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INTRODUCTION

The concept of mini-miils in iron and steel making was the object of
several international meetings (some of them are quoted in the bibliography i
of this paper), including the Consultations of UNIDO about the iron and |
steel industry. In a more precise approach, at the Third Consultation on
the Iron and Steel Industry neld in Caracas, Venezuela (13 to 17 September
1982), it was recommended that, specially, the newomers to this industry
should seriously study and envisage this approach to their development. Such
an approach, indeed, could help them to develop faster their iron and steel |
industry and deliver the steel products needed for the expansion of their
economies. Furthermore, such an approach could put them in a better position
not only to master the iron and steel technology but also, to make the j
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. The present study will serve as a
background paper for this meeting.

At this point it must 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).

The most important, however, is to explain this evolution. We think it
is linked with the five following points:

1) Such large plants, producing several million tonnes per year,

require a large increase in the demand of steel products and this

is no wore the case in industrial countries; even in developing

covntries, the expansion 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 that there is an additional probleam which we shall discuss
later (see page 3) that even a large plant cannot produce all
types of steel producrs and this again compiicates the problem.

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

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

3) This is further complicated by the fact that these large integrated

iron and steel plants raquire large and costly infrastructures

beth from the point of view of supply (mines, energy, refractories,
etc.), and transport and population (cities, railway, port, etc.).
4) More generally, these plants and also theilr laiiastructure, require

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

developing countries, a number of difficult problems of selectiom,
education and training.

5) Finally, such large plants are quite complex and uis is reflected

in the difficulties of starting and operating such plants as it
can be seen in many cases arouns’ the world. It must be noted that
even in industrialized countries, this problem is nct easy to
solve. It is, thus, more complicated in developing countr’es
where we find, here again, the aspects of education, management
and 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:

- the orientation towards one single type of steel product (specialized

wono~-products plants);

- the trend to design, build and operate smaller plants, the "mini-

steel plarts" and this is especially true for light long products

such as reinforcing bars for concrete.




To cover this subject, we shall review, in this background paper:
- first, the evolution of such concepts in industrialized countries;
~ then, their possible application in developing countries,
- before coming:
- 1in 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 recommendations.




e

Lo

I. THE MINI-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 of the various
industrialized countries

~ the technological aspects

- the economical aspects

~ the human problems

- the prospacts for future evolution and new schemes and processes.

I.1. Evolution of the Iron and Steel Plants in Industrialized Countries
(Figure 3)

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

sometimes in heavy products (plates, large beams) and this is logical if
ve remember the capacities of the various types of rolling mills (see Figure
4). 1t is, indeed, very difficult to tie, either by conventional casting or
by continuous casting, the production of large tonnages and the normal feed
of a mill for bars or merchant irom.

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

in lipht and long products.

- Finally, in industrialized countries, specially when consumption of
steel is not much increasing or, sometimes, even stagnate (or decrease...)

there is plenty of scrap available as it can be explained in Tablzs II and

II1 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 time, in the preceding pages,
we have to see how this trend appears in the space, i.e., in the varicus

industrialized countries.




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 structure and

their products. However, a number of difficulties can arise when we compare,
as we do in Appendix I, various estimates of the mini-mills' czpacity in a
given ccuntry like USA. This capacity can, in fact, be situated between:

- The total electric steel-making capacity (whick, 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 from the
production of the "mini-milis";

- steel produced in large electric melting shops of the '"big steel
companies' and which is, again, not very easy to incorporate in
one category or another.

This 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 of the USA, and

there, with about 9 plants, {t covers about 10% of the total iron and steel
capacity (see Appendix II).

Western Europe

We are giving in Appendix II1 an approximate list of mini-steel plants

In this area and the case of [taly must be emphasized. Here:

I




- the production of electric steel is becoming higher than oxygen steel;

- the large integrated plant (public sector, Nuova ITALSIDER) is con-
centrated on flat products;

- the mini-mills are producing 20X of the total outp ..

Eastern Europe

This is an area where the advantages of mini-mills were discovered quite
late.

In a2 recent speech, the Minister of Iron and Steel of the USSR acknowledged
that is must now be developed.

The first one seems BYELORUSSKIY METALLURGICHESKIY ZAVOD at Zhlobin:
it is a 720,000 t/year plant (see Table VI).

Japan

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

developing (see Appendix IV).

I.7 Technological Aspects

If 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);

- 1it uses electrical arc furmace;

-~ 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.
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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 cowpare it (see
Table VIII) to the values for large integraﬁed iron and steel plants,
always in industrialized countries;

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

wvhere we can see the relative weight of:
(a) scrap which is the most important .tem

(b) electrical energy which is important specially from the double

point of view of:

- reliability which is generally quite good in industrialized
countries in quantity and quality (i.e., network sufficient
to absorb perturbations 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 can

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.

1.5. 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 or training, for example, as for the
large integrated iron and steel plants;

as for the fact it is dispersed in several small plants witk, say
250 to 1,000 people. instead of the 5,000, 10,000 or more needed in
one place for a iarge plant;

and finally, as for the impact on environment which is, usually,

not very important.

1.6. Frospects for the Future

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

and %),
for the

L.

several possibie evolutions (or revolutioms...) could be anticipated
future. We can separate them in the four following categories:
The evolution of the classical mini-steel plant which is, most
certainly, along the vari&us 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/yzar) as well as to design smaller mini (or micro?)
steel plants in the range of 100,000 t/year.

A pogsible evolution, in a given area, of a simple mono-product
plant, oo one line, towards a more diversgified production (Figure 9).
This is a classical evolution of many plants to add a new furnace,

a new caster and a new mill...

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

we look to the gimplified structure of steel consumption in the
world (see Figure 10), vhen mini-mill production exceeds, say 307 of
the total production, they have covered most of the long product

market. This is the case of Italy and the trend in USA, Japan and
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Western Europe. To go further, mini-wills must enter the field of

"flat products”. As it is well-knowm, a definite move is taking

place ir this direction with:

- production of plates from electric furnace steel-making

-~ design of new casters to producc thin slabs

- adaptation of existing mills (steckel or semi-continuous) or
design of new mills (planetary).

A revolution vhere 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 described in Figures 11 and

11b) and oxygen steel-making. Although this is not yet at the

industrial level, experiments ir. that direction have to be fonllowed

seriously for future projects.
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II. THE MINI-STEEL PLANT CONCEPT IN DEVELOPING COUNTRIES

T

This second chapter wiil be divided into the three fol.iowing points:

eveluzion, both from historical and economical points c¢f view,
compared to the industrial countries;

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

A2

graphical point of view);

- main technical, economic and human issues.

II.1. History and Economic Context of Expansion of Mini-Steel Plants in
Developi g Areas

In fact, mini-steel plants started to be built in developing areas
about the same time as in industrialized cocuntries but this development,
and more generally, the development of the iron and steel industry, was
in a dJdifferent 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 modern strip mill.
In this way, either integrated steel plants could not devg]op
very much or, even, they were not started at all! This gave more
chances to mini-steel plants or, even, micro-mills! Table X shows,
in this respect, what population is needed, at a given consumption
in kg/capita of a given product, to build such a uwarket.
(b) On the other hand, availability of scrap is quite different in a
developing area and in an industrial country (see Table XI, to be
cospared to Tables I1 and II1I) and this 1is raising » first problem,

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

- either by scrap imports
- or by direct reduction, i.e., local production of D.R.I.

4 (directly reduced iron) iaports

,7 (I
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- . and, of course, by improving scrap collection.

(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 vhy a number of possibilities have and should be explored, such

as:

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

~ use of 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.

I1.2. 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 XI1 indicates, more or less like Table IV
fcr the industrialized countries the situation. Details are given, here
again, in the Appendices.

Latin America (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 Western Europe such as Italy or Spain.

Furthermore, a number of countries such as Mexico, Argentina or

Venezuela are relying on direct reduction t. feced their electric arc furnaces.




The paper of Millin (see reference (3)) shows (Figures 13 and 14) a
completely different pattern of sizes between mini-mills of:

- USA and Japan (Figure 13)

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

Asia (See Appendix VI)

There, the situation is quite different from one country to another.
From 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
plants existing are very often of small size and could be better qualified
micro-steel plants with production around 10,000 t/year.

On the other hand, Singapore and South Korea have mini-steel plaats
which can be compared to th 3e 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 LEBANON
STEEL MILL 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.




Africa

We have given more details on this continent in Appendix VIII, and it
quite interesting to note that, once more, we find:

- .c-rollers, i.e., plants buyirg billets to roll theq, usually in
bars;

~ "true mini-steel plants”, based on electric arc furnaces with some
special cases where they are based on open-hearth furnaces;

- as in the Middle East, "large mini-steel plants" (around 0.8 Mt/year
in El Dekhila and 1 Mt/year ia 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 Mini-Mills 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 materials side, there jis often a lack of scrap which

leads either to direct reduction or other metallurgical schemes;

2) from the energy side, there is often a lack of reliable electrical
supply which, again, can lead to other metallurgical schemes;

3) so, regarding metallurgical scheme . >nd processes, we have a larger
choice than ir industrialized countries where, generally speaking,
the combination scrap and electric arc furnace, maybe with some
D.R I. 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, 1.e., electrical energy, oil or gas, coal... or sun and

biomass.




4)

6)

Those three first points lead us to the most important one which is
the market (present and future) as well in size (tonnes/year) as
quality (types of products, grades, possible prices, etc...). This
is, if we can say so, still more important for developing areas
than for the industrialized countries.

We mist 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 prcspective market, some compromise has to be made to adjust
to a diversified product mix.

The need of trained manpower, from operating crew to maintenance

pecple and managing staff, will be essentizl and more difficult to
solve in a developing area.

Finally, the problems of infrastructure will be very important in

a developing area.
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III. GLOBAL AND DETAILED ANALYSIS OF TEE PROBLEMS RAISED BY CREATION AND
EXPANSION OF THE STEEL INDUSTRY OF DEVELOPING COUNTRIES ALONG THE
MINI-MILL ROUTE

We have seen how the mini-mill corcept 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 without problems, and we shall try to define them by giving a number
of points to be discussed and some recommendations concerning the creation

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

them under the three following 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.

I11.1. 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.

Capacity

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 ! million
tonnes per year. However, especially in developing countries, it is
necessary to include smaller unite and we can distinguish, as indicated in
Table 14, the following:

= an area which has never been very well studied of very small plants

which can be built in villages or in the country and can justify




A2 d

- 16 -

further studies to see if it is pcssible to establish a very saall
iron or steel plant to satisfy the basic needs of a small area;

- A micro-steel plant which will be defined by capacity between 100
tonnes per day which means about 30,000 tomnes per year, up to
109,000 tonnes per year.

- Finally, a mini-steel plant with capacity ten times higher, which
means between 100,000 and 1 million toanes of steel per year.

Types of Steel Products

We have seen in the historical background of the development of mini-
steel plants that they have usually started by production of bars, especiaily
reinforcing bars for concrete, and later, they developed to produce other
long and light products such as merchant iron, wire rods, etc. We must
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 much care must be exercised when a project is undertaken in
such fields. This 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 find when we
walt to apply the mini-steel plant concept to flat products; for such
products, the capacity of the strip mill is generally around one million
tonnes per year, or praferably, more. There are a number of research and
development studies around the world to find new technologies, 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 products.

- The production of each grade of steel for each tpe of steel product

can raise quite a number of different problems. This is a very complex




subject as we have to consider in each case the foilowing:
o the economical grade which is needed
o the metallurgical possibility of each metallurgical scheme
o the cype of raw materizl where we can see as an exaample, that in
an electric arc furmace, we can use various types of scrap or
directly reduced iron.

Metallurgical Schewe

Here again we have seen ar. evolution of the mini-steel plant in the
industrialized countries as well as in developing regions. Especially for
a new project to bs undertaken in developing countries, we have to ba quite
clear about the various schemes which can be envisaged. In that way, we
can distinguish:

o the rolling mill which is the base of each mini-steel plant and can
be built alome as s first part of the development of si'ch a plant

o the possibility of integrating this mill at the level of a primary
metal (scrap, directly reduced irom, etc.), or even at the level of
iron ore, as is indicated in Table XV.

Amorg all these schemes, we find completely different situations:

o For the classic semi-integrated mini-steel plants, (i.e., thcse which
are based on a2 primary metal), the most usual scheme is based on
electric arc furnace (our reference 0l), but in some special cir-
cumstances, it could be possible to use open-hearth furnaces (our
reference 02); new processes could appear or are even in the develop-
ment stage, but no important commercial development has yet been
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 solution and use direct
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reductica instead of scrap (our referemce il, or in some cases,
12);
- we can use the blast furnace and especizlly the charcoal
blast furnace (our reference 22).
Pere again, new processes are appearing (our reference 24), but they

are not yet at the industrial scale.

II1.2. The Problems Raised by Application of this Concept
to Developing Countries, Especially in Africa

1f we are coming back to the various aspects of the application of this
concept to developing countries, we must 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 completely different from one
country to another;

- Without coming for the time being to all the problems which arise
from the development of such a region (which will be the subject of
the next 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 tne various schemes and
processes.

In this context, the possibility of applying the mini-steel plant
concept to developing regions hag to te included in the following thrze
aspects regarding the mini-steel plant itself; the problem raised by the
infrastructure will be the subject of the following point (our reference

111.3):
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1. The market (see Table 16) is the most important point and it is
a very different one as we have to consider it from 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 medium and long-term prospects.
This market survey is essential as it will define the type of
product which will be selected for tne production of the propesed mini-
steel plant, the type of rolling mill which will be needed and finally,
the level of production capacity which will be required.

2. The metallurgical scheme (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. The human aspects which are linked with the complexity of the

metallurgical scheme and with the detailed structure of the projected mini-
steel plant. In this field, we could come back to the conclusion of another
UNIDO study which emphasizes:
-~ on one side, the importance ot four parameters which are
linked to any function in a steel plant:

(a) The know-how (KH), vhich is the level of knowledge which
is necessary 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 of relations in a steel plant;

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

asgociated with each function to operate;
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(d) The responsibility (R) which can be direct (vertical
links), or indrect (horizontal links) in the organiza-
tion scheme of tle enteriprise.

In this way, we can characterize each function 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 continuous casting operation
which 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).

ITI.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 what context such
a project can and must 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 procduct requirements.
1. The market
Thic subject seems to be again 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 (agriculture, trade, etc.), either existing or envisaged feor the
future. In this respect, it seems that very often, a project of a wmini-

steel plant is undertaken in a developing regionm, considering exactly the

same production and the same utilization of those products as in industrialized
countries. In those countries, it must be recalled tha: there is a long
tradition and quite a speciali-ation in the use of steel products

and it is tased 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 two new approaches of the market along the following lines:

- First, we can consider a mini-steel plant based on a single steel
product; it could be for example, a bar for reinforcing concrete.

In such a case, it could be useful to develop a number of non-
classical uses of such products. We have been seeing in various
countries that by welding such bars, it is possible to make beanms
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 tre
basic needs in various materials and from those needs "centred on
the local needs”, it could be nossible to find the best type of
steel plant which could produze 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
agriculture. Generally speaking, it appears absolutely necessary
to have one integrated approach or the market when we are doing a
project of such a mini-steel plant which means that we have to
remember all the linkages with other activities or o~her projects

which are made in the given area.
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2. Technology

As it is for the market, the technological aspects have to be seen

simultaneously from two different points of view:

- The general aspects - we could say the international aspects - are
based on the technological evaluation of the iron and steel industry
in the whole world. As we have seen pre "iously, such trends are
used both in industrialized and in developing countries.

- The specific aspects, which means those which are related to the
political, economic context of a given area; in this respect, we
find there is a real lack of adapted technology for a number of
techno~economic contexts; a number of problems vhich are especially
interesting for developing countries are very often not an object of
research in industrialized countries as they have not much interest
in such countries. As an example, we could mention the capitalization
of electric arc steel making based on directly reduced iron ore:
continuous chargiﬁg is now quite classis but the continuous operation
of the furnmace 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 ir developing countries to find

the best route between:

o processes which are quite classical and which avoid most of the
risk of the new processes, but on the other hand couli become
obgolete especially if the plant is very slow to design, start
and operate.

o YNew 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 menticned several times in this report, this is a place
where the deveioping countrias have many difficulties. Especially for
large integrated iron and steel plants, large infrastructures are needed,
but even for a mini-steel plant, the weighc of infrastructure should not be
under-estimated. To obtain some ideas about the importance of infrastructure,
we are providing in Table XIX the cost of various configurations of a
reference plant to support the cost of equipment and the cost of what we
call internal infrastructure which means supply works, buildings and erection.
Outside of this infrastructure which is absolutely necessary in cvery
case, we have to add what we call external infrastructure which can be
divided into three categories:

~ Infrastructure of the first order is related to what is needed to

operate 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 regioms
but it is quite evident that much simpiification and considerable
savings can be made in the industrialized regions fcr example in
workshops and warehouses due to the proximity of other industrial
plants. On the other 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 order (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 electricily network, water network, sometimes
natural gas pipelines or any kind of supply of fuel o0il, coal, etc.
Again, in an industriazlized country, much of this infrastructure is
aiready existeat: villages or cities have already been built and
comnection 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 courtries 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

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

as the‘steel plantf

As a summary (see Table XXiIV), 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 wnhile 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.

4. Human problems in training

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

must be approacbed from three different points of view:

- First, the general education programme of the country including all
the possibilities of regicnal :o-operation which will be mentioned
later (see point 5(c)). As an example, 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 especially

in maintenance, infrastructure, etc. In this respect, it must be
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rerinded that most of the training programmes are not specific to the
steel industry but could be used for the general industrial training

of the people in the considered area.

-

J - The 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 am industrialized country, or,

A

when possible, on a regional basis through the regiomal co-operatior
programme,

5. Regional co-operation

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 of specialization of the production and the various mini-mills

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

(b) Co-operaiicn for the raw material, energy and various products
which means the 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 evidept 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 steel products, Even for reinforcing
bars, there can be much interest to veduce the number of diameters of bar
which are rolled in a given plaut. In man, industrialized countries, as an

example, the mini-mill can be versy -wich specialized in type and dimension

of the product and this specialization has a lot ¢ advantages for the
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for the operations themselves, maintenance and stocks of finished products.

(b) For each materiai, either the main raw material such as irom
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 reductiovn 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 incidents or

accidents are happening in a given plant.

One way which car be envisaged to develop such regional co-operation
could be the promotion and development of multinational 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-operaticn among
Developing Countries (ECDC) are confined to equity arrangements among two or
more developing countries or thzair natiorals 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 comnexior, multinational production
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enterprises of developing countries (MPEDCs) are a specific component of a
much broader concept of enterprise-to-enterprise co-operation arrangements
(ETEC) among developing countries.

For the benefit of the developing countries and in order to set up the
parameters of its characterization of MPEDCs versus the conventional approach
of transnational/multinational enterprise, several other criteria should be
fulfilled, such as:

1. Equal treatment of all investors in terms of distribution of the
benefits, exercise of control, access of technology and other
relevant resources of the company;

2. Contribution to the achievement of specified naticral goals and
needs;

3. Promotion of investors technological build-up aﬁd strengthening
their bargaining power vis-i-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 ECD{ among the countries concerned.

The first phase of this programme, to which the mandate of the General
Assembly attaches great importance, is being completed by defining chis
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 followed 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-millg, especially in Africa:

(a) Multinational production enterprises to produce primary metals
(pig iron or directly reduced irom)

Tuis production could be based on the best site which means:
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- Probably alcng the coast to facilitate transportation and
distribution of this primary metal to mini-mills based on
melting of this product, usually in electric arc furnaces.

- Near the iron ore deposits which are most interesting from the
metallurgical point of view (i.e., very rich iIn iron or easy
to concentrate ir the case of direct reduction), as well as
from the econcmic point of view.

- Near energy resources such as natural gas or forests or
plantation areas where charcoal could be produced; we mst
also mention the possibility of using cheap hydro-electric
power.

In the case of Western and Central Africa, we can see that some
mini-mills have problems 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-miils). At the same time, we can see that: Tha WARRI direct
reduction plant in Nigeria is not operating at full capacity.

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

especially in Cameroon.

- Raw materizl suitable for direct reduction (fine concentrates
or pellet fines) could also be produced in the same area, again
in Cameroon, as an example.

(b} Multinational production enterprises to distribute some steel products

Such a multinational 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 cf product as well as for

the dimensions.




{(c) Multinational production enterprises to produce or to deliver a
mumber of fluxes, products or even spare parts which ave absolutely
essential for the normal operation of 2 mini-mill.

There are 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, etc.

- ferro-alloys

- bricks and refractory products

- electrodes

- mill rolls

- various spare parts.

It must be noted that a mumber of mini-milis mention the problem
they find in this field and the many difficulties they have to import such
products and raw materials.

6. Requirements for various products

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 smzll one like a mini-mill. It is difficult to
make a complete list of 2ll 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
where it is usually very easy to order them with a quick delivery, becomes
quite a critical factor in developing areas where it takes much 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 socme very interesting classification of the various




refractories which are needed for steel-making and it illustiates the point

we have mentioned about such products. Here again, multinational production

enterprises can be very useful in this field.




=3

r>

- 31 -

IV. CONCLUSIONS AND RECOMMENDATIONS

This background paper has firstly given the use and the success of the

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

ducticn of around 50 to 70 Mt/year and, due to their efficiency, they con-
tinue to grow in spite of the difficult general econmomic 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 ke raised concermus

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

study and such a meeting, i.e., the validity of this approach 5f the iron

and steel development through the mini-mill 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:

- national

- regional

- and intermational.

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

them as examples:
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l. Create links by associations or institutes (such as ILAFA, AISU,
SEAISI on the regional level, or ATS in France) between people doing similar
jobs in wmini-mills of the same region. This could concern:

- technical and metallurgical functions {engineers and technicians)
- management
- maintenance, etc.

This could promote exchange of information, of visits, of practical
experience ir. a2 real network of commnication between the enterprises.

2. Create multinational production enterprises between developing
countries or between enterprises of developing countries to centralize and
optimize some operations and avoid too much division between countries and
enterprises. We find, there, the desire of many international organizations
such as the World Bank to avoid ambitious projeccts and, also, duplication
of small costly projects.

3. Give assistance,uon a regional or intermational level, to the
operation of existing mini-mills, not only by the preceding recommendations
(1 and 2), but by individual technical assistance missions.

4. Give the same kind of assistance for 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

years.
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DEVELOPMENT OF OXYGEN
AND ELECTRIC STEELMAKING AROUND THE WORLD
i (Production based on IISI statistics)
from the collected statistics IlISI
world total oxygen electric
year total steel steel steel
steel
1960 346 327 12.2 35.1
1965 454 847 81.5 54.4
1970 595 578 237 85
1971 583 563 245 85
1972 630 590 281 92
1973 698 654 329 106
1974 703 659 340 111
(s1.6%) (16.9%)
1975 643 595 ™ 100
(52.3%) (16.9%)
1976 675 629 338 112
(53.7%) (17.8%)
1977 675 621 336 116
(54.2%) (18.6%)
1978 717 656 357 133
(54.5%) (20,2%)
1979 766 681 381 142
(55,81%) (20.81%)
1980 716 648 359 143
(55.31%) (22.38%)
1981 708 641 358 146
(55.86%) (22.44%)
1982 645 576 317 134
(55.03%) (23.21%)
1983 663 591
(55.2%) (23.7%)
1984 710 633.3
(56%) (24.6%)
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TABLE 11
EVOLUTION cf SCRAP QRIGINM
in INOUSTRIALIZED COUNTRIES
a) Basic assumption
Case Case the past *Now” (say 1985 or better 1990)
(say 1970)
Evolution of the
steel industry Expansion Stagnation
Casting 1ngot Continuous
Trade of steel No trade outside No trade Exporting Importing
products the country outside the country country
country
Crude steel
production 1640 108 108 108
Finished steel
production 100 100 100 100
Consumpt ion 100 100 70 130
Consumption
15 years ago 50 100 70 130
b) Scrap availability
Circulating scrap 40 8 a8 ]
(home scrap from
steel plant)
Process scrap (15%) 15 (10%)10 (1o%) 7 (10%)13
Obsolete scrap 21.25 43.5 30.45 56.55
(50% of finished
products used 15 (50% » 85%) (S0% x &7%) (50% x 87%) (5C% x a7%)
years 3ago) of S0 of 106 of 70 of 130
TOTAL 76.25 61.50 45,45 77.55
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SCRAP NATURE in INDUSTRIALIZED COUNTRIES

TABLE 111

_From the assumptions and calculations of tabie II,we can see that the natute of scrao
avallavble in industrialized countries {s, completely changing :

"now" (say 1985 or better 1990)

Case *in the past”
(say 1970)
Evolution
of the steel Expansion Stagnation
industry
Casting ingot Continuous
Trade of steel no trade no trade Expaorting Importing
products outside the outside the country country
country country
Nature cizzulating
and grecess
circulating $CT320
proportion scrap circulating
of (nome scrap) {/ e
process scrap circulatirg o f;'—s-‘-i'-’?i/
scrap e
//// process scrap N
z / e
process cosolet W ~
scrap //' / s
/ ccsolete | /
// P ~ scrap . /
Al =G
/ f/' P d
/// g / o s
“rao// / - ",/
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TABLE 1V
ORDER OF MAGNITUDE OF CCSIS IN US DOLLARS
FOR 1 METRIC TON OF HOT ROLLED PROOUCTS
Maxi plant Mini plant
4 000 000 t/year 400 000 t/year

Case

Blast furnace
Oxygen Steelmaking
Continuous casting

(slabs)
Hot strip mill

Scrap
Electric Steelmaking
Continuous casting
(billets)
bar/wire rog mill

1) fabrication costs

Ore/scrap
Energy

Manpower

various others fabri+

cations cost
(additives etc...)
and maintenance

TOTAL

2) Amortization and
financial costs

Base $/annual ton
10%

3) TOTAL

35 85
50 20
30 20
as 35
160 160
(1.000) (250)
100 25
260 185
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ESTIMATE OF MINIMILL

CAPACITY IN INDUSTRIALIZED COUNTRIES

TABLE V

approximate approximate
area total capacity minimill cpacity 4
Mt/year Mt/year

U.S.A 120 14.7/24 12%/20%

CANACA 20 2/2.5 10%/12.5%
WESTERN EUROPE 150 18.35/20 12%

(Italy) (25) (5,1) (20%)
EASTERN EURQPE 200 1 ? 0,5%

JAPAN 120 11.8/24 10%/20%

TOTAL 610 48/71 8%/12%

source § J.R. MILLER

and various publications such as the Metal Bulletin.
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THE MINIMILL OF ZHLORIN IN U.5.S.R.

décision : 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

-a

Electric arc furnaces 100 t 75 MVA

continuous casting 6 lines
of billets 125 mm

walking beam fyrnace 170 t/h
rolling mill for bars 3Ind light sections

rolling miil for wire rod

TABLE VI




-39 -

Vil

TABLE

J EFFICIENCY of MINI-STEEL-PLANTS
for REINFORCING BARS

Lr™

- Typical Investment Costs

250 $/annual ton cf the steel

- Typical manpower needs

1 man for 1000 t/year
i.e. 1.8 hour/t of steel

(for 1800 hours/man and year)

- Typical enerqy requirements

0.1 to 0.3 Gcal fuel o0il or similar/t of steel

+ 700 kWh/t of steel (arc furnace + continuous casting
+ rolling mill + services)
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INVESTMENT COSTS FOR VARIOUS IRON AND STEEL PLANTS

(industrialized areas)

Electric Arc Furnace 8last furnace
scheme and
scrap SCrap D.R. scrap D.R. Oxygen Steelmaking
semi continuous semi continuous
mill bar aill bar mill hot strip mili continyous| hot strip
hot strip mill
mill
capacity 0.2 0.5 1.0 1.0 4.0
Mt/year
unit cost
M USS
agglomeration
pellets - - - - (100) - -
sinter - - - - - 100 250
[ronmaking
coke ovens - - - - - 100 600
blast furrace - - - - - 150 400
Oirect Reduction - - 90 - 150 - -
steelnaking and 2 50 50 150 150 150 450
continuous casting
mill .20 S0 S0 350 350 350 1000
Infrastructure 10 25 40 100 150 300 1100
{yaras, services ...)
TOTAL S0 125 230 600 800 1150 3600
US$/t of steel 250 250 460 600 | 800 1150 900
per year
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EXEMPLE OF PRODUCTION COSTS FOR STEEL IN ELECTRIC ARC FURNACE

(see also table IV)

for 1 t of continuously cast billets

TaoiLe iX

scrap 60 to 100 $
- 500 kwh
electrical between S to 25 3%
energy 10 and 50 $

for 1000 kwh

3 to 6 kg

electrodes at around 15 $
3 to 6 $/kg

manpower 1/72 h at
1 to 10 $/h

various supplies, acditions,
maintenances

around 5%

around 1C $

TOTAL
without amortizacion

95 te 155 $

P




SPECIFIC KEEDS Gr A GIVEN AREA DEPENDING ON THE POPULATION

and ON THE LEVEL OF DEVELOPMENT ABOUT BARS

(kg crude steel/capita and year)

-4l - Tooee »

kg crude
steel/ 100
cap/ 10

Popula- yr
tion M

10 ' 30 150 000 200 000 160 GOO
50 150 000 ’/f’j:::;gi:boo 1 000 000 800 G00
-/

160 ‘ 300 000 1 500 000 2 000 000 1 60C 000

haN

\\\

small bar mill , mini plant different types of
(micro-mill) plants are possitle
in this zone




TABLE XI

SCRAP ORIGIN IN DEVELOPING COUNTRIES

(depending of case, steel consumption is multiplied by 2 or by 10 in 15 years)

case :

plant

small country
with consumption
concentrated on
bars and merchant
irons

continuous casting

one plant for
light lung steel

large country
with consumption of
all types of Steel
Products

continuous casting

several plants
and mills for

products various progucts
procduction :
crude steel 108 108
finished products 100 100
consumdtion :
now 150 = 100
15 year before 15%%% or 75%* 1J*e= gr - SQ**
Note * to take account of products imported
*+ has been multiplied by 2 in 15 year
s*#* has been multipliec by 10 in 15 year
POSSIBL._ITIES OF SCRAP COLLECT
home scrap from 8 8
the Steel plant
Prompt scrap
(13 % ?) 20 3
obsolete scrap 5.1 or 25.5 4,25 or 21.25

(40X of 85% of
15%%% or 75#%%)

( 50% of 85% of
10**% or 50%%*)

TOTAL ,

33.1 or 53,5

25.25 or 42.25
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ESTIMATE OF MINIMILL

CAPACITY IN DEVELOPING COUNTRIFES

approximate approximate
area total capacity minimill capacity b 4
Mt/year Mt/year
AFRICA 1.1
15 14%
MIDOLE 1.04
EAST
ASIA 6§.0%
(lapan excluded) 8%
(S. Xorea) 7s (1.8)
(India) (1.1)
LATIN AMERICA 30 5.4 18%
(Brazil) (2.3)
(Mexico) (1.a)
(Argentine) (0.7)
TOTAL 120 13.5 11%

source : See tables of appendices.

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

TAdLE Al
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VARIOUS METALLUSRGICAL ROUTE FOR MINIMILLS

DEPENDING OF ENERGY AND RAW MATERIALS

TABLE xIII

iron

bearing SCRAP IRON ORE
raw
jenergy
supply '
electrical Electric + direct
15 arc reduction
energy furnace <—T_'
[
l i
|
natural Open direct _— ;
gas or hearth ? reduyction
oil
4 |
i 1 }
coal gas —~——t———) direct blast furnace ? |
producer ? reduction or new smel’_fjg
-O0r power plant reduction prc-ass
sun charcoal charcoal
& direct blast
biqpass reduction furnace
v
charcoal
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VARTOUS CAPACITY RANGES

OF MINI-STEEL PLANTS

Capacity Range

Remarks

t/day t/year
10 i.e., 3 000 Not mich research and development
in this capacity range
1 300
to to
30 10 000
i
1 100 i.e., 30 000 Capacity range of a number of
MICRO-PLANT plants, specially in developing
countries
30 19 000
to to
300 10C¢ 0CO
{—; 000 i.e., 300 000 Classical capacity range of mini-
. MINI-PLANT mills, specially in industrial-
l ized countries
300 190 000
to to
3 000 1 000 000
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TABLE XIV bis

SITUATION OF THE AFRICAN MINI-STEEL PLANTS

IN THE VARIOUS CAPACITY RANGES

(Re-roliing plants, Table XV ter, are not included)

Micro-steel plants 14/36 000 t/year SAFA Mauritania
9
10 000 / 100 000 t/year 20 000 t/year LMI Libya
20 000 t/year SNS Togo
24 000 t/year SMEA Uganda
30 0G0 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 plants 150 000 t/year Sosider Zaire
150 000 t/year Copper
over 100 000 t/year Works Egypt
150 000 t/year El-Fouladh Tunisia
200 0C0 t/year National
Metal Egypt
800 000 t/year Alexandria
National
Steel Ezypt
1 000 000 t/year Warri Nigeria
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TABLE XV

THE VARIOUS SCHEMES OF MINI-STEEL PLANTS

C) 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) Solution used in
furnace special cases
Other types 03) Solutions to be

of furnaces

envisaged in the
future

Production
of a
primary
metal

Reduction of iron ore in brings to:
solid state 11) DR + electric furd
(Direct Reduction D.R.) nace
12) DR + open-hearth
13) new process
Reduction Coke 21) Classical solution
of iron blast furnace for large integra-
ore in (BF ted plants; diffi-
liquid cult for small
state plants
(comb ined
reduction Charcoal 22) Solution used in
and fusion) blast some countries
furnace
Electric 23) Solution used in
pig iron specific cases
furnace
New 24) At the research
processes and development

stage




SITUATION OF THE AFRICAN MINI-STEEL PLANTS ACCORDING TO THEIR

v
‘4!'E'\\s

TABLE XV bis

METALLURGICAL SCHEMES

0l1) With 14/36 000 t/year SAFA Mauritania
electric are 20 000 t/year LMI Libya
urnace
20 000 t/year SNS Togo
24 000 t/year SMEA Uganda
30 000 t/year KUSCO Kenya
30 000 t/year TEMA Ghana
Melting 34 000 t/year NIGERSTEEL Nigeria
of a 36 000 t/year CISCO Nigeria
:fi:“i‘”’ 50 000 t/year ASSAAA Nigeria
50 000 t/year Siderurgica
Nacional Angola
80 000 t/year Delta Egypt
150 GO0 t/year Soaider Zalre
01) and 02) 150 000 t/year Copper Egypt
together Works
02) with 63 000 t/year SIDER-ORAN Algeria
open-hearth ,
furnace 200 000 t/year National Egypt
Metal
Direct 11) DR + 1 000 000 t/year Warri Nigeria
Product lon Reduction electric
(DR) arc
of a
furnace
primary
metal Blast 21) BF + 150 000 t/year El-Fouladh Tunisia
furnace oxygen
(BF) converter




TABLE XV ter
RE-ROLLING PLANTS IN AFRICA
i
J
Re-rolling of billets to produce KATSINA Nigeria 210 000 t/year
\ bars, etc. Jos Nigeria 210 000 t/year
) OSHOGBO Nigeria 210 000 t/year
SOLADO Cameroon 40 000 t/year
IMCI Ivory Coast 20 000 t/year
SOMETAL Morocco 40 000 t/year
Re-rolling of hot-rolled MALAKU Zaire 150 000 t/year
coils to produce cold (with galvanizing line) ;
rolled and coated coils ,
or sheets I




PROJECT OF A MINI-STEEL PLANT

APPROACH FROM THE MARKET

TABLE XVI

INPUT

TIME ———

Estimate of total present market

Present market

, Future market
(in 10 years?)

Present total

Percentage of

consumptior. market needs
t/year per covered by the
product projected
plant
50 000 t/yr Depending
of re-bars hypothesis:

from
8 to 20 mm

30 000 t/year
45 000 t/year
60 000 t/year
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PROJECT OF A MINI-STEEL PLANT

APPROACH FROM THE NATURAL RESOURCES

TABLE XVII

INPUT

TIME

Capacity and type of production

(quantity and quality)

envisaged

Present choice
(see Table VI)

Possikle choice
in the future
(in 10 years?)

45 000 t/year
of rebars or
from 8 to 20 mm

or

50 000 t/year

of steel
(billets)

1]

Electric

arc fur-

nace with
scrap

Prot-ably not
too many other

choices?
(03)

11

Idem
with
direct
reduction

Production
of pig

iron with
charcoal
blast fur-
nace and
production
of steel in
oxygen con-
verters

New processes?

(24)

—— =




TABLE XVIII

PROJECT OF A MINI-STEEL PLANT

APPROACH FROM THE HUMAN RESOURCES

List and codes of key functions

»
L
1 (%o 4
: OEPIRTIVENT LISELLE OE LA FOMCTION Frog
Chef acheteur Ce rechanges 1
Chef acheteur de matiéres premiéres 2
APPRQV[SIONNEMENT
(non postés) Cestionnaire Msgasins/narcs et céccuanement 3 ,
Responsable ce réapprovisionnement ges stocks a
ENGINEERING Resconsable de la documentaticn technique des installations 5
Magasinier ce poste coulée coentimue . [
]
! . .
. postés | macniniste pomperie coulée continue : 7
| entaztien
. Contremait-e ge poste c'entretien sec:ariel coulée contirge L}
|
i ~cn Cref macasiniec/visiteur coulée continue 9
| SECTZAE.
X Scsids | Cref précacateur g'entretien coulée continue 13
1 +
; Concremalize Chef glentrotien sectariel coulée continve v
! ! Resconsatle ce l'atelier Ces réfraczaizes ce cou.de sentirue 12
i
Préparateur ce distriduteuss (tundisn) 3 la coulée continue i3
5 PRGCUCT [N :
: “JuLEE | Contremaitze Chef ce zarc 3 Dilleties de coulée contime 1a
o e |
: |
CooogaNTIE | Surveillant ces utilités et 3uxilisizes coulée corti~ue s
' ]
i Pracra
; (Postés) l igent ce mise en nuarce 3 la coulée <ontirve 5
; | ' -
| 'Cauuur 3 123 coulée continve 17
g r )
: | Contremalize Cref ce ~acnire ssulée coniirue 18
! ;::é:a:eur en canine <. lde contirue I
' | Contremaitre Chef de poste coulés continug J 0
. A
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TABLE XIX

INVESTMENT ZOSTS FOR THE VARIOUS CONFIGURATIONS

OF THE REFERENCE PLANT IN MILLIONS US DOLLARS (1985)

Cost of Cest of internal Total Cas:
equioment infrastsucture
ivil. erection,
Suilding work

MS MS “S é

Simple bar
ralling mill 25 15 49
1C0 O0CO t/yea:

Cummingtion mill for

cacs, »irfe rs¢ anc : _
s r 60 sC 10¢

medium profiles

400 002 t/year

Same as accve sen:l

tAtegTates with EAF - 43 - 3 2C3

anc viiles C2 = 10S = 95

s0C 000 t/year

Same 3s atcve inte-

gTates sitn nacural » 50 . 5C

338 C.R. #ilanz 3cC
1 1

<CC 320G :/yea: = 153 = 63
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INVESTMENT COSTS FOR THE VARIOUS CONFIGURATIONS

OF THE REFERENCE PLANT IN MILLIONS US DOLLARS (1985)

TABLE XX

Cost equisment and Intecnal
infrastructure

Total .cs:

Caost in $
per annual

MS Ton
Rclling millalone
100 CCJ t/year a0 a0C
4CC 0C0 t/year 100 250
Rclling mill semi-
integrateg wilnh EAF
anc Sillet CC 203 500
(420 000 t/yea: Billet)
(4GC 500 t/yea: procuct)
Same 8s adbove integrated 300 750

wit®™ gas O.R,
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TABLE XXI

COST OF THE INFRASTRUCTURE OF THE FIRST ORDER

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

A2 gt

order of sagnitude

iten of cost u$
[
M3in offices 10
Laboratories 3 to S

Mainterance facilities : j

workshops 10

Warehouses S 4

General transport and
hangling systems 5 '




TABLE XX11

COST OF SOME INFRASTRUCTURES OF THE SECOND ORDER

(everything is related to a 400 0GO t of product/year plant)

¥
\
7
ites order of magnitude of cost M3
housing
for Pamilies of 30 ~S

1380 people «
associated facilities

energy supcly
we mean only, here, the
connections to existing
systems of :

Natural gas
Fuel oil
Coal
Electrical energy
wates
etc ...

40 to 60 MS

et e Nk Nt Nl
.
.
)
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TABLE XXIII

ORDER OF MAGNITUDE OF THE COST OF SOME INFRASTRUCTURES OF THE THIRD ORDER

(everything is related to a 40C 000 t of product/year plant)

ites

basis

total cost M$

Iran Mine
(630 00Ct/year of
high grage lumps

or peilets)

gas fiela
(’ar 150 M#/year)

prcaccew cocsommocancncecans -t

Power station
(for a00 Gwh/year)
ang 140 Mw

proascr s cnsvasnsecoaeeew

water intake
(for 3 md/year)

from
18 to 75 $/t

............. cececvcecsca=d

gifficult to give
average catas

fzom

5008 tg 1 000S

aifficult to give
averige gatas

10 to 50 MS e
even agre if long
railroad or pipe line
have to be Bduilt

1 to 5 MS
even more if
it {s rfar avay

.......... Scoccsavccovssy

® some 25 tc 35 MS coulo be acces {f pelletizing plant Is neezecz




TABLE XXIV

VARIOUS COSTS OF IRON AND STEEL PLANT WITH INFRASTRUCTURE

e

J (total cost in million US dollars (1985))
Y
} Total cost of plant Extra infrastructure
T

Equipment internal 1st 2ng 3ra

infrastructure order order grder
Rolling eill 1St +« 10 ¢t 1S « Sta 0 e 2 0 2
100 Q0Ot/y 25 %0 &0 3t 0 w ts &0
']
semi integrated 33 - &0 - S . —
classical -lninllﬂ

200 00Ot/y = 93 s S0

seni integrated 105 + 95 s X0 + 10 0 50
diversified 2
ainiplant

400 000t/y = 200 s 20 uw to 280

]
integrated 155 . 185 . 40 «M¢ew i -?
steelplant '

with O.R. :

£00 000t/y = 300 s 340 410 to a0 !

N e
-~

Classical !
integrated Iron total 5 can reach ]
and Steel plant 2 500 to 3 0O y4 000 to 6000} |

2 mt/year " / ' I

— - -

Classical \  can resch
integrated Iron total - >6 000 to 3 OO0 ;
and Steel plant 4 000 to S 000 '

& M/year :
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TABLE XXV

ORDER OF MAGNITUDE OF SOME RAW MATERIALS, ADDITIVES AND

VARIOUS PRODUCTS NEEDED TO PRODUCE ONE TON OF STEEL

IN THE ELECTRIC ARC FURNACE

A

kg/t steel
Scrap around 1 100
I
‘ Fluxes: 20 to 100
lime
dolomite, etc.
Electrodes 4 to 19
Ferro-alloys: A few kg
ferro-manganese
ferro-silicium .
Re-carburizing agent (anthracite, coke, ...)
Refractories (see details in tables
XXVIII and XXIX and Figure 21) - ‘
Mechanical parts -
Electrical parts . -
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TABLE XXVI

LIST OF SOME MATERIALS AND PRODUCTS

v—

NEEDED TO CAST ONE TON OF STEEL

Powder in casting moulds

A2

0il
Ingot moulds
Mechanical parts

Electrical parts

Etc...




TABLE XXVII

LIST OF SOME MATERIALS AND PRODUCTS

NEEDED TO ROLL ONE TON OF STEEL

0il

L r™

Grease, etc. |
Rolls

Guides

Rollers
Mechanical parts

Electrical parts

Etc...
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CLASSIFICATION OF REFRACTORIES FOR STEEL-MAKING

- 63 -

TABLE XXVIII

SPECIALLY FOR ELECTRIC ARC FURNACE AND LADLES

RLPRACTORY TYPE

E B )
. e

.

[ "]
’ b

Magresite (MgO)

Magnesite - chrome (MgO - c:zoa)
Maqnesite -~ cacbon {(MgO - C)

Magnesite - dolomite (CaCC] - MqCC,) MgC
Dolomite (CaCCJ - cho,)

lime (f:sed/sintered] CaC

BONDING

@ o N N A
D T I T Y

-
(-]
.

Burmed brick - conventional

Surned Srick - direct dondes

Sumec brick - sintered

Surned =rick - res:a doncded - reguiar sran
Burned brick - resin bonded - fused jrain
Fused c2st

Chemically bonded (Lncr3anic)

Chemicaily bonced (orgaruc)

impregnaced (tnosganic)
Inpregnaced {orzanic)

RAW MATLRIALS
AR o A el

[

Narurzl sasnesite

Synhetic sagnesice

Fused magnesite

Chrome sre

Simuitareous sinter ores ~ (Magnesite - Cheomite)
Dolom:ze

Lime

Flake grazhize

Ceonvenzicna! graghite

Carbon [lam: Slack. etz.)
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TABLE XXIX

MAIN REFRACTORIES USED IN EL.ECTRIC ARC FURNACES

Standard refractory material

New or experimental material

He>rth

MgO high purity. dolomite;
Doiomite-MgQ ramming

MgO high purity bricks
Special CoO ramming

Slagiine

As above. plus:
MOO‘C(IOJ rebonded fused grain

MgQO-C bricks (C = § - 15X}
MvO-Cr203

Lower sidewall

MgO high purity Impregnated

Specilal direct bonded bricks
Mg0O-Cr,03 chemicei bonded/water

Upper stdewasll

MqO-CrzO’ burned or chemical bonded
doiomite

sooled psnels

Water cocled panels

Fused cast MoO-CQOJ

M¢O-C bricks (C = 6 - I5%)

Hot spots High purity MgO Water cooled panels
Taphole Monolithics. bricks. chocks or sleeves l’use_d cast MqO-CrzO:, block
Blocks made from refractory oxides
Basic monolithics 94% MgO h
Tapping spout 6% MqO bricks such as 2rOz. S1C2. Ai03, MgO
associsted with SIC and C
70-86% Al20; bricks. partial or
Roof complete Water cooled membrane o7 panels

MqO-Cr0

Delta section

High Al;0) bricks and monolithics.
70-86% (-amming or castable)
_MgQ-CrQ3 materialy

Castables 96-97% A1203 or basic
material
- rick
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FIGURE 2

TREND LINES OF FORECASTS CF WORLD STEEL PRODUCTION AND CONSUMPTION

FOR THE PERIOD 1975-2000 IN RELATION TO TIME OF FORECASTING
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FICUPE 2 b

s WORLD STEEL CONSUMPTION

(Mt of crude steel)
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F ICURE 2d ‘

{

J

! REGIONAL STEEL CONSUMPTION

(Mt of crude steel)
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THE TWO TYPES OF IRON AND STEEL PLANTS

IN INDUSTRIALIZED AREA

FIGURE 3

Processes »Classical” )
and " with with . with
capac:ity routs Blast furnace Electrical Electrical Arc Fuzmace
t steel/ and Agre Furnace ) and .
year Oxygen Converter based on scrap Direct Reduc:ion
Less than (D1fficuit
; , ’ , )
1C0 000 Such plants Evolutxon of 'h too smail)
/, mini steel .
are s plants for *
ong products o
1C0 0CO disappearing / , ; - Difficult fot
to 1/ //, /’/l econcm:cal
1 €CO 600 “‘~g\;~vl,,af’J reascns
1 €00 CO0
to Evolution of the
5 0c0 000 - large flat / Difficult
:' products /. .
inte -ated
More than / ; fint / (too larse)
s 0CO 0CO \/
l




FIGURE &
T AVERAGE CAPACITY OF MAIN ROLLING MILLS
LY
J/
Mt/year
0.1 0.5 | 5 10
] 1 ] .
o I ! | :
FLAT PRODUCTS . | I | :
continuous Mill ; | | | : (= 1
l
N
semi-continuous Mill | I ' L : :
, | 1
| ! |l |
HEAVY PRODUITS LOURDS I , | | !
| | l l
PLATES | | I '
_ BEAMS l | l
rails,etc... ] |
I | :
LGNG PRODUITS LONGS ' l | |
| | |
/ |
| . I
MEDIUM PROF ILES ! l|
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F {CURE 5

TREND TO DIVIOE THE IRON AND STEEL INDUSTRY IN INDUSTRIALIZED COUNTRIES

IN TWO DIFFERENT TYPES OF PLANTS

Iron ore
coal
Scrap
—
préparation ang
agglomeration
(pellets) \\/r
Preparation Preparation
and agglo- and J
meration coking "
(sinter) \v/
IRONMAKING STEELMAKING
(blast furnace) (electric)

STESL MAKING

(o, o) CONTINGOUS CASTIvs

(pillets)
CONTINUQUS CASTING

(Sl303) ROLLING “ILLS
ROLLING MILLS (bars, wire rog
(coils, sheets ) merchant ircn)

[ MA[NLY L2u¢G
AND

LIfkT ZRCCLCTS
MAINLY FLAT

PROOUCTS




-3 - FIGURE 6

THE TYPICAL MINI_STEEL PLANT

scrap or D.R.I.

Electri: arc furnace

77N Secondary metallurgy
{ \ if necessary

)]

/

e,
billets continuous
casting
billet

stockyard
equalization
of

e

billets

temperature

reheating

r- - e e enw

————— #

bar mill

cooling
finishing
shipoing




ORDER OF MAGNITUDE OF COST OF 1000 kwh

AROUND THE WORLD (in US $ 198S5)

Japan hydro 5 to 15
50-70 fossil (coal) 25 to 50 INDUSTRIAL 177D COUNIRIFS
’ nuclear 20 to 30

of {he "West*

of the “East"

hydro, down to 4 /
fossil small size up to 100
DEVELOPING COUNTIRIES

medium size ‘ down to 25
longe size

LINDT S
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POSSIBLE EVOLUTIONS OF A MINIMILL TOWARDS CONTINUOUS GPERATIONS

|= == =

' @ continuous feeding

of preheated scrap

[ l |
l :
|

-1
@ electric arc
| furnace more

C
|
\
J
*cont inuous®
e —
@ etalluw ’

casting

bé)e

continuous maybe
on vertical
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FIGURE 9
POSSIALE EVOLUTION OF A MINIMILL TOWARDS MORE OIVERSIFIED PRODLCTIONS
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STRUCTURE OF STEEL CONSUMPTIONS

Kg product/cap/year

400 Xg/cap/yeatr

L™

60/70 %
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///,
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50 %

flat preducts
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Y=
10 X3/c3p/,23r
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J
77— s0r0 &
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Ingustriallzed Newly less
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THE VARIOUS ROUTES AND PROCESSES
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TO PRODUCE LIQUID STEEL

IRON

V

”(’.. -

SHCLTING REDUCT

7 oy
SUCH AS

1

BLAST

F URNACE

\
~

S,

| |
LIQUID HOT MCTAL
{ IRON)

%

REF INING OF HOT

MCTAL WIITH
OXYGEN

A%

ORES SCRAP
| |
' |
| ]
| |
DIRECT :
REDUCTION |
PROCESSES /
. /
\\ - - /
SOL 1D MCTAL
(IRON)

"4

MELTING OF SOLID

MCTAL WITH
ENERCY, MAINLY

ELECTRICAL CNLRCY

<

A%

LIQUID STEEL

FIGURE 11
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FIGURE 11

MAIN PREREDUCTION METHODS OF IRON ORES

Iron or fines

LUMPS
(or sinter or pellets)

!
-l g ]

Shaft
Coal

ircula-
0 ting beds
i i \

v v

EXEMPLES:

Fluia
beds furnace

INRED ELRED PLASMASMELT COIN
KAWASAK I KR
SUMI TOMQ
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THE THREE TYPES OF IRON AND STEEL PLANTS

FIGURE 12

IN DEVELOPING AREAS
Processes *Classical”
snd with with with
Capacity route 8last Furnace Electrical Electrical Arc Fumece
t steel/ and Arc Furrace and
year Oxygen Converter based on scrap Oirect Reduction
Less than Possibilities Mini steel Difficult
160 C00 specially plants _ (too_small)
w1 th o> (-o222 -
100 000 charcoal
to and e
1 CCO 000 also N -\\\\ \
with \ s nbimd
coal B -: v DY
‘. Screp
1 OOEOOCO \ : ava'x‘lapiQ .- s
S 000 000 N O : A
‘-—c—-"" . 4 »‘ : ' ."_, ; . !
- /,/U* AR /-____.._'..'--..
----- 7-._&— d.-—b—-b - ;
More than ) 4 I,«Mz T €0 : \B Y ooy )
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FIGURE 13

MINISTEELPLANTS OF U.S.A. AND JAPAN :

Comparaison of distribution of sizes

US.A

21-8 MILLION TPA TQTAL
FROM 67 MILLS.
{AVE PER MILL APPROX.
325 000 TPA)

JAPAN

224 MILLION TPA TOTAL
FROM 64 MILLS.

(AVE PER MilL APPROX.
350000 TPA)

<200 200 %00 600 800 1000
to to to to
399 S99 799 999

‘000 TPA

<200 200 400 500 800 7000
to to YO to
399 99 799 999

'000 TPA
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FIGURE 14

MINISTEELPLANTS OF SEAISI MEMBERS AND LATIN AMERICA

coaparsison of distribution of sizes

SEAISI MEMBERS
(INOONESIA, MALAYSIA, PHILPPINES,

80 SINGAPORE, TAIWAN, THAILAND )
LATIN AMERICA
L
(]
S-6 MILLION TPA TOTAL 9} MILLION TPA TOTAL
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FIGURE 15

THE FCUR PARAMETERS REGULATING THE OPERATIONS

OF AN INDIVIDUAL FUNCTION
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FIGURE 16

THE USEFUL RANGE OF THE PARAMETERS REPRESENTED IN A TRIANGULAR DIAGRAM

R/P 50%

ﬂf.
* gives the theoretical
equilibrium point

EH ®

The large dot. gives
the average of the team (20)

R/P 30%

¢,Q1' "Y\

R/P 20%

501‘ ‘l)\
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FIGURE 17

THE DESIGN OF AN IRON AND STEEL PLANT

THE MARKET
QUANTITY ANO
TYPES OF
STEEL PRODUCT

THE RAW MATERIALS
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FIGURE 20

REFRACTORYES NEEDED IN AN ELECTRIC ARC FURNACE

The use of water cooled panels or roof will, of course, modify this
basic scheme).

J (Note:

1. Sub-hearth 9. Doorway jamkts

2. Working hearth 10. Doorway arch

3. Pouring spout 11. Topwall seal

4. Tap hole i2. Door

S. Sill i13. Foof rings

6. Banks 14. Electmde port rings

7. Slag line 1S. Fume port ring (fume hole)
8. Sidewall 16. Delta section
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APPENDIX I

MINI-MILLS IN THE USA

It is quite interesting to compare the list from Metal Bulletin with the list of
Jack R. Miller and data from MILLIN, which lists 67 mills producing 21.8 Mt/year.

1. The list from the Metal Bulletin (1974):

Arc fornate pae  Camtimumm Delot covayr Faosheng mellis)
company Werks ol coperty (ws)  —an. of mronis o d —capacity {wea) predurss
Caumry, ) Il ) . o () _}.....‘ ol
USA()
Ameron—3teal Producing Divpgn Euiwands, Calil. 3= 10K dwe (100 000} 1 « 2 (150.000) Ber/red {150.000) Reber. wiwra rads Ales wire
1 el ¢, (60.000) and mesh
Armce Steel Corp. Sand Springs, Ohis. 127000 1 = ¢ {150.000) Merchane {140,000 Beltats, marchant preducts
Adsnte Scesd Co. Adancs, Ge. 2585 (450.000 Ne Gos. red. e Wirs reds. rebers. haavy snd
hght sact:cae, tubes, hat snéd
. v st
Carteryvilte, Go.(8) 1 (200.000) twe 1x4 Bor & serip (150.000) I:wm
mere plisrned)
Avburns Steel Co. Inc.{4) Avbers, NY 1250 (150.000) 1 » 3 (130.000) Merchant (150.000% Rebars. merchans bars. kght
sectiens
Bechisnem Steel Corp. Les Angeles, Call. Ex7S; 6 =100 Ne Ber (230 QO0) Reders. wwe rad (sle wires
. Bz, red (243200} bu-.-m Koricated runipsce-
ment
Serder Scael Relling Milly Inc B Puse, Tenes 2428 I = (140.000) Bar (130.000) Sars. rebers. sections
Cascade Steol Retling Mg lnc. Mcihianeile, Ors, 2,18 {150,000) 1 x 2 (130,000} Sor (148,000} Rebary
Tha Coco Corp.
Lamens Mig Co. Lemonc, ™ 3«0 Ne Ser (240.000)
Phiton Mg Co Mhicon. Ps. 3«20 Ne Bar 130 000) Lighe sectrons. ban. radare
Sourern Elactric Stoel Co. Bermingham. Als. 244 Ne Bar (i48.000)
Chaparral Steed Co. Phdlothian, Ten. § = 18k da (200.000) | « 4 (200.000) Sar {400.000) Redars roundgs. angies
Fiorigs Steet Corp. Tampa. Fia. 1419218 1=2 Bar (240 000}
Indiantewn_ Flg. 2 « 3S 7300.000) 1-3.2.349) Ber {150 000} Redars, 1:ghe sactions
Crols, NC 1»28, 118 Ne Bar {)4C 000)
Georgeiown Scosl Corp (8, §) Georgetown. $C 3 = 60 (450.000) 1 &nrand Rod/ber Rebary. rounds. wire rods
Besumonc. Ten (), (6) 2 4 90 (500.000) (500.000)
Mewsian Western Sceel Led. Ews, Haws:. 118 Ne Ber (104.000) Reders
Incarcoascal Steel Corp. Chesapeaks, Va. 3~ bife. (100.000) Me Merchant {100.000) Rabars. seructurs! and hght
$0CT:ONS, FOVRES
Judsen Stael Cosp Emeryville, Coll. 19 No 3 var (10.000) Rounds, repsry
Kentucky Eiectric Scaet Co. Ceoslton, Ky. 2si8 1 - 2 (120.000) Section (140.000) Structursl sné ight seCtons .
Bar (140.000) facs 3ng angies
Kneuviie iran Ca. Knouwile, Tonn. - =2 Bar Sars
Marachon Sceel Co . Rolling Ml Duv. Tompe, Art. 3 - 28 (150.000) No fer (150.900) Redars
Mrnimes Industsrres Ere, o 2.3 351 Red (100.000) Biiers. wire rod
Missrssnps Stont Dre , Magns Corp Floweed, M, 2710 (1 - ¥%-ton Panned Bar (45.000) Rebars
planned)
{Tecal 180.000)
Nacrenst Macal. Teshin Sieel. US Wess Coasc - Biliacs
Maruben:-iids (pianned)
New Jersey Scoel & Strucsurst Corp. Sayreviiie. NJ Ix80 1 « 3 (300.000) Bar/red (150.000) Rebars
Neorih Scar Stoel Co. $s. Pavl, Min. 1+ 60 {330,000) 2 » 3(330.000) Sar {350,000} Rebars, angies. chanaaly
Nucer Scool Osrlingten. SC >0 I «2(120.000) Sar Bars, redery, Light structurals
Nerfois, Ned. 3,18 i a 2 (160.000) [ 174
jowets. Tas. - P Merchant (100.900) Rounds, angles
Oregon Sceel Miils Ing (6) Persisnd, Ore. 3 (400.,000) Ne Bor, place Rabars, merchant bers, plates
Poilss Sceel Co. Mgren. Ohie - # ¥ 3 (190,000} Ber. section Rebars, rounds, hight sections:
fence pesus
M. K. Porter Co. Inc.. Conners Sisel Drv Birmingham, Als 191430 32 fler Marcnsnt dars, redars. Alse
Hunungion. W Vo 3-% Ne Bar {150.000) Brighe bars
Reanete Electric Stool Corp Resnohe, Vs 2006, 1% dis. 1+ 2(75.000) Merchens bar (100.200)  Redars, merchant dasry
(190.000) ? 2 3 (130 000)
Rebiin Sseel Co. Dwakirk, NY z ﬂ,w dis. 1 » 3 (100.000) At another werks Billacs, 1ncl. slloy
100.000)
Reus Scael Worky in. Amute. Ls. 3 Nene S Rebany
$chaiizer Sinet Corp (8) Persisnd, Ore. 3« 75 (200,000) Ne Sllets
Sovid iceei Co. Son Froncince, Caid, 2-1$ Lsirand Ser (80.000} Revers, merchant bers, lence
POST 30¢T10NY
Souifern $crap Micoris! Kowsssh: Scoed New Oriesns -— Morchers Redsry, sactions
Corp . Yamamase tnduscry
Southwess Scool Roiling Moy Ing. Los Angolas, Coldf, 14101415130 Nene Bsr snd s (1)0,000) Light ssruciurals. bars, rebers,
) fence posis. Mot stirip
Strwciursl Mecals ing. Soguin, Teos. 3 - 40 {125.000) blone ;'0.&‘:)"' (100,000 snd Rebary, angles, revnds
,000)
Tennessee Forging Scoel Corp. WNerriman, Tenn. 3.2 Nene Ber (130,000) Redsry, sngles. merchant bary.
squares. Aise forging mlets
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< The list from Jack R. Miller (1984) as

of 1 January 1984
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APPENDIX II

MINI-MILLS IN CANAD:
(From Metal Bulletin 1974 and 1984)

Country/Company Works Arc Furnace Continuous billet Finishing Mill(s) Finghed
Size and caster - no of capacity (tons) Products
Capacity strands and capa-
(tons) city (tons)
Burlington Hamilton 1 x40 ton:2x20 ton 3-strand Merchant Bars, re-
Steel Dlv., (320 000) (250 000) (300 000) bars, light
Slater Steel sections in
Industries carbon and
Ltd. low-alloy
Industrial L'Original {15C 000) (152 000) Wire rod Wire ruds
Fasteners (250 000)
Ltd*
lLasco- Whitby 2 x65(330 000) 2 X 3(330 000) Bar light Re-bars,
l.ake Ontario +1 structural light sec-
Steel Co. (900 000) tions
Lud.
Manitaba Selkirk 2x 40 2% 2 Merchant Re-bars,
Rolling (250 000) light sec~
Mills tions, mer-
chant bars
Planet Octagon 1 x 25(60 000) 1 x 2(100 000) Bar Re-bars,
Steel Pond (100 0007?) rounds
Led.
Questeel Longueuil 1 x 50(40 000) 1 x3(140 000) Merchant Flats angles,
Div. of (250 000) channels,
QS?P Lud. rounds

(l)=*



APPENDIX II continued

v. .
“!’!'\\s

Country/Company Works Arc Furnace Continuous billet Finishing Mill(s) Finished
Size and caster ~ no of capacity (tons) Products
Capacity strands and capa-
(tona) city (tons)
Steel Co. Edmeonton 2x75 1 x4 2 bar (250 0Ou) Bars
of Canada
Ltd.
Westein Vancouver 1 x40(110 000) No Mexchant (50 000) Merchant bars
Canada (To be 200G 000) Rod (50 000) re-bars,
Steel (s) light struc-
Ltd. turals, rods
Calgary 1 x20(50 000) No - Merchant bars

(To be 100 000)

re-bare,
light struc-
turals, 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,
(7): Under construction. (8): Due to start up 1976. (9): Due to start up 1977.

+ COURTICE Cambridge 85 000

Total around
2 500 000

*  This is now IVACO (in operation)
*%* This is now SIDBEC DOSCO

(6): Works has direct reduction plant,.

Billets, re-
bars

...S6-
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APPENDIX II1

MINI-MILLS IN WESTERN EUROPE
(From Metal Bulletin 1984)

=—copaciy {ssng]
Ne
Palermo IS (100.000] 1»2 Seor
3% (150.000, Iase Marchent
Broscie ;20 (2% ] Ber
Sergone & Suss 25 (70.000 2 Ne
Vieansa -— -
Udmne 38 [80-90.000) Ne Rounds
6 {15.000)
3 {¢.500)
Srescin ] Ne Sar
Catania. Sicty 10 (25.000) Neo Merchane
20 (470,000}
No Two merchan: (70.000
Vildorsehs > 39 150000 and $0.000)
20 {120 O0)
Srvzsle 45 (250.000) 1.2 Ne
San O:dare -— - -
Caghars > 30 {100.000) | B9 Sar
Bresce 1> - Bar
Brescizs @200 1=30 %> b ] Bar
Torin 1~20 Sor
Verom Y ] Merchant
Bresca. 1%15; 1740 150 2 Sar
Maple - - b
[ ] <2 =28 Bor
Pomews § x 30 (100,000) Ix} Gor
Sramace =12 (150.000) 1 = 4 (140.000) 2 ber (200 000)
[ ~ 15 - Seor
Sectime Tormese - x4 -
Seremn - x4 o
Avgusta -— Ixl -
Erde ) » 10 (20.£00) Nene Merchanc (20.000)
Medens - Ners Plorchant
Sresca 5 I»4 Ne
Naplas - Nere Bor
Serpame - Nene [
fSrusce ) Beng mecalied Az snsther werks
Bruscia 173%. 1228, Ix; IxI($30.000) far rod (70
> 30 (120,000 %0
Poign » 30 (56,90C). 174 (150,00, 2 ber (150,000 sré
x 50 (90,000) 160.000)
Carenne Porsumiis 25. 1> % Ir6, tx Merthenc
Brencm (3 worts) »28, 48 )} x &{3) Morchant
Bresce 218 x4 Bar
Venice - Ix2 Plorchem
Trine - Ix Bur
- - 1 X3)
Reggre Emile - [ 3] Ne
Sorste - Ixé As anothe” weris
Phian -— Ne Ne
Sassorr § = 20 (30.000) Ix2 bor
Grocumere - (X9 ] Amecisted compen
[ v 25 (120.000) i x ) (120.000) Ne
Srascn 12202520, Ix60 3x). 1,4 [
VYellgdossols 3 » 40 (160,000) J 3 morghans
1 = 30 (70,000)
Srasce =il in20 Merchons
Srewen N [ 4
Casore Nepoh o
Modras Raguss -
Lesegre # % 35 (100.000) Morshent
Brascn 1 # 40 (150.000)
}) Méue i w 34 (70.000) Ne

Bars and wire rads. brghs bars:

Robers. merchent bun
Robers

Ingess

Asdars, wire red

Rebers. wirn reds, merchant
bars. Alse wire ond wire mesh
Merchant bars

Robers

Sillom

| 3

ngecs

Rebers

Sillous

Bellocs

[ 0]

Bare ond secuony. Alse brigh
bors, bols and sues
Reders, merchent bany
Robers

Merchant bars

[ ]
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Are Rvmuce mre
ond copacsty {aens)

§ » 60 (100000
! > 40 {90.000)
1 « 20 (40.000)

1+ 60 (180.000)
1 = 4048 (130000}
1 > 70 {170.000)

Dwe t5 swarx wp ¢ ond of 1974reariy 1978

Swdacrer SA(Y) Tovien

WEST CERMANY

Bedrache Scaniwarke AG Keh

L Soy che Eb Mwerke Herbornhek

Hamburger Sahiwerke GmbHIG) Hambury

Menshahiwerk Gadi & Co. KG YTrer

Woelse —Waltwerk Becher—Berien Sertm
:z-k-m-m & Co Scranggnns

GREECE

Peallorgk. Halyss SA Tomgell

Halyveurgwe Thanssies SA(1) Veles

Scoul Works of Northern Greece SA Saignicn

NOAWAY

Bhom-Spegorvertt ASS ) « 25 (40.000)

1 x 50 (130.900)

POARATUGAL

Sedurirgm Nacionsl Sari(S) Oporse

SPAIN

José Marss Arscrein SA Olaberre

Arregu: SA Vrora

SWITZERLAND
Forvowahien AG

a - PO

r.e, vo ol

Voo Re' Lud.

TULREY

Mot i Mosdory Febries TAS

Sriguh kovniprond Congrece Engrnosrng
Coor
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750,000y
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1 = 3¢ (60,000)

2> 247200V A
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2~ 16ton.] - 40-ton
(350.000)
Onle
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1 x 00 ¢~ 90.000)
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x50
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Ix3
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20 (3C.000)
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($16,000)

]
Ix
i=x
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]
h ¥
P34
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Inds

1 x 0 (20.000)
1:!!‘0”
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="
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§ » 39 (BOL00)
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0
™
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»
©

)
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Ix3
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No

Ix4
Ixd
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Ixl
(2% 3
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Sor (250.000)
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‘Mwe rod (3000001
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Ne.*{Anather company
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S milt planned
P (400.000)
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Bars snd wvre rods
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Bdierz. Moo
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B

Secuions, reunds, wire red
Pars, fats

Mg
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Secuvons, fats
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Rebars, bars (nd. diey)

Rebars, mwrchemt bwe, wive
rode. (Ao alley)

Wire red. Alss wire




Y

Durws Donks Seike KK
Funsbuis Sesel Werks Led.(2)
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Japen lron-Sand wesl Co. Lud.
Kanssi Ssaet Corp
Kokhe Sevel Works Led.
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Toye Kohan Co Led.

Yomuguch: Kagye Led
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o

‘ohohamn
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APPENDIX IV

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

Avc fornos mgn  Compaumm bufiet ouwter
ond cuporty tioms) —sn. of s ond
capecny (mes)
- 2x2
1 » 6C (2169000 Ixe
2> 15 (304,000;
1 x 106 (930,000~ Ix®
m’ ﬂ)
IxS 5 mevrs g Ixs
(190.000)
1 » 60 {216,070} 1 x 4 (Meom)
1 x 70 (240.000) 2%.000)
- Nene
140 1x3
§ = 20 (72.000% 1 x2 (vioem)
2 x 30 (252.000)
2> 20 {+20.000) %2 40,0004
1 » 60 (300.000) 1 » 4 (300.000)
1 = 30 {252.000) § « 4{25%.000;
1 x 1S (60.0000 -—
1 » 30 (120.000)
llﬂ‘(‘-am | v 4 (500.000)
Ix%0 ) 000)
2 x 50 (420 000% 1 x 3 (420.000)
1 » 70 (340,000 -—
1> 70 plonned
(240.000)
ExS8 in2

Frnshat producs

Rebery, rewnds. ha

Rebers. channelk. engles. wirs
red. Alss ferroaiioys. wwe

Robars. sacsions, rovnds. rails




Country, ammpuny

ARGENTINA
Guormand. SA

SRAZIL
Suderurpin Agenernie SA

Ages Anhanguers SALI,

Colavr—Cia Ferre ¢ Ao de Vicbrual 2}
Sederurgpren Colervas SA

Corgua—Cn Soderurgres €3 Guansbers(l)
Cosmgr—Cis Siderurges do Nerdeste
Constructors Jozé Mendes Jumer SA

Usras Soncs Obmpun—indusrs ée
Ferre ¢ Age SA

Uiba— wi1ns Sufervrps ¢ Bebea SALN)

BOMINICAN &8 UBLIC

vy re P

Oemintane C por A
"ENCO

Aceres Nasionales Sa
Assren Carse SA(Y)

Acorus do Maxice SA

Laminaders A3mpecmics SA
Acores du Chidushes SA

Aceres kcacopec SA
Cre Sdorirgin do Guadoingrs SA
Hylss do Moxce SA

PANAMA
Aswes Peneme

L SALVADOR

TENSIUVELA

Acors Eloctnes dol Carenift) (planned)
Sedarirgre doi Turtve
SrvermaSuforirgia Vonvmslons $A

MINT-MILLS IN LATIN AMSRICA
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APPENDIX V

(From Metal Bulletin 1974 and 1984)

Avelisnedn

Racsle
Meg: ¢m Crurer

VYdrn
Sse Pavie

$20 Pasto
Sas Pavie

Sanes Cruz

Recsle

ez de Fors (planned)
Sa0 Pruio

Sance Domwage

PMamice Cigy

Manice Cicy
Nembre de Dres
Tuipotiec

Sen Selvader

Aoc furnoce uge nllut caster 8}
ond copocty (was) —aw. of Srents ond w“"‘-(ﬂ-'
capocny (wes)
T 45 (255 0000 2 8 {255.000 Sarived (285.000!
1 19(822.000) Ne Red (120 0D
1 45 mevrnn Ne Med setvon (72.000)
1]
1328 1S000000) 1 2(103.000) Merchant. were re4
1 1S (54.000) to 4 mcrchan: (219.000)
112 (43,000}
i 15 (Se 000 Ne No ]
1 8180000 Ne No
1 6{21.400)
1 40 (250000} Pranned Bar . wwe rod
Yo No Bar
1340 000) Pranned Were rod. bar
1S, ¢ 61550000 Neo Bar {70.00M

1 108 ¢J00.000) I 6 (300.000}

120 (24.000) f » 2 {100.000)
17 12 (36.000)

ixitk. &) = 4 (202000
l'*‘i.: i l;t. * g

da. (243.000)

:l'l-ﬁ. a}“’.rﬁ
x 35-00n

{90,000)

2x I0K. dea- (§0.000) Ne

) (60.000) Ne

2x 10 (Y0.000) 2x 1 (70 000)

1x 10 (78,000) 2 x ) (70.000)
 x 15 {45.000) 1 = 1 (70.000)

21x 28 (110,000) $ x 2 (140,000)

1x ITh. dn. (450,000} 2 « 4 (600.000)

1220 Ne

1 40/45 (100,000}  Ix)

3~ 73 (300,000} Ne
{%0.000) None
2>23, 1= 6(195.000) 3x1 (150.000)

Red ‘Rar {comw npe@neny
97S)

Ber (73.000)

Red (282.000)
PMerchant (70.000)
Ber (100,000)

Red/ver (75.000)
Merchent

Rebarys wwre radh engmeerng
rondy

Wire red. wwre snd wwre
preducts

B-tets barx (Specnt C ane low
sitay)

Rounds fats. redan. serrons
Redany

Ingoty
Ingers

Redary wwe rods wwre
Redars. rovnds

Wirs reds. bany
Rovadr squarmy fiace

Relicry. rods and bary

Rebers. Alse tedes

Wirs reds. wive end wire
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Modrum section (100.000] “Rebars. jeists. chanmels

Light sacvion (100,000)
Rod/ver (360.000)

Ber

Robars, wire reds. merchant
b3, wire
Rebers

Revurs

Angies, flaes, bary
Rebers, wwrw reds, fots
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APPENDIX VI
i
: J MINI-MILLS IN ASIA
1. From Metal Bulletin (1974)
Ao fornoce pige  Contossnus Bsllet euvter s}
Coumtry. company Werks ond copeoty (s} —ae. of mrends ond «—copecity (wns) Fuvehad produce
coperny (wew)

HOMNG ROTIG
Shyn Fung lron Werks Lté Kewisan -— txt Ber Rebars
INDIA
KA Steclumion Pyt Lid Ksiyam 1= 15 {30.000) 1 22 (60.000) Bar Rebans

1 = 14(30.000)
Krghna Sceel Industries Pyx Lid. Ne Bombay 2> 1S (50.000 None Roughing only. Rathing  Bellets

mull st snather works

Mod: industres Lid. Modimagar 3«51 10 Nose Wrs rod merchant Wire rods. flsts, rounds.

{108.000} squares. sections Also wire.
Rainbow Steehs Lte. Muzsffarnager 2> 10, 14-ton {50.000; Nore Bar (within group—9.500) Bars (reunds. squares. flaus)
Sahs Rainbow lepat Led.(7) - 4> 20725 (100.000) 2.2 (130.000; Bar (within group—79.500) Billens
SINGAPORE
Nauvonal te Ml Led(l Ju 2 x 20 (100.000) 2x A7) PMerchenc (167.500) Rebory, hurs, wire reds, sections

m & Sees - i l:ﬂ((lWM):wa

wader construcoon

{180,000)
TAIWAN
Ouy Yong Scosl Pl Co. Lt Kasheions yxe i o) Ne e o e 120.000) S s

Tapeh 1 % 20 ($5.000) No (30.000) Secvions, bers

1 % 3 (5.000 Ber (25.000) —

Fang Hain iron & Stet Co. Ltd- Toicheng Haien U‘o&'ﬁ’i“'m 1x244) Herchent Angles,
Dix

Nan Fang Stael Entarprue Co. Ltd, Chian Jonn 2 x 30 (90.000) No Bar (55.000) Rebart
THAILAND
Banghok lren & Sreel Works Co. Lid.  Samutprakarn 3 6 (50,000) No ::' ::—::’) ::::'
Benghok Scae! industry Co. Led. Sem Rprakarn I1x20 Ne v
GS Scaal Co. Led. Semvcproiarn 3330 (144,000) Ne Red and bor (120000)  Wirs rod, deformed hars
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2. From AGRAWAL and BASU for India
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3. From MILLIN for South East Asia

FIG.1 : MINI STEELWORKS AVERAGE CAPACITY.

AVE. CAPACITY - TONNES NUMBER OF WCRKS
PER ANNUM (0v0) SHOWN ()

400 ® SINGAPORE (1)
@ SOUTH KORCA (8)
® JAPAN (64)
@ USA. (67

300 =

200
@ N ZEALAND m
@ THAILA é
‘ LATW AHEl A

100 = OONESA " 117) @ HONG KONG (1)
@ MALAYSIA (&)
®  PHILPPINES (11)
® TAIWAN (51}

O__




TABLE NO. 4 — INDONESIA

RAW STEEL
MINT STEEL MILLS CAPACITY TPY
INDONESIA
PT BUDIDEARMA JAKARTA 90,000
PT DJATIM UTAMA STEEL MANUFACTURING 20,000
PT GUNUNG GAHAPI 3G,000
PT INTI GENERAL YAJA STEEL 40,000
PT IROSTEEL WORKS 70,000
PT ISPAT INDO 200,000
PT KRAKATAU STEEL* 540,000
PT MASTER STEEL 20,000 (e)
PT MAXIFERO (STEEL) INDUSTRY CO. LID. 30,000
PT PULOGADUNG STEEL MANUFACTURING CO. LTD. 30,000
PT TOYOGIRI IRON AND STEEL 20,000 (e)
PT BAJA INDONESIA (150,000)
(currently in liquidation)
*# jncluded at its present size only for completeness.

TABLE NO. 5 — MALAYSIA
MALAYSIA
DAH YUNG STEEL MANUFACTURING co. 40,000
MALAYAWATA STEEL BHD. 170,000
MALAYSIA STEEL WORKS (K.L.) SDH BHD. 30,000
UNITED MALAYSIAN STEEL MILLS BHD. 30,000 (e)
TABLE NO. 6 - PHILIPPINES

PHILIPPINES
ALLENCO STEEL CORP. 60,000
APOLLO STEEL MILLS 60,000
ARMCO MARSTEEL ALLOY CORP. 60,000
ARMSTRONG INDUSTRIES, INC. 30,000
GLOBE STEEL CORP. 21,000
MASTER STEEL PRODUCTS INC. 12,600
MARCELO STEEL CORP. 54,000
MAR"TEEL CORP. 30,000
NATIONAL STEEL CORP. 42,000
PHILIPPINE BLOOMING MILLS CO. INC. 250,000
UNION STEEL MANUFACTURING CO. INC. 7,500

(e) = estimated
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)
\
) TABLE ¥G. 7 - SOUTH KOREA
RAW STEEL
MINT STEEL MILLS CAPACITY - TPY
SOUTH KOREA
Carbon Steel:
DAE HAN SANG SA CO. LTD. PUSAN 120,000
DONG KUK STEEL MILL CO. LID. PUSAN 635,000
= " e = = . INCHON 120,000
I L MASAN 290,000
INCHON IRON & STEEL CO. LID. INCHON 600,000 (Jan.81 1,000,000)
XANGWCN INDUSTRIAL CO. LID. POHANG 500,000 (End 81 1,000,G00)
KUMRO INDUSTRIES INC. PUSAN  550,00C (by Aug. 80)
SEOUL STEEL MANUFACTURING CO. LID. INCHON 45,000
CARBON STETL - Total 7,310,000
Special{ity Steel:
KOREA HEAVY MACHINERY IND. LID. SEOUL 100,000
- KOREA INTEGRATED SPECIAL STESL CO. LTD. MASAN 225,000
PUSAN STEEL CO. LID. PUSAN 50,000

TABLE NO. 8 = SINGAPORE

SINGAP?OZE

NATIONAL IRON & STZEL MILLS 400,000
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TABLE NO. 10 - THAILAND

RAW STEEL
MINI STEEL MILLS CAPACITY TPY
THAILAND
THE BANGROK IRON & STEEL WORKS CO. LID. 150,000
BANGKOK STEEL INDUSTRY CO. LID. 100,000
G.S. STEEL CO. LID. 160,000
THE SIaM IRON & STEEL CO. LID. 140,000
TEAI - INDIA STEEL CO. LID. 45,000
595,000
TABLE NO. 11 - HONG RONG
HONG XONG
SHIU WING STEEL LID. 180,000
SHUN FUNG IRON WCRKS LID. 100,000

280,000




RAW STEEL

MINI STEEL MILLS CAPACITY TPY
TAIVAN

CHIA HSIN METAL INDUSTRY CO. LID. 15,500
CHIN TAI STEEL ENTERPRISE CO. 60,000
CHING SANG IRON WORKS CO. LTD. 25,000
CHIN YUNG SHENG STEEL MANUFACTURING CO. LTD. 40,000 (e)
CHOU'S IRON & STEEL CO. LTD. . N-A.

DAH YUNG SHENG STEEL MANUFACTURING CO. LTD. 110,000
EAST ASIA STEEL CORP. 564,000 (e)
FENG HSIN IRON & STEEL CORP. 80,000

FU SING STEEL MFG. CO. LID. 5,000

HAI KWANG ENTERPRISE CORP. 90,000
HSINKO STEEL CO. LTD. N.A.
HSIN YEE METAL INDUSTRY CO. LTD. 20,000 (e)
HWEITAI STEEL CO. LID. 30,000
JIN TAY SAN STEEL MANUFACTURING CO. LID. 50,000
KAOH SIUNG IRON WORKS LTD. 10,000 (e)
KIM HO SHEMG INDUSTRIAL CO. LTD. 7,000
KINGSAN IRON WORKS CO. LID. 14,000 (e)
KINHSIN IRON & STEEL CO. LID. 20,000 (e)
KINTAISAN STEEL CO. LID. N.A.
KINYANG STEEL CO. LTD. N.A.
KINYUENSEN STEEL CO. LID. N.A.

KUO MING STEEL MFG. CO. LTD. N.A.

LI CHONG STEEL & IRON WORKS CO. LTD. 20,000 (e)
NAN FENG STEEL ENTERPRISES CO. LTD. 80,000
NAN KWANG STEEL & IRON CO. LID. 30,000 (e)
NAN LUNG STEEL & IRON CORP. 12,000
SINFA STEEL CO. LID. 20,000 (e)
SINTAIYANG MACHINE CO. LTD. N.A.
SONG SHAN STEEL CO. LIT. 10,000
SOUTH CHINA STEEL CORP. N.A.
SUANCHIN STEEL INDUSTRY CO. LID. 100,000

TAI LI STEEL & MACHINES CO. LTD. 20,000
TAILI INDUSTRIAL CO. LID. 40,000 (e)
TAIWAN MACHINERY MFG. CORP. 30,000 (e)
TAIWAN STEEL & MINING CORP. N.A.
TANG ENG IRON WORKS LTD. 200,000
TONG SHEN STEEL & IRON CO. LID. 180,000
TUNG HO STEEL ENTERPRISE CORP. 60,000
TUNG KWAN STEEL & MACHINERY CO. LTD. 20,000 (e)
YA CHOU STEEL MANUFACTURING CO. LTD. 24,000
YUENSEN INDUSTRY CO. LTD. N.A.
YUNG TAI STEEL & IRON WORKS CO. LTD. 30,000

(An additional nine plants exist, but no details

(e) = estimaced

available)




APPENDIX VII

MINI-MILLS IN THE MIDDLE EAST

(From Metal Bulletin 1974 and other sources)

Country/Company Works Arc Furnace Continuous billet Finishiag Mill(s) Finished
Size and caster - no of capacity (tons) Products
Capacity strands and capa-
(tons) city (tons)
IRAN Ahwaz - 1x4 Sect.ion(65 000) Light sec~
Irmco - Merchant (85 000) tiong, wire
Iranian Wire rod rods, rounds
Rolling and flats,
Mills Co. re-bars
IRAQ Khor 4x70(400 000) 2x6 Merchant Rounds, wire
Khor Al Al rods, sec-
Zubair Zubair tions
(planned)
JORDAN - 1x20 1x2 Bar Re-bars
Jordan
Steel
Co.
LEBANON Tripoli 1x7;1x30 1x2 planned Bar Re~bars
Lebanon
Steel
Mill Co.
SAL
UNITED Dubai - - (36 000) Re-bars
ARAB
EMIRATES
Ahli

Steel

- 011




APPENDIX VII continued

o

Country/Company Works Arc Furnace Continuous billet Finishing Mill(e) Finished
Size and caster - no of capacity (tons) Products
Capacity atrands and capa-
(tona) city (tons)
QATAR Doha 2x70 t Yes (400 000) Bare
QASCO Billets
SAUDI Al Ix80 ¢ Yes Merchant mill Merchant
ARABIA Billets wire rod iron wire
HADEED (850 000) rod
SYRIA
GECOSTEEL Hama - - - Merchanc bar

galvanized
tubes and
pipe, longi-
tudinal
welded pipes
and tubeg
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APMENDIX VIII

MINI-MTLLS IN AFRICA

LIST oF MINI STEEL PLANTS IN AFRICA

This list is based on the principle it includes all plants
oroducing lton Steel rolled products with a capacity of less than
300 OCG t/year . It incluted the countries and the enterprises given on
table I and figures 1 ang 2.

These plants can be suadvided in :

1 plant based on blast furnace and oxygen sieelmakirg
(150 000 t/year) in TUNISIA

3 plarts based 2~ OPEN HEARTH FURNACES in ALCERIA (1) arg
EGYPT (2) :

11 plants based on ELECTRIC ARC FURNACES (EGYPT, LISva,
MAURETANIA, ANCOLA, GHANA, KENYA, NIGERIA (2), TO0SO,
OUCANCA, ZAIRE)

6 plants with only ROLLING MILLS (IVORY COASY, CAMERCOON,
NIGERIA (3}, MJROCO)
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PROVISIONAL LIST OF MINISTEELAUANTS COUNTRIES
M FOSSIBLE REPRESENTATIVES

J
- ]
| REMARKS
COUNTRY ENTERFRISE MAIN DATAS
'\ ALGERIA ENS at ORAN 45000 t/year in expansion
7/ i 1 (+2) OPEN HERRTH
+ FURNACE
TUNISIA at MENZEL-BOURGUIBA  In fact integrated with
ELFOULADH i small BF « EOF and one
; EAF 150 000 t/year
EGYPT NATIONAL METAL ; 200 000 t/year with
INOUSTRIE at ABOU  OPEN HERRTH FURNACES
ZAABAL i
. DELTA STEEL MILLS - 80 000 t/year with EAF
| at MOSTOROD '
; - EGYPT COPPER WORKS ' 150 000 t/year with
! NEAR Alexandria  ; EAF anc OPEN HEARTH
; * FURNACES
[}
: MAURE TANIA SAFA at NOUADHIBOU . 18/36 000 t/yéar with
i ! one EAF
i H
LIBYA | LIBYAN METAL INOUS- | 20 000 t/yeas with two
TRIES at TRIPOLI ' EAF
T
ANGOLA SIDERURGICA NATIONAL ; 50 00O t/year with one
at LUANDA | EAF
GHNA TEMA STEELWORKS 30 000 t/year with one
at TOR EAF
i x '
| KENYA I venva un17ED STEEL | 30 000 t/year with one
at MOBASA EAF
7060 SOCIETE NATIONALE | 20 00O t/year with one
0E SIDERURGLE 173
'
OUCANDA STEEL MAMFACTLRE | 26 000 t/year with one
of EAST AFRICA £
]
ZAIRE SOCIETE NATIONALE | 120 000 t/year with ore
DE SIDERURGIE at v
MALAKU
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NIGERIA CISCO 2% IXKEJA 36 CO0 t/year with ore
ENF
- NIGERSTEEL at 34 QOU t/year with two
ENUGL EAF
. BATA GARANA 210 000 t/year re-
stee] at rolling plant for
KATSINA bars wire rod and
merchant iron
linked with
WARR] direct
05 STEEL - idem - Reduction and
- at XS Steelmaking planJ
which delivers
- 0SHOGBO STEEL - idem - the billets
at OSHOGBO
IVORY COAST Ml at 20 000 t/year
VRIDI bar mill
CAMEROON SOLADO at 40 000 t/year
DOUALA bar and wire rod
mills
MOROCCO SOMETAL at 40 000 t/year
Casavlanca bar and merchart
iron mill
Without forgetting:
EGYPT ALEXANDRIA 800 000 t/yenr
NATIONAL STEEL: steel with direct
EL DEKHILA reduction
NIGERIA DELTA STEEL: 1 000 000 t/year

WARRI

of steel

400 000 t/year
rolled product
with direct
reduction
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MINI ET MICRO-USINES

ORAN __ ELFOULADH [integrated)




| < LAMINOIRS

SOMETAL

Akaki Beseka




APPENDIX IX

(From Metal Bulletin 1974)

NEW TEALAND

Neow Zouans Steel Lid (6) Gleabrosk 2-1MVA Ixs
(110-150.000)

L Packic Seael Led. Oubede 12 40 (100.00V) Neno

SOUTH AFRICA

Ownswary iron & Steet Weorks Lrd (6) Beneni 1 = 4§ {1 50.000) I « 4 (360.000)
1 # 30170 200)
1a15:9% 00)
37 12165.300)

Seaw Merais Lid. Germiscon 1.7 SMVA 3 -2 (206.200)
- Snva
2 .3 SMVA (0% 000)
1250 >tannad I - 3 planned
(175.000) (160.000)

Unean Steas Corp. [of South Alvia) Led. vl 3 » 43 ¢250.000) 1 4 4 {140,000}
3 a4 §,35,000)

* AUSTRALIA: Projects in Queensland

Ao Kornoce wize bllot covter
M of swontn ond
c . . Werks - ond capocsey (1ons)  —am. of 3 T}

J
MINI-MILLS IN AUSTRALIA*, NEW ZEALAND AND SOUTH AFRICA

Tabe anly

Plerchont bor (110 000)
Wire red {1 40,000)

Secton

Rae war (300.000%
Merchant par 164.000)

Sellews. Alse tubes. golv. 1P

Redbars. bght angles. Pats. wee
rods

Sars and settions

Rebars, Bars. sac 1ons. =-v¢ rods

Sars 3nd ecnons






