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i-:ME CONSIDERATIONS ON THE DEVELOPMENT or 

ALUMINIUM SEMI-PRODUCTS MANUFACTURING INDUSTRI~ 

bY~_Dom~~,y~· and R. Varhelyi•• 

(UNIOO consultants) 

15/81, L 

To promote the establishment and expansion of the aluminium 

industrt in developing countries is one of UNIDO's concerns, 

looking back to a past of more than 10 years. At the outset, 

UNIDO focused most of its efforts on boosting the development of 

alumina and aluminium metal pr0duction in the developing wo1ld (I, 

2). 

Table 1 shows some figures relevant to these efforts 

TABLE l 

~Qg[~_Qf_giff~[~Q!_~£QQQffil~_g[~g~ 

in_~grlQ_glYminiYm-~rQQY£1igo_iel 

Per cent 

-------------------------------------------------------------------
Group of countries 1980 1990 1995-2000 

----------------------------9£1Y2l _____ fgrg£g~! _____ f Q[~£~~! ______ _ 
Developed countries 68 63-56 61-53 

Centt·al l y planned economie~; 

incl. Yugoslavia and 

People's Rep. of China 
,.,.., 
,,:. 21-23 20-22 

Latin America 5 10-11 13-14 

Othet· developing countries 5 6-10 t· -11 

TOTAL 100 100 100 

------------------------------------------------------------------------------
-------------------------------------------------------------------

,. Ph.D., Chem. Eng., Chief editor of thP techr1icol pet 1odiccd 

"Magya, Aluminium", Budape~t, Hungary 

H MPch. fr1a.,Dnectur r1f thr· 1<ot•cir1yei L.ight Mf-'t.::1 W:ir~-~, ~.udd,P'1, 

H~r1 "' 
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years, however, the 

processing of aluminium 

desirability and 

metal throug~ the 

establishment of aluminium downstream industries has more and more 

come into sharp focus. This trend has been substantially 

supported by various case studies on this subject prepared under 

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

2. ~iff~[~Q1_mgg~l~_Qf_1~£bnitgl_d~~~!Qem~o1_io_tb~ 

§~mi=mQD~f Qt!~riog_f i~l~ 

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. This 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 local manpower; average level of education 

of the workforce and its working morale; the conditions of 

stationing foreigrr specialists for some months or years; 

iii. raw material situation on site. 
I 

iv. present status of local raw material manufacture, if any, 

and its future potentialities; 

v. ownership of available aluminium raw material-producing 

facilities (whether a subsidiary of a multinational or run 

by local or regional capital); 

vi. magnitudi:- and potential of the domestic mada?t; how an 

envisaged project may fit into the general pattern of the 

country's econ0my etc. 

v11. foreign ttade prospects; possibilities of regional long-term 

agreements; outloo~ of exports to industrially developed 

cour1t r· ies1 
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Although an efficient industry for fabricating semis calls 

for complex and up-to-date equipment, envisaged projects are not 

only governed by marketing considerations. but also whethet 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 items 

of lesser quality to be disposed of at the domestic or regional 

markets only)_ In 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 p~rmit an almost unlimited 

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 unfavourable factors involved. 

In dealing with thi~, alten1ative. fit-st of all the already 

existing finished product fabt-icatinc;; facilitie~. have to bf' taker1 

into account assuming that these enterprises of mostly moderate 

capacity have exclusively been using imported semis. As a first 

step, consideration has to be given to how to replace at least 

part of such imports by the input of locally manufactured 

semi-fabricated products. Limited c.apital available, the general 

standard of manpower, inadequate industrial infrastructure and 

limited dome:,tic mad-:et mi:sy ti::. negative factx~ limitir1g thE-> ~-ize 

of a planned new semi-fabrication plant. In developing countries, 

therefori:-, at thi~ stage ~reference l~· giver1 tc• in~.tcdling 
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various moderately-priced small-capacity target equipment easy to 

handle for the manufacturing of a relatively small range of 

well--mar·ketable items_ Such equipment, as a rule, is. 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 at·r·oad. 

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- quality; 

Rel at i vel y low pr·oduc ti vi ty of labour, co11pled with poor 

specific energy efficiency. 

In view of the pros and cons outlined above, it may be 

recommended in such cases to star-t with t' · manufacture of 

extruded pr-oducts (8). 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, s~ch as corrugated aluminium shE?t 

manufactured by roller lines, or claddings and components of 

buildings made by mechanical folding or by using roller lines. An 

important equipment in producing suct1 products is also a slitter 

for slitting and edging of the imported wide strip coils. 

The mar1ufac ture of more sophisticatea rolled pr·oduc ts (foils 

and thin strip) usually calls for a great deal of experience even 

if not the~latest equipment is. used. 

Jn discussing this model, a brief reference has also to be 

made tc, thf:' rec ye ling of sc resp. Wher1 des.igriing arid inst al Jing csr1 

csluminium semi-fabricating plant ever1 H of 

about 1000 tpy) it is expedient ~o makP 

effective remelting of scrap on site. If melting 

remeltir1-:i of H1f· .-: .. crar:1 i !: riot done i r1 ff f ec ti vf' 

modest capacity 

provisions fot· 

of the metal 

way, th1: may 

(say 

the 

or 
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involve losses varying from 5 to 30 %. On the other hand, the 

sales price of poor quality remelted metal may be smaller than 

one-third of that of the primary metal. Fig. l demonstrates a 

simplified lay-out of a small capacity scrap refining plant which 

is fit for processing scrap of the following composition (in tons 

pe,- year): 

Sheet and 

Castings' 

Foil and 

Turnings 

extrusion 

SC ,-ap 

thin st,-ip 

and chips 

scrap 

scrap 

400-500 tons 

200-300 tons 

150-250 tons 

-~Q=lQQ_!QD~ 

800-1150 tons 

Depending on local conditions, investment costs are of the 

order of one million US dollars. 

In Fig. 2 the model of a traditional plant based on an 

old-fashioned sheet rolling mill is demonstrated. In many cases 

this would be expanded later by a shop for manufacturing rolled 

products of highet- finish, nothwithstanding the multiplicity, 

design, size, capacity and Fange of items to be produced. A 

general lay-out sc.h..?me of such a plant is given in Fig. 3 as an 

example. Let us provide a Fough estimate ac -· to investment costs 

involved in such ventu,-es in the following_ 

The prices of equipment may vary a great deal on the source 

of manufacture ot supply, on how u~-to-date the facility 1s and 

~ow extensively it is automated. The prices below refet 

the equipment proper, without buildings and extra costs. 

oril y to 

tube welding line for the 

manufacture of small-diamete~ 

12-50 mm) tdtie~ Boe ooo - J,000,000 us~ 

Narrow strip coil-coating 

line (max. width 180 mm) 

Prof ilir1g line for profile~ of 

max. 100 mm circular dia. 

Wide-strip coil-(oating line 

m2l> _ w1dtt1: l .E:DO mrr 

500,000 - 600,000 us~ 

300,000 - 400,000 USt 
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In a second model. aluminium smelters are acting a: also 

manuf ac turer-s of certain semi-fabricated products. This 

development is due to the worldwide introduction of continuous 

casting techniques in producing rod wire and wide strips. Smelters 

may become an integral part of the semi-product 

manufacturing industry, especially as far as initial o~erations in 

producing various feed-stock items are concerned. 

The minimum feasible annual capacity i:>oth of a continuous 

rod-wire and str-ip casting unit is 10,000 tons. Several ~uch 

relatively small capacity lines may be installed in sequence next 

to each other to be directly and continuously fed by molten metal 

fr-om the smelter. For this end only pure metal is usually used. 

treated with special care, to eliminate impurities. 

Nothwithstanding the obvious attractions of 

the debit side there is the fact that only a 

semis may be produced. 

this technology, on 

limited range of 

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 a rule, further processing of the semi-fabricated feed 

stock furnished by the smel tet- is drne in ent it-E'h separate(i 

premise~ .. The major aluminium companies operating aluminium 

smelters may have a vested interest in promoting th~ installation 

of such latter type of downstream manufacturing capacities as well. 

Apart from developing countries with d large population and 

£.trrn1g domestic mar It.et., in other deve1 oping areas the demand for 

aluminium metal by the aluminium ~emj-manufacturers could and 

would b~ regionally supplied virtually along the same line£ (e.g. 

mr:,Pti ng the local se·mi-mar1uf ac turet- '~. demand of Middle East 

rountries an~ Pakistar ~Y processing products shipped from the 

smelters of Bahrain ~na Dubai; smelter operations in Argentina 

acting an ind1rect i~centive for dev~loping semi-ptod~ct 
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2.3 Erf~!ing_Qf_ind~P~nd~o!i_iD!f9r~!~d_tQm~lf!~~-fQr 

m~o~f~~!~ring_Qf_~!~mini~m-~~mi=erQd~t!~ 

The third model envisages the establishment of a complex for 

fabricating semis fully independent of an adjacent smelter, with a 

slat• and bi I let-casting shop of its own, 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 loc~lly and/or in the geographical 

neighbourhood, and where sufficient volume of metal is available 

or· may be obtained to feed the facility. A case in point is a 

semi-fabricating plant built in the l970ies in Brazil for the 

manufacture of Yolled and extruded items, as well as of foil (IO) 

(see as an example Fig. 5). Such a project may be implemented in 

several successive stages. In our example a first stage of 12,000 

tpy of Yolled products was introduced; of these 5,700 tons are 

strip, sheet, welded tubes, plied pr·cfiles and painted str-ips; cf 

the 6,300 tons of manufactured foil 2,000 tons are further 

processed. MateYial to be rolled is furnished by two 1,600 

millimetre wide continuous casting machines. There is also a 16 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 casting shops. To deal with high-strer,gth alloys .• 

which are difficult to process, a separate t1ot-rolling stand is to 

t>e ir1stalled. At the same time, all auxiliar·y equipmer1t arid the 

extrusion plant may also be expanded. 

The erection of a complex like this calls for a developed 

infrastructure. s~illed manpower or labour that may be suitabl) 

tniir1Pd. and, or course, for a signif.L.or1t amour1t of caf:"•ital. 

Her1cE· such a project is. H• mos.t cases implemented with thE

pattH1pat1or1 of a finc1ncially sound syndicate co-operatiri~ with 

of the major- aluminium companies, or by local state 

au th m i t i es . 
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No doubt. the standard and product mix of such a large plant 

are superior to those turned out under 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 infrastructure, skilled labour and limitations in capital. 

Therefore, the installation of such equipment may only be 

recommended in regions where sufficient engineering experience is 

available. 

By definition the aluminium foil is a continuous web in the 

thickness range between t;. 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 1ields 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 

case of cour1tr ies with tobacco industry the avai lat 1i 1 it y of f oi 1 

may again be very important. Every country has to ta~e 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 research 

the expected quantity and its sortiment can be determined. 

Up-to--date packaging mater·ials, of which the majority are 

com~lex today, contain, apart from aluminium also other components 

li~e paper, plastic films, etc .•. Therefore, a study is always to 

bE- made or, the possitii 1 it ie~. of their procurement. 
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Besides those materials, the different lacquers, glues and waxes 

must also be purchased and stored under special conditions. 

In most cases, the printing of aluminium foil is practically 

indispensable. If the marketing research in the given country 

shows that it seems to be necessary to establish printing capacity 

as 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 rearly 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 is basically done in 

the usual way. We would like to draw attention to the special care 

to be taker1 on the reference~. and reputation of the potential 

supplier. The manufacturers af foil producing or foil ptocessing 

equipment should possess the special knowledge for and practice in 

man~f acturing such 

of operation of 

sufficient longer 

reputation. 

equipment. This has to be proved by references 

their equipment in other foil plants for a 

period of time and with good result!:, and 

Aluminium foil pr-oces~.ing ha~ somf-' special requiremer1ts ir1 

connexion with envjronment pollution. The evC:tporated fume of tt1P 

used solvents if not specially handled, is a source of direct 

pollution, The left over lacquers, inks, glues C:tr1d unc lear1, used 

solvents must be disposed of as wastes without posing 
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In result of producing plain aluminium foil and its 

processing a relatively high quantity of solid scrap develops 

requiring special and diversified at~ention. 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 selection 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 knowledge and experience to be 

possessed by such a consultant. 

3. ~~n~r2l_~QO§id~r2tign~-2~_!Q_!b~-~~!2~li~bm~n!_2og_Qe~l21iQn 

Qf_!b~_f2£ili!i~~-i~n~[9~i_mQin!~n2n~~i-~Qrtfgr£~i 

!2~Q[2!Q[l~~i-~!£~1 

As in many other cases, an important requisite for the 

establishment of an aluminium semi-fabricating plant is 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 

essential in operating the facility 

utilities and services 

housing, including such providing health and medical 

services and catering for the cultural and religious needs 

of ttie workforce. together with schools and an adequate 

network of shops, etc. 

It should be remembered that it is of paramount importance 

for the plant to have a permanent and experienced workforce on 

whose services it may always 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 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 

pr·ojec t. 

To sum up, before a project may take concrete shape, a 

multiplicity of problems in the field of know-how, technology and 

engineer· ing has to be resolved. Evidently, it is 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. 

4. ~~~~lQ~m~n1 ____ 2og ___ ~~[~~!ing ___ Qf ___ ~l~mini~m ___ E[QQ~~!2 ___ io 
~~~~lg~iog_~Q~n!ti~~ 

The establishment of an alurniniu~ industry in developing 

countries - whether in centrally planned or market economies is 

always a mat~er in which the governments take a keen interest. 

i..her1 envisaging such projects, the first step is to set up with 

state-sponsor-ship or- w. thout a body sufficiently familiar- with 

all commercial and technological implications of the matt.E:t·, 

capable of promoting the rea~ization of such schemes, and to help 

later on the newly established industry to organize the marketing 

of its products. Even in this starting phase of technical 

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

advisory or·gard zat ior1 to render the venture 

technologically effec Uve and financially sound service::. lr1 qoinq 
fmeigr, firm~ 

engineering, 

engaging of 

specialists and the concluding of joint venture arrangements, may 

ahe.:sd with such projects, ~he ser-vice~ of 

experienced in technical development, designing and 

combined with the purchase of know-how, the 
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greatly expedite preparatory work and reduce the time necessary 

for the implementation of projects. Subsequently, operators of a 

sizable aluminium semi-products fabricating industry have to set 

up gradually research, development and engineering facilities of 

their own. Experience being obtained has to be permanently 

upgraded by following in the shortest possible time latest 

developments in world technology, and by exchanging information 

wi U1 other· producers or specialized insti tutiuns. 

Such centralized or de-centalized consulting and markeLing 

units should operate in close co-operation with all local 

industrial producers, consumers, as well as technical development 

and advisory bodies, so as to ensure optimum efficiency of 

continuous development and sales efforts. 

4.1 E£QOQmi£ __ ~~o~fi!~ __ Qf_~e~£i2lizgg_m2r~gt!og_Qrg2oiz2tigo~_fgr 
~gm!=erQQ~£!_m2o~f2£!~rgr~ 

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 enough 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. 

~teps: 

New products have to be narketed in the folllowing three 

Introduction of the products on the domestic ma,ket; 

ExPorts to regional markets; and 

Exports to world markets 

The ~.ituation is t.:ifferent when the plant is installed with 

the aid of foreigr1 capital or· know-how fw·nished t.y or1e of thl' 

meijor aluminium C."'mparde~.. Here ther·e is a growing trer1d by the~.(· 

companie~ to accept larg~ shipments of commercial-quality 

semi-manufactures in compensation for their capital investment. 

This practice, usually governed t>Y long-term agr-eemerits, 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 u t i1 i z at i on 

available capacities, but also to derive extra benefits in 

pricing of products wherein higher finish and more labour 

involved. Related to aluminium ingot, such phase-differences 

pricing are tabulated below: 
Aluminium ingot 
Continuous-cast rod wire coils 

Continuous-cast strip coils 

Unalloyed and weakly alloyed 

100 % 

115% 

120-125% 

strip coils of 1.5-0.7 mm thickn. 130% 

Thin strip of commercial quality 140% 

Thin strip of special quality 

(mini mum) 150% 

Foil of commercial quality 180% 

Converted foil 210-250% 

Low-alloyed extruded sections 180-220% 

Low alloyed extrud~d sections of 

anodized surface 220-250% 

4.2 ~Qm~-~~gg~~!iQo~_fQr_!b~_eQa~i~!~_Qrg2oii2!iQo_Qf_2 

~e~[i2li~~g_m2r~~!iog_Qrg2oii2!iQo 

In organizing and stimulating the domestic and 

of 

the 

are 

in 

markets effectively, it is necessary for the sales organization to 

keep close contacts with the various end-using industries and the 

agencies responsible for technical development. Thi£. applie~. 

equally to countries of centrally planned and market economies. 

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 basis of 

prices tied to the so-called official aluminium ingot market 

price. Thi£. is the usual pricing model practised by 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-manufactures are 

determined by the market quotations of the Metal Exchange of 

London or COMEX of New York. In this case, se1ili-fabricated 

products become typical market commodities exp0sed 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 altern~tives 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 

integrated complex). 

2. 3., i.e. an independent 

The semi-fabricating plant is directly or indin·ctly 

integrated into the framework of a national or major 

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 

semi-fabricators operating under the model discussed in 

sub-chaptet- 2.2. "Smelters as semi-product manufacturet-="). 

The sale of aluminium semi-product manufactures is a 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 finished product 

mar11;facturers are operating ir1 the country it i~ exped1ent 

to persuade them to er1tet into voluritary par trier ship ir1 a 

joint technical development and marketing agency (see 

sut.-chapter 2 .1 ''The traditional model"). How such 

organizations may work is 

separate UNI DO study 

alurr:in1um'' .: : 

explainPd 

entitled 

in 

"The 

more detail in 

economic use of 
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The development of an industry for aluminium semi

fabricated products 

typical field of 

technology_ 

especially in developing countries - is a 

significance for the case of transfer of 

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 acquite the necessary 

know-how to operate aluminium semi-fabricating industries of their 

own with an optimum of techno-economic ef fectivity may first of 

all wish to 

(a) familiarize themselves with the contents of ''Guidelines for 

Processing Aluminium Semi-Fabricated Products", a 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 

representatives 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 an Arab Aluminium 

Development Centre possibly including a testing laboratory 

for semi-fabricated aluminium products and acting as a 

training and commercial centre for the Arab Region, as was 

pointed out in the paper by Mr. Balaz~, Head of 

Metalllurgical Industries Section of UNIDO. 
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Fig. 3 Examples of manufacturing and/or finishing some special 
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Layout of integrated aluminium semi-manufacturing plant 
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