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INTRODUCTION 

'nle concept of aini-.ills in iron and steel making was the object of 

several international ..eetings (some of thea are quoted in the bibliography 

of this paper), including the Consultations of UNIDO about the iron and 

steel industry~ In a 110re precise approach, at the 'nlird Consultation on 

the Iron and Steel Industry held in Caracas, Venezuela (13 to 17 September 

1982), it was recomaended that, specially, the newcomers to this industry 

should seriously study and envisage this approach to their development. Such 

an approach, indeed, could help them to develop faster their ir~n and steel 

industry and deliver the steel products needed for the expansion of their 

economies. Furthermore, such an approach could put them in a bett~r position 

not only to master the iron and steel technology but also, to make the 

linkages with other sectors of activity. 

In such a ccntext, UNIDO decided to further study this concept of 

mini-mills and the Section for Economic Co-operation among Developing 

Countries started such a programme in organizing an expert group meeting 

in Vienna, from 2 to 4 December 1985. 'nle present study will serve as a 

background paper for this meeting. 

At this point it 111.1st be remembered that the large integrated iron and 

steel plants, usually based on the blast furnace-oxygen converter scheme, 

are no more expanding in the world; this is absolutely true in industrialized 

countries but, even in developing countries, their growth is quite limited. 

A proof of it is found in the evolution of capacity or production of 

oxygen steel in the world (Table 1 and Figure 1). 

'nit! most Ulportant, huwever, is to explain this evolution. We think it 

is li'lked with the five following points: 

1) Such large plants, producing .evei·al million tonnes per year, 

!•quire a large increase in the demand of steel products and this 

is no more the case 1n industrial countries; even 1n developing 

countrids, the .. xpansion of the demand is, in general, not sufficient 
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in a given area, to justify such a large plant (see Figure 2) • We 

may add tha'C there is an additional problem which we shall discuss 

later (see page 3) that even a large plant cannot produce all 

types of steel produces and this again ce>11plicates the problem. 

2) lbese large integrated iron ~nd steel plants are very costly, from 

the capital costs point of view and require huge financing sources. 

3) 'Ibis is further COllPlicated by the fact that these largE integrated 

iron and steel plants require large and costly infrastructures 

beth froa the point of view of supply Caines, energy, refractories, 

etc.), and transport and population (cities, railway, port, etc.). 

4) More generally, these plants ciil~ alsu th~ir lilf~4structure, require 

a large mmber of trained people which is raising, especially in 

developing countries, a number of difficult problems of selection, 

education and training. 

5) Finally. such large plants are quite complex and i1is is reflected 

ln the difficulties of starting and operating such plants as it 

can be seen in many cases arounl the world. It illll~t be noted that 

even in industrialized countries, th!.s problem is net ea:;y t·l 

solve. It is, thus, more complicated in developing countr:'.c!s 

where we find, here again, the aspects of education, cianagement 

alJCf training. 

As a conseque· .ce, we can see all around the world, an evolution from 

these large integrated iron and steel plants towards new types of plants 

which can be characterized by: 

rJie orientation towards one single type of steel product (speciali~ed 

mono-products plants); 

the tt'end to design, bu:f.ld and operate smaller pJ ants, the "mini

sted planu" and this 1S especially true for light long products 

such as reinforcing bars f~r concrete. 
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To cover this subject, ve shall review. in this background paper: 

first, the evolution of such concepts in industrialized countries; 

t.b~n, their possible application in developing countries, 

before cotrlng: 

in a third part, to possible guidelines for an expansion of the iron 

and steel industry in developing areas based at least partly on 

mini-steel plants; 

- and, in the last part, to the conclusions and rec011111e11dations. 
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I. THE KISI-STEEL PLANT CONCEPT IN INDUSTRIALIZED COUNTRIES 

This first chapter will be divided in six parts respectively devoted to: 

the historical aspects, i.e., the evolution of this concept in the 

industrial countries 

the geographical aspects, i.e., the evolution oi the various 

industrialized countries 

the technological aspects 

the economical aspects 

the human problems 

the prosp~cts for future evolution and new schemes and processes. 

I.l. Evolution of the Iron and Steel Plants in Industrialized Countries 
(Fig'1re 3) 

The large integrated iron and steel plants specialize in flat products, 

sometimes in heavy producLs (plates, large beams) and this is logical if 

we remember the capacities of the various types of rolling mills (see Figure 

4). It is, indeed, very difficult to tie, either by conventional casting or 

by continuous casling, the production of large tonnages and the normal feed 

of a mill for bars or merchant iron. 

Mini-sleel plants, on the other hand (see Figure 5) tend to specialize 

in lieht and long product~. 

Finally, in industrialized countrie;, specially when consumption of 

steel is not lllJch increasing or, sometimes, even stagnate (or decrease ••• ) 

there is plen~y of scrap available as it can be explained in Tabl2s II and 

III and the consequence in table IV. 

I.2. Situation of the Main Industrialized Countries Regarding Mini-Steel Plants 

After looking to this evolution, along the t:llr.e, in the preceding pages, 

we have to see. how this 'rend appears in th_., spar.e, 1. e. , in the various 

industrial i:ted countries. 

' 

~ 
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to do it, we shall cover specially (see Table V): 

USA 

Canada 

Western Europe 

Japan 

and Eastern .Europe 

USA 

In recent papers, J.R. Miller (7) gave a list of mini-mills in the USA. 

It is reproduced in Appendix I and we see what are their struc~ure and 

their products. However, a number of diffir.ulties can arise when we compare, 

as we do in Appendix I, various estimates of the mini-mills' cepacity in a 

given ccuntry like USA. This capacity can, in fact, be situated between: 

The total electric steel-making capacity (which, in the case of USA, 

corresponds to production between 20 and 30 Mt in the recent years), 

which includes: 

special steel production not often very easy to separate fr~m thP. 

production of the "mini-mills"; 

steel prorluced in large electric melting shops of the ''big ~tee! 

companies" and which is, again, not very easy to incorporate in 

one category or another. 

'ftlis is why, in Table V, we shall find, not only for USA but also 

for other areas, a range of capacity instead of a single value. 

Canada 

The situation is, more or less, similar to the one o! tne USA, and 

there, with about ~ plant&, it covers about 10% of the total iron and steel 

capacity (9ee Appendix II). 

!'lestern Europe 

We are giving in Appendix III an approximate list of mini-s~eel plants 

1n this area and the case of Italy UIJSt be ~mph.adzed. Here: 
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the production of electric steel is becoa:fng higher than oxygen steel; 

- the large integrated plant (public sector, Nuova ITALSIDER.} is con-

cenerated on flat products; 

' 
the mini-mills are producing 20% of the total outp· ;. 

Eastern Europe 

• ) This is an area where the advantages of mini-mills were dl.scovered quite 

late. 

In a recent sp~ech, the Minister of Iron and Steel of the USSR acknowledged 

that is mist now be developed. 

The first one seems BYELOltUSSKIY METALLURGICHESKIY ZAVOD at Zhlobin: 

it is a 720,000 t/year plant (see Table VI}. 

Here again, both electric arc steel-making and mini-mills capacity are 

developing (see Appendix IV}. 

I.~ Technological Aspects 

!f we try to look behind what is the metallurgical scheMe of a mini-

steel plant in an industrialized country, we find (see Figures 5 and 6): 

it is based on scrap as raw material; 

it produces mainly light long products (bars, wire rod, small beams 

or merchant iron}; 

it uses electrical arc furnace; 

steel is cast, continuously in billet, althrugh it can also be cast 

in small ingot ("pencil ingot"}; 

- billets are rolled in one, sometimes two mills. 



I.4. Economical Aspects 

The classical mini-steel plant we have described, i.e., this one pre-

sented, in a simplified form in Figure 6 can be characterized by the average 

following figures (Table VII): 

- for investment costs, something around USS 250 (1985) per annual 

tonne of steel. This is a very good figure if we compare it (see 

Table VIII) to the values for large integrated iron and steel plants, 

always in industrialized countr:!.es; 

- for production costs, something around the figures given in Table IX 

where we can see the relative weight of: 

(a) scrap which is the most important ~tem 

(b) electrical energy Yhich is illlportant specially from the double 

point of view of: 

- reliability which is generally quite go~d in in~strialized 

countries in quantity and quality (i.&., network sufficient 

to absorb pert~rbations such as the flicker effect) 

(c) electrodes which are, also, a very important item 

(d) manpower costs which are not too large in that such plants ~an 

be operated with high efficiency. A figure often quoted is 

1,000 t of steel/year and man, which corresponds to slightly 

less than 2 manpower hour/t of steel 

(e) various fabrication costs such as additions (lime, ferro-alloys, 

etc.), and maintenance costs 

(f) amortization. 

I.~. Human Problems 

What we have said shows the relative small problems raised, on the human 

side, by the expansion of mini-mills. It is small: 

- as well for the number of people which need far smaller facilities 
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for housing, transportation ~r training, for example, as for the 

l~rge integrated iron and steel plants; 

- as for the fact it is dispersed in several small plants with, say 

250 to 1,000 people: instead of thP. 5,000, 10,000 or more needed in 

one place for a :;.arge plant; 

- and finall;•, as for the impact on environment which is, usually, 

not very important. 

I.6. Frospects for the Future 

From the "classical" mini-steel plant we have described (see Figures 5 

and~). several possible evolutions (or revolutions ••• ) could be anticipated 

for the future. We can separate them in the four following categories: 

l. 'nle evolution of the classical mini-steel plant which is, most 

certainly, along the various lines mentioned in Figure 8, i.e., 

towards a more continuous, more efficient mill. At the mini-mill 

meeting of March 1984 (5), several proposals were made in this 

respect and it is interesting to note they were made both in the 

direction of a larger mini-steel plant (i.e., to have a single line 

of 500,000 t/year) as well as to design smaller mini (or lllicro?) 

steel plants in the range of 100,000 t/year. 

2. A possible evolution, in a given area, of a simple mono-product 

plant, oo one line, towards a more diversified pr~duction (Figure 9). 

'nlis is a classical evolution of many plants to add a new furnace, 

a new caster and a new mill ••• 

3. Another evolution to move in the flat products field. If indeed, 

we look to the simplified structure of steel consu~tion in the 

world (s~e figure 10), "1hen mini-mill ~reduction exceeds, say 30% of 

the total production, they have covered most of the long product 

market. 'nlis is the case ot Italy and the trend in USA, Japan and 
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Western F.urope. To go further, mini-llills must enter the field of 

"flat pruducts". As it is well-known, a definite move is taking 

place iL this direction wi~h: 

- production of plates from electric furnace steel-making 

- design of new casters to produc~ thin slabs 

- adaptation of existing mills (steckel or setili-continuous) or 

design of nP.V mills (planetary). 

4. A revolution where the whole scheme is changed. As it is indicated 

in Figure 11, it is possible to design new types of mini-steel plants 

based on iron ore, hot metal production (specially by the new 

smelting reduction processes which are describ~d in Figures 11 and 

llb) and oxygen .1teel-making. Although this is not yet at the 

indilstrial level, experiments iL that d~rection have to be followed 

seriously fer future projects. 
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II. THE KINI-STE.EL PU.U CONCEPT IN DF.VD.Of'ING COl~'TRIES 

This second chapter will be divided into the three foh·>Wing points: 

evclu~ion, both from historical and economical points ~f view, 

compared to the industrial countries; 

situation of the various countries and, specially, of Africa (geo-

graphical point of view); 

main technical, economic and human issues. 

II.l. History and Economic Context of Expansion of Mini-Steel Plants in 
Developi· g Areas 

In fact; mini··steel plants started to be built in develop.ing areas 

about the same time as in industrialized cc.untries but this ~evelopment, 

and more generally, the development of the iron and steel industry, was 

in a Jif fer.ant context which is summarized by Figure 12 (which we can compare 

to Figure 4): 

(a) In many areas, the sizes of the markets were not sufficiently 

large to build large integrated steel plants and furthermore, 

(see Figure 10), the flat products market was not sufficient to 

build a moiern strip mill. 

In this way, either integrated steel plants could not deveJop 

very DlCh or, even, they were not started at all! Tilis gave more 

chances to mini-steel plants or, even, micro-mills! Table X shows, 

in this respect, what population is needed, 3t a given consumption 

in kg/capita of a given product, to build such a uiarket. 

(b) On the other hand, availability of scrap is quite diffetent in a 

developing area and in an industrial country (see Table XI, to be 

colflPared to Ta~led 11 and Ill) and this is raising ~ first problem, 

a first issue, which as we can see later, can be solved: 

either by scra~ imports 

or by direct reduction, i.e., local production of D.R.I. 

(~irectly !educed _!ron) i~ports 
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- . an.d, of course, by improving scrap collection. 

l 

.< 
(c) Another issue is raised by the supply of electrical energy: many 

developing areas suffer from a lack of electrical energy and the 

introduction of an electric arc furnace into such a network could 

) be either impossible or lead to difficult disturbance. 

This is why a nud>er of possibilities have and should be explored, such 

as: 

- using a special power plant for feeding the arc furnace, 

- use o[ different electric furnaces such as the D.C. electric arc 

furnace, 

- or, even considering other steel-making processes such as open-

hearth furnaces or new methods such as E.O.F. process. 

(d) At last, there are the usual problems of the developing areas, 

problems we must mention again: 

the availability of trained manpower; 

the problems of maintenance, spare parts and various supplies; 

the general problem of infrastructure where electrical energy 

is just one aspect. 

II.2. Expansion of Mini-Mills in the Various Developing Areas 

This expansion, as we have already indicated, is very different 

according to the areas and Table XII indicates, more or less like Table IV 

fer the industrialized countries the situation. Details are given, here 

again, in the Appendices. 

~~A!!!!:! (see Appendix V) 

This is the developing area where we find the highest percentages of 

mini-mills and several countries have a pattern quite similar to what we 

have found in Southern countries of We•tern Europe such as Italy or Spain. 

FurthP.rmore, a number of countries such a• Mexico, Argentina or 

Venezuela are relying on direct reduction t 1.J feed their electric arc furnaces. 
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'Dle paper of Millin (see reference (3)) shows (Figures 13 and 14) a 

completely different pattern of sizes between mini-mills of: 

.< 
\ 

- USA and Japan (Figuxe ll) 

- Latin America (and also SEAISI countries, see later) (Figure 14). 

~ (See Appendix VI) 
) 

'Dlere, the situation is quite different from on~ country to another. 

Fron the paper of Millin already quoted (see reference (3)), we see that 

the pattern of sizes of mini-mills from South East Asia is rather similar 

to the one of Latin America (Figure 14). For India, the many mini-steel 

planes existing are very often of small size and could be better qualified 

micro-steel plants with proc!uction around 10,000 t/year. 

On the other hand, Singapore and South Korea have mini-steel plants 

which can be compared to th >e of USA and Japan. 

Middle East 

A number of data are in Appendix VII and they show quite clearly the 

difficulty of defining what are the mini-steel plants (we shall come back 

to this question in the third part of this study). We find, there, indeed: 

- First, "true mini-steel plants", as were IRMCO in Iran or LEBAJION 

STEEL Mn..L in Lebanon. 

- Then, morE: diversified small plants which produce, as an example, 

pipes and tube like GECOSTEEL in Syria. 

- Lastly, "large mini-steel plants", based on natural gas-direct 

reduction as in Iraq. in Qatar, in Saudi Arabia and in Iran where 

we are getting out of the classical field of the mini-mill with 

plants of capacity of 2 or 3 million tonnes per year, or more. 
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Africa 

We have ~iven more details on this continent in Appendix VIII, and it 

quite interesting to note t.'tat, once more, we find: 

.. .::-rollers, i.e., plants buying billets to roll them., usually in 

bars; 

"true mini-steel plants", based on electric arc furna'!es with some 

special cases where they are based on open-hearth furnaces; 

- as in the Middle East, "large mini-stet:! plants" {around 0.8 Mt/year 

in El Dekhila and 1 Kt/year in Warri) based on direct reduction; 

one mini-steel plant based on blast furnace and oxygen convectors 

in Tunisia. 

II .3. Main Technical, Economical and Human Issues for Kini-Kills in 
Developing Areas 

From this survey, we can see that these mini-mills, in developing areas 

are characterized by the six following points; 

1) from the raw matP-rials side, there 1.s often a lack of scrap which 

leads either to direct reduction or other metallurgical schemes; 

2) from the energy side, there is of ten a lack of reliable electrical 

supply which, again, can lead to other metallurgical schemes; 

3) so, regarding metallurgical sch~ • .:nd processes, we have a larger 

choice than ~ industrialized countries where, generally speaking, 

the combination scrap and electric arc furnace, maybe with some 

D.R ~. imports, is sufficient. Table XIII gives an approach to 

these problems with the two main inputs: 

iron-bearing raw materials, · •• e., scrap or iron ore 

energy, i.e., electrical anergy, oil or gas, coal ••• or sun and 

biomaH. 
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4) lbose three first ?Oints lead us to the most illportant one which is 

the market (present an~ future) as well in size (tonnes/year) as 

quality (types of products, grades, possible prices, etc ••• ) • This 

is, if we can say so, still mre important for developing areas 

than fer the industrialized countries. 

We 1111st remind, there, that the ''mini-mill philosophy" will be to 

be as near as possible as a mono-product line, depending, of course, 

on the prospective market, some compromise has to be made to adjust 

to a diversified product mix. 

5} The need of trained man.power, frOl!l operating crew to maintenance 

people and managing staff, will be essential and more difficult to 

solve in a developing area. 

6) Finally, the problems of infrastructure will be very important in 

a developing area. 
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III. GLOBAL Alt"D DETAnED ANALYSIS OF TeE PROBLCtS RAISED BY CREATION At.'D 
EXPANSION OF THE STEEL INDUSTRY OF DEVELOPING COUNTRIES ALONG THE 
MINI-KILL ROUTE 

We have seen how the •ini-mill co~cept has been used generally with 

success in industrialized countries as well as in developing countries for 

the expansion of the iron and steel industry. However, this concept cannot 

be used witiaout problems, and we shall try to define them by giving a number 

of points to be discussed and some recommendations conceruing the creation 

and expansion of mini-steel plants in developing countries. We shall list 

them under the three f~lloving headings: 

- The definition of the mini-steel plants, to have a clear idea of 

this concept; 

- The problems raised by application of this concept to developing 

countries, especially in Africa; 

Finally, a larger survey of the whole problem raised by the creation 

of a mini-steel plant in a developing regicn. 

III.I. The Definition of the Mini-Steel Plants 

From what we have seen in the two preceding parts of this paper, the con-

cept of mini-steel plants car. be defined from three points of view: 

production capacity 

type of steel products 

- metallurgical scheme. 

As opposed to the large integrated plants of several million tonnes of 

steel per year, the mini-steel plants have a steel production capacity which 

is usually, in industrialized countries, between 100,000 and 1 million 

tonnes per year. However, especially in developing countries, it is 

necessary to include 11111ller unite and we can distinguish, as indicated in 

Table 14, the following: 

an area which has never been very well studied of very small plant,s 

which can be bupt ,in villages or in the country and can justify , 
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further studi~s to see if it is pcssible to estai>lish a very 511811 

iron or steel plant to satisfy the basic ne~ds of a small area; 

- A micro-steel plant which will be defined by capacity between 100 
l 

< • 
) 

tonnes ~er day which 111eans about 30.000 tonnes per year. ~p to 

100,000 tonnes per year. 

Finally, a mini-steel plant with capacity ten times h.igher, which 

means between 100,000 and 1 million to:ines of steel per year. 

!YJ>es of Steel Produ.::ts 

We have seen in the historical background of the devel~pment of 11.ini-

steel plants that they have usually started by production of bars, especially 

reinforcing bars for concrete, and later, they developed to produce other 

long and light products such as mer.::hant iron, wire rods, etc. We mist 

emphasize that those products are the real field of the mini-steel plants. 

Other types of steel products could. of course, be produced by mini-steel 

plants, but DUCh care 1111st be exercised when a project is undertaken in 

such fields. '!bis arises from two completely different points of view: 

The capacity of the various types of rolling mills, (see again 

Figure 4), are not always very well adapted to the concept of mini-steel 

plants, especially of the various steel plant capacities which have been 

given in Table XIV. This is especially one of the problems we fi..~d when we 

wa1.t to apply the mini-steel plant concept to flat products; for such 

products, the capacity of the strip mill is generally acound one million 

tonnes per year, or pr~ferably, more. There ace a number of research and 

development studies around the world to find new technologi~s. but it is not 

yet proven that an economical rolling mill can be built in the range of 100,000 

tonnes per year, up to 300,000 tonnes per year for flat produc.ts. 

The production of each grade of steel for each C'.fpe of steel product 

can _raise quite a number of different pr.lblems. This is a very complex 
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subject as we have to consider in each case th-e folloving: 

o the economical grade whicll is needed 

o the metallurgical possibility of each metallurgical scheiK 

o the cype of rav -teri.al where we can see as an e..'ltalllple, that in 

an electric arc furnace, we can use various types of scrap or 

directly reducecf iron. 

Metallurgical Sch!!! 

Here again we have seeu ar:. evolution of the m!ni-steel pl~nt in the 

industrialized countries as vell as in developing regions. Especially for 

a new project to ba \il\dertaken in developing countries, we have to be quite 

clear about the various schemes which can be envisaged. In that way, we 

ca.n distinguish: 

o the rolling mill which is the base of each Illini-steel plant and c~n 

be built alone as a first part of the development of ~·ch a plant 

o the possibility of integrating this mill at the level of a primary 

metal (scrap, directly reduced iron, etc.), or even at the level of 

iron ore, as is indicated in Table XV. 

Among all these schemes, we find com;»letely different situations: 

o For the classic semi-integrated Illini-steel plants, (i.e., these which 

are based on a primary metal), the most usual scheme is based on 

electric arc furnace (our reference 01), but in some special cir-

cumstances, it could be possible to use open-hearth iurnaces (our 

reference 0~); new processes could appear or are even in the develop-

ment stage, but no important commercial development has yet be~n 

made in such fields. 

o For the integrated mini-steel plant, (i.e., based on iron ore), 

there are two different possibilities: 

-- We can use the preceding semi-integrated solJtion and use direct 
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reduction instead of scrap (our reference 11, or in some cases, 

12); 

we can use the ~!ast furnace and especially the charcoal 

blast furnace (our reference 22). 

Pere again. new pr.x:esses are appearing (our refarence 24). but they 

are not yet at the industrial scale. 

III.2. lbe Problems Raised by Application of this Concept 
to Developing Countries, Especially in Africa 

If we are coming back to the various aspects of the application of this 

concept to developing countries, we lllllSt recall that these regions are 

characterized, especially in the less advanced countries, by: 

- A very low level of steel consumption which could, however, increase 

in the future as a function of the development of this region (see 

Figure 10); 

- Natural resources including iron ore, scrap or energy (coal, oil, 

gas, electric energy) which are ~ompletely different from one 

country to another: 

- Without comin~ for the time being to all the problems which arise 

from the development of such a region (which will be the subject of 

the ne~t chapter~ there is a lack of trained persons, again quite 

different from one region to another. This point is very important 

when we remember the complexity of the iron and steel industry and 

specially the different complexities of the various schemes and 

processes. 

In this context, the p~ssibility of applying the mini-steel plant 

concept to developing regions has to be included in the following three 

aspects regarding the mini-steel plant itself; the problem raised by the 

inf~astructure will be the subject of the following point (our reference 

III.3): 
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l. 'nl!_market {see Table 16) is the most important point and it is 

a very different one as we have to consider it frcm two different points of 

view: 

the actual state of the market by product and by type of 

steel {quantity and quality) 

- and, what is far more difficult to appreciate, the evaluation 

of this market by product in the mediuJll and long-term prospects. 

'nlis market survey is ess~ntial as it will define the type of 

product which will be selected for the production of the proposed mini-

steel plant, the type of rolling mill which wi11 be needed and finally, 

the level of production capacity which will be required. 

2. nie metallurgical sc~~! (see Table XVII) which will be selected: 

on the one hand, from the conclusion of the market survey 

(conclusion of Table XVI) 

on the other hand, from the various possibilities which are 

given in Table IV and which depend on the natural resources. 

3. ~!-~~~!.!E~E~ which are link~d with the complexity of the 

metallurgical scheme and with the detailed structure of the projected mini-

steel plant. In this field, we could C"1Jle back to the conclusion of another 

UNIDO Gtudy which emphasizes: 

- on one side, the importance ot four parameters which are 

linked to ar.y function in a steel plant: 

(a) The know-how (KH), ~hich is the level of knowledge which 

is n~cessary for a given function; 

(b) The behaviour (B), which means the way in which the 

person is doing the work which is needed in a complex 

system oi relations in a steel plant; 

(c) The extent of power (P), which means the freedom 

associated with each function to operate; 
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(d) nte responsibility (R) which can be direct (vertical 

l:Ulks), or ind!rect (horizontal links) in t}ae organiza-

tion scheme of the enteq;rise • 

In this way, we can characterize each tunction by giving a 

value to each of these four parameters. 

- On the other side, when we consider a given unit operation 

(in our example, it will be the conci.1r..lOUS casting operation 

""'1ich is an essential link between steel making and rolling 

mill), we find twenty key functions, and for each of them, 

(see Table XVIII), there is a delicate equilibrium between the 

four parameters (see Figure 16). 

I!!.3. Survey of the Whole Problem Raised by the Creation of a Mini-Steel 
Plant in a Developing Region 

In this final "part of this paper, we shall examine in lolhat contex:: such 

a project can and llUSt be developed. Six points of view seem to us to be 

especially important to consider, and they are: 

the market, again 

technology 

infrastructure 

training 

possibilities of regional co-operation 

raw material and various product requirements. 

1 • The market 

Thi£ subject seems to be agaira emphasized in the sense that in a 

given developing region, it is absolutely necessary to examine the links 

between the production anticipated for the proposed steel plant on one side 

and the need, now and in the future, of the region. This examination should 

specially concentrate itself on the links with other industries and other 
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activities (4griculture. trade. etc.). either e.~isting or envisaged fo~ the 

future. !n this respect. it seems that very often. a project of a mini-

steel pla~t is undertaken in a dev~loping region. considering e:cactly the 

same production and the same util~zation of those products as in industrialized 

countries. In those countries. it 111.1st be recalled tha~ there is a long 

tradition and quite a speciali:.ation in the use of steel products 

and it is ~ased on the fact that there are many different producers competing 

for a modest market. which is not the case. generally speaking. in a 

develcping region. 

In other words. it would seem very useful in a developing region to 

consider tvo new approaches of the market along the following lines: 

First. we can consider a mini-steel plan: based on a single steel 

product; it ~.JUld be for example. a bar for reinforci.!lg concrete. 

In such a case. it could be useful to develop a rwmber of non-

classical uses of such products. We have been seeing in various 

count?"ies that by welding such bars. it is possible to make beams 

for telephone or electric distribution lines. Quite a lot of 

thinking can be made along these lines. 

On the other hand, it could be possible to list for a given area t~e 

basic needs in various materials and from those needs "centred on 

the local needs". it could be :;>ossible to find the best type of 

steel plant which could produ~e most of those materials. It could 

be again bars, but a number of narrow flat products could be added 

and they could be quite useful for a number of implements used in 

a.griculture. Generally speaking, it appears absolutely necessary 

to have one integrated approach ui the market when we are doing a 

projec: of such a mini-steel plant which means that we have to 

remember all the linkages with other a~tivities or o~·her projects 

which are made in the given drea. 
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.\s it is for the market, the technological aspects have to be seen 

sinultaneously from two different points of view: 

~e general aspects - we could say the international aspects - are 

based on the technological evaluation of the iron and steel industry 

in the whole m>rld. A.s we have seen pre·iously, such ttends are 

used b~th in indu~trialized and in developing countries. 

- The specific aspects, which means chose which are related to the 

political, economic context of a given area; in this respect, we 

find there is a real lack of ~dapted technology for a number of 

techno-economic contexts; a nuui>er of problems which are especially 

.interesting for developing countries are very of ten not an object of 

research in indust=ialized countries as they have not 111.1ch interest 

in such countries. As an example, we could mention the capitalization 

of electric arc steel making based on directly reduced iron ore: 

continuous charging is now qilite classis but the continuous operation 

of the furnace including continuous tapping could be quite 

interescing. 

In this respect, a very important remark has to be made: this is 

the difficulty for such projects in developing countries to find 

the best route between: 

o p:ocesses which are quite classical and which avoid most of the 

risk of the new processes, but on the other hand couli become 

obsolete especially if the plant is very s~.ow to design, start 

and operate. 

o ~ew processes which could be more adapted to the local resources 

and more efficient, but there we find the risK of using new 

technology which has not yet been used in many plants. 
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3. Infrastructure 

As we have mentioned several times in this report, thi.s is a place 

where the developing countries have many difficulties. Especially for 

< 
large integrated iron and steel plants, large infrastructures are needed, 

but evPn for a mini-steel plant, the weighc of infrastructure should not be 

under-estimated. To obtain some ideas about the importance of infrastructure, 
• \ 
) ~>e are providing in Table XIX the cost of various configurations of a 

reference plant to support tl.e cost of equipment and the cost of what we 

call internal infrastructure which means supply works, buildings and erection. 

Outside of this infrastructu=e which is absolutely necessary in every 

case, we have to add what we call external infrastructure which can be 

divided into three categories: 

Infrastructure of the fir~t order is related to what is needed to 

ope't'ate the plant and which is generally speaking included inside 

the plant limits. It means (see Table XXI) the main offices, the 

laboratories, maintenance facilities and general transport and 

handling systems. Of course, all that equipment is absolutely 

needed either in industrialized countries or in developing regions 

but it is quite evident that much simplification and considerable 

savings can be made in the industrialized regions fer example in 

workshops and warehouses due to the proximity of other industrial 

plants. On the oth~r hand, in a developing country, many things 

have to be made on the spot and many more spare parts have to be 

kept in the warehouse. 

Infrastructure of the second orde~ (see Table XXII) is related to 

facilities which are outside of the mini-steel plant limits. As a 

typical example, we could mention using facilities for the people 

and their families working in the plant; another example is the 

energy supply as the mini-steel plant has to be connected to various 
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systems such as the elect=ici~f n~twork, water network, sometimes 

natural gas pipelines or any kind of supply of fuel oil, coal, etc. 

Again, in an industrialized country, nuch of this infrastructure is 

aiready existe:it: villages or cities have already been built and 

connection to the existing networks are very easily established. 

Infrastructure of the third order (see Table XXIII) concerns again 

infrastructure outside of the limits of the plant which is normally 

not needed in industrialized cour.tries as they have supplies which 

are rrovided by other companies existing before the creation of the 

mini-steel plant. Again, in a developing country, we find the 

opposite situation, where they have to be created at the same time 

as the steel plant. 

As a summary (see Table XXIV), the cost of the mini-steel plant could 

be increased in various and sometimes very large proportion due to the cost 

of infrastructure and such a burden should be remembered while making a 

project of such a plant and especially when it is compared to the investment 

cost of a similar plant in an industrialized country. 

This essential point which we ha.Te already covered in paragraph III.2 

must be approached from three different points of view: 

First, the general education progratmne of the country including all 

the possibilities of regional ,.:o-operation which will be mentioned 

later (see point S(c)). As an P.xample, it is probably possible to 

have a single school or unive:sity for engineers and technicians 

in the fie,_d of metallurgy for a large area. 

Then the specific training for all the fields which are needed, not 

only for iron and steel making, but also for what is needed espe~ially 

in maintenance, infrastructure, etc. In this respect, it must be 
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reminded that most of the training programmes are not specific to the 

steel industry but could be used for the gene~al indus~rial trainir.g 

of the people in the considered area. 

< • 

- '!be specific formation for the steel industry which, in a mini-steel 

plant means only the training of a very limited number of people and 

has probably to be made either in an industrialized country, or, 

) when possible, on a regional basis through the regional co-operation 

programme. 

5. Regional co-operati~!! 

This aspect is evident but we have to stress the importance of it under 

the following three headings: 

(a) Co-operation regarding the steel product which includes the 

possibilities cf specialization of the production and the various mini-mills 

in a given area; this is co-operation in the down-stream field. 

(b) Co-opera~i~~ for the raw material, energy and various products 

which means th~ co-operation in the up-stream field. 

(c) Co-operation for management, training and all the various 

human aspects associated with a mini-mill project. 

Each of these points has a very large effect and they become 

quite evident when several projects or existing plants are not very far 

away which gives far more possibility for regional co-operation. As an 

example, we can mention the following: 

(a) For the products, it is always possible for several mini-

mills in a given area to have a different range of product and specialize 

each plant on a narrower number of s::eel products. Even for reinforcing 

bars, there can be IrUch interest to ~educe the number of diameters of bar 

which are '"olled in a given plaut. In mar~>' industrialized countries, as an 

•xample, the mini-mill can be ve.:y · . ..ich spe-:ial ized in type and dimension 

of the product and this specialization has a lot c~ advantages for the 
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for the op2rations themselves, ma!ntenance and stocks of finished products. 

(b) For each material, either the main raw materLll such as iron 

ores or scrap, or any additives such as fluxes or various products needed 

< • 

for production of steel, co-operation is also very important. We could, as 

an example, have in a given area a production of iron ore in one country, 

maybe associated with direct reducti~n or production of pig iron and deliver 
\ 
.) these primary metals to the mini-steel plant of a whole area to supplement 

the scrap supply. 

(c) Regarding technical co-operation, it is clear that exchange of 

experience and know-how between managers, engineers and technicians doing 

more or less the same job in various plants of the same area can be very 

important, either for normal operation or especially when some i.11cidents or 

accidents are happening in a given plant. 

One way which can be envisaged to develop such regional co-operation 

could be the promotion and development of nultinational production enter-

prises and enterprise-to-enterprise co-operation among developing countries. 

Multinational production enterprises as pursued in UNIDO's programme and in 

accordance with the General Assembly Mandate on Economic Co-operation among 

Developing Countries (ECDC) are confined to equity arrangements among two or 

more developing countries or their nationals to increase their industrial 

manufacturing output and/or encouraging national resource development through 

a process of mutual and concerted actions for creation, expansion and/or 

better utilization of their production potentials as well as fostering their 

intra-trade flows and their bargaining position in the world market with a 

view to attaining reciprocal benefits from economies of scale, specialization 

and resources complementarities. In this connexior., multinational production 



enterprises of developing countries (MPEDCs) are a specific component of .:i 

1111ch broader concept of enterprise-to-enter.prise co-operation arr3Ilgements 

(ETEC) among developing countries. 

For the benefit of the developing countries and in order to set up the 

para?ileters of its characterization of MPEDCs versus the conventional approach 

of transnational/11Ultinational enterprise, several other criteria should be 

fulfilled, such as: 

l. Equal tr0 atment of all investors in terms of distribution of the 

benefits, exe~cise of control, access of tec.~nology and other 

relevant resources of the company; 

2. Contribution to the achie"1ement of specified naticcal goals and 

needs; 

3. Promotion of investors technological build-up and strengthening 

their bargaining power vis-a-vis the outside world; 

4. Contribution to better use of available local resources and setting 

up conditions for the economies of scale and specialization; 

5. Facilitating other forms of ECDC among the countries concerned. 

lbe first phase of this programme, to which the mandate of the General 

Assembly attaches great importance, is being conpleted by defining this 

phenomenon in developing countries and its pctential for a better utilization 

of the existing resources. The second phase will take into account the 

sectoral experiences and will attempt to draw up guidelines in general for 

its establishment and specific principles to be foll~wed or, a sectoral basis. 

In the case of mini-mills, we can come back to the three points which 

have already been mentioned and which are related to the creation or the 

development of such mini-~ills, e~pecially in Africa: 

(c.) 

T~&b .,roloi ... ctiun could be based on the best site which means: 

" 
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Probably along the coast to facilitate transportation and 

distribution of this primary metal to !Jlini-mills based on 

melting of this product, usually in electric arc furnaces. 

< • \ 

Near the iron ore deposits ~ilich are most interesting from the 

metallurgical point of view (i.e., very rich in iron Cir easy 

to concentrate ii! the case of direct reduction), as well as 
) 

from the economic point of view. 

- Near energy resources such as natural gas or forests or 

plantation a=eas where charcoal could be produced; we 111.1st 

also mention the possibility of using cheap hydro-electric 

power. 

!n the case of Western and Central Africa, we can see that some 

mini-mills have probl~ to find the scrap supply which is needed for the 

cperation (this is the case of SOSIDER in Zaire, but probably also of several 

other mini-mills). At the same time, we can see that: Tha WARRI direct 

reduction plant in ~igeria is not operating at full capacity. 

- Other direct reduction units could be built in those areas, 

especially in Cameroon. 

Raw material suitable for direct reduction (fine concentrates 

or pellet fines) could also be produced in the same area, again 

in Cameroon, as an example. 

Such a uultinational production enterprise will not be very easy 

to establish as they will be taken between: 

The interest to lower transportation costs and create production 

units as near as possible to the market in a given area. 

The interest to optimize and specialize the production of each 

unit in different products, the type ~f product as well as for 

the dimensions. 



, 

' ' \ 
) 

- ::9 -

(c) ~inatio~al pr~ducti~n enterprises to produce or to deli!~r ! 
number of fluxes, pr~ducts or even spare parts which a~e absolu~elz 
essential for the normal~eration of a mini-mill. 

ntere ar~ many products which can be included in this category as 

every mini-mill requires quite a number of various products such as: 

Fluxes: lime, dolomite 1 etc. 

ferro-alloys 

- bricks and refractory products 

electrodes 

mill rolls 

various spare parts. 

It t1a1st be noted that a number of mini-mills mention the problem 

they find in this field and the many difficulties they have tu import such 

product~ and raw materials. 

6. ~~_!rements for various P!:~ducts 

Just ~o emphasize what we have mentioned, we want to draw the attention 

to all the various products which are needed to operate an iron and steel 

plant either a large or a small one like a mini-mill. It is difficult to 

make a complete list of all the products which are needed, but even if they 

are not very important in quantity or in price, the lack of any of them can 

have very severe consequences on the operation. As examples, Tables XXV, 

XXVI, XXVII provide some idea of the number of such projects which are needed 

in a steel plant. 

This aspect which is not very critical in an industrialized country 

~ere it is usually very easy to order them with a quick delivery, becomes 

quite a critical factor in developing areas where it takes 1m1ch time to 

place an order and the products to be delivered. The official regulations 

and the problem of foreign currency to pay even a very small amount of 

such products can add to further delays. The study of IISI on electric 

arc furnaces provides some very interesting classification of the various 
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refractories which are needed for steel-making and it illustrates the point 

we have mentioned about :;ach products. Here again, D.lltinational production 

enterprises can be very useful in this field. 
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IV. COaJCLUSIONS A..."'ID RECOHMENi>ATIONS 

'nlis background paper has firstly given the use and the success of the 

mini-plant concept in industrialized countries where they represent a pro-

duction of around 50 to 70 Mt/year and, due to their efficiency, they con-

tinue to grov in spite of the difficult general economic situation. 

In the developing countries, this concept has also been used with 

success and the total capacity there is between 13 and 30 Mt/year but it is 

a far more heterogeneous group than in the industrialized countries with 

respect to: 

- unit capacity 

routes and processes 

their steel products 

as well as for: 

operations and maintenance problems 

efficiency 

and, of course, the specific problems raised by designing, building 

and operating such plants in developing areas. 

In such an expert group meeting, the first question to he raised concerns 

agreement or disagreement of ~he participants on the principle of such a 

study and such a meeting, i.e., the validity of this approach of the iron 

and steel development through the ~ini-mi.11 concept for the creation of new 

plants as well as for improving and expanding existing mini-steel plants 

in the developing countries. 

If an agreement is reached on this approach, we can recommend its 

application on the various levels: 

"lational 

regional 

and international. 

To prepare discussions on such recommendations, we are giving some of 

them aa e~amples: 
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1. Create links by associations or institutes (such as ILAFA, Al~1J, 

SEAISI on the regional level, or ATS in France) becween people doing similar 

jobs in mini-mil.ls of t~e same region. This could concern: 

< • 

technical and metallurgical functions {engineers and technicians) 

- nanageaent 

- maintenance, etc • 
\ 
) This could promote exchanga of i.nformation, of visits, of practical 

experience iL a real network of co11111Unication between the enterprises. 

2. Cr~ate 11a1ltinational production enterprises between de~eloping 

countries or between enterprises of developing countries to centralize and 

optimize some operations and avoid too 111.1ch division betveen countries and 

enterprises. We find, there, the desire of many international organizations 

such as the World Bank to avoid ambitious projeccs and, also, duplication 

of small costly projects. 

3. Give assistance, on a regional or international level, to the 

operation of existing mini-mills, not only by the preceding reco111111et1dations 

(1 and 1), but by individual technical assistance missions. 

4. Give the same kind of assistance fQr study and design of new mini-

mills in the best context such as it was summarized in the third part of 

this paper, and especially taking advantage of past history, i.e., successes 

as well as failures of mini-steel plants built, say, in the last twenty 

ye~rs. 
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year 

1960 

1965 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 
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- 33 - TABLE I 

DEVELOPMENT OF OXYGEN 

AND ELECTRIC STEELMAKINC AROUND THE WORLD 

(Production based on IISI statistics) 

from the collected statistics IISI 

world total oxygen electric 
total steel steel steel 
steel 

346 327 12.2 JS. 1 

454 447 81.5 54.4 

595 578 237 85 

583 56J 245 85 

6JO 590 281 92 

698 654 329 106 

703 659 340 111 
(51.6%) (16.9%) 

64J 595 .. 11 100 
(52.31) (16.9") 

675 629 338 112 
( 53. 7") (17.8") 

675 621 336 116 
(54.2") (18.6") 

717 656 J57 133 
(54.5") (20,2%) 

746 681 J81 142 
(55,81"} (20.81') 

716 648 J59 14J 
(55.Jll) (22.38") 

708 641 358 144 
(55.86") (22.44%) 

645 576 317 134 
(55.0J") (2J.21") 

66J 591 
(55.2") (23. 7") 

710 6JJ.J 
( 56") (24.6") 
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EVOLUTION cf SCRAP ORIGIN 
in INOUSrRIALIZED COUNTRIES 

Case Case the past •Now" (say 1985 or better 1990) 
(say 1970) 

Evolution of the 
steel inclJstry Expansion Stagtation 

Casting lngot I Contil'UIUS 

Trade of steel No trade outside No trade Exporting Importing 
Products the cn.ntry outside the country cnsttry 

cn.ntry 

Crude steel 
pradtJction 140 108 108 108 

Finished steel 
prOdlJction 100 100 100 100 

Consunption 100 100 70 130 

Consumption 
15 years ago so 100 70 130 

b) Scrap availabilltl 

Cirr.ulating scrap 40 8 88 88 
(home scrap l'rom 
steel plant) 

Process scrap (151) 15 (1°')10 (1°') 7 ( 1°') 13 

Obsolete scrap 21.25 43.5 J0.45 56. 55 

(5°' of finisned 
products used 15 (50I ,, d51) (SOI x 87') (5°' l( 87') C5~ ~ a1'1 
years ago) of 50 of 100 of 70 of 00 

TOTAL 76.25 61.50 45.45 77 .55 

TABLE II 
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TABLE Ill 

SCRAP NATURE in INDUSTRIALIZED COUNTRIES 

_ rro11 trie as~tl~ ar'Ct calculations or table rr. we can see that tN nature or scrao 
awallac>le In lncllstrlallzed c:Gllltrles ls, C011Pletelr ~il'CJ : 

Case •in the past" "now" (say 1985 or better 1990) 
(say 1970) 

Evolution 
of the steel Expansion Stagnation 
industry 

Casting I ingot Continuous 

Trade of steel no trade no trade (•porting [rr.po:-t 1;-ig 

products outside the outside the country COt..:-t ry 
country country 

Nat~re c:. =::..:e: :.rq 

and c::r..:cess 
circulaUl'CJ I circulating 

SC:'30 
proportion scrap 

or C none scrap> ~/~/ 
Precess scrap circulat!r"-CJ ~· :::s:.!:~ .. 

/ scrap 

~~ /·' - process scrag / 

SC:':_p/ 
process 

~~ ~~ ~ scrap .,,. -;::;;:; ccso:.ete 

~{:~/ 
/scrag ~, /,. 
/ ~~lo./'/ 

~-
/ 

~ /,,/ , 

"' ~ 
/,~ ~ / ,,., / 

- ---
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ORDER OF MACMITUDE or CCSIS IN us DOLLARS 

FOR 1 METRIC TON or HOT ROLLED PRODUCTS 

Maxi plant Mini plant 

" 000 000 t/year 400 000 t/year 
Case Blast furnace Scrap 

Oxygen Steelmaking Electric Steelmaking 
Continuous casting Continuous casting 

C slabs) (billets) 
Hot strip mill bar/wire rod mill 

1) fabrication costs 

Ore/scrap 35 85 

Energy 50 20 

Manpower 30 20 

Various others fabri 
cations cost 
(additives etc ... ) 
and maintenance 45 35 

TOTAL 160 160 

2) A•ortization and 
financial costs 

Base $/annual ton ( 1. 000) (250) 
10, 100 25 

3) TOTAL 260 185 

~ -
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ESTIMATE OF MINIMILL 

l 

< 
CAPACITY IN INDUSTRIALIZED COUNTRIES 

• \ 
J 

t approximate 

I 
approximate 

area total capacity minimil1 cpacity I 
Mt/year Mt/year 

U.S.A. 120 14. 7 I ".!.4 12%/ZU% 

CANAOA 20 2/2.5 101./12.5% 

WESTERN EUROPE 150 18 .35/20 121 
(Italy) (25) { 5 r 1) (201) 

EASTERN EUROPE 200 1 ? 0,51 

JAPAN 120 11-8/24 10%i:!O~: 

TOTAL 610 48/71 8~/12% 

source J.R. M!LLER 
and various publications such as the ~etal Bulletin. 
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THE MINIMILL OF ZHLOOIN IN U.S.S.R • 

decision February 1981 

start up october 1984 

capacity (liquid steel 720 000 t/year 

i.e. billets for sale 
wire rod 
bars and light sections 

200 000 t/year 
150 000 t/year 
350 000 t/year 

total cost 550 M US $ 

2 Electric arc furnaces 100 t 75 MVA 

2 continuous casting 6 lines 
of billets 125 mm 

walking beam furnace 170 tlh 

rolling mill for bars 1nd light sections 

rolling mill for wire rod 



EFFICIENCY or MINI-STEEL-PLANTS 
ror REINFORCING BARS 

- Typical Investment Costs 

250 S/annual ton cf the steel 

- Typical manpower needs 

man for 1000 t/year 

i.e. 1.8 hour/t of steel 

(for 1800 hours/man and year) 

- Typic3l energy requirements 

0.1 to 0.3 Gcal fuel oil or similar/t of steel 

TABLE Vll 

+ 700 kWh/t of steel {arc furnace + continuous casting 
+ rolling mill + services) 
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schellle 

11111 

capacity 
Mt/year 

16\it cost 
M us s 

agglanieration 
pellets 
sinter 

Ironnaking 
coke ovens 

blast furnace 
Direct R~tion 

stee.llllakif'lg and 
co,,tincous castir.g 

mill 

Ir1rrastructure 
(yards, services ... ) 

TOTM. 

USS/t of steel 
per year 

- 40 -

INVESTMENT COSTS FOR VARIOUS !RON AND STEEL t'LMrr:s 

(lndustrlallzed areas) 

Electric Arc Furnace 

scrap scrap I D.R. scrap D.R. 

semi contiruous 
bar 11111 bar 111111 hot strip 11ill 

0.2 D.S 1.0 

- - - - ( 100) 

- - - - -

- - - - -- - - - -
- - 90 - 150 

20 so so 150 150 

. 20 so so 3SO 350 

10 25 40 100 150 

50 125 2JD 600 lllJ 

2SO 250 460 600 800 

Blast furnace ; .. 
and 

I Oxygen Steelmaking 

semi contirluol.s 
cantinJous hot strip 

hot strip mill 
mill 

1.0 ta.0 

- -
100 2SO 

100 taOO 
150 taOO 

- -

150 t&SO 

350 1000 

300 1100 

1150 3QIJ 

1150 900 
I 
: 
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EXEMPLE OF PRODUCTION COSTS FOR STEEL IN ELECTRIC ARC FURNACE 

(see also table IV) 

ror 1 t or continuously cast billets 

scrap 60 to 100 s 

electrical l 500 kWh 
between s to 25 s 

energy 10 and SO s 
for 1000 kWh 

! 3 to 6 kg 
15 s 

electrodes at 
around 

3 to 6 S/kg 

manpower ~ 
1/2 h at 
1 to 10 S/h around 5 s 

various supplies, additions, 
maintenances aro1..:1d 10 $ 

TOTAL 95 to 155 s 
without amortization 

J.OoLc. iX 

~ 

. 

I 

~ 
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Popula
tion M 

5 

10 

50 

100 

- 4: - £ n.:::JL [. ' 

SPECIFIC NEEDS Gr A GIVEN AREA DEPENDING ON THE POPULATION 

and ON ThE LEVEL OF DEVELOPMENT ABOUT BARS 

10 

J cm 

small bar mill 
(micro-mill) 

(kg crude steel/capita and year) 

50 

a 

20 000 

100 000 

150 000 200 000 

1 000 000 

1 500 000 2 CXXl 000 

------mini plant 

100 

b 

16 000 

80 CXXl 

160 000 

BOO 000 

1 61.Xl 000 

different types of 
plants are possitle 
in this zone 



l 
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SCRAP ORIGIN I~ DEVELOPING COUNTRIES 

C~epending of case, steel consumption is multiplied ~y 2 or by 10 in 15 year~ 

case : 

plant 

(!roduction : 

crude steel 
finished products 

consumption : 

now 
15 year before 

small country 
with consumption 
concentrated on 

bars and merchant 
irons 

continuous casting 

one plant for 
light lung steel 

products 

108 
100 

150 • 
15*** or 75** 

Note • to !ake accol.llt of prOOJc:ts imported 
•• has been llkJltiplied by 2 in t5 year 

*** has been llkJltiplie~ by tO in 15 year 

POSSIBI._ITIES CF SCRAP CXl.J..ECT 

home scrap rrom 8 
the Steel plant 

Prompt scrap 
20 

( 13 ' ?) 

obsolete scrap 5.1 or 25.5 
(40' or 85' or 
15*** or 75**) 

TOTAL . 33. 1 or 51.S 

large country 
with consumption of 
all types of Steel 

Products 

continuous casting 

several plants 
and mills for 

various products 

108 
100 

100 
10••• or . 50•• 

8 

tJ 

4.25 or 21. 25 
(so' or 85' or 
10*** or 50**) 

25.25 or 42.25 

I 
I 

' 

-
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ESTIMATE Of' MINIMILL 

CAPACITY IN DEVELOPING COUNTRIF-S 

• < \ 
) 

approximate approximate 
area total capacity •inimill capacity s 

Mt/year Mt/year 

AFRICA 1. 1 

15 HS 
MIDDLE 1. 04 

EAST I 
I 

I i 
ASIA 6.0 * I (Japan excluded) as 

(S. Korea) 
75 

( 1.6) 

I (India) ( 1. 1) 

I 

LATIN AMERICA 30 5.4 18S ' I 
(Brazil) (2.J) I 
(Mexico) (1.4) 

(Argentine) (0. 7) 

TOTAL 120 lJ. 5 11S 

I -

source See tables of appendices. 

* Recent values from China could add about 15 Mt/year. 
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electrical 

energy 

natural 
geas or 
o~l 

coal 
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Tl\BLE XI II 

VARIOUS METALLU9CICAL ROUTE FOR MIMIMILLS 

DEPENDING OF EMERCY ANO RAW MATERIALS 

I 
I 

SCRAP IRON ORE 

Electric • direct 

~' 
arc reduction 

I furnace <: 7.' 
I I I 

I 
Open direct . 

I --- I 

hearth ? redu::tion 

I I 1' I 

i I di~~ct i gas I ) ! I blast furl'1ace ? I 
producer ? I reduction or new smel ~ '. 1g i 

-or power plant 
I reduction prc:ess 

charcoal charcoal 
direct blast 

reduction furnace 

' 



.< 
\ 
) t/day 

( 10 

l 
to 
30 

I 

i 100 

30 
to 

300 

!1 000 

i 
300 

to 
3 000 

- :.6 -

T.ABJ.E XIV 

VARTOOS CAPACITY RANCES 

OF MINI-STEEL PLANTS 

Capacity Range Remarks 

t/year 
' 

3~ i.e., Not Dl.lch research and development 
in this capacity range I 300 

to 
10 000 

i.e., 30 000 Capacity range of a number of 
MICRO-PI.A..'l\fI plants, specially in developing 

I countries 
lQ 000 

to 
lOC 000 

i.e., 300 000 Classical capacity range of mini- I 
MINI-PLANT mills, specially in industrial-

ized countries 
100 000 

to 
l 000 000 
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TABLE XIV bis 

SITIJA.TION OF THE AFRICAN MilH-STEEL PLANTS 

IN IHE VARIOUS CAPACITY RANGES 

< {Re-rolling plants. Table XV ter. are not included) 

t 
\ Micro-steel plants 14/36 000 t/year SAFA Mauritania 
i 

10 000 I 100 000 t/year 20 000 t/year LMI Libya 

20 000 t/year SNS Togo 

24 000 t/year SHEA Uganda 

30 000 t/year KUSCO Kenya 

30 000 t/year TEMA Ghana 

34 000 t/year NIGERSTEEL Nigeria 

36 000 t/year CISCO Nigeria 

50 000 t/year ASSAAA Nigeria 

50 000 t/year Siderurgica 
Nacional Angola 

63 000 t/year SIDER-ORAN Algeria 

80 000 t/year Delta Steel 
Mill Egypt 

Mini-steel Elants 150 000 t/year So sider Zaire 

over 100 000 t/year 150 000 t/year Copper 
Works Egypt 

150 000 t/year El-Fouladh Tunisia 

200 000 t/year National 
Metal Egypt 

800 000 t/year Alexandria 
National 
Steel Egypt 

1 000 000 t/year Warri Nigeria 
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TABLE XV 

TilE VARIOUS SCHEMES OF MINI-STEEL PLANTS 

0) Re-rolling plant 
(no steel-making 
facility) 

Melting of Electric 01) Classical case of 
a primary arc mini-steel plants 
metal furnace 

Open-hearth 02) Soluti.on used in 
furnace special cases 

Other types 03) Solutions to be 
of furnaces envisaged in the 

future 

I Reduction of iron ore in brings to: 
solid state 11) DR + electric fur-
(Direct Reduction D.R.) nace 

12) DR + open-hearth 

13) new process 

I Reduction Coke 21) Classical solutior 

I 
of iron blast furnace for large in tegra-
ore in (BF~ ted plants; diffi-

Production liquid cult for small 

of a state plants 

primary (combined 
reduction Charcoal 22) Solution used in metal and fusion) blast some countries 

furnace 

Electric 23) Solution used in 
pig iron spec if ic cases 
furnace 

New 24) At the research 
processes and development 

stage 
-· 

, 



---

Production 
of a 
primary 
metal 

... ,~., ........ ·-

TABLE XV bis 

SIT'JATION OF TIIE AFRICAN MINI-STEEL PLANTS ACCORDING TO THEIR METALLURGICAL SCHEMES 

01) With 14/36 000 t/year SAFA Mauritania 
electric arc 20 000 t/year LMI Libya furnace 

20 000 t/year SNS Togo 

24 000 t/year SMEA Uganda 

30 000 t/year KUSCO Kenya 

30 000 t/yt!ar TEMA Ghana 

Melting 34 000 t/year NIGERSTEEL Nigeria 

of a 36 000 t/year CISCO Nigeria 
primary 50 000 t/year ASSAAA Nigeria 
m~tal 

50 000 t/year Siderurgica 
Nacional Angola 

80 000 t/year Delta Egypt 

150 000 t/yt!ar Soliider 7.atre 

01) and 02) 150 000 t/year Copper Egypt 
together W<.'rks 

·• 

02) with 63 000 t/year SIDER-ORAN Algeria 
open-hearth 200 000 t/year National Egypt furnace Metal 

....___ 

Direct 11) DR + l 000 000 t/year Warri Nigeria 
Reduction electric 
(DR) arc 

furnace 

Blast 21) BF + 150 000 t/year El-Fouladh 1'unisia 
furnace oxysen 
(BF) co"verter 

.... 
"' 
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RE-ROLLING PLANTS IN AFRICA 

Re-rolling of billets to produce 
bars, etc. 

KATS INA 

JOS 

OSHOGBO 

SO LADO 

!MCI 

SOMETAL 

TABLE XV ter 

Nigeria 210 000 

Nigeria 210 000 

Nigeria 210 000 

Cameroon 40 000 

Ivory Coast 20 000 

Morocco 40 000 

t./year 

t./year 

t/year 

t/year 

t/year 

t/year 

Re-rolling of hot-rolled 
coils to produce cold 
rolled and coated coils 
or sheets 

MALAKU ZAire 150 000 t/year 
(with galvanizing line) 
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TABLE XVI 

PROJECT OF A MINI-STEEL PLANT 

APPROACH FROM nlE MARKET 

INPUT TIME ~ 

I Future market 
Estimate of total present mark.et Present market (in 10 years'?) 

Present total 

I 
Percentage of 

consumptior. market needs 
t/year per covered by the 
product projected 

I plant 

- - -- -
50 000 t/yr , ..... Depending 
of re-bars 60% 30 COO c./year hypothesis: 
from ,~ 30 000 t/year 
8 to 20 DID 

.. 45 000 t/year 
60 000 t/year 

---- --- - --·---

, 
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PROJECT OF A MINI-STEEL PI.Ai.~T 

APPROACH FROM THE NATURAL RESOURCES 

INPUT I 
capacity and type of production ! 
(quantity and quality) I 
envisaged 

45 000 t/year 50 000 t/year 
of rebars or or of steel 
from 8 to 20 llDD (billets) 

.... ,,, 

I 

Present choice 
(see Table VI) 

01 

11 

22 

Electric 
arc fur-
nace with 
scrap 

Idem 
with 
direct 
reduction 

Production 
of pig 
iron with 
charcoal 
blast fur
Mce and 
production 
of steel in 
oxygen con
vert ..?rs 

TI...\ffi 

I 

I 
I 
I 
I 

TABLE XVII 

Possible choice 
in the future 
(in 10 years?) 

Prol·ably not 
too many other 
choices? 
(03) 

•ew processes? I 
(24) 
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TABLE XVIII 

PROJECT OF A MINI-STEEL PLANT 

.< 
APPROACH FROM THE HUMAN RESOORCES 

Liat and codes of key functions 

' ' 
c::cr 

QE?:a~~~r LiaEU.£ DE I.A F'C>CTIOit ;::--E 

0ter acneteur c:e recNl9S 1 

oier acneteur de 111ati_e:es ore-ieres 2 
APPqOVIS:ONNE~ENT 

(non oostes > Cestiamaire MSgasins/i,ares et ~t 3 

Ao!soonsaole c:e reaoorovisiomenient aes stoc:tcs " 
ENC: -.(E;i ! ~C '1e~saole de 1• oocunentaticn tec:Mi()ie des ins Ullatians 5 

I ,- I 
~~Jsinler ae oosce coulee ccritinue 6 

i 
t pastis "'8Cl'liniste gomgerie e::iulee contit11Je 7 
i (NT~n :C:!ll I 
' 

i Ccritre-qit:e de ooste Cl'entretien aec::>riel cou!ee :::riti~...e 9 

-
' C~er nta~lsinier/visit!Ur cou!~e cCl"til'lue 9 I -:en 
I 
I SEC~:;i::::. 

' 
' c~s:!s ~.ef greca:ateur d'er"otretier'I Coulee CCl"t!nue 10 I 
I 

I l Ccntremai!:e oier Cl'entrt?tien sec:or!.d coulee c:ncinue t .. 
I 

I - -! I Rescell'S.Cle c:e l'atel!er ::es ref:3c:3!.:es ~e CC\.:~ :criti~ue 12 I 
: I 
! I -
I P:~arateur de aistri::ll.ltfl.lrs (tut'disn) i la coul~ c~ti,,ue 13 
! pqccucrr~N 
I - -
' 1 Contremait:e Oler ::e ::arc i oil let:es de cavlee coritil\\A '" ::JULEE I 
' I -

c;~H :•H.;E l 5'.rveill~t c:es uti!ites et ~Jxili1i:es coulie c::~ti~...e 15 

I 
I 
I 

CPoHesl I "9e"t de 111 i se en l'!Wl"ce a La cou!ee -::nt !.r....e 16 
I 
I I 

I I Couleur i l• ::::iulee ::Cflt il\\oe 
-· i 17 

I -I I 
j ! C:nc:emat::t ci-er we ·acri~,..e ::1.1lif <.Cfl:!rye 18 
I 
' -I i :::~~•~eur en caoi,,e c:::·.:.te C::t'til'IA :1 I 

' --
----~--------__ .,..i_c_an_t_·rtm1.1 ____ '_r•~Che--'-~ ___ go_•_u __ c .. ou.l __ " ___ c:cn~t-irul--------~~--------------~---1-~~~~~ 
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TABLE XUC 

INVESTMENT (OSTS FOR THE VARIOUS CONFIGURATIONS 

I 

.\ OF THE REFERENCE PLANT IN MILLIONS US DOLLARS ( 1985) 

\ 
) ·-

Cost or Ce st or internal Total C:is: 
eaui:::ment in!'rast:uc:t:.i:e 

Civ!~. erection, 
::iuilding work 

MS MS MS 

Simple ~ar 
roll !.ng mill 25 15 &O 
100 oco tlyea:-

C ... ="'r:i!"at!.on 111ill !'or 
ca:s, ... ire rft'" ana .... 

60 &C 10C 
111edh.:m ~:::i"iles 

1'00 OOJ t/yea: 

-
Same as a:cve Se'!I: A5 55 
!,_,:e~:ate: "'!!!'! -·~ • • 

i:, ... 2CO 
l!'ICl O!l!e: c: • 105 • 95 
~oc oco t/y~a: 

I 
Sar.ie as ai::ve !nte-
;:-a:e~ .• it"\ !ii: .-:a: • 50 • SC 
;as 0.:.. P :ar1: 

155 3CC 
-cc :cc • • us :1yu: 

I -
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INVES1MENT COSTS FOR THE VARIOUS CONFIGURATIONS 

OF TIIE REFERENCE P!.Af.'T IN MILLIONS US DOLLARS (1985) 

Acllin; •illalone : 

100 000 t/yur 

•CO ooo t/year 

qc!l!n; •ill semi
i":e~:atea •it~ EAr 
anc: oi:.let CC 
Ca20 000 t/yea~ Oillet> 
CaCC OCO t/yea: crocuct) 

Sa•e as aDove inte;:a:ea 
•it~ ;as C.R. 

Cost equi;•ent ana inte:nal 
1nf:astruct;.i:e 

Total ;est 

MS 

&O 

100 

200 

300 

CQst in S 
per annual 

Ton 

&OC 

250 

500 

750 

TABLE XX 
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TABLE XXI 

COST OF THE INFRASTRUCTIJRE OF TH£ FIRST ORDER 
l 

< (everything is related to a 400 000 t of product/year plant) 

• \ 
I 

order or •agnitude 
ltH or cast MS 

Main offices 10 

L.1C>oratories ' to s 

Nainte~ance raciU ties : 

•ori<sl'lops 10 

warel'louses s 

Cene::al transport and 
l'lancl!ng systems s 

TOTAL )) to JS 



' • \ 
) 
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TABLE XXII 

COST OF SOME I?-t"FRASTRUCTURES OF THE SECOND ORDER 

{everything is related to a 400 000 t of produLt/year plant) 

ite• 

housing 
for families or 
1)80 Deople • 

associated racilities 

order or •agnitude or cost MS 

)0 MS 

-------------------------i-------------------------------------------· 
energy suoo ly 

we mean only, he:e, tne 
connections to existing 

syste•s of : 

Natural gas 
F'uel oil 

Coal 
Electrical energy 

•ate: 
etc •.. 

) 

) 

) ..•. &0 to 60 MS 
) 

) 
) 
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TABLE XXIII 

ORDER OF MAGNITUDE OF THE COST OF SOME INFRASTRUcnIRES OF THE TillRD ORDER 

(everything is rel3ted to a 400 000 t of product/year plant) 

ite• 

Iron Mine 
C600 OOOt/year cf 
high graae lumps 

or pellets) 

basis 

1S to 7S Sit 

totd cost MS 

tO to SO MS• 
even •ore ir lon; 

railroad or gige line 
nave to be Dui!t 

·-----------------------~---------------------- ----------------------· 
gas field 

('or 150 Ml'/year) 
dirf!cult to give 

average C:atas 

~---------------------------------------------- ----------------------~ 

Power station 
cror AOO C•htyearl 

and 160 MW 

fro• 

SOOS tQ 1 000$ 
per MW 

----------------------------------------------
•ate: intake 

(for J 1141' tyear > 

70 to 1"0 MS 

1 to S MS 
even •ore if 

it is ra: away ... 

----------------------- ---------------------- ----------------------~ 

Port a!rricult to g!ve 
ave:-it;e datas 

• some 25 tc JS MS could De ac:c:ea 1r pelleeiz!ng plant is nee~e~ 
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TABLE DIV 

VARIOUS COSTS OF IRON AND STEEL PLANT WI'!ll INFRASTRUCTURE 

(total cost in ail.lion US dollars (1985)) 

Total cost or plant Eztra infrastructure 

Rolling •111 

1CIJ IXIJt/y 

... 1 integrated 
classical •ini•ill 

DJ CJJJt/y 

15 ta 2' 

internal 
infrastructure 

• 10 ta 15 

• ta 

. " 

1st 
order 

• ' ta tO 

. ' 
• '° 

2nd 
order 

• 2 ta 10 

i 

•••1 integrated 10' • ' ' • XJ • 10 to 50 I 
dhersifled 

Jrd 
ord~r 

1 

., 
•1n1plant 1 
GJ IXIJt/y -·~·------...... --·-DJ----~-~~·----r--14' ta 280- ·---·--' 

integrated 
steelphnt 
with D.R. 

1,, • 1&5 

cm CDJtty • :JOO 

• • 70 to 100 • • 7 

• &tO to 460 

~~---·----~----._~------------...,--------------~. 

__:~ --~~-------2-D>_total_to,v) a» ,J~~~~~~ 
Classical 

integrated Iftr'I 
and Steel plant 

& Mt/year 

total 
& CIXJ to .s CDJ 

: cm1 radt I -------->6 CXXJ to a C11J , 

'. I 
I 
I 
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!ABLE ::<X'J 

ORDER OF Mt\QfITUDE OF SOME RAW MATERIALS, ADDITIVES AND 

VARIOUS PRODUCTS SEEDED TO FRODUCE ONE 'tON OF STEEL 

< • 

IN THE ELECTRIC ARC FURNACE 

) 
k.g/t steel 

I 
t 

Scrap around 1 100 

i 
I Fluxes: 20 to 100 

lime 
dolomite, etc. 

Electrodes 4 to 11) 

Ferro-alloys: A few kg 
ferro-manganese 

I ferro-siliciua 
Re-carburizing agent (anthracite, coke, ... ) 

I 
I 

I Refractories (see details in tables I XXVIII and XXIX and Figure 21) -
Mechanical parts -
Electrical parts 

. 
I -
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TABLE XXVI 

LIST OF SOME MATERIALS Ai.'ID PRODUCTS 

.< 
\ 

NEEDED TO CAST ONE TON OF STEEL 

Powder in casting lilOulds 
J 

Oil 

Ingot lilOulds 

Mechanical parts 

Electrical parts 

Etc ••• 
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TABLE XXVII 

LIST OF SOME ~TERIALS ~1> PRODUCTS 
l 

.< .. 

NEF.DED TO ROLL ONE TON OF STEEL 

Oil 

) 
Grease, e:c. 

Rolls 

Guides 

Rollers 

Mechanical parts 

Electrical parts 

Etc ••• 
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!'ABLE XXVI II 

CLASSIFICATION OF REFRACTORIES FOR STEEL-MAKING 

SPECIALLY FOR ELECTRIC ARC FURNACE AND LADLES 

w l. ...«;r.Hlte (MqOI 
~ 

~ z. Mac;nesite • chrome (MqO - cr2o3J ,.. 
l. W.9ftesite • cubon (MqO - Cl !E 

~ 

Met;nesi:e • dolocute (CaCC3 • Mc;C:3J ~qC ... 4. 
0 

~ 5. &:>olom1te (CaCC3 - MqC03J 
~ '· '-im• Cf'.:se<!/smte:-edl CaC c 

l. hr.led )rtclt - convwnaonal 

z. !u."?:9d :r11:1t - dtrect !)ondr.! 

l. Su.med )rtclt • S&ftteM 

4. 9utnec: ::ncit - res;::i !)ended - reqular ;ra1n 
c 

5. luoed )nclt - :esm ~nded - fased ;run z 
Q 

'· Fused casi z 
0 7. Cl'leaually !)o=ed (L'\c:-;an1cl a 

a. Checucally )onc:!ed (on;ar.iel 

9. :m;ire;na'!eC (1no:;an1cJ 

10. Im;ireq:ia:ed (or;an1cl 

l. Nac-.1r11 ~;-::ie11:e 

z. Syn:.'ieUc :aaqnes1:e 

3. Fused ma;neslte 
!! 4. Chrome :ire s 
llC 5 • Sll!Nltar:eo1:s 5'::tter or.s • (Mac;neute - C::.r::ru:e) ... ... 
c '· Colo1111:e ~ 

~ 
7. tJ111e 

a. Flake ;ra ;:1:1 :e 
9. Ccnve:i:!cna; qra;:!'u:e 

10. Ca~c:i (!ar.o:;: !:!ack.. et:. I 
:.....- ! 
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TABLE XXIX 

MAL"" REFRACTORIES USED IN EI.ECTRIC ARC FURNACES 

• < \ 
) S.•~rd relr•ctory ••tert•l New or uperl-nwl -t•rt•l 

He~rth 
Mq() hlvtl purity. dolo111tte: ~·q0 hl9h purity brld:s 
Dolo1111te-M90 r•m111ln9 Speel•I C•O ,..111m1n9 

Sle91lne As •bo-. plvs' M90-C brlclts CC• 6 - JS~) 
MQO·Cr2o3 rebonded fused 9re1n M90-Cr2o3 

SPf'Cl•l direct bonded bricks 
Lo-r sidewall M,.-0 h19.h purity l111pl'eQneled M90-Cr203 chemical bonded/water 

........ 1..t Dilnels . 
Upper sidewall tot90-Cr2o3 bvrned or chemtcel bonded W.rer cooled panels 

dol~lte 

Hoa spots Fvsed CHI Mq()-Crz03 M~O-C bricks CC• 6 - JS'll 
Hl9h purtly M90 Weter cooled panels 

Teptlole MonolJU\lcs. brtclts. chccits or sleeves Fus~ cast M90-Cr2o3 block 

Basic inoo,ollthlcs 94'$ MQO Blocks made from refractory Ollldes I Tapplnq spov1 such es ZrOz. s107. Aiz03. M90 16'1. MQO bricks at:uv•U1t.rl W!th SIC And C 
70-86' IUz03 bricks. partial or 

Roof coniple1e Water cooled 111em~111ne or panels 
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FIGURE 2 

TREND LL~ES OF FORECASTS CF YORLD STEEL PRODUCTION A.'ID CONSUMPTION 
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THE TWO TYPES OF IRON ANO STEEL PLANTS 
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THE VARIOUS ROUTES AND PROCESSES 
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.< MAIN PREREDUCTION METHODS OF lRO~ ORES 
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FIGURE 12 

THE THREE TYPES Of IRON ANO STEEL PLA~TS 
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MINISTEELPL4NTS or U.S.A. AND JAPA~ : 

Coaparaison or distribution or sizes 
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21·8 f'11Ll10N TPA TOTAL 
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(AVE PER Mill APPROX. 
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ncunr n 
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(AVE PER Mill APPROX 
350 000 TPA J 
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MINISTEELPLANTS Of SEAISI MEMBERS ANO LATIN AMERICA 
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FIGURE 15 

THE FOUR PARAMETERS REGULATING THE OPERATIONS 

OF AN INDIVIDUAL FUNCTION 
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THE USEFU!. RANGE OF THE PARAHETEP.S REPRESENTED IN A TR!ANGULAR DIAGRAM 

* give• the theoretical ~ 
equilibrium point ~ 

~H 0 

The large dot • give• 
the average of the team (20) 

H 
0 
N 



• 

' • 
) 

FIGURE 17 

- 85 -

THE DESIGN OF AN IRON AND STEEL PLANT 
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FIGURE 20 

REFRACTOR!ES NEEDED IN A.ti ELEC'IllIC ARC FURNACE 

(Sote: The use of water cooled panels or roof will, of course, llOdify this 
basic scheme) • 
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APPENDIX 1 

MINI-KULS IN 'reE USA 

It is quite interesting to compare the list from Metal Bulletin with the list of 
Jack R. Miller and data from MILLI~. which lists 6i mills producing :.?.l.8 Mt/year. 
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APPENDIX 11 

MINI-MILLS IN CANAD; 
(From Metal Bulletin 1974 a1nl 1984) 

-
Country/Company Works Arc Furnace Continuous billet Finishing Mill(s) Fin riled 

Size and caster - no of capacity (tons) Products 
Capacity strands and capa-
(tons) city (tons) 

Burlington Hamilton 1 x 40 ton: 2 x 20 ton 3-strand Merchant Bars, re-
Steel Div., (320 000) (250 000) (300 000) i>a rs, Ugh t 
Slater Steel sections in 
Industries carbon and 
1.td. low-alloy 

lndu~trial L'Original (150 000) (150 000) Wire rod Wire rvds 
Fasteners (250 000) 
Ltd* 

·D 
po 

•.asco- Whitby 2 x 65(330 000) 2 x 3(330 000) Bar light Re-bars, 
take Ontario +l structural light sec-
Steel Co. (900 000) tions 
Ltd. 

ManitQba s~lkirk 2 x 40 2 x 2 Merchant Re-bars, 
Rolling (250 000) light sec-
Hills tion11, mer-

chant bars 

Planet Octagon 1 x 25(60 000) l x 2(100 000) Bar Re-bars, 
Steel Pond (100 000?) rounds 
Ltd. 

Quest eel Longueuil 1 x 50(40 000) 1 x 3 (140 000) Merc.hant Flats angles, 
Div. of (250 000) channels, 
QSP Ltd. rounds 
(l)** 



Country/Company 

Steel Co. 
oi Canada 
Ltd. 

Weate1n 
Canada 
Steel 
Ltd. 

Works 

Edmon Lon 

Vancouver 

Calgary 

APPENDIX II continued 

Arc Furnace 
Size and 
Capacity 
(tons) 

2 x 75 

l x 40( 110 000) 
(To be 200 000) 
(5) 

1 x 20(50 000) 
(To b" 100 000) 

Continuous billet 
caster - no of 
strands and capa
city (tons) 

1 x4 

No 

No 

'"' "/'~ 
·-

Finishing Mill(a) 
capacity (tons) 

2 bar (250 OOu) 

Merchant(SO 000) 
Rod (SO 000) 

Finished 
Products 

Bara 

Merchant bars 
re-bars, 
light struc
tural&, rods 

Merchant bars 
re-bars, 
light struc
tural&, rods 

(1): Expansion planned or in progress. (2): Expansion planned or in progress beyond mini-scale. 
(3): Short tons. (4): Due to start up 1974. (5): Due to start up 1975. (6): Works has direct reduction pl~nt. 
(7): Under constructi~n. (8): Due to otart up 1976. (9): Due to start up 1977. 

+ COURTICE Cambridge 

* 11,is is now IVACO (in operation) 

** 1'his is now SIPBEC DOSCO 

85 000 
Total around 
2 500 000 

BU lets. n
bars 

'° VI 
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APPENDIX IV 

MINI-MILLS IN JAPAN 
(From Metal Bulletin 1974 and 1984) 
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APPENDIX V 

MINI-MILLS IN LATIN ~ICA 
{From Metal Bulletin 19i4 and 1984) 
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APPENDIX VI 

MINI-MILLS IN ASIA 

1. From Metal Bulletin (1974) 
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From AGRAW~ anJ BASU for India 
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l£C[ND 

I - INGOTS 

CM - CAPTIVE Mill 

L M - LINKED MILL 

SC - ITUL CASTING 

C C - CONT. CASTING 
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3. From MW.IN for South East Asia 

FKi1 : MINI STEELWORKS - AVERAGE CAPACITY. 
AVf... CAPACITY· TONNES 

PER ANNl!M rouo> 
NUMBER CJ= WCRICS 

SHOwN () 

f.00 e SINGAPORE ( 1 ) 

300 

200 

100 

n 

e SOUTH KOR~,\ ( 8 J 

e JAPAN 164) 

e U.S.A. (67) 

• NEW ZEALAND ( 2 J 

• THAILAND ~Sl 

I LATIN AME ICA 185) 
l~DONf SIA l12 J e HONG KONG 

• t1ALAYSIA (4) 

• PHILIPPINES (11) 

• TAIWAN ( 51) 

( 1 J 
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TABLE NO. 4 - INDONESIA 

MINI STEEL MILLS 

INDO~"ESIA 

PT BUDIDP..AlL'iA JAKARTA 
PT DJATlM UT.AHA STEEL M!to"WFACTUllL~ 
PT QJNt."NG GAHAPI 
Pl' INTI GENERAL YAJA STEEL 
PT IROSTEEL WORKS 
PT ISPAT INDO 
PT i<RAKATAU STEEL* 
PT MASTER STEEL 
PT MA.'<IFERO (S'IEEL) INDUSTllY CO. LTD. 
PT Pt'LOGADUNG STEEL ~FACTUllING CO. LTD· 
PT TOYOGIRI IRON AND STEEL 

PT BAJA INDONESIA 
(currently in liquidation) 

* included at its present size only for completeness. 

TABLE NO. 5 - MALAYSIA 

MALAYSIA 

DAH YUNG ST!EL MANUFACTURING CO. 
MAUYAWATA STEEL BHD. 
MAL.\ YS L\ ST!EL WORKS ( K. L.) SDH BHD. 
UNITZD ~YSIAN STEEL MILLS BHD. 

TABLE NO. 6 - PHILIPPINES 

PHILIPPINES 

ALLENCO STEEL CORP· 
APOLLO STEEL MILLS 
AR.~CO HA.ltSTEEL ALLOY CORP. 
ARMSI'RONG INDUSTRIES, INC. 
GLOBE STEEL CORP· 
MASTER STEEL PRODUCTS INC. 
MARCELO STEEL CORP. 
MA.lr l'EEL CORP. 
NATIONAL STEEL CORP. 
PHILIPPINE BLOOMING MILLS CO. INC. 
UNION STEEL MANUFACTURING co. INC. 

Ce) • estimated 

RAW ST!EL 
CAPACITY TPY 

90,000 
20,000 
30,000 
40,000 
70,000 

200,000 
540,000 

20,000 (e) 
30,000 
30,000 
20,000 (e) 

(150,000) 

40,000 
170,000 

30,000 
30,000 { e) 

60,000 
60,000 
60,000 
30,000 
21,000 
12,600 
54,000 
30,000 
42,000 

250,000 
7,500 
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TABLE :«>. 1 - SOOTH ltOe.\ 

MINI ST!EL Mll.LS 

SOUTH ltOREA 

Carbon Steel: 

DAE BAN SANG SA CO. LTD. 
DONG IUK STEEL MIU. CO. LTD. . . . . . 

• • • • 
IlfCHON IllON & STEEL CO. LTD. 
!WlCWCN L-mUSTRL\L CO. LTD. 
lCUMHO INDUSTRIES lliC. 
SEOUL STEEL MANUFACTURING CO. LTD. 

PUSAN 
PU SAR 
IlfCBOH 
MASAlf 
INCHON 
PORA.~G 

PUSA.."f 
UfC°dON 

RAil srEEl. 
CAPA.C!Tf - TPY 

120,000 
685,000 
120,000 
290,000 
600,000 (Jan.81 1,000,000) 
500,000 (End 81 1,000,000) 
550,000 (~y Aug. 80) 
45,000 

CARBON STE'!L - Total 2,910,060 

Speciality Steel: 

KORE.\ a:EAVY MACHI!n:RY um. LTD. SEOUL 
· KORF.A !YIEGRATED SPECIAL STEiL CO. LTD. MAS.&"f 

PUS&'l STEEL CO. LID. PCSA.'f 

TABLE ~O. 8 - SINCAPOil!: 

SI?:CA?O?.E 

NA TIO~AL llON & STEEL MILLS 

100,000 
225,000 

50,000 

400,000 
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TAIL!: MO. 10 - TRAIL\?~ 

MINI STEEL KD.LS 

TBE BANGKOK lllOlf & STEEL VOllS CO. Ll'D. 
B&-fCKOK STEEL Im>US'Ill CO. LTD. 
G.S. STEEL co. L'm· 
t'llE SL\H IllON & STEEL CO. LTD. 
THAI - INDIA stEEL CO. LTD. 

TABLE ~O. ll - HO~G KONG 

HONG !CONG 

SHIU WL,G STEEL LTD. 
SllUN Ft.~G llO!f WClUCS LTD. 

1Wl STEEL 
CAPACITt 'tPY 

1so.ooo 
ioo.ooo 
160,000 
11.0,000 

45,000 

595,0oO 

1ao,ooo 
100,000 

2so.ooo 
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TABLE NO. 9 - TAIVAN 

KINI STEEL KILLS 

TAIWAN 

CHIA HSIN METAL INDUSTRY CO. LTD. 
CHIN TAI STEEL ENTERPRISE CO. 
CHING SANG IRON WORKS CO. LTD. 
CHIN YUNG SHENG STEEL MANUFACTURING CO. LTD. 
CHOU'S IRON & STEEL CO. LTD. . 
DAH YUNG SHENG STEEl. KAh1JFACTURING CO. LTD. 
EAST ASIA STEEL CORP. 
FENG HSIN IRON & STEEL CORP. 
FU SING STEEL MFG. CO. LTD. 
BAI KWANG ENTERPRISE CORP. 
HSINKO STEEL CO. LTD. 
HSIN YEE METAL INDUSTRY CO. LTD. 
HWEITAI STEEL CO. LTD. 
JIN TAY SAN STEEL HANUFACTURL'iG CO. LTD. 
K.o\OH SIUNG IRON WORKS LT». 
KD1 HO SHEMG INDUSTRIAL CO. LTD. 
KINGSAN IRON WORKS CO. LTD. 
KINHSIN IRON & STEEL CO. LTD. 
KINTAISAN STI:EL CO. LTD. 
KINY&'lG STEEI. CO. LTD. 
KINYUENSEN STEEL CO. LTD. 
KUO MING STEEL MFG. CO. LTD. 
LI CHONG STEEL & IRON WORKS CO. LTD. 
NAN FENG STEEL ENTERPRISES CO. LTD. 
NA.~ lOlANG STEEL & IRON CO. 6.TD. 
NAN LUNG STEEL & IRON CORP. 
S INF A STEEL CO. LTD. 
SUITAIYANG MACHINE CO. LTD. 
SONG SHAN STEEL CO. LTD. 
SOUTH CHINA STEEL CORP. 
SUANCHU STEEL INDUSTRY CO. LTD. 
TAI LI STEEL & MACSINES CO. LTD. 
TAIL! INDUSTRIAL CO. LTD. 
TAIWAN MACHINERY MFG. CORP. 
TAIWA.~ STEEL & ML'H~C CORP. 
TANG ENG IRO~ W01llCS LTD. 
TONG SHEN STEEL & IRON CO. LTD. 
TUNG HO STEEL E:f?ERPRISE CORP. 
TUNG KWAN STEEL & KACHUlERY CO. LTD. 
YA CHOU STEEL MA.NUFACTURimi CO. LTD. 
YUENSEN INDUSTRY CO. LTD. 
YUNG TAI STEEL & IRON WOW CO. LTD. 

(An ldditional nine plants exist, but no details available) 

( e) • estimaeed 

RAW STEEL 
CAPACITY TPY 

15.,500 
60.000 
25~000 
40.000 (e) 

N.A. 
110,000 

54.000 (e) 
80,000 

5,000 
90,000 

N • .:\. 
20.000 (e) 
30,000 
50,000 
10,000 (e) 
7,001) 

14,000 (e) 
20,000 (e) 

N.A. 
N.A. 

20,000 (e) 
so.ooo 
30,000 (e) 
12,000 
20,000 (e) 

N.A. 
10,000 

N.A. 
100,000 
20,000 
40,000 (e) 
30,000 (e) 

N.A. 
200,000 
180,000 
60,000 
20,000 (e) 
24,000 

N.A. 
30,000 
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APPENDIX VII 

MINI-Mil.LS IN THE MIDDLE EAST 
(From Metal Bulletin 1974 and other sources) 

Country/Company Workt> Arc Furnace Continuous billet Finish fog Hill (s) Finished 
Size and caster - no of capacity (tons) Products 
Capacity strands and capa-
(tons) cit:y (tons) 

IRAN Ahwaz - lx4 Section(65 000) Light aec-
lrmco - Herchant(85 000) tiona, wire 
Iranian Wire rod rods, rounds 
Rolling and flats, 
Hilb Co. re-bars 

IRAQ Khor 4x70(400 000) 2x6 Merchant Rounds, wire 
Khor Al Al rods, sec- ..... 
Zubair Zubair tions .... 

0 

(planned) I 

JORDAN - lx20 lx2 Bar Re-bars 
Jordan 
Steel 
Co. 

LEBANON Tripoli lx7;lx30 lx2 planned Bar Re-bars 
Lebanon 
Steel 
Hill Co. 
SAL 

UNITED Dubai - - ('36 000) Re-bars 
ARAB 
EMIRATES 
Ahli 
Steel 
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APPENDIX ~II continued 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~·~~~~~~~~~~~~~--~~~~~~~~~~~~~--~ 

C'luntry/Company 

QATAR 
QASCO 

SAUDI 
ARABIA 
HADE ED 

SYRIA 
GECOSTEEL 

Works 

Doha 

Al 

Ha JM 

Arc Furnace 
Size and 
Capacity 
(tons) 

2x70 t 

3x80 t 

Continuous billet 
caster - no of 
strands and capa
city (tons) 

Yea 
Billets 

Yea 
Billets 

Finishing Hill(•) 
capacity (tons) 

(400 000) 

Merchant mill 
wire rod 
(850 000) 

Finished 
Product• 

Bare 

Merchant 
iron wire 
rod 

Her.:henc bar 
galvan.1zed 
tube• end 
pipe, longi
tudinal 
welded pipes 
and tubu 

---
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APl'ENDIX VIII 

MINI-M!LLS L'I AFRICA 

LIST ffF MINI STEEL PLANTS IN Af'"RICA 

This list ls based on the principle lt ln~ludes all plants 
~roducing lton Steel rolled products •ith a capacity of less than 
JOO OCC t/year • It lncluted the countries and tne enterprises given on 
table I and figures 1 and 2. 

These plants can be suodvided in : 

1 pl~nt based on blast furnace and oxygen steel•akir; 
(150 000 tlyear) in TUNISIA 

) pla~ts based~~ C~~N HE~RTH fUF.NACES in ALCEA!A (1) a~c 
ECYPT (2) 

11 plants based on ELECT~IC ARC fUANACES CECYPT, LISY~, 

MAUAETANIA, ANCOLA, CHANA, KENYA, NICE~IA (2), TOCO, 
OiJCANCA, ZAIRE) 

6 plants •ith only ROLLING MILLS (IVORY COAST, CA~E~Ca~. 

NIGERIA (Ji, MOROCO) 
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~TANIA 

LIBYA 

KENYA 

Tlx:O 

ZAIRE 
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PROVISICJllL UST fT MINIS!tEIJIUINIS aumUES 
INl POs.518.£ REJ'i£SEHJAT.hES 

ENIDFRJSE MIUN DATAS 

ENS at CJWf . 45000 t/year in expansion 
1 ( +2) <J1EN t£AR TH 
F1.fflACE 

at IENZEL-BCUGJIBA In fact int~rated with 
Elf"(U.ACH s1ull BF • E!Or tw10 one 

EN 150 000 t/year 

NA TICNIL tETAL i 200 000 t/year with 
Ill(JL'STRIE at ABO.I CFEN 1-E:AATH F'VINACES 
ZAASAL 

OELTA STEl1. MILLS 
1 

80 000 t/year with EN 
at ~TIRXI 

EGYPT ctJIPER OKS : 150 OCXl t/year with 
P£AR Alexandria : EN anc CJ'EN 1-E:ARTH 

'f'~ACES 

SAFA at tO.IAOHIBCll i 1A/)6 OCXJ t/y~ar with 
~ one EAF 

LIBYAN "UAL IfOJS- , 20 OCXJ t/yea; with two 
TRIES at TRIPCl.I : EAF 

I 
' 

SIOE~ICA NATI~ i SO 000 t/year with one 
at LUAt()A ; EAF' 

TEMA STEELGl<S I ~CCXI t/year with one 
at TEMA 

KENYA l.filITED ST(EL I '° ooo t/year with one 
at roeASA EAF 

SOCIETE NATI~E 20 000 t/year with one 
C£ SIOOlRi~E EAF' 

STEEL MAIU'ACTIJIE 24 000 t/year with one 
or EAST AFRICA EAF 

SOCIETE NATI~E I 120 ooo t/year with one 
CE SICEMGIE It EV 
HAl.Al<U 

REMARKS 
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NICEJHA CISCO at IKEJA )ti cm t/year with or.e 
EAF 

• NICERSTEEL at )4 000 t/year with two 
OU'.11 EAF 

• BATA CARAwA 210 CXlO t/tear re-
steel at rolling plant for 
KATSINA bars wire rod anCI 

tnerchant iron 
linked with 

-- ... ! WARR! direct 
.DS STEEL - idem - ReclJction and 

• at .DS Steelmaking plan 
which delivers 

• 09UBO STEEL - idem -
the billets 

at OSKXBl 

l~Y COAST I.CI at 20 CXlO t/year 
VRIDI bar mill 

~~ SO..AOO at llO CXXl t/year 
OClJ,llLA bar and wire rod 

mills 

. 

~ 51>£TAL at 40 CXXl t/year 
Casatilanca bar and merchar.t 

iron mill 

I I 

Without forgetting: 

EGYPT ALEXANDRIA 800 000 t/yei.r 
NATIONAL STEEL: steel with direct 
EL DEKHILA reduction 

NIGERIA DEL TA STEEL : 1 000 000 t/year 
WARR! of ateel 

400 000 t/year 
rolled product 
with direct 
reduction 
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FICURE 1 

MINI ET MICRO·USINES 

ORAN ____ EL_FOU~ADH linlegraledl 

EGYPTIAN COPPER WORKS 
~~~ DELTASTEEL MIL~S 
I 

NATIONAL METAL INDUSTRIES 

, r 
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FIGURE II 

LAMINOIRS 

Akaki Beseka 
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APPENDIX IX 

MINI-MILLS IN AUSTRALIA*, NEW ZF.ALAND AND SOUTH AFRICA 
(From Metal Bulletin 1974) 

~.-
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D-M•an "- & Scoel ,,., .... , L1•.(6) ........ h•Sl•MIOODI 

·-10110~ 
I• IS:K:i.>Cll 
2.1a1•S.ODOJ 

Su- "•'"'' l14. c:.n. ... - 1.1 '""" J-S"YA 
? • 1 S"'"' 110\ 0001 
l•SO a•-
,ni.ODllJ 

u- s. ... c ...... ,., ,__ AlriaJ "''· Yul J • •S .:so ODO! 
J ... s 165.0001 

* AUSTRALIA: Projects in Queensland 

••• 
....... 

I c 4 (2i0.000J 

l • l (100 ODii) .. , ... ,.,. .. 
lll0.0001 

l •• 1140.00DI 

........ ..11(.1 _,_, 

y ....... ~ 

..... - .... 11>01111111 
w .. e,...11<0.*I 

s.c-

• ••. -. .. uoo.000\ 
""""""'-'"·'°°' 
Sec•-

...... A1M...-.1ol•--

................ &! ... ,. .... --.... 

.......... _,_ 

........ -.n ... , ........ ,. ,... 

.......... -




