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The immediate objective is to assist the Aluminium Project 
Cabinet under listione 1 Directorate Per Energy anà Aluminium m
Ministry 01 industry mergy, in strenghtenirg tlmir
tscnnologic 3.nd negotiations capabilities in techno-economic
aspects oi aluminium production and manuf&ctuning, including
airect processing Oi '>**•'*? aluminium m a o  semi-orcaucos.

■ation of the missien being re;
second phase of split mission

conclusions ?r.d re c onman dat 10:

:istsn.ee both to smelting tech

;m on

proved to be usePul and inevitable. Executives of National 
Directorate for Energy and Aluminium make all the efforts to 
find the best ways possible for organisation of preliminary 
activities regarding the establishment of the aluminium smelter.
The feasibility Study prepared by FATA-HUMIEP of Italy is expect 
ed in Maputo by December 1962. or early 1983. The Soviet Feasi 
bility Study is somewhat delayed and this too could be in 
Maputo by Anril/May 1963* That means both the Feasibility
Studies should be available for examination and discussions in 
the second quarter of 19S3 . During the first quarter of 1963 both 
the Studies have to be examined, fully clarified and evaluated 
for the Government of Mozambique to taka ana investment decision.
Expert assistance to the Aluminium Project Cabinet in Ministry 
of Industry and Energy is inevitable during this peri0 0, both on 
area of smelting technology and industrial economics.

I



For assignment- of Industrial Consultant (Smelter Technologist) 
a suggestion on job description is given under Findings and 
Recommendations of this Report.

- It has to be emphasized again the need to start immediately to 
build-up a team of aluminium industry, to train ilozambiquean 
specialists and concentrate on this field for the smelter. This 
team should over the years needed be kept together during 
planning, facilities design and construction, commissioning and 
for ultimate operations. The team could be structured now 
within Aluminium Project Cabinet and become the base personnel 
in Aluminium Project Cabinet and transferred to the Aluminium 
Plant for operations. One of the important items to be attended 
to and finalised is the training programme for the senior and 
junior supervisors required for the Project since there is a 
shortage in trained engineers and technicians in Mozambique. 
Available possibilities in frame of existing bi-lateral 
agreements regarding education of Mozambiquean students at univer­
sities in foreign countries ought to be also utilized.

- The proposed smelter is based wholly on imported alumina since 
it will not have its captive alumina plant. Parallel to evaluat^ 
ion of Feasibility Studies actions are necessary to get in touch 
with the likely sources and agencies including various Governments 
for exploring and firming up financial resources. Special effort 
will have to be made to explore sources of export finance credit 
from among interested countries.
For discussions on long-term agreements and on international 
cooperation aspects, short term consultant assistance to the 
Aluminium Project Cabinet is needed as it was useful earlier 
during discussions with the Indian delegation in March 1982.

- Feasibility Studies for downstream facilities based on the
"Development Study on Aluminium Manufacturing and Use in Mozambi­
que” would need and be commissioned during 1983» After decisions 
made based an these Feasibility Studies, design and construction 
should start immediately.
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OX heir extreme lx* high electric power cost. As were xorcea
into large production cutbacks and partial slut downs o:
:lants promotion ox overseas captive - i;r development
projects is ■.riders tandable.

Japanese fir:u.s might also c
smelter on a turnkey basis.

ole to construct the kozambiquean

- Takir.g into consiceration all thè locai 
stronjly recomnended constructing thè s. 
suuervised by an indeoendent Consulting

circumstances it is 
.eIter on a turnkey basis 
firn.

- As to the preferable technolo 
technologies of the seventies

y  I recommend to choose onfi of the 
having performance data as follows

Amperage (current intensity) 
Pot voltage
Power consumption D.C.
Current efficiency
Net anode consumption
Net fluoride consumption
Production/pot, day
Crust breakingalumina feeding
Pot arrangement

155-185 kA 
4,1-4,3 V

13500-14500 k7vh/t Al 
0,88-0,93 

440-460 kg/t Al 
12-15 kg/t Al 
1100-1350 kg 

system Central
side by side

Automation: medium sophisticated with microprocessors for 
individual pots or groups of pots and with 
central computer.

- Aluminium Project Cabinet should accept 
having- performance data truly justified 
during a beriod of one "ear at least.
Applying ha.lf-developed construction wou. 
ences and extremely high operation costs 
in investment costs has to be considered

only a pot construction 
in an operating smelter

.d result.in bad emperi- 
'.vhile virtual savings 
doubtful.



hydroelectric •potential already in
overt 
? nr.

assa c v.’ixf: inctolled capacity of

Vjc3 f"
hi.i- voltaxe newer lino will be established at «.he end of
yr. •£.eore—2a:;sa to Tote, Gaia and ¡Mccuba.

Gat of tile fotal present generation capacity of 2 000 1,17, 1 GOO 1.17 
ic cor.rr.ittod to RSA and therefore only 400 1.17 of theoretical power 
on a nor.firm basis is available. The II. phase of Cabora-Bassa 
Project envisaged additional generation of 1 600 i.«Y ana the tine 
schedule of its implement at ion was indicated to be by 1936-1987. 
About 36 0 .717 of fir a power would be required for an aluminium 
smelter of a viable and economic size (100 000 - 180 000 ¡MTPY) 
capacity.

The reserves of bauxite deposits in the country are estimated at 
sore 60 million tons. In addition, hundreds of million tons of 
nepheiine syenite are reported to occur. Studies are under way with 
a view determine the exact reserves but uncertainty on quality and 
quantity on one side, huge investments required and relatively hi 
production costs, on the other side, support the idea to rely, a 
least during the first period of operation, on import of alumina 
for feeding a new smelter, within the framework of international/ 
regional industrial co-operation, based possibly on the new aluminiu 
production to be created in ¡Mozambique.

The People's Republic of ¡Mozambique has an estimated population of 
12 million inhabitants and thus represents an important potential 
consumer's market for semi-manufactured and other value added 
aluminium products. At present there is only one small aluminium 
processing or manufacturing company in the country, ALUÜÛC, produ­
cing pots and pans from imported aluminium circles and sheets. ¡Most 
urging and economic use of aluminium required for the developing 
of the national economy, local and regional needs of value-added, 
semifabricated aluminium products should be studied in parallel 
with and to bo considered by the study end investment activities 
for the new smelter.

«+ 
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- Cue of the important and valuable materials required in considerable 
quantities for aluminium smelting are fluorite salts, cryolite and 
aluminium fluoride. Modern aluminium smelters of a capacity of
100 000 to 180 000 tpy use up to 6 000 tons of these materials 
annually, of a value of 5-6 million US dollars, Mozambique possesses 
considerable deposits of fluorspar which is the main raw material 
for producing fluorite salts by benefication and chemical processing, 
¿lining of fluorspar deposits has also been carried out to some 
extent and the assessment of deposits, the pre-investment study of 
organizing industrial processing to the extent required for the new 
smelter are becoming actual.

- Considering all the above the Government considered with priority 
the need to create the most important conditions for the establish­
ment of an aluminium industry to supply the local and external 
market making use of available electric energy and other natural 
resources as competitive factors with a view to facilite the growth 
of internal consumption and exports to international markets. A 
working group established in the National Directorate of Energy in 
Ministry of Industry and Energy is already working on this subject. 
The responsability lies with Aluminium Project Cabinet.

- The Aluminium Project Cabinet wanted also to contract the services 
of additional individual UNIDO experts to participate in studying 
and negotiating tasks and to complement the preparatory studies 
with additional pertinent technological, economical and financial 
information in preparation of the necessary documents to allow 
optimum investment decision.

Official arrangements
- The assistance was approved on 18.12.19B0, by the Governement of 

Mozambique and by the Executing Agency on behalf of United Nations 
Industrial Development Organization.

- Starting date - according to Project Document: January, 1981-

-  8 -
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g industry in the country ; 

benefication of fluorito de?< 
•crice for supplying a s naît o:
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Erport ou tic area. of Aluminium S.r.eloir,y f ichnology arrived in riaprto 
on 20.11,1 û;.'l. and terminated first phssg ox as s liment on 15 *03»1‘9'-2
second mas-- of his c.ssimrneni started on 31*Oo-1S&2.
Expert on vr.e. area o£ inausunai economy arrivée m  ..apvvco on
02.12.1 in 1 .

fixe ns:::e of co-operating agency is Aliurdnium Project. Cabinet under 
National Directorate for Energy and Aluminium in Ministry of Industry

Contributions

- UNDP inputs Stated in the Project Document: USC 390.400 Government 
inputs: US-.' 10.000 ir. local currency.

- UNDF inputs have been adjusted to US 0 435 162 + 302 000 for the
years 1Qo3 - 1984.

Objectives of the Project

The immediate objectives are to assist the Aluminium Project Cabinet 
in the National Directorate for Energy and Aluminium in ministry 01- 
Industry and Energy in the following fields:

international industrial co-operation in aluminium production 
development of aluminium semi-products industry 
industrialisation of fluorite deposits
strenghtening the technological and negotiations capabilities of 
the Aluminium Project Cabinet in techno-economic aspects of aluminiu. 
production and manufacturing.

)
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MAIN DUTIES OF JOB DESCRIPTION

Taking into consideration that original time of duration of mission 
has been reduced from 12 months to 11 months and changed to be split 
mission, duties fixedx in original job description also were devided 
into two phases.
The planned work programme for the second phase was accepted by 
Director of Aluminium Project Cabinet in Ministry of Industry and 
Energy, as follows:
The smelter technology consultant will particularly expected to

a) evaluate feasibility studies and proposals submitted on 
establishment of the proposed plant. The environmental loads 
and protection measures must also considered in this input

b) supply the necessary technical know-how required for an 
integrated view of the project including production of main 
materials, alumina, anodes etc.

c) collect relevant data specifically on the external market 
for aluminium and by-products, specified by areas and count­
ries, medium and long-term consumption, forecast, prices 
and production tendencies

d) organize in cooperation with the Industrial Economist of 
Unido fielded in Maputo, a seminar for national cadres 
within the scope of the project, in fields such as world 
development and status of process technology and equipment
of aluminium smelting, quality and quantity of material/energy 
input and economic operation, state of art of direct 
processing of molten metal to semi-fabricates, substantive 
background of economic calculations and mobility, internal 
and export market requirements etc.

e) advise on all technical matters concerning the smelter 
project

f' participate in discussions with potential supplier firms
g) travel to potential supplier's plants according to programmes 

for study tours worked out in first phase of mission, and 
advise Government Officials during the visits in smelter 
plants

h) prepare a preliminary and a final report on the results 
achieved with the preparation of the planned programme.
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fy consultancy was requested continuously by the National Counterpart 
in Aluminixxm Pro,xoct Cabinet. X foe1. the results achieved are
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in ail meetin
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A^’if.trnce in field of aluminium s h e l t e r  technology have been utilized 
during the period of my mission to the possible extent. Utilization of 
further assistance raimht be influenced s5vantageoneIv by building up 
a strong Kozanbiquean National Team in Aluminium Project Cabinet, for 
the preparation work of establishing the smelter.

'This team could be the "Personnel Bank of All Know-how" relating to 
Mozambique's Aluminium Industry.

Ur. T. B. Ningh, UNIDO Consultant on field of Industrial Economy 
dealing with world l: regional projections l: present status of 
el-uni nixrm demand & supply position.; the major inputs, their sources 
& the techno-economic viability of a smelter complex both from the 
Capital a Operational cost point of view, worked simulter.eously on 
his job. 7/e formed o. team end had an excellent cooperation for the 
benefit 01 . ■ 0 % rp mbique's Aluminium Industry.
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r INDIES AND RE-CO: : ZNDAT IONS

- As "the assistance, which was foreseen under the project, for Nb 
zanbique's smelter was essentially related to the technical 
planning aspects and ny consultancy was reopuested continuously 
by ny counterparts, the essence of ny contribution was condens­
ed in a series of memoranda, analyses and reports.

- At discussions, negotiations I was called upon to analyse, 
respectively make recommendations related to the specific to­
pics dealt with. I took part in organisation of Study Tours. Ny 
reports on Study Tour No. 1 is attached to this report.

- The second Study Tour could not he arranged due to administrat­
ive difficulties caused by financial problems.
I took part also in a tour to Italy, where we continued dis­
cussion? on feasibility study being prepared by NF.7 HUNTER 
ENGINEERING of Italy. During the period of the tour two smelters 
have also been visited. Ny report on the visits is attached to 
this Report under Annex 11.

- The most important recommendations I mentioned in the ABSTRACT 
of this report.

- ?or the assignment of Industrial Consultant (Smelter Technolog­
ist), I give below a suggestion on job description made it 
agree with Director of Aluminium Project Cabinet in Ninistry of 
Industry and Zhergy on 06.10.1982.

Post title and -purpose of project: unchanged
Duration: six (6) weeks,
Date required: first quarter of 19&3
Duties : the smelter technology expert will particularly expected to

a) eveluate the two Peasibility Studies submitted on establish­
ment of the proposed plant from technology point of view.
The environmental loads and protection measures must also
be considered in this input.

b) supply the necessary technical know-how required for an 
integrated view of the "reject including -.-reduction of main
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Primary Aluminium Production in Japan 
(Annex 10).

Technical Report and Corf-dents on smelters visited during 
the tour to Italy

(Annex 11).

Brief description of some common technical expressions u 
"by personnel associated with aluminium smelting

(Annex 12).
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I Francisco Csravela Director of National Directorate for Energy
anl Aluminium in Ministry of 
Energy
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ID. Ieo.ro Casimiro Director of Aluminium Project Cabinet unier
National Directorate of Erercy ana Aluminium

'H. Alexandre Zandemela Assistant to Director of Aluminium Projeci
Cabinet

h.'dS. Paula Vi ana Senior Economist
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ANNEX 2

NAMES AND FUNCTIONS OF PERSONS CONTACTED DURING THE PERIOD OF 
ASSIGNMENT ( SECOND PHASE, FROM 04.JUNE THRU 10.NOVEMBER 1S62)

Mr Karl Holt, National Directorate for Construction 
Mr Gennaro De Rosa, Consulting Engineer (FATA-KUNTER)
Mr Ing. Vittorio Kagliocco, Commercial Director(Technimont)
I<*r Giorgio Dazzi, Export Manager (FATA)
Mr Yves Salmon, Director of African Affairs (Pechiney)
Mr Jean Marie Pache, Head of Technical Assistance (Pechiney)
Mr Andre Dourat, Director, Saint Jean de Maurienne Plant (Pechiney)
Mr Roger H. Zanes, Sales Manager, Technology Marketing (ALCOA)
Mr Jack A. Lang, Manager Client Technology (ALCOA)
Mr Keith W. Parks, Mechanical Engineering Manager (ALCOA)
Mr Robert C. Me. Cormack, Assistant Chief Mechanical Engineer(ALCOA) 
Mr James A. Smith, Electrical Engineering Manager (ALCOA)
Mr M.J. Kazeef, General Manager (ALUMAX, Lit. Holly)
Mr Robert A. Cheatham, Plant Manager (ALUMAX, Lit. Holly)
Mr K. Fanner, Potroom Superintendant (ALUI.IAX, Mt. Holly)
LIr P. Campbell, Carbon Plant Superintendant (ALUI.IAX, Mt. Holly)
Mr A. Mazoni Andrade, Director Executive (IESA, Brasil)
I.îr Domingos Sodre, Director Executive (IESA, Brasil)
Mr C. Dutra de Aboim, Director Commercial (IESA, Brasil)
Mr Duk Ki Kim, Metallurgist (IESA, Brasil)
Mr Luis de Soveral, Director (IESA, Brasil)
Mr Alvaro de Castro, Engineer, MetallurgilfiIESA, Brasil)
Mr Nonato de Medeiros (IESA, Brasil)
Mr Claudio H. M. Mazcni Andrade, Assistant Executive Technical

Director (VALESUL ALUUINIO S.A. SANTA CRUZ)
Mr Yoshitaka Sambongi, General Manager, SUMITOMO CORPORATION, LIAPUTO

LIAISON OFFICE
Mr Orlando A.Dos Santos, SUMITOMO CORPORATION, MAPUTO LIAISON OFFICE.

in i i i i i
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P  B E L  I II I N A  R  Y  R E P 0 B g

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

( U N I D O )

SPECIAL INDUSTRIAL SERVICES PROJECT 

FOR PEOPLE’S REPUBLIC CF MOZAMBIQUE

by Ear. K. Eel&yi 
Industrial Consultant

DP/NCZ/SO/022/11 - 3/31.8. A 
Period: 31.Of.l9B2 - 15.07.19S2

The purpose ofProject is to contribute to the development of an 
ft.lnr.inlm industry in Mozambique. The immediate objective is to 
assist the Aluminium Project Cabinet in National Directorate of 
Energy (Ministry of Industry and Energy) in stenghtening their 
technological and negotiations capabilities in techno-economic 
aspects of aluniniua production and manufacturing.

This is second phase of split mission, started on 31*Cÿ. 
13o2. Duration of assignment : six months.

The aim of this Preliminary Report is only:
1. To give an account of v;hat Las happened since arrival 

at UUIDO-Yienna and the Aluminium Cabinet in Maputo
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3

technical questions only, according to instructions got 
from UKIDO re UNDP Office in Maputo.
Tasks for Study Tour No 1. has teen fulfilled, as were 
planned in January, 1982, except the visit to the Aluar 
Smelter at Puerto Madryn, Argentina, due to the war 
situation*
My Report on Study Tour Ko*1* has been handed over to Mr. 
Goulart, UNIDO SIDFA in Maputo ar'd Mr Casimiro, Director 
of Aluminium Cabinet as well.
The Report will also be attached to my Terminal Report.

2.1 The work programme were planned according to the modified 
duties of job description, which is included in Terminal 
Report on my first phase assignment (page 9.)
During my briefing in Vienna (on 2nd June) I handed over 
a copy of the mentioned job description to Mr. X. Yoshino 
for sending it officially to UNDP Office, Maputo, but it 
has not yet received.

2.2 Dus to the probable delay in preparation of Feasibility 
Studies, evaluation of studies can not be worked out 
during the period of my assignment. It has to be done in 
first quarter of year 1983.

2.3 Programme of Study Tour No. 2 has been modified due to the 
delay mentioned above. Tentative programme enclosed and- to 
be dispatched to Mr. Sean Hand (Training Section) for 
processing travel authorization. Participants are the same 
as in case of Study Tour No.1. (Mr. A. ?. Casiniro Director 
of Aluminium Cabinet, Mr. A. Zandamela Assistant to Direc­
tor of Aluminium Cabinet and Dr. K. Kellnyi UNIDO expert).

2.4 I am planning and proceeding on the basis of making my 
Project Terminal Report simply the assembly of various 
memoranda reports etc. prepared and released over the 
period of my assignment.
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ANNEX 1 .

Tentative programme for Study Tour No. 2. (revised)
D?A'0Z/60/022

I'r. A. P. Casiniro (counterpart)

Needed days Number of 
days

Travel Maputo - Vienna - LlonteCsrlo - (discuss^ 
ions at UNIDO Eeodquarters, participation in 
Alurdniua Congress in Monte Carlo) - Turin 8 1 - 8

Travel Turin - Porto Vesce 1 Q

Visit to shelter.- 1 10
Travel Porto Vesne - Rome - Tokyo 3 11 - 13
Discussions in Tokyo 2 14 - 15
Travel Tokyo — Toyo (Matsuyama) 1 16

Visit to smelter 1 17
Travel Toyo —  Niigata (Ml ike) 1 18

Visit to smelter 1 19
Travel Niigata (Miike) —  Tokyo 1 20

Travel Tokyo - Frankf - Sofia - Maputo 3 21 - 23

reserve 2

Total 25

Air tickets to be paid in Metikais: Maputo - Vienna
Sofia - Maputo

Date of departure 16.09*1322. (planned)
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MEMORANDUM 09.06.1982 MAPUTO

Enclosed I give some of the aspects to be studied during the 
study tours. I have to underline, that so much data can not be 
collected during a short visit in general. The plants management 
dont like to answer certaim questions relating to performance data.

We have to try to find out some details seeing the equipment in 
operation, if possible.

The material prepared could be a guideline to be followed 
during the visits.

/
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P . v .M.Kelcnyi UN er.pert
r z - ' ~ c

Tot -•! product selection, capacity by departments,. area
of total plant/ specific area of the smelter 
source ox water supply, plant demand ia^/day 
source ox' electric energy, power demand *■!/ 
climatic, météorologie conditions 
table ox plant organisation, number of employee:

b. PotlinQg^fndMnot.a
Production capacity of reduction plant
Number of potlines
Number ox potrooms/potline
Operating pots/potline
Amperage/p ot line
Pctline voltage
Type of pots
Pot arrangement
Current efficienry
Power consumption PC KWh/t A1
Power consumption AC for the total reduction plant
Altunina*; consumption t/t A1
Alumini ICu Î fluoride consumption Zg/t Al
Other additives:
Cryolite consumption (l\a 2^ content in alumina) Kg/t Al 
Fluorspar C. Kg/t Al 
Soda ash C. ICg/t Al

Type of used alumina (spec, surface)
Anode consumption gross t/t Al 
Anode consumption net t/t Al 
Size of anode butts f°
'weight of cathode insulation 

" shell
'weight of anode (total)
Weight of busbars/pot 
Current density in busbars
Dimension'-: of pot rooms;
Anode .effect frequdncy/pof day
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Manpower for reduction plant hours/t Al 
Dimensions of potrooms 
Building st e of potrooms 
Number of cranes/potroom

Special (ECL)
Common

Break - feed system, cycle cf operation 
Pot tending:

anode changing, cycle 
anode sliding, cycle 
metal tapping, cycle

Molten metal transport
Size of tapping laddies, number/potroom
Pot life-time ‘
Pot relining, in place or in separate shop 
Cathode baking system 
Process control software

Pot resistance 
Alumina feed
Detection, announciation and suppression of anode effects
Resistance control during tapping
Compensation for heat loss during anode changing
Data collection reporting
Potline load control
Plant electrical demand control

Means of environmental control
Quantity of fluoride recovered by cleaning system (ifany) 
Alumina supply and handling system

Unloading and storage
Primary alumina storage for ....days supply ....t 
Alumina tanks feeding potroom fume control

for.... days supply ....t 
Alumina tanks downstream from fume control

for....days supply.,,, t

Origin of process control hardware 
Cas cleaning system (primary, secondary)

Applied equipment 
Values of clean g
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potrooms shift/v/eek, hcars/shiit 
cot-room service " - " -

Net production t/ysar 
Petroleum coke consumption
Pitch consumption
UcvS/̂ Oj.1 COilSin̂ p uiOii iti*l / m node

Noting value of used fuel K j/llrn
Water demand n^/hour 
Number of production lines

3

Number of baking furnaces
Number and type of special cranes
Type of baking furnaces
Type of mixers
Gas cleaning system

Removql of hydrocarbons 
" of fluorides c/3

Used materials:
Calcined petroleum coke 

Specific density Kg/cLm^
Bulk " "
Sulphur content 
Screen analyses (8 - 1mm) 
Chemical analyses Si, P, V 

Coal tar pitch (liquid or solid) 
Specific weight g/cm^ min 
Sulphur content $  max 
Coking value Conradson

Green carbon manufacture 
mode of forming anodes 
green density

Carbon Raking and cooling 
Carbon rodd.ing 
Transport and storage

Coke silos for .... months supply f...t 
Pitch silos per.... months supply ...,t
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Baked anodes 
Sodded anodes

Working schedule
Rodding hours/shift, shi:
Carbo’. plant "
Baking furnace firemen "

d. Foundry
Product selection 
Production data

Equipment according to the product selection
Rod casting 
Strip casting 
Rolling slabs - ingots 
Extrusion billets 
Remelt ingots

Number of mixing — melting furnaces 
Capacity " 1» it
Number of homogenizing furnaces 
Capacity "
Required area for foundry building

e. Electrical

Energy supply system and rectifier stations
Number of incoming lines
Step down station voltages KV/KV
Number of main transformers
Power factor and its improvement
Number of distribution voltage substations
Number and capacity of rectifier stations
Number and type of units/station
Standby/station

t/week
tl
t«



1
Cocci'''' o':' rectifiers (v/ate:P C l ' T - U . n à  If orvr ’— J
Kugulatio-> S V \V.i U i  i .  1■constmio c u r r e n x , P 0",
■..ode of re:uniat ion ( o c v u n o n . individuali 'b~r:

G Ü C ;

. . . . , apcnsn -:er
fange of re erlaticn (off-load ranges. oni,oad ranges)
hack rer.etion to the network
"Rectifier• efficiency (transducers if -ny. saturated)
nequired area, for switchyard, rectifi.or £tations, main

for feeding the potlines

Control 1•ocm equipment
manpower requirement for supervision and maintenance

• Harbour facilities (if any)
Capacity of alumina silos 
Capacity of coke silos 
Ship unloading

Capacity of unloader (A1 2^3) t/h 
Capacity of unloader (coke) t/h 
Unloaders type

Transport to transfer silos

2. Construction
History of construction
Engineering and main contractor firms
Time schedule followed during construction period
Control/monitor system in planning the construction (CPI.î, PERTH)
If there were overrun (or spill over) in the original time 
schedule. If so, its main reasons and also its impact on techno - 
economic aspects
Number and area of subcontractors involved in construction activity

manpower requirement during construction
a. Owners organisation
b. Consultant/contractors organisation
c. mechanism of interfacing

Training of personnel (in house training facilities)
Supervision by technology seller during

Construction

St eady opo rat i on

■
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3. Techno - economic

Possibilities of supplying
technology
detailed engineering
supervision for the period of first years 
operation

Ensuring training possibilities in seller's plants for
management 
engineers 
supervisors 
skilled workers

Transfer future development of technology bought 
Possibilities of supplying raw materials for the smelter
Possibilities of cooperation in establishing the smelter, based 
on mutual interest concerning requirements of Mozambique for 
aluminium smelting vis-a-vis long term metal delivery.

Approximative prices for available
Technology know-how (fee)
Detailed engineering
Supervision
Alumina
Petroleum coke
Pitch

Their views on main techno-economic factors relating to a 
150 000 MTPY smelter (or near about) to the extent they may be 
willing to reveal and indicate

a. Optimum size at a given contest
b. What should be the realistic time schedule for setling 

up the smelter in developed and developing country
c. What should be the power price (maximum limit) to keep 

the smelter viable (in 1982 and 1987)
d. How m o d e m  or outdated the smelter technology can be
e. What should be the internal rate of return of the smelter



10.06.1SS2 KAPUEO

Enclosed you will find a draft suggestion of the reply to be

I have to draw your kind attention to Memorandum on the same 
subject handed over on 04.01.1932.

I should jeatediy emphasise the importance of getting 
contacts with Japanese firms, taking into consideration the existing 
energy problems in Japan, their aluminium demand and last but not 
least the advanced technology know-how available throitgh them.
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Draft suggestion

SUMITOMO ALUMINIUM SMELTING CO. LTD.

7-9, NIHONBASHI 2 - CHOME, TOKYO 103 JAPAN

Mr. T. Machida
Manager, License Coordination 
Technical and Development Dept.

Dear Sir,
10.06.1982 Maputo

Refer to your letter dated 14. April 1982. We understand, you are 
willing to study our inquiry and ready to supply the know-how needed 
for an aluminium smelter of required plant size.

We have got some information on your advanced smelter technology 
and therefore we took into consideration your Company as a potential 
supplier of technology know-how.

For the estimation the size and scope of the work to be required, 
we give the information as follows:

Plant size: 150 000 MSPY, together with anode plant of a capacity 
matching with smelter capacity, and foundry for producing ingots, 
billets for extrusion, properzi rods and wide strips.

Scope of assistance expected from know-how supplier would consist 
of engineering, supervision during period of construction, training 
of personnel and supervision during start-up and first years of 
steady operation.

We are also interested in buying raw materials from the Know-how 
supplier on basis of long - term agreements.

We are at a stage of preparing Feasibility Studies and of evaluating 
the sources, terms, prices and reliability of potential suppliers of 
smelting technology and raw materials for the smelter facility.



easier our preparatory work, you are kindly reciv.est.ou to 
Oxiici.--..'.s iur a sport visit in second ixvli' of September

• 4 > . ' v ki. .. .  O u i  »

ailed iui ore nation on prepress orr) our sneltsr to be 
also v.’ould be given during this short visit.

appreciate your responses at an early date.

Very truly yours
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16*05*1332 Maputo

COCTCTS ON THE "DFVTXQK'FNT STITPY ON AIU^INTtn rtANOFACTUSISS AND
css i n  ?/:o¿A:aIQU5,,

The etudy has been worked out in the franc of the assistance in 
the establishment of an Aluminium Industry in Uosaribique*

Eumber of the Project: £P/L‘02/022

She consulting firm studied the requirements and techno - economic 
Feasibility of developing an aluminium osnufactoring industry in the 
country end taken into consideration to the possible extent the local 
end regional/expert market demands, possibilities for economic 
substitution of other (imported) materials by aluminium*

They elaborated on present consunption of aluminium and production 
pnd consumption forecast for aluminium until the year 2000, analysed 
the world*s aluminium production end consumption, end gave price trends 
of aluminium and other structural csterie-13*

Short tern program for manufacturing aluminium finished products, 
production capacities, ran material, power end water consumptions, staff 
requirements investments and operation costs, suggested tine schedules 
also included in body of the report*

Manufacturing of semi-products recommended an the production in 
Mozambique comprising of

rolled products 
cast end colled produets 
extruded and drawn products 
wire and cables 
forgings
remelting facilities

hes also been detailed* They submitted basic details on techno-economic 
aspects to the needed extent*

j
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1

Data end finding related to the carbcting aspects iTill bo 
lielpiul in solving the problems of Icclc of proper data needed for 
the preparatory activity nentioncvi above*

Depending on decisions, ficsi^ and construction activities 
could begin at the end of 1952 end in 1953, according to tine sche­
dules given in Fig* 3* end 3ig* 5* It could bo advisable to use pert 
of UUCP contribution to the ¿Project D?/f0Z/C0/Q22 for financing 
design norh in frsne of subcontracts*

I

Dr* I&blos Eeldnyi 
UN expert

i !
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Based cm comparison of data given, in table 1. and on details 
given in chapter 3. of this report, Alcoa's Lit. Holly plant has 
to be preferred to the other two plants.

Differences between performance data on St. Jean's end .̂t. 
Holly's plant are not significant, but Alcoa's pots have the 
advantage of possibility to raise production by approximately
3,5 per cent simply by raising the amperage. Suitable arrangement 
of pots on ground level results in lower building costs. Using 
continuous air slide pot bin feeding, number of ECL cranes can 
be reduced by one half, working conditions will be improved aa 
well.

The Ee/h olds technology is one of the best technologies, but 
performance, construction end investment cost data given in table 
1. and details in chapter 3. indicate higher consumption of raw 
materials end energy as well as higher investment cost.

Economic size of smelter:
Pechiney, 180 EA

1 potline, 204 pots: 99 000 MTPY MAX.
2 potlines 360 pots: 175 000 » ¡¿ut.

Alcoa, 180 Z A

1 potline, 204 pots: 100 000 n HAZ.
2 pot lines, 360 pots: 178 000 m m u .

190 EA
1 potline, 204 pots: 104 000 If MAX.
2 potlines, 360 pots: 184 COO tl MIE.

Reynolds, 155 EA
1 potline, 216 pots: 66 000 n MAX.
2 potlines, 432 pets: 172 000 n MITT.

Data to be collected during Study Tours Ho. 2. (under preparat­
ion) will give the possibility to work out a complete evaluation 

of technologies available at world market.

Tender invitation can be prepared based on experiences gather­
ed during Study ¿our ho. 1 and Ho. 2. and on market studies of
feasibility Studies.
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3. Detailed information on discussions end visits

1. Alumni in Pecliiney end the St Jean de L*aurienno smelter 
Persons contacted: Yves Salnon

Director of African Affairs
- Jean Llarie Pache 

Aluminium Division
Head of Technical Assistance Service

— Andre Dourat
Director of Liaurienne Plant

According to information got from I£r. Y. Salmon at Pechiney*s 
Headquarters in Paris, Pechiney is ready to supply:

Technology know-how
Basic engineering
Training of key personnel in Pechiney's facilities
Supervision during construction
Supervision during Start-up
Supervision during first period of steady operation

They estimated 42 months for a  green-field snelter construct­
ion* Construction period could be significantly reduced in case of 
turn key project. Investment cost would be about 2700 - 3500 $ /  
1000 KTPY capacity, excluding infrastructure.

The F eerie of Saint Jean's smelter was built up as an 
extension of the existing snelter capacity. Potrooas, dry scrubbing 
system, new rodding shop and a new open pit furnace were built 
during the construction of F line. Because of the significant incrjs 
ase in overall power consumption they had to construct a new 
substation designed to be able to take over the whole of the paver 
supply to the plant.

The potline сале on stream at the end of year 1979> She 
construction work embracing the new line, the electrical substat­
ion, baking furnace end various ancillary shops took 14 months.
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Jean’s plant by train. Petrol cohe and pitch are also transported 
by train. Iron central silos alumina is transported to the series 

«pedal trr.cbs each ha.virp a. capacity of 30 t. Pot bins are fedV‘-i /
by ECL cranes.

Fedad.Lon nlant 
Potline
Production (13^1) 23 030 hTPY
Potline voltage 270 V D.C.
Anperaye 170f5 KA
a' O  u v O i k i 4,17 V
Carr cut efficisarc y 93,3/4
Power conousiption EC 13 324 hwh/t Al
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Cross m o d e  consumption 577 k;yt Al

ft i: 437 " "
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Additives, CaF2 content of electrolite
Al-productioa/pot, day
Anode current density
Number of enodes/pot
Size of anodes
Anode butts (£ of fresh, anodes)
I£ater±al of rods 
Number of studs/enode
Type and number of feeders/breakers per po

4,52^
1 326,4 kg 

0,77 A/ca2 
2x8

1000x1430x530 mm 
24 5*
A1
6

t 4-4 point feeders/
breakers

Number of hooding elements 
Wei^it of. busfcars/pot 

" " steel/pot
Number of anode effects/pot, day 
Anode effect voltage 
Fe content of metal tapped

M O M  It
Lifetime of snodes 
Tappi -fe. iycle
Capacity of tapping laddies 
Anode bean raising cycle 
Exhausted gas
Richer of ECL cranes/potrooa 
Kanber of heavy duty cranes/potrooa.

2x9
62,5 t 
113,2 t 

0,8 
25 V 

0,2  2£ 
0,03^ 

21,3 days 
32 hours 
1,8 t 
2 weeks

2,3 nVsecond, pot 
1 (for full serie 2)
1

Pot tending operations

Beplaceaent of spent anodes by fresh ones, crust breaking, 
raising the anode beans (using special ECL equipment) filling the 
pot bins with alumina, addition of alumina fluoride end other 
additives and tapping the metal is done by ECL cranes* They remove 
the large blocks of bath crust by hand tools instead of ECL crane.
56t the height of fresh anodes also using separate instrument•
Transport of butts and fresh anodes by using pallets (4 anodes/pailet). 
Bottom surface of butts ere flat enough but soie anodes are spiked 
containing protrusion on the active surface. Anode changing took 
10-12 minutes. T&pping of the metal is done by laddies equipped with 
compressed air operated vacuum injector. Transport of molten metal 
to foundrey in 6t laddies by special trucks. Besides ECL cranes which
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Power consumption of ¿as cleaning system 274 kwh/t A1 

Carbon ulant end roodin * shoo

A shop in existence prior to the construction of F line conti­
nues to be used for preparation of the carbon paste for anode 
production, and supplies green anodes also for the old poslines.
Paste plant is equipped with Buss continuous mixers. Green anodes 
are shaped by Fives-Cail vibrating forming machine.

Specific apparent density of anodes 1,55-1,60 kg/dm^. For 
supplying the proper large size anodes needed for operation at high 
amperage in F line, a Setaram open pit anode baking furnace has been 
built, comprising 14 Sections. Balling furnaces are fired by oil.

T+.

Specific heat consumption 700 000 Lcal/t baked anode. Baking cycle 
28 hours. Fuel oil contains 2£ Sulphur content of used petroleum coke 
is 2,7 Gas cleaning equipment. v.as not installed for the anode 
plant.

The anode rodding shop has been made to cover the rodded anode 
demand for the whole future extension (+ 120 pots) and provided with 
up to date equipment on a high degree of automation. For the tine 
being less than one shift production is enough for feeding the pot­
lines. Rodding shop seems to be oversized. Butt stripping machines 
are prototypes, not catching with capacity needed.

Power supply

The substation is fed by two incoming 220 ZV lines. Two 220/42 
ZV step dawn transformers were installed. The rectifier station for 
supplying D.C. power to the F serie consists of five units, each of 
50 K A , 7£0 V capacity. Primary voltage of regulating transformers is 
42 ZV. Regulation by tapchangers (typeJansen) and saturable reactors. 
Rectifier cooling: natural convection. Equipment supplied by Alsthom. 
Typo of DC. current transformers: Kalmar.

Zannower

Reduction plant is operating in three shifts, 24 hours/day,
7 days/week. Carbon plant is two shifts, 15 hours/day, 5 fiays/week. 
Rodding in pne shift/day, 5 days/week. Total number of employees 753.
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training in suppliers plant and on the job as well, "hey are ready 
to supply continuing technical assistance in the use of Alcoa's 
technology, including improvements. Five year continuing technical 
assistance contract can be offered.

They estimated 36 months for construction of a smelter of lit. 
Holly's size to be built abroad. Construction period could be 
significantly reduced in case of a turn-key project. Lit. Holly's 
plant ha-gi been constructed in 15 months. Total investment cost came 
to 360 million $• In this case besides supplying complete engineering, 
equipment and materials have been bought by Alcoa, and a prime 
contractor company was responsible for the construction (Yeargin 
Construction‘Company). Alcoa is ready to supply alumina from United 
States or from Avistralia based on long-term agreement.

The ¡St. Holly green-field establishment started with site 
preparation in September, 1978. Construction of carbon plant started 
in liarch 1979» that of the potrooms in June 1980. 100 per cent of 
the plant was in operation in December, 1980. The construction field 
manpower peaked at 2 300 people. The Kt. Holly plant produces T 
ingots, billets, slabs and pigs.

Seduction section consists of two potlines. Potlines comprise 
two potrooms, each 671 metres long, and 21 metres wide, housing 
90-90 pots in side by side arrangements.

Potroom buildings are of steel structures, the outside walls 
consists of vertical prepainted corrugated aluminium elements with 
translucent lighting strips. Roofings are also made of corrugated 
aluminium elements. Potroom level is not raised above ground level, 
inside the -sidings are not applied brick walls. Ancillary buildings 
are of the same structure and materials.

Alumina (coarse grade sandy type, specific surface 45m/g) received 
fct the plants own wharf located 30 kmetres from the smelter. Port 
facility equipped with pneumatic unloader (Alusuisse) of 410t/hour 
capacity. Alumina vacuumed from the hold of ship and transferred 
to the twin alumina silos by covered conveyor belt.
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Number of hooding elements
Weight of busbars/pot
Weight of steel/pot
Number of anode effects/pot, day
Anode effect voltage
Fe content of metal tepped
Si content of metal tepped
Lifetime of anodes
Tapping cycle
Capacity of tapping laddies 
Anode beam raising cycle 
Time of anode beax} raising 
Life time of pots 
Exhausted gas
Number of ECL cranes/potroom 
Number of heavy duty cranes/potroom

2x12 
60 t 
105 t

1.4 
10 V
e,2£
0,035*

24 days 
24 hours
14 t
2.5 weeks
15 minutes 
6 years
2.5 m^/pot, second 
2
2

Pot tending operations

Replacement of spent anodes by fresh ones, crust breaking, 
raising the anode beam (using special US made equipment) filling the 
pot bins with alumina, addition of aluminium fluoride and tapping 
the metal is done by ECL cranes. Remove large blocks of bath crust 
by hand tools and set the height of fresh anodes using separate 
instrument instead of ECL cranes. Transport of butts and fre'ah anodes 
by uding pallets and platform trucks (six anodes/pallet). Surfaces of 
butts are excellent. Changing anode took 10 minutes. Tapping '’.addles 
are carried by crane and at the end of potrooms picked up by self 
loading crucible carrier. Capacity of laddies: 14 t (3 laddies/potroom 
+ 8 reserve). Transfer gantries were provided between potrooms and 
maintenance shop for cranes and cathode reliryLhgj shop. Alumax did 
not follow:^ Alcoa’s advice to use airslide system for feeding pot 
bins. This decision resulted in double number of ECL cranes, and 
dust settled in potrooms. According to management of Alumax it was 
a wrong decision. Cathode baking is done by system using gas.
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Carbon slant and rodding chop

Green anode plant uees petrol coke with 3?* Sulphur content. 
Receives liquid pitch. Mixers are of continuous type (Baker - 
Perkins). Green anodes are shaped by vibration forcing machine. 
Apparent density of green anodes is 1,57 - 1,59» One open pit baking 
furnace was installed per potline. She two furnaces have altogether 
64 sections. Baking furnaces are fired by natural gas. Baking shop 
is equipped with two ECL cranes.

Specific heat consumption: 500 000 Zcal/t baked anode
Baking cycle 24 hours. Gas cleaning equipment is of dust collect^
ing type. Efficiency: 08/5.

In the rodding shop spent butts have anode covering material 
removed, clean butts move through machines that automatically 
straighten bent anode rods, shot blast clean the butts, strip carbon 
and cast iron, blast clean the contact surfaces, coat the studea and 
position them in the new carbons while cast iron is poured, all highly 
automated operations. Ehe rodding shop operating in ope shift/day, 
supplies proper quantity of rodded anodes to the potrooas.

Power supply

Rectifier stations for each potline are fed by separate overhe­
ad lines. Primary voltage of regulating transferasers 34 KV. Load 
interrupting switches in the regulators are of vacuum breaker types. 
Rectifiers are of air coaled silicon diode type. Each station 
consists of 6 units, of 35 ZV, 1 000 V capacity. Rectifiers manufectur- 
: ed by Westinghouee. Regulation for constant power.

Type of D.C. current transformers: Ealsar

Reduction plant is operating in three shifts/day, 5 days/week, 
rodding in 1 9hift/dey, 5 days/week.

Number of total plants employees:

'snpower

Staff service 
Production

100
375 unskilled (but trained)
40 supervisors *
135 skilled workersmaintenance

L
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IESA offers specialised services at all stages of pro jeet 
implementation, studies, techno-economic evoluations, basic desigi, 
detailed design, procurement and project management. Cost of design- 
- engineering would come to 5-1 0£ of investment cost* r.tain areas of 
activity: hydroelectric power 

Infrastructure 
Industrial projects 
Control end support

They gave us general inforihation on projects under preparation, 
emong others on the Recife VAs7 smelter plant, and on Albras smelter 
project* They just finished the feasibility report for the Recife 
plant, smelters --technology and international market study supplied 
by V A C a p a c i t y  of the proposed plant 110 000 LSPi. The Albras smelter 
will have a capacity of 160 000 L3PY, using Mitsubishi smelting 
technology (135EA, 88# efficiency, 13*880 kwh/t DC power consumption, 
480 pots)* Plant will be located in State Para.

IESA is ready to deal with Mozanbiquean smelter project, in frame 
of engineering services, based on smelting technology know-how, basic 
engineering and training facilities of the choosen technology supplier. 
Continuing  services could only be bought from technology supplier*

The VAlesul aluminium plant is located at Santa Cruz, Statd of 
Rio de Janeiro* It is a green-field establishment* Shareholders 
Companhia Vale do Rio Doce (CVRD) 52$S, Shell do Brasil S.A* 44£, Rey­
nolds International Inc* 4$* The plant been constructed in 51 
months. Out of 216 pots only 73 pots are on stream. By August 1982. 
number of pots in operation will be increased to 108 (half serie).

The investment costs came to 348 million C*
The plant was planned to produce slabs, billets, T ingots and 
pigs total of 66 000 L2DPY* For the time being they produce only 
pigs. Plant area is 450 000 m2*
The potline consists of two potrooms, 700 metres wide each, 
housing 102 — 108 pots in side by side arrangement.

1

L
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locatC d ̂ ”5 ]/Vri ** GV2C> the smelterthe Sepetiba

pert fa c ility  is  equipped with pneumatic unloader (made in B rasil, 
t,vo pneumatic leads). Alumina vacuumed irem tne hold of ship and 
tmnferred to the twin alumina s ilo s  by cohered ccvrTeyor c:?_t (SCO m 
long). Capacity of transfer s ilo s  15 000 t each. Alumina comes by se? 
• f r r d  Surirvrr.. Cmnci^v cf shi".a 40 CCC
transported to the plant by road, la in  s ilo  of the plant is  of 30 OOOt
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Petroleum come storoge capacity 2x1,5 t .  liquid pitch is  used, stro - 
ram capacity 3x1.2 t.

Production/year 86 000 I.'UPY (planned)
Kumber of potrooms 2
lumber of pots/poireon 108
Potline voltage 900 (planned)
Amperage 155 KA
Pot voltage 4,3 V
Current efficiency 88/, (in it ia l  83/)
Power consumption DC 14 470
Alumina consumption 1 950 kg/t A1 (coarse,

40 m2/g)
Gross anode consumption 700 kg/t A1
Net anode consumption 460 " II

Aluminium, flucrido consumption (net) 15 " tl

Cryolite consumption 15 " ft

Aluminium production/pot, day 1 100 kg (planned)
A vs C1' v’‘ X* *' -y 0,80 A/ci;/
1» 0... ‘J s.'X* Ô. C* C ii/̂ p 0 "i* 2x9
Sine cf modes 790x1320 mra
Anode butts (/ of new baked anodes) 34 /
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Material of rods
Number of studs
Type end number of breakers
Number of hooding elements
Weight of busbsrs/pot
Weight of steel/pot
Number of anode effects/pot, day
Anode effect voltage
Fe content of metal tapped
Si content of metal tapped
Lifetime of anodes
Number of ECL cranes/potroom
Number of. heavy duty cranes

Al
2
1 central breaker bar

2x12 
67 t
112 t

1,0 t (initial 3)
25-45 V 

0, 6/3 
0,172 
18 days
2 (+1 reserve) 
1 (+1 reserve)

Pot tending operations

Pot tending is done by ECL cranes according to technology 
prescriptions. Higher number of broken anodes due to lack of proper 
experience. Bottom surface of butts on older pots are satisfactory. 
Changing anode took 15 minutes, tapping laddies are of 6,5 t capa­
city (10 laddies). Self loading crucible carriers ere used to trans­
port the laddies to the foundry, transfer gantries were provided
between potrooms, maintenance shop for cranes and cathode re lining■?shop, similar to ¿¿t Holly's Plant.

Bath removal from butts in separate place, by special equipment. 
Cathode baking is done by system using gas.

Process control

Control system is similar to Alcoa's computer control system.
Two Hodcomp computers control the process. Softwore worked out by 
Reynolds.

Electricel parameters of pots taken by improved methods compared 
to Hamburg smelter, (measuring points by anodes).

Sas cleaning system

Dry scrubbing system has been instelled
Efficiency on gaseous fluoride 
on particulate fluoride 
Fluoride emission is less than

99 2 
92,5 2 
1 kg/t Al
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uanagenent б
Planning end control 11 
Engineering group 12
Administration 250

Total 963

Training; end continuing assistance

70 persons, key personnel were trained for 2 - 7  months period* 
Engineers (30 persons) were trained in Hamburg, (West Germany, EA'*7 
saelter) and in Oregon (USA, Reynolds's facility), foremen in 
Venalum snelter (Reynolds, Venezuela).

During the design period 6 Reynolds smelter experts were staying 
at IESA Headquarters in Rio de Janeiro. During construction, period 
the number of experts were increased to 12 persons*
From period of start-up 40 Reynolds employees are staying at Valesul 
smelter 11 of then are engineers*

f
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You ere kindly requested to receive our officials at’ your 
Headquarters for an informative discussion related to the 
Hosambiquean Aluminium Project, and to make a short visit possible 
to your iiiike (Okauta) smelter.

Vie would appreciate your reply at an early date (by telex as 
far as possible)-

Very truly yours

Telex t 6 — 389 AIXKP 110
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PROGRAT.rr.I5 AND ROUTING FOR STUDY TOUR No» 2. (2nd revision)

Mr. A. P. Casimiro 
Hr. A. Zandamela

DATE No. OF 
DAY

FLIGHT
No.

No.OF DAYS 
NEEDED

Travel Turin - Tokyo
TRN - FRA - TYO 02.Oct. 6 LH 283 

LH 650
1

Arrival in Tokyo 03. 7 2

Travel Tokyo - Matsuyama 
TYO - MYJ

Discussions in Toyo
04. 1 3

Discussions in Toyo and visit 
to the smelter 05. 2 4

Travel Matsuyama - Ohmuta 
Discussions 06. 3 5

Discussion in Ohmuta and 
visit to Miike smelter
Travel Ohmuta - Matsuyama-
- Tokyo MYJ - TYO

07. 4 6

Discussions in Tokyo 08. 5 7

Saturday 09. 6 8

Travel Tokyo - Paris 
TYO - PAR

10. 7 JL 425 o

NEEDED AMOUNTS FOR EXPENSES IN US$ (TRAVELLERS CHEQUES):
For DSA 2 x 8 x 99 = 1584 $

Terminal expenses 2x100 = 200 S
1784 $

Air tickets 2x2608 = 5216 S 
TOTAL 7000 £

+ Rail tickets: Toyo - Ohmuta - Toyo.
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Sunday 26. i 7
j

1 3

Discussions in Turin on 
Feasibility Report pre-
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Discussion in Ohmuta and visit
to Hiike smelter
Travel Ohmuta - Matsuyama -
Tokyo I.IYJ - TYO

07. 4 20

Discussions in Tokyo •COo 5 21
Saturday 09. 6 22
Travel Tokyo - Paris 

TYO - PAH
10. 7 JL 425 23

Arrival in Paris 11. 1 24
Travel Paris - Maputo 

PAR - LZPI.I 12. 2 25

Arrival in Maputo 13. 3 26

NEEDED AMOUNTS FOR EXPENSES IN USS (travellers cheques);

Air tickets for route KPK - PAH - BUD - TRN
and p a b  - rai wil1 be Paid

by Mozambiquean Government.

Air tickets TRN - TYO - HYJ - TYO 2 608 $
terminal expenses ~ 150 S

2=2|0=J
+ Rail tickets: Toyo - Ohmuta - Toyo.

NOTE:
Dr Kelenyi has to get his DSA in advance in US $ (travellers 
cheques) for the period of being in travel status, according 
to Staff Rules.
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Herewith please find the abstract of an artic le  dealin 
with the situation of Japanese primary aluminium production 

and its  outloch.

The abstract gives some explanations on Japanese promot 
ion of overseas captive import development projects.
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PRIMASY ALUMINIUM PRODUCTION IN JAPAN

1

Abstract made by Dr. M.Kelenyi UN expert
The year of 1 9 8 1 was one of great trial for the aluminium 

industry, surrounded as it was by an extremely severe environment. 
The world economy in general, and particularly in Europe and the 
United States, remained stagnant; and because of the sluggishness 
in the construction, land transportation and related industries 
that comprise the major users of aluminium, the demand for aluminium 
dropped sharply.

Consequently, full-scale production cutbacks were made, princi­
pally by the major U.S. firms, from mid-year, but these were not 
sufficient to cope fully with the slowness in the market. Thus, the 
figures throughout 1981, apart from a few limited periods, were 
consistently below those of the preceding year in both quantity and 
price level.

Foreign smelters and metal traders, therefore, used the surplus 
spot metal to launch an export offensive directed at Japan where the 
demand was relatively strong. Amidst these adverse conditions in 
overseas markets, transactions were conducted at prices that appe­
ared to be even below production cost.

Meanwhile, the Japanese aluminium smelters completely lost 
their international competitiveness because of their extremely high 
electric powe. cost; despite v/ide-ranging efforts, the differential 
between Japanese and imported aluminum remained great.

CHART 1 MAJOR NORTH AMERICAN ALUMINUM SMELTER EARNINGS
(1981)

(Unit: US$ million)
Sales Net Earnings_________

Company Value Compared to 1980 Value Compared to 1980
ALCOA.........  5,032 -3£ 296 -37f«
ALCAN.........  4,978 -5f« 264 -51£
Reynolds ......  3,481 -5?» 87 -52Jb
Kaiser ........  3,342 -T / » 133 -46fo



CHART 2. JAPAN'S SME: ■TER liODUC 
(19

TION, SHIP . 
61)

TNT AND IKV INI! OR Y

; /Operation Ii. ports Yearend
Co.WtS.Xt y Production rat 0 ete • Total Sin rimer.t X n v o ut

(LIT) U) (MT) ( MT ) U T ) u u

Nippon
ligi t .letels 153,607 58.4 89, 250 242,8o7 235,487 60,649

Si-0 *73.
Alunir am 
Industries 91,533 36.9 98,335 169,8.;6 16-., 498 53,271

Si uà'torno 
¿".xlÀMÌ ii '-UTl 203,143 42.1 70,710 273,85 3 236,063 100,356

Slit sul»! sii
ÏjXUK'O n;0 "ti U lo 125,672 42.8 35.777 161,649 144,92 J 57,400

Mitsui 
¿luminam 103,663 59.4 26,763 130,446 1 2 1 , 1 32 35,056

Sur.iikoi
Aluminum 92,664 7 2 . 0 10,936 103,466 104,015 9 : O

Total 770,502 49. Ì 331, /91 1,122,20 3 I ,02 ,124 307,7 T

• *Note December 1981 monthly average
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Because of the large inflow of low-priced spot metal, ship­
ments of the Japanese smelters dropped drastically. The Japanese 
smelters were forced into large production cutbacks and partial 
shutdowns of their plants.

To cope with this critical situation in which the very 
survival of the Japanese smelting industry is at stake, the 
Ministry of International Trade and Industry reopened the 
Aluminum Committee of the Industrial Structure Council, and in 
October, the committee prepared a report proposing measures for 
the relief of the smelting industry based upon a "Japanese smelting 
industry structure with a 700,000 ¡.IT annual production capacity".

CHART 3. JAPAN'S PRIMARY ALUMINUM SUPPLY AND DEMAND
(Unit: 1000 1ST)

Item 1979 1980 1981
Inventory at outset..... 341 230 470
Production ............. 1,010 1,091 771
Imports......... ....... 694 841 981
(Total supply).......... (2,045) (2,162) (2,222)
Domestic demand ........ . 1,802 1,637 1,571
Exports ................ . 2 4 8
(Total demand) ......... (1,804) (1,641) (1,579)
Inventory at yearend .... . 230 470 740

While the Japanese smelters give due credit to the fact that 
such a relief program has been decided upon within the current 
political climate, it is seen as a mere "drop in the bucket" in 
light of their current straits.

And so, amidst the great upheaval of a reduction in smelting 
operation and increased dependence upon imported metal, the Japanese 
smelters face 19S2 with the vital issue still unsolved of whether or 
not they are in fact going to succeed in opening new prospects for 
the future while restructuring a new order within the industry.
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With the drop in demand, foreign smelters intensified their 
production cutback from the beginning of autumn last year. The 
rate of operation of all U.S. aluminum smelters at the end of 
December 1981 dropped to 3,820,000 ST, or 69.55 s, of the full 
apacity of 5,510,000 ST. Canada's rate of operation dropped to

86.35*.

There still are no signs of economic recovery in Europe and 
the United States, and the future is not clear. In particular, 
there are no hopes for a rapid recovery in new housing construct­
ion and automobile production, both industries which have a big 
influence upon the aluminum market.

Meanwhile, the cutback in production or postponing of new 
projects, principally by the major companies, will continue this 
year, but it probably will not be after the third quarter before 
any substantial effects are seen.

For Japanese smelting companies, a very severe situation sur­
passing even that of last year will continue, and it is possible 
that their very existence may be endangered. It is also very unli­
kely that overseas demand will recover, and thus the price 
differential between Japanese and overseas primary aluminum will 
continue, leaving the domestic smelters no choice but to carry out 
large-scale cutback in production, including even the abandoning 
of some facilities, and to bear the burden of enormous inventories, 
and to sell their product at below : production cost. It is believed 
that it will be difficult to maintain even the 700,000 MT level on 
which the report of the Aluminum Committee of the Industrial 
Structure Council is based and that the production for this year 
r\ll drop below 500,000 LIT.
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Annex 11. 
ANNEXURE

Confidential

TECHNICAL REPORT ON THE SMELTERS VISITED 
DURING THE TOUR TO ITALY FROM 26.09.1982 

THRU. 04.10.1982

.o.

By Dr.M.Kelényi UN expert

PERSONS CONTACTED IN FUSINA SMELTER:

. Dr. Antonio Serra
Technical Director

. Mr. Giuseppe Toia
Engineering and Construction Manager

PERSON CONTACTED IN PORTO VESME SMELTER'

. Mr. Nicola Angelucci
Director

. Mr. Boato
Process Engineer
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Th* Ft*, sin a sr.e l U-r located sore 6 kin? from Venice is the biggwst 
a:..' it. r e; A’.u ..-tnl, with a capacity of 36 000 MTP'f. Other Aluve- 
tai sailer:.: ,'ku'i, 20 000 M7i’Y and ik> 1/.a uc>, 50 000 1-frPY.

\ — 1 > * ‘n *. - r* r%., t- y n. ;* t or» « *i | •? 7 ̂ , 7 b '‘‘rt*?? 1 w *•*“ r
is under reconstruction, which is done continuously according to 
cite schedule for renewing of pots. Thu new’ pots vere developed 
in fusinu auc nave net nnoec con» true Lion, eti *. nooning end cry 
scrubbing system.

Presently one third of Lhe pots built in the potline are of the 
new type. There is an experimental pot in the potline equipped 
with four cev.tr a I point feeders /breakers, which will come on 
stream next month for testing. All the pots are in end to end 
arrangement.

The potroom building, is of concrete structure with horizontal 
iignting strips, ii.c pot t^numg itvci in t.:c pô .v.0 ..» is raised 
above ground level . \r.ci11 arv buildings are of steel structures 
with aluminium sidings.

Alumina (coarse grade but well on the lower limit) is supplied 
by their own «plant. Capacity of central alumina silo is 15 000 t.
The petrel ad e silo is of a capacity of 7 000 t.

D A  T  A  _  O b :  _ p  0  T  L  I N  ff

Pr.'.duetien .......................  36 000 MTPY
• s •. . . •. • ........  ioo

V. r;N.-r of pc'. :•■ ■ ■ :< ................ 1 (pots in two rows'
r ■ \ , ............................ i. ivA

.../
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Current efficiency .............  0,9
Power consumption D.C...........  14 000 KNh/t Al
Alumina consumption ............  1 930 kg/t Al
Net anode consumption..........  449 kg/t Al
Net fluoride consumption.......  25 kg/t Al
Aluminium production/pot day .... 986 kg
Specif ic surface of alumina.....  35 m^/kg
Anode current density..........  0,7 A/cm^
Number of anodes/pot ...........  16
Number of blocks/anode .........  2
Number of studs/block ..........  2
Type of central feeder/breaker .. Line/breaker bar 
Number of anode effects/day, pot. 1,5
Lifetime of anodes .............  32 days
Srea of potroom .................  13.200 m^

The pot tending operations are done by using special cranes but 
alumina and fluorides are transported to the pots by special 
trucks.

The process control system hardware includes one microprocessor 
for each ten pots. The microprocessors are connected to the 
central computer. Software includes:

Pot resistance control to entered setpoint 
Alumina feed control/crust breaking 
Resistance control during tapping the metal 
Noisy pot detection
Collection and recording of potline data

ANCILLARY SHOPS;

The plant has his own carbon plant, rodding shop and foundry 
of capacity matching with the primary aluminium production.

In the green anode plant contin ous mixer (Buss) is applied. 
They use petrol coke having a sulphur content of 3%.

.../



o . - n s i t v  o r  ^, i ocn i s  !., b . One c i v  sea  t y p o  h a a r c L u r a . : : ^

■a : • • : V l . co:.inri sir»." ructions . T
furnace is fine by oil . F>.el oil Co::tains 2,5% sulphur. Spe
he:’:- .•onsampt ion is j0*./ heal/:: bake.l anode. baking cycle
is fours. Tee ■anode bahi ; P! S11O O L > equipped with one N'dM
crane. AllOCe arei-',; process IS £Oi-\pUC•-V controlled.
The green carbon plant and the rociding are operating in two
shirt:- /day, f i*.e days/week. .

A h S A R l’ORTO VT.SME

The Porto Vesmo smelter is located at the south coast of Sardi-
m a i l  t S u f i l c T  i i u b  C o t '..»  ‘• ¿ L i S w i C a i i l  l i t  i  s  ■ — • v  w. . . u o

designed between 1960 and 1970 and represents the smelting
techno Loî y ci .. - -.’I'cui'js. - \• _ yotii «.ire 0 1 f'iUt* oy si'.i» ;irx3..’ — 
gement.

The plant has its own power station of 2 x 170 MV capacity. The 
newer station is fired bv oil/coal. The plant has also its own 
wharf, where receives petrol coke and pitch and fuel for the 
power station. The nominal production capacity of the smelter 
is 120 000 MTPY hut due to the known market situation only 75% 
of the capacity is in operation.

All the buildings are of steel structures. The pot tending level 
of the potrooms are raised some 6 metres above ground level, 
cathode shells are transported through ground level for relining 
in a separate relining shop.

Alumina (coarse grade but well on the lower limit) is supplied 
by lira 1 i uv.ii na plant local.: a neat to the smelter. Alumina is . 
transported by conveyor belt. The petrol coke is stored in four 
silos each having a capacity of 7 000 t.

.../
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DATA OK REDUCTION PLANT:

Production ............................
Number of potlines ....................
Number of potrooms ....................

Total number of pots ..................
Amperage ..............................

Pot voltage ...........................
Current efficiency ....................
Power consumption D.C..................
Alumina consumption ...................
Net anode consumption ................
Net fluoride consumption .............
Aluminium production/pot, day ........
Number of anodes/pot ..................
Number of block/anode ................
Number of st-ud/anode ..................
Size of anodes ........................
Anode current density (at 15oKA) .....
Number of anode effects/pot, day .....
Lifetime of anodes (days) ............
Anode butts (% of fresh anodes) ......
Weight of busbars/pot ................
Weight of steel/pot .... ..............
Lifetime of pots ......................
Total area of potrooms ....... ........
Number of semi"gantries/potroom ......
Number of heavy duty cranes/potroora ... 
Spicific Surface of Alumina ..........

120 000 MTPY 
2

2 (pots in two 
rows)

324
150 KA (operating 

at 145 KA)
4,3 V
0,9

14 000 KWh/t Al 
1 930 Kg/t Al 

460 kg/1 Al 
50 kg/t Al 

1015 k«t

16
1
4

1560 x 900 x 620 mm 
0,67 A/cm^
1,3

32 
20Z 

30 t 
40 t

2 600 days 
52 000 m2 

3 
2

35 m2/g

The pot tanding operations are done by using semi-gantries, pots 
are not equipped with central feeding/breaking,

Process control therefore does not include the above operations. 
Hardware is similar to that of the Fusina smelter. In the Porto 
Vesxe computer centre two IBM 1S00 computers have been installed

.../
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i;u l to  ' . i  cafioc cc-:*v i m 1 to  cult: roe!

Rovislr.:.oe co-ii to’ during tap; in..; the metal
 ̂0 1 V i'Ov UcLC'.'l i .1 ”1
Col lection and recording of por.liue data.

cl^'-n'O" ■-vs! c~' has been v.̂ cTicH in the smel tor. 

E i i i c  i . ’n p * i r . I ' . . . . . . . . . .

Efficiency on a.areous fluoride....

ASCILIARY SHOPS:

S 5  i  

95%

The anode plant has been constructed using KHD technology. 
r - ,  — - 1 -.-.r u'’ v.v 1 nned lath continuous
mixers (Buss). Green anodes are shaped by a Yon Roll press. 
Aorarent density of anodes 1,7 ks;/d m . Sulphur content of 
used petrol coke is 3%. Two closed type baking furnaces of 36 
sections each have been installed in the baking plant. Furnaces 
are fired by oil. Sulphur content of oil is 1 - 2Z . Specific 
heat consumption is 336 000 kc.nl/1 baked anode. Baking cycle 
is 24 hours. For gas cleaning Luigi electrofilter eeufpment 
has been applied. The redding shop has been designed to cover 
the rodded anode demand of ten pctlines, process is highly 
automated. They use aluminium spray for coating anodes. Aluminium 
consumption is 25 kg/anode.

Grem ano!.’ plant operator- in 3 shifts/day, 5 days/veek, while 
the redding 2 shiits/dav, 5 days/veek.
The rectifier stations for supplying B.C. power to the potiines 
ecus: of r ;h, Capacity of one unit is 53,5 KA,
850 V. The rectifiers are water cooled (Siemens).

.../
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In the foundry 8 homogenizing-casting furnace units have been 
installed. Each unit consists a homogenizing furnace of 50 000 t 
capacity and two casting furnaces of 25 000 - 25 000 t capacity. 
Foundry is equipped with all the machines needed for producing 
slabs, billets, T ingots and pigs as veil.
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COMMENTS

In table 1. are given some of the performance data on pots and some 
other data on smelters collected during the Study Tour n9 1 and during the 
tour to Italy as well.

In course of comparison of data shown in the table, we have to take 
into consideration, that Italian smelters visited represent the smelting 
technology of the sixties, improved to the extent possible.

We have also to remark that performance data given by the management 
in Porto Vesrae are better than what we could conclude from our observations 
relating to the real operation of the reduction plant.

We can work out a comparison more realistic after getting the complete 
talian feasibility study indicating the source anddata on technology offered.

.../



SOME DATA Ot-: DIFFI ;U:.NT

i’ita i n smelter

li
j Total  product ¡.on .''TPY ...........................

I Number o> pot • inet ................I
i 1'! 'ilu! O' pO L ¡'OOn::- ...................
iI 1; o! :■ -ts/potrci :n ...............
I T  .1 o r  a  o f  p o t i o o m s  t u ~  ................

| A- ■ 'v r;> ;’v KA ......................
I An.-it o o r e n r  density A/cm2 ............
i ....C. r rent 1 t f i r  one /, ............

P >: vcj ! t ¿c ...............................................

D. C. po,.. r- consult!;'tion KWh/t A1 ....
i. :. ar.o'i- consumpt ion kg/t Al .....
N’„-. flaoride .-ons1 nption kg/t A1 ..
Pro Jus t i eii/po t , day .... kg........
Pot tending level .................
Central ieeding/breaking ..........

St. Joan de 
Maur tenne
F‘O : i : 11 oy

29050

■>

8 < >00 
' 1/6,5 

0,7/ 

03,3 

4,17 

13 124 

4 37 

12,5

1326,4

raised
point

d ryGas cleaning
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Here below I give brief description of sore coniv.cn technics.! 
ressions used by personnel associated with aluminium smelting.

Hall - Herou.lt process (presently used): electrolysis ci a 
solution of aluminium oxide (alumina Al2 C3 ) dissolved in molten 
cryolite (l?â  A1 F;) at about S75°C.

Alumina, AI2 O3 : ma¿or categories map 
Pluory

■ be classifie 
Sandy

d as follows
Under-calci­

ned
f<> fines passing 45yfi.rr.esh 20-50 less than 1 0 1 0 - 2 0

Hedian particle sizeJ t 50 60-100 50-60
Angle of repose more than 45° 30-35 30-40
S p e c m c  suriace m /g less than 5 more than 35 more than 35
Bulk density g/cm^ less than 0,75 " " C»,S5 " " 0,65

The sandy type allows a production increase end a dry scrubbing 
of the pot fuses. Its solubility in the cryolitic bath is better 
than that of the fluory alumina, potentially resulting in a 
substantial gain as for pot current efficiency. Its bulk density 
allows additional storage capacity for a given investment cost 
and also allows a significant saving on freight cost.

Desirable criteria for an up to datfi application will be as .follows2Specific surface of 40-60 m /g
Proportion of alpha alumina (one of the crystalline form of 
alumina)'less than 2 0 fo

Proportion of fines passing a 45 L i  mesh 7 max.

Seen in this light, under-calcined aluminas represent no more 
than a transitional phase towards a product to be classified as 
"sandy".

Sandy end under-calcined aluminas are 
grade" also.

"coarse -often called
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The ratio of metal produced in the cell 
/pot/ compared to that theoretically e;;_ 
pecced from Kara nay’s Lav/. According to 
the Lav/ at 100>‘ current efficiency 1 A of 
current passing through the pot would prod­
uce 0,335 gs of aluminium each hour.
V/ith this *

. Aiuminium per not day kg
N=r----------------a----- ±— 2. 100L

3,05. average current

Current efficiency is influenced by: 
Temperature 
Current density 
Interpolar distance 
Composition of electrolyte 
Cell design

In modern industrial cells the average current 
efficiency for metal production varies between 
8&-94% of the theoretical amount. The extent 
that the current efficiency!s lower is determir. 
ed by a number of variables mentioned above.

Pot: An operating electrolitical cell, production unit of a reduction 
plant. Main parts of a pojjof pre-baked type:

Cathode shell comprising steel shell
intermediate shell/cathode insulation 
internal shell /cathode carbon/ 
collector bars /steel/ 
cathode busbars /aluminium/

Anode assembly comprising: anode structure/steel/ v/ith rais­
ing mechanism

feed hopper /alumina reservoir,pot bi
rodded anodes
crust breaker system
anode busbars /aluminium/
fume hoods /aluminium cover/



Potline: a series of pots fed bp a common rectifier station.
Potline voltage defends on the number of pots built 
in.

"80 - 3.

Cryolite Na-,A1 Pm. It is the nredominant constituent of
j  c

electrolyte comprising at least ¿ Q f i of the total 
electrolyte weight, and is essential -for the 
dissolution of alumina.

Additives: various additions to the cryolite modify its phisical
and chemical properties and tuns improve the cell 
performance.

‘ The most important additives used commercially are as 
follows:
- aluminium fluoride, AlP^, constitutes only about 
2-10 ',7t of the electrolyte but it is the electrolite 
component that is consumed at the greatest rate in 
the pots.
- calcium fluoride, Ca Pg, constitutes up to 8 ',7t 
of the electrolyte. Calcium is present as an impur­
ity in the alumina feed, so can be sufficient to 
maintain the operating concentration.
3oth of these additives lower the freezing point of 
the electrolyte. Any additive to the electrolyte has 
to keep the density lower than that ox the liopuid 
aluminium, which is 2,3 g / c r }  at 1000 °C.

Pot voltage:Total voltage drop of a reduction cell, 4-5 
comprised of three separate contributions: 
decomposition voltage (— 1,2V) 
polarization voltage (— 1,oV)

V.i

ohmic voltage drops

L E

Anode current density:
The amount of current passing thrcv 
of the anode. Usuall" smeressed as 
square c v. (AL/c:.:*- )

a certain area
,r> v m r* û v*



V 4

1{
I}

t
\
i
«
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Jut¿ : Tlie residual anocle car o on when the pre-hahed. anode
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as hydrogen fluoride with
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■"articulate matter wit operate eificienc:
If off-gases treated, by
liquid undergoes a treatment to remove the 
fluoride material before the water can be 
reused or discharged.
Dry scrubbers: Certain types of alumina used 
in the reduction process have a high affinity 
for gaseous fluorides anc can be as a gas 
scrubbing medium. Dry scrubbing systems are 
designed to contact the cell off-gases with 
alumina before the gases are gassed through- 
bag filters for particulate removal. This type
of gas cleaning permits significant operation 
saving through the recovery of fluoride and 
alumina, reducing aluminium fluoride consumpt­
ion by as much as 5 C$5.

- Hooding: Fixing the anode stud assembly into the anode
carbon bloc$ with molten iron. Hodding shop 
includes all the machines needed to prepare 
and finish this operation.

- Bailing shop

ECL cranes:

Shop for baking the green anodes in the barring 
furnace(s), at 1100-1300°C. The cycle of 
placing green anodes, preheating, firing, 
cooling and removal is approximately 26-30 days.

Special cranes made by Electrification Charp­
ente Levage, Prance, for special pot tending 
operations.

- Kill cranes : Special cranes made by ITederlandse Eranbouw 
haatschappij, Holland, for special baking 
furnace tending operations.




