematical modeDing has t:iecome one of the most important activities in 
process analysis and design. It consists of a number of staps that have to be 
combined in the most appropriate way for a given prnblem. Process under­
standing and plant measurements link it to reality. Building the equations. 
choosing the numerical algorythms and programming used to be the most 
intensive tasks in the past. The advent of good commercial software packages 
has shifted the emphasis to process related activities. to setting up the scenarios 
and to the analysis cf the computer runs. Relationships among all these activities 
are the subject of the mathematical modelling methodology presented in this 
session. 

. 
2. Overview of the Primary Aluminium Production Processes 

Primary aluminium production processes comprise alumina production. 
alumina reduction and casting. 

Alumina is produced mostly from bauxite using the Bayer process. Soma 
applications of the mathematical modelling in this area will be mentioned but net 
analysed in depth, since this part of the process is not a subject of the workshop. 

Aec'u-:tion process indudes electrolysis and carbon electrode production. 
In electrolysis perhaps the most important subject is the thermal and electrical 
balance, which will be ovarviewed Mass balance and process dynamics are 
c!osely related to cell operation and control. The electrode production process 
starts with coke calcination and ends with the cathode and anode baJUng. Both 
have been extensively stu1ied by mathematical modelling, but only anode baking 
will be presented at the workshop. 

Casting is preceeded by ingot or scrap remelting, impurity elimination and 
alloying. The remelting as well as casting itself have been the subject of 
mathematical model development and applications, but only remelting will be 
prosented at the workshop. 

3. Thre•Dlmenslonal Thermo-Electric Modelllng of the Call 

Complex material composition or complex boundary conditions require 
three-dimensional (~O) models whenever detailed distribution of the temperature 
or heat loss is required. This is certainly the case when the cathode or the anode 
is to be designed or redesigned. 

In this lecture the issues in 30 modelling will be discussed. Examples of 
the simulations, obtained with a commercial finite-element software package will 
be given. 
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1 • Basic Mass and Energy Balance Calculations 

This part is intended to guide the reader through the construction of a 
simplified dynamic cell model oJ an alumin!um electrolytic cell. The proposed 
Model itself is an integrated sofware package for simulating different operational 
states of aluminium electrolytic cells. The focus is on the theoretical aspeds. 
whereas programming details as wen as necessary preparatory steps (e.g. data 
acquisition problems are not coverd. 

A theoretical approach is outlined showing how to derive basic equadons 
to approximate the dynamic and static operation of a ~ell. The structure of the 
computation is demonstrated with special emphasis on the user-adjustable 
subroutines and functions. These user-adjustable pans can serve as starting 
points toward a more sophisticated description of the process. 

The currant state of an electrolytic cen is described by lumped parameters 
averaged over a selected pan (lump) of the cell. For educational purposes. 
considerable simplifications are proposed regarding the granularity of the Model: 
the geometry is the simplest possible and the upper and lower side-carbon and 
freeze blocks are put into generalized side-wall and freeze blocks. The selected 
control volume contains only the bath. freeze and metal lumps. and the boundary 
conditions are approximated by generalized anode. cathode and sid•wall 
lumps. The environment outside the call model is represented by temperatures 
above. below and beside the cell. The material and energy balances . are 
performed on all the selected lumps and during the simulation. the mass and 
temperature variations are calculated by solving the relevant ordinary differential 
equations. • 

Geometrical, chemical and electrical aspects of the aluminium electrolytic 
cell are considered. Alumina dissolution sub-model is introduced. Algebraic 
equations for steady-state simulation are also derived. 

2. Approximating Selected Operation Modes 

The adjustable model components can be used to approximate special 
operation modes. also. The most important components are: 

- line current. 
- current efficiency. 
-· mass densities. 
-. eutectic temperature. 
- heat transfer coefficients. 
- specific heat coefficients. 
- equivalent thermal resistances, 
- bath resistance and condudivity. 

In this part, some examples are given showing how to select, tune. verify 
and validate equations or develop appropriate sub-models. 



3. Develop Ing a Control Emulator 

In simulating the dynamic behavior of an electrolytic can. it is a must to provide a 
unit which approximates the necessary maintenance rol•tines. In real situations, 
the maintena:ice is provided partly manually and by and adequate process 
controller. Here we concentrate on the representation of the automatic control. 
The main points discussed are the following: 

- selection of control variables, 
- data exchange between Model and Control Emulator, 
- developing a control date base. 
- developing a simple alumina feeding routine. 
- developing a simple resistance control routine. 

4. Using the Dynamic Cell Model 

An actvanced Dynamic Cell Model is presented during the Workshop. The 
Dynamic Call Model is a computer program, escorted by a 

- User Guide and a 
- Set-Up Guide 

Based on these Guides, the general structure and the use of the Dynamic 
Cell Model are discussed. Examples are given where the Dynamic CeU Model is 
used to Simulate different operating conditions. 

5. Computer Demonstration 

In this part. live computer demonstrations are provided on advanced PC­
class computers. Both the basic mass and energy caJculations and the Dynamic 
Cell Model will be presented. 

With the basic equations, the particpants can carry out static and dynamic 
computations. This facility helps them understand the process fundamentals as 
well as the main relations and trends of the process. 

· Using the Dynamic Cell Model, they will acquire hands-on experience with 
a complete simulator. 
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1 • Introduction 

Magnetohydrodynamics (MHD) is the study of fluid behaviour under the 
influence of the electromagnetic forces. This force is a vector product of the 
electric current density and the magnetic field. therefore, MHO modelling can be 
divided into: electric current. magnetic field and hydrodynamics calculations. 

In this session, we will also explore the consequences of MHO on the cell 
performance. 

2. Electric Current and Magnetic Field Calculations 

The objective of the electric current calculations is to determine the current 
density in the liquid metal and electrolyte (bath). This current density is 
determined by the cell and busbar design, its thermal state, and its operation. 
The methods of calculation, software and the influence of the cell design and 
operation on the current density wiD be presented. It will be shown how a well 
balanced durrent distribution can be obtained. 

The magnetic field is generated by the electric current distribution in the 
cell as well as by cell·to~ell busbar connections. Steel structural elements of the 
cell redistribute considerably the magnetic field due to currents. This greatly 
complicates the calculations. Calculation methods and applications to different 
cell designs will be discussed 

3. Hydrodynamics 

Cell hydrodynamics is described by the Navrer·Slokes equation that 
includes the electromagnetic force. The solution of this equation gives the 
velocity patterns in the metal and in the bath and the metal·bath interface 
deformation. Steady state and dynamic models will be examined. Criteria for the 
MHO design will be disaJssed. 

Applications to different call designs will be shown. including a video 
presentation of the metal·bath interface waves. 
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1. The Rledhammer Furnace: Design and Operation, 
Motivation behind Modelling. 

This part is intended to give a description of the construction and operation 
·of the Riedhammer furnace. The work it is supposed to do, tne general structure 
of its construction, the main phenomena taking place in the furnace (fuel 
combustion, air infiltration, release and combustion of volatile matters, 
combustion of packing coke, heat losses) are described. The role of various 
furnace sections (preheat sections, firing sections, cooling section) and the 
configuration of each section {{head wall and fireshaft zone, undertid zone. pit 
zone, underpit zone) are explained. Comments are made on the operational 
parameters of the furnace (composition of fire train, fire cycle time, air flowrate. 
fuel flowrate, baking temperature, finishing tempeiature) and the affects of 
changing these parameters on overall furnace behaviour. Therefrom are drawn 
the motivations leading to the mathematical modelling work. 

2. Development of th• 20• Model 
. 
Comments are first given on the reasons for, and the limitations of, 

approximating the process by a two-dimensional (20) model, and the need for 
extending it to a 20+ model to account for the critical differences between inner 
and outer pits. due to heat losses through lateral walls. 

The model is next presented in its mathematical concept as well as in the 
way it is solved. 

The model extends from the 1 sa preheat section to the last covered cooling 
section. This model considers each of the four zor:ies. links them together with 
common boundary conditions and determines the energy sources and sinks for 
each zone. This part of the course describes the conceptuaJ approach used in 
the model by·presenting the equations for the control volume of each zone and 
explaining how the four zones are treated and linked tcoether. In addition. this 
part will include how the 20 transient condudian Is so:Ved and how the volatile 
matters release and combustion are taken care of by the model. 

The solution procedure involves the calaJlation of mass flow, temperature 
and composition of the gas and solid temperature for each time step, until the end 
of the fire cyde period at which time a new preheat section is added and the last 
cccling section is dropped. A new fire change starts and the program is executed 
until the totaJ number of the fire changes or a quasi-steady state {S:ic temperature 
difference of the gas temperature between two ftre changes) is achieved. 



3. Simulation Results and Capabilities of the 20• Model 

Ths geometrical parameters and the Initial values required to run the 
model will be presented for a general-purpose base case. The output from the 
model including draught profile, gas temperature profile, fuel consumption, 
oxygen profile, gas mass flow, anode temperature profile, anode finishing 
temperature will be provided and compared with the measured values. 

The capabilities of the model include changing operational parameters 
such as draught, firing scheme. fire cycle time, flow dlstrtbutlon across the furnace 
as well as changing geometrical parameters such as number of pits. adding or 
removing a section from the fire train. The effect of firing change on the 
performance of the furnace will be presented and compared with the base case. 

4. Development of a 30 M-;>del 

The 30 model is built on the general-purpose coda known as 
PHOENICSTM marketed by CHAM of London, U.K.. A brief introduction to the 
structure of PHOENICS and how it solves the transport equations will be given. 
Emphasis will be placed on the Riedhammer Furnace model conception in 30 
and how this CFO code suits the needs of the work. 

Next, the overall conception of the 30 model Is presented. One ssction of 
the fire train is consider~ - ""'e the control volume for the model. Body-fitted 
coordinates are used to · ... ~ the geometry of a section. How various 
physical phenomena (a.. •· !~""ulance, combustion, radiative heat 
transfer, conduction through tno ,t losses) are accounted for in the 
section of interest will be discusset... . _ . . ,;;a initial and boundary conditions 
along w:lh the solution procedure for the flow and energy simulations will be 
prosentod. 

5. Slmulatlon Results and Capabllltl•• of the 30 model 

A base case considers the simulations for the 4tn preheat section. The 
input parameters for these simulations will be introduced. The resulting flow and 
energy distribution in this section will be presented and discussed. Wherever 
general plant observation data are available, a comparison will be made 
between predicted and observed results on baking temperatures, temperature 
gradients, baking uniformity or the lack thereof •.•. 

The capabilitas of the 30 model include the affect of blocking any fireshafts 
or any CES or AES brick holes, non-uniform flow through the fireshafts, changing 
the geometry of the lid, on now and energy distribution in the furnace. Examples 
will be presented to illustrate the flexible use of the model in these parameter 
studies. 

Noto: Ownorsl1ip by industri .. will ,,. duly mentlonfld. 
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1 • Oocrlptlon of some meltlng/holdlng furnaces and overview of the 
relotod studios carried out at UQAC. 

Work undertaksn on a classical melting-holding furnace and on a top­
charged remelting furnace is outlined. 

2. Numarlcal methods In radiative heat transf•r 

Radiation is the dominant mode of heat transfer in casting furnaces. A 
number of different numerical techniques are available for its calculation. Some 
of them are addressed in this presentation. The zone, discrete transfer. Imaginary 
planes. discrete ordinates and Monte Cano metnods are described and 
compared. Reference cases are used to assess the accuracy of the methods. 
Ways by which radiation is incorporated into the solution of the conservation 
equations a~e discussed. Computation time is also analysed. 

3. Details of the mathematical modelling of th• furnaces described 
above. 

3. 1 The classical melting/holding furnace 

3.1.1 1 D rnodel (analytlcal model) · 

This simplified model ls dynamic and it can simulate any 
sequence of operations such as loading, heating. stirring, skimming. 
etc... It has been vaJldatad on a real furnace. Hottel's real gases 
formulation has bean used for the combustion chamber and the 
phase change problem has been treated with the enthalpy method. 
The techniques and the results are explained. 

3.1.2 10 reduced mod•I (control model). 

A tenth·order non-linear control model has been obtained 
from the analytical model by least-squares approximation. A 
detailed dascripU~n of the methodology is given as well as a 
comparison of both models. 

3.1.3 Fuel optimization calculatlons. 

Such calculations have been performed using the control 
model in open and cfosed loop. First the open-loop formulation and 



results are presented. Mora emphasis Is laid however on the 
closed-loop schemes with PIO control possibllltles. The 
mathematical formulation Is built around the minimization of a cost 
function. 

3. 1.4 30 model 

This complex model is divided in two parts: the combustion 
chamber and the metaJ. The generaJ-purpose code PHOENICS™ is 
used in both parts. Special algorithms are incorporated in the coda: 
radiation heat transfer In the gas phase ls treated by the Imaginary 
planes method. the melting process In modelled with the aid of the 
effective thermal properties concept and an augmented conductivity 
technique takes care of the ronvectlon In the liquid metal. This 30 
model can be used to predlc ~or Instance the best dimensions of the 
furnace and the best position of the chimney or of the solid charges. 
A complete description of the model Is presented. 

3. 2 The remelting furnace 

This cylindrical furnace is loaded with places of different sizes which 
ronn a porous medium. Heat comes from burners imbedded in the 
walls at specific angles. Predicting the heat transfer In such an 
arrangement is a very difficult task. Several studies have been 
undertaken at UQAC to elucidate various aspects of the problem. 
namely: 

- now visuaJization studies of the Interacting burner jets (in a cold 
physical model). 

- impact convection heat transfer study (also In the cold model). 
- experiences on the transmlssivity of light through different porous 

media. 
- one - and two-dimenslonaJ simplified models of the rate of melting 

of a typical pile by using an assumed heat penetration depth 
formulation. 

The presentation includes a description of the experimental set-ups 
and a discussion of the results obtaJned up to the present time. 



Vl. Course material 

The course material was s~nt to UNlDO headquaners prior to the workshop. 
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