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To promote the establishment and expansion of the aluminium

industry in developing countries is one of UNIDO’s concerns,
looking back to a past of more than 10 years. At the outset,
UNIDO focu<ed most of its efforts on boosting the development of

alumina and aluminium metal production in the developing world (1,

2).
Table 1 shows some figures relevant to these efforts

TABLE 1

Per cent

Group of countries 1980 1950 1995-2000
e eeeeeeeoctual  forecast_____forecast_ ______
Developed countries &c 63-56 €1-53
Centrally planned ecoriomies
incl. Yugoslavia and
People’s Rep. of China 22 21-23 20-22
Latin America S5 10-11 13-14
Other developing countries 5 €¢-10 & =11

TOTAL 100 100 100

+ Ph.D., Chem. Eng., Chief editor of the technical periodical
"Magyar Aluminium”, Budapect, Hungary
t4 Mech. Ena.,Director of the Kobanys Light Metal Work:o, budapect,

Hur v




In more recent years, however , the desirability and
possibility of local processing of aluminium metal through the
ectablishment of aluminium downstream industries has more and more
come into sharp focus. This trend has been substantially
suppor ted by various case studies on this subject prepared under

the auspices of UNIDO (3,4,5,6,7,8,9).

It may be emphasized that the promotion of an industry for
production and/or processing of aluminium semi-fabricated products
represents a special case in each country, whether large or
small. Thic paper deals with the most important semi-fabricated
products, such as hot and cold rolled sheet and strip, extrusions,

foils, etc., usually called "semis"”.

To develop an industry for aluminium semi-fabricated
products is a complex matter governed by a combination of geo-
graphical, political and technical circumstances. A few of these
are enumerated below:

i. general standard of economic development in a given country;
its population, infrastructure and energy supply;

ii. availability of 1local manpower; average level of education
of thé workforce and its working morale; the conditions of
stationing foreign specialists for some months or years;

iii. raw material situation on site;

1v. present status of local raw material manufacture, if any,
and its future potentialities;

v. ownership of available aluminium raw material—-producing
facilities (whether & subsidiary of a multinational or run
by local or regional capital);

vi. magnitude and potential of the domestic market; how an
envisaged project may fit into the general pattern of the
country's econoumy etc.

vii. foreign trade prospects; possibilities of regional long-term

agreements; outlook of exports to industrially developed

couritriesy




Although an efficient industry for fabricating semic calls
for complex and up-to-date equipment, envisaged projects are not
only governed by marketing considerations, but also whether or not
adequate ut‘lization of equipment can be ensured and funds are
available for their implementation {e.g. in the case of
installation of modern strip heat-treating lines, a high duty hot
strip mill, etc.).The purchase of less costly equipment only (e.g.
that of a continuous strip-casting machine) however, frequently
tends to reduce the range and to impair the standard of available
products, imposing limitations on their marketing (e.g. mass 1tems
of lesser quality to be disposed of &t the domestic or regional
markets only). 1In each of these cases the economic feasibility is

a consideration of paramount importance.

In view of the above, three main alternative models of
technical development may be considered on the understanding that
there are numerous sub-variants which permit an almost wunlimited
number of combinations. The three basic technical development
models hereafter dealt with have been chosen in such a way that
the different technological variants may closely fit into the
framework of any of the three basic alternatives, irrespective of
what conclusions may in each case be reached after considering the

overall effect of favourable or urifavourable factors involved.

In dealing with this alternative, first of all the already
exicting finished product fabricating facilities have to be taken
into account assuming that these enterprises of mostly moderate
capacity have exclusively beern using imported semis. As & first
step, consideration has to be given to how to replace at least
part of such imports by the input of locally manufac tured
semi-fabricated products. Limited capital available, the general
ctandard of manpower, inadequate industrial infrestructure and
limited domestic market may b= negative factore limiting the <ize
of & planned new semi-fabrication plant. In developirg countries,

therefore, at this stage Frreference 1< glvern to inctalling




various moderately-priced small-capacity target equipment casy to
handle for the manufacturing of a ‘relatively small range of
well--marketable items. Such equipment, as & rule, 1ic capable of
performing the final operations of semi-manufacturing only with a
raw material stock (e.g. coils of hot-rolled strip, rod wire,

etc.) being imported from abroad.

Advantages of such plants:

- Manufacture on a modest scale; the unit capacities available
are easily adaptable to actual market demand;

- Relatively small amount of skilled labour required;

- Small capital investment involved, especially if efficiently
operating second-hand equipment may be installed;

Disadvantages of such plants:

- Limited product mix, usually of poorer qualityj

~ Relatively low productivity of labour, coipled witn poor

specific energy efficiency.

In view of the pros and cons outlined above, it may be
recommended in such cases to start with t° - manufacture of
extruded products (e). If Justified by domestic demand,
conductors, as well as sheet and discs of medium thickness and
commercial quality may be produced. Items of <somewhat higher
finish may also be considered, such as corrugated aluminium she=t
manufactured by roller 1lines, or claddings and components of
buildings made by mechanical folding or by using roller lines. An
important equipment in producing such products 1s also a <litter

for slitting and edging of the imported wide strip coils.

The manufacture of more sophisticatea rolled products (foils
and thin strip) usually calls for & great deal of experience even
if not thelatest equipment is used.

In discussing this model, & brief reference has also to be
made to the recycling of scrap. When decigning and installing an
aluminium semi-fabricating plant even 17 of modest capacity (say
about 1000 tpy) it ic expedient .o make provisions for the

effective remelting of scrap on site. If melting of the metal or

remelting of the scrap i< not done in effective way, thic may

-
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involve losses varying from 5 to 30 X. On the other hand, the
cales price of poor quality remelted metal may be smaller than
one-third of that of the primary metal. Fig. 1 demonstrates a
cimplified lay-out of a small capacity scrap refining plant which
is fit for processing scrap of the following composition (in tons

per year):

Sheet and extrusion scrap 400-500 tons
Castings’ scrap 200-300 tons
Foil and thin strip scrap 150-250 tons
Jurnings and chips _50-100_tons

Depending on local condiiions, investment costs are of the

order of one million US dollars.

In Fig. 2 the model of & traditional plant based on an
old-fashioned sheet rolling mill 1is demonstrated. 1In many cases
this would be expanded later by a shop for manufacturing rolled
products of higher finish, nothwithstanding the multiplicity,
design, size, capacity and range of items to be produced. A
general lay-out scheme of such a plant is given in Fig. 3 as an
example. Let us provide a rough estimate as to investment costs

involved in such ventures in the following.

The pricec of equipment may vary a great deal on the <source
of manufacture or supply, on how up-to-date the facility 1s and
how extencively it is automated. The prices below refer only to

the equipment proper, without buildings and extra costs.

~ tube welding line for the

manufacture of small-diamete~

12-50 mm) tubec g0C 000 - 1,000,000 USY
- Narrow strip coil-coating

line (max. width 120 mm) 500,000 - &00,000 USS
- profiling line for profiles of

max. 100 mm circular dia. 300,000 - 400,000 USY

- Wide-strip coil-coating line

may . width: 1.£00 mn (. - 9 million UL1%
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In & second model, aluminium smelters are acting a> also
manufacturers of certain semi-fabricated products. This
development 1is due to the worldwide introduction of continuous
casting techniques in producing rod wire and wide strips. Smelters
may thereby become an integral part of the semi-product
manufacturing industry, especially as far as initial operations in

producing various feed-stock items are concerned.

The minimum feasible annual capacity wvoth of a continuous
rod-wire and strip casting unit is 10,000 tons. Several <such
relatively small capacity lines may be installed in sequence next
to each other to be directly and continuously fed by molten metal
from the smeiter. For this end only pure metal is usually used,
treated with special care, to eliminate impurities.
Nothwithstanding the obvious attractions of this technology, on
the debit side there is the fact that only & limited range of

semis may be produced.

An example of how a semi—-fabricating facility dependent on
continuously-cast products of a smelter may be operating is given

in Fig. 4

As & rule, further prbcessing of the semi-fabricated feed
stock furniched by the smelter is dene 1in entirely separated
premises. The ma jor aluminium companies operating aluminium
smelters may have a vected interest in promoting the 1nstallation

of such latter type of downstream manufacturing capacities as well.

Apart from developing countries with « large population and
ctrong domestic market. in other developing areas the demand for
aluminium metal by the aluminium <emi-manufacturerz could and
would be regionally supplied virtually along the same lines (e.g.
meeting the local semi-manufacturer’s demand of Middle Fast
countriec and Pakistar by processing products shipped from the
smelters of Bahrain anc Dubai; smelter operations 1n Argentina

acting as an indirect ircentive for developing <cemi-ptoduct

fatricating facilitie: in other Latin Americarn countrierc).




ing_of _independent,_integrated complexes_for
1 umi

The third model envisages the establishment of @ complex for
fabricating semis fully independent of an adjacent smelter, with a
clab and billet-casting shop of its owr:, engaged in the
manufacture of a full or limited but extensive range of items and
operating in an area where potentials for a diversified aluminium
downstream industry exist locally and/or in the geographical
neighbourhood, and where sufficient volume of metal 1is available
or may be obtained to feed the facility. A case in point is a
cemi-fabricating plant built in the 1970ies in Brazil for the
manufacture of rolled and extruded items, as well as of foil (10)
(see as an example Fig. 5). Such a project may be implemented in
ceveral successive stages. In our example a first stage of 12,000
tpy of rolled products was introduced; of these 5,700 tons are
strip, sheet, welded tubes, plied prcfiles and painted strips; cf
the ¢,300 tons of manufactured foil 2,000 tons are fur ther
processed. Material to be rolled is furnished by two 1,600
millimetre wide continuous casting machines. There is also a 1& MN
extrusion press which was installed prior to the rolling mill, and
a billet-casting shop to feed it. After completing the last stage
of the project, the rolling capacity would achieve 50,000 tons per
year. By that time, raw material will be furnished partly by
continuous casting units and partly in the form of slabs produced
in conventional cacting shops. Jo deal with high-strenoth alloys,
which are difficult to process, a separate hot-rolling stand 1s to
be inctalled. At the same time, all auxiliary equipment and the

extrusion plant may also be expanded.

The erection of a complex like this calls for a developed
infrastructure, skilled manpower or labour that may be suitably
trained, and, or course, for a significant amount of capital.
Hernce <uch & project is in most cases implemented with the
participation of a financially sound syndicate co-operatinc with
one of the ma jor aluminium companies, or by local state

authorities.




No doubt, the standard and product mix of such & large plant
are supetior to those turned out wunder the first, traditional
model discussed earlier, and specific production costs, too, are
bound to be lower. on the other hand, the traditional model may
certainly be more elastic in faster following and adapting itself
to local conditions and developments on site, despite difficulties

in infracstructure, skilled labour and limitations in capital.

Therefore, the installation of such equipment may only be
recommended in regions where sufficient engineering experience 1s

avalilable.

2.4. Foil_rolling_and_processing
By definition the aluminium foil is & continucus web in the
thickness range between €& and 20 microns (0.00025" - 0.0006")

depending on local standards.

Before deciding whether to establish a foil producing and
processing industry or only a foil processing one which uses
purchased plain foil, it is indispensable to prepare a detailed
marketing research in all the possible market fields. The demand
of the home market has to be considered in the first place. The
most important (ields in the use of aluminium foil for packaging
are the different branches of the food industry, including the
packaging of consumer goods like soft drinks, ice-cream, etc. In
cace of countries with tobacco industry the availability of foil
may again be very important. Every country hac to take into
account its own industry of special products which need aluminium
foil for wrapping, such as does the pharmaceutical production in
substantial quantities, or for the "dressing-up” of foreign
products. Based on the data of this detailed marketing recearch

the expected quantity and its sortiment can be determined.

Up-to-date packaging materials, of which the majority are
complex today, contain, apart from aluminium also other compunents
like paper, plastic films, etc.,. Therefore, a study is always to
be made on the possibilities of their procurement.




Besidec those materials, the different lacquers, glues and waxes

must alco be purchased and stored under special conditions.

In most cases, the printing of aluminium foi1l 1is practically
indispencable. I1f the marketing research in the given country
shows that it seems to be necessary to establish printing capacity
ac a first step the kind of printing method to be used has to be
decided by marketing research. Afterwards it is necessary to pay
attention to two main factors. On one hand it has to be decided
how to procure and store the printing inks and lacquers and also
how to manage the mixing of the inks and the preparation of
required shades. On the other hand the availability of printing
cylinders has to be clarified. The purchasing of ready made
cylinders is one possibility, their production on the spot, is the
other. The latter is a highly sophisticated technology which needs
well-qualified operators with a relatively long experience, but

ensures a more flexible product mix.

Both steps - the foil rolling and the foil processing - need
workers with higher qualifications than in the industry in general
and in any case, longer training and practical experience.
Therefore, it is necessary to study how to secure workforce to

fulfil the above mentioned requirements.

The procurement of production machinery 1is basically dorne 1in
the wusual way. We would like to draw attention to the special care
to be taken on the references and reputation of the potential
supplier. The manufacturers of foil producing or foil processing
equipment should possess the special knowledge for and practice in
manufacturing such equipment. This has to be proved by references
of operation of their equipment in other foil plants for a
sufficient longer period of time and with good recults and
reputation.

Aluminium foil procescing hac some special requiremerts in
conmexion with environment pollution. The evaporated fume of the
used solvents - if not specially handled, is a source of direct
pollution, The left over lacquers, inks, glues and unclean, used
solvernite must be disposed of as wastes without posing

environmerital hazards.




_]O_

In recult of producing plain aluminium foil and its
processing a relatively high quantity of solid scrap develops
requiring special and diversified attention. The plain foil scrap
and the paper laminated foil scrap can be recycled by remelting or
using special technologies, other kinds of scrap has to be

disposed of.

In summary in all cases when thinking of starting foil
production it is advisable to engage a special consultant who
should be responsible for all issues concerning the installation
of such a unit up to the selectiorn and purchasing of the main
equipment and participation in the warranty tests. Establishment
of production of the thinnest variants of aluminium foil may
require additional special knowl edge and experience to be

possessed by such a consultant.

3. General considerations_as_to_the_establishment and_operation

As in many other cases, an important requisite for the
establishment of an aluminium semi-fabricating plant 1is the
availability of a complete infrastructure covering:

- energy supply

- water supply

- a sewage disposal system and/or equipment for treating or
destroying sewage or wastes

- a suitable road network

- the availability of auxiliary utilities and services
essential in operating the facility

- housing, 1including such providing health and medical
services and catering for the cultural and religious needs
of the workforce, together with schools and an adequate

network ot shops, etc.

It <hould be remembered that it i< of paramount importance
for the plant to have a permanent and experienced workforce on

whose services it may alwayes rely.
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If no infrastructure is available right at the doorstep of
the plant, it is up to the investor or the state to provide for
what may be missing. Of course, the smaller a plant, the more
difficult it is for it to defray such extra costs. In selecting a
suitable location for such a project, the problem of
infrastructure, existing or one to be provided for, is always a
crucial point. Another important consideration is the plant’s
distance to the end-using industries; transport costs of

semi-fabricates to end-users greatly influence the viability of a

project.

To sum up, before a project may take concrete shape, a
multiplicity of problems in the field of know-how, technology and
engineering has to be resolved. Evidently, it 1is advisable to
entrust such complex matters to a renown firm of special knowledge
and experience and to buy know-how from a semi-fabricator of

proven good reputation.

The establishment of an aluminium industry in developing
counitries - whether in centrally planned or market economies - 1is
always a matter in which the governments take a keen interest.
Wher ernvisaging such projects, the first step ic to set up - with
state-sponsorship or w.thout - a body sufficiently familiar with
all commercial and technological implications of the matter,
capable of promoting the reaiization of such schemes, and to help
later on the newly established industry to organize the marxeting
of its products. Even in this starting phase of technical

development, there has to be & nucleus of a future marketing and

technical advisory organization to render the venture
techrnologically effective and financially sound services. In going
ahead with such projects, ‘“he services of foreiarn firme

experienced in technical development, designing and engineering,
combined with the purchase of kriow-how, the engaging of

cpecialiste and the concluding of joint venture arrangements, may




greatly expedite preparatory work and reduce the time necessary

for the implementation of projects. Subsequently, operators of a
cizable aluminium semi-products fabricating industry have to set
up gradually research, development and engineering facilities of
thelr own. Experience being obtained has to be permanently
upgr aded by following in the shortest possible time latest
developments in world technology, and by exchanging information

with other producers or specialized institutiuns.

such centralized or de-centalized consulting and markering
units should operate in close co-operation with all iocal
industrial producers, consumers, as well as technical development
and advisory bodies, so as to ensure optimum efficiency of

continuous development and sales efforts.

Every country or firm operating an aluminium industry in a
developing country has to develop a business strategy of its own,
which has to be flexible erniough to cope with market fluctuations.
Even the installation of a new equipment may affect and alter such
a business strategy. In defining this, the range of products to be

put on the market is an important consideration.

New products have to be marketed in the folllowing three
cteps:
- Introduction of the products on the domestic market;
- Exports to regional markets; and
- Exports to world markets

The cituation is cdifferent when the plant i< installed with
the aid of foreign capital or know-how furnished by one of the
major aluminium companies. Here there is a growing trend by thece
companie: to accept larae shipmentsc of commercial-guality
semi-manufac tures in compencation for their capital investment.
This practice, usually governed by long-term agreements, may be

very advantageous to the semi-product fabricating plant of a
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developing country: it may not only permit a better wutilization of
available capacities, but also to derive extra benefits in the
pricing of products wherein higher finish and wmore labour are
involved. Related to aluminium ingot, such phase-differences in

pricing are tabulated below:

Aluminium ingot 100 2
Continuous-cast rod wire coils 1152
Continuous-cast strip coils 120-1252

Unalloyed and weakly alloyed
strip coils of 1.5-0.7 mm thickn. 130%
Thin strip of commercial quality 140%
Thin strip of special quality

(minimum) 1502
Foil of commercial quality 1802
Converted foil 210-250%
Low-alloyed extruded sections 180-220%

Low alloyed extruded sections of
anodized sur face 220-250%

In organizing and stimulating the domestic and export
markets effectively, it is necessary for the sales organization to
keep close tontacts with the various end-using industries and the
agenciec responsible for technical development. This appliec
equally to countries of centrally planned and market ecoriomies.
another important task for the sales organization is to adopt a
certain pattern of pricing system. There are two alternatives for
the latter:

- Buyer and seller agree - for a definite length of time
(usually long-term) - to carry out business on the basic of
prices tied to the so-called official aluminium i1ngot market
price. Thic ie the usual pricing model practised tvy the
international metal trade, based on co-operation and mutual

understanding between the two parties.
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- Under the second model, prices of semi-manufacturec are
determined by the market quotations of the Metal Exchange of
London or COMEX of New York. In this case, seani-fabricated
products become typical market commodities exposed to ups
and downs of fast fluctuations, with small chances of

contacts between buyer and seller.

Adopting an effective pricing system calls for a great deal
of experience and foresight on the part of the trading
organization. As to how such grading organization may best operate
in a developing country, several alternatives and combinations

thereof exist:

- An independent producer of semis is running a combined sales
and technical development division of its own (This applies
in the first place to enterprises operating under the model
discussed in sub-chapter 2.3, i.e. an independent
integrated complex).

- The semi-fabricating plant is directly or indirectly
integrated into the framework of & national or maior
aluminium smelting company, in this event the manner in
which marketing and sales are to be organized largely rests
with the multinational or national company whose part or
subsidiary the plant is (This applies in the first place to
serj-fabricators operating under the model discussed in
sub-chapter 2.2. "Smelters as semi-product marufacturers”).

- The sale of aluminium semi-product manufactures 1is & high
priority of the government’s domestic and foreign trade
policy; in this case it is advisable to combine marketing
and technical development into the frame of a single,
centrally controlled organization.

- And finally, when several smaller finiched product
manufacturers are operating 1in the country it is expedient
to persuade them to enter into volurtary partrnership 1n  a
Joint technical development and marketino agency (see
sub-chapter 2.1 "The  traditional model"). How  such
organizations may work is explained in more detail in &
separate  UNIDO study entitled “The economic wuse of

. . r
alumirniioum®” .




The development of an industry for aluminium semi-

fabricated products - especially in developing countries - is a
typical field of significance for the case of transfer of
technology.

In order to further pursue this case with the involvement
and assistance of UNIDO it may be recommended that developing
countries in the Arab region wishing to acquire the necessary
know-how to operate aluminium semi-fabricating industries of their
own with an optimum of techno-economic effectivity may first of

all wish to

(a) familiarize themselves with tne contents of “"Guidelines for
Processing Aluminium Semi—-Fabricated Products”, & UNIDO
study published in 1985, discussing in detail the relevant
aspects of how a semis fabricating industry may be
established or developed with special regard to different
branches of technology;

(b) initiate the organization — it may be under UNIDO auspices -
of an international symposium or seminar, where specialists
from developing countries may meet together with experts
from prominent aluminium companies and bodies as well as
repreéentatives of firms engaged in the manufacture of
equipment to be used in fabricating semis or processing
aluminium, to exchange experiences and discuss technological
alternatives.

(c) join efforts aimed at the establishment of arn Arab Aluminium
Development Cerntre possibly including & testing laboratory
for semi-fabricated aluminium products and acting ac a
training and commercial centre for the Arab Region, ac was
pointed out in the paper by Mr . Balazs, Head of
Metalllurgical Industriez Section of UNIDO.
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Fig. 1 Small capacity scrap processing plant (approx. 1000 tpy) ~ simplified outlay
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Strip finishing shop (anuual capacity 5,000 - 10,000 tons)
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Fig. 3 Examples of manufacturing and/or finishing some special
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Fig.

4 Casting shop with continuous casters for wide strip and wire rod

(wide strip:

25,000 tpy: wire rod: 20,000 tpy)
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1 Tool Preheating Furnace
2 Slag Crucible Preheater

3 Liquid Chlorine Tank and Evaporator
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4 Liquid Nitrogen Tank and Evaporator
5 Casting Furnace, 25-t
6 Road Weigh - Bridge

7 Continuous Wire Bar Casting Equipment
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v Layout of integrated sluminium semi-manufacturing plant
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