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In our opinion it is possible to summarise the totality of these studies
and their principal conclusions under the fcllowing three headings :

= what is the present position and the pattern of development of iron
and steel technology ?

— how are the various aspects of mastering technology in the iron and
steel industry to be viewed ?

- and, the clearly essential question, how is the technology in iron and
steel to be mastered ?

l. _THE CHARACTERISTICS AND COMPLEXITIES OF JTHE DFVEL"PMENT OF IRON AND
OGIES

The production of iron and steel involves a number of techniques or
highly specific routes and processes involving the processing of a liquid
metal at a high temperature.

As far as our purposes are concerned the principal characteristics of
these teck-ologies would seem to be :

= the relativc rapidity of development taking place in these routes and
processes,

- the progressive separation of the iron and steel industry into several
different categories which make it possible for us to differentiate
companies, in addition to those dealing with special steele, into a
first, a second and, now, a third type,

= the importance of the "maintenance” problems (general maintenance,
refractories, spares) in an industry which might be termed "self-
consuming",

- and, finally, the concept of complexity in these various installations
and its importance where the developing countries are concerned.

1.1. Develorments ip the iron and steel industry

It is widely appreciated that the irou and steel industry is a classical
example of a heavy inlustry, but it is ofcen forgotten that its technologies
are developing much more repidly than might be imagined.




The following are a few examples of this :

- the disappearance of the acid and basic Bessemer and the open-hearth
processes for steelrmaking, and the concentration of steel production
on only two processes, oxygen refined steel and electric steel furnaces;
these processes are themselves undergoing considerable development,

- the appearance of continuous casting which has now replaced practically
all casting in ingot moulds and which is now in the process of leading
to major changes in the Jdesign of steelworks,

— the appearance of new methods for iron ore reduction, in particular in
the solid state ("direct reduction") and now also by processes involving
the simultaneous processes of reduction and smelting ("reduction
smelting"),

- the development cf new mills, supplied from continuous casting plants and
designed to meet the new needs of ircn and steel users,

- and finally, with the same objectives in mind, that is to say that of
meeting the needs of the market for iron and steel products, the major
develcpments in finishing processes, ranging from improved quality
control to various coating installations (using tin, zirc, chromium,
plastics, etc.).

1.2. The separation of the iron and steel industry into several categories,
amongst which we should distinguish :

- the classical or first type steelworks, an irtegrated plant based on
the productiorn of pig iron, in general with a blast furnace followed
by converting it into steel using the oxygen process. Such steelworks
are generally of large size (several million tonnes per year), and such
works are now found based on "Jdirect reduction" processes, often using
natural gas. The products from these steelworks are generally flat
rolled or heavy goods sucl as beams, plates, rails, etc.

~ the mini-steelworks, that is to say plants of very mwuch smaller size,
ranging from annual capacities of 50,000 tonnes to ! million tonnes,
generally based on electric furnaces using scrzp. They generally
produce long products, and in particular lighc long products such as
bars, wire rod, small sections, etc.

- tinally steelworks of tne "third type", more or less "self-cen*red",
that is to say based on essential local needs; these may he simple
rolling milis or the new types of plant described in the report,
depending on research work which is still only just beginning. 1In the
final analysis such compaunies could be little more than a "service
centre for iron and stee! products” in those regions which have only a
small consumption of steel.

To the above should be added the distinctio. between normal commercial
grades of steel and high-quality steels, in particular the special and alloy
.steels which introduce another parameter.

1.3. "Maintenance”

In all industries the normal operations of maintenance or, .o bhe more
precise, the "maintenance” of the enterprise so that it is enabled to continue
operating, are clearly essential.




This is even more true in the case of the iron and steel industry which,
as a consequence of the employment of furnaces {with their various problems,
including those of the refractories used) or of equipment which comes into
contact with molten metal (such as casting ladles) or with solid but hot metal
(rolling cylinders and other equipment), may be termed "self-consuming".

This is why the problems of obtaining supplies of consumables, spares, etc.
are of primary importance in the iron and stee. industry and why the corresp-
onding functions must be treated with the greatest care.

1.4. Complexity

All these concepts make it possiblc«: to arrive at a degree of quantification
of the "complexity" of the iron and steel industry In our study this comp-
lexity is evaluated :

- firstly by the unitary complexity of a given operation or a sub-assembly,
such as a rolling mill or a blast furnace,

- secondly by the combining of the complexities of the various unit oper-
ations which will make up the enterprise under consideration.

The study seeks to evaluate this complexity by means of simple rules for
combining together these unitary complexities.

2. MASTERING TECHNOLOGY IN IRON AND STEEL

After this brief survey of the iron and steel industry and, in particular,
its development we consider it essential to define what is to be meant by
"mastering technclogy in iron and steel”.

After considering how this concept is to be defined we will endeavour to
answer the resultant questiouns :

- what iron and steel unit is being considered ?
~ what has to be mastered ?

- where are the principal problems located in mastering technology in
iron and steel ?

2.1. Mastering technology in an iron and steel plant

From what has been indicated it can be seen that "mastery” of an iron and
steel plant involves not just making it work (including the "start-up" and
"commissioning" phases) but also being able to design it and, in the final
analysis, of being able to rebuild, renovate and modernise it.

From the outset, however, it is essential to emphasize that such mastery
can apply only to one type of plant; it is not only too difficult but also
undesirable to try to master all types of plant: commercial steels, special
steels, alloy steels, flat products, long products, etc.

It {3 therefore necessary to select what one wishes to master, in terms
of types of products and also of type of plant.




In this respect we must emphasize that it is highly advisable to start
by "servicing" iron and steel products and then, in the future, to consider the
possibilities opened up by "plants of the third type", that is to say by self-
centred plants of small capacity, designed to meet carefully-defined local needs.

2.2. What has to be mastered ?

From what has already been said it can be seen that it is necessary to
master not only the "metallurgy" techniques, which need to be fully mastered
and which cover a group of different technologies of greater or lesser range
according to the type of unit involved, but also to be able, ir order to acquire
this technological mastery, to manage effectively :

- the "downstream" aspects, that is to say iron and steel products,
covering not only the metallurgical aspects but also ali the sales and
distribution aspects of these products,

- the "upsteam” aspects, covering raw materials, and in particular sources
of energy,

- all the "maintenance"” aspects, not only keeping the plant in operational
order but also modernising it and keeping it at an acceptable global
level with all the disciplines this involves, such as management,
maintenance, supplies of spares, etc.

2.3. Where are the principal problems located in mastering technology in iron
apd steel ?

From the totality of this analysis it appears from our studies that this
"system" formed by an iron and steel unit and its enviromment and infrastructures
is a fragile one; thevre is a risk thac it will "break" along lines of weakness
which we have tried to define.

We believe that these lines of weakness are essentially linked to human
factors, both inside and outside the plant.

Obviously these will tend to develop at the more delicate situations or
work stations; in general these are those of "supervision" and of the more
specialised operatives or technicians, both, as we must emphagsize, inside the
plant and also in the many infrastructures (enterprises, public or private
services and departments, etc.) which form the environment of the iron and
steel enterprise.

3. HOW IS TECHNOLOGICAL MASTERY IN IRON AND STEEL TO BE ACQUIRED ?

Having in this way more or less defined what is to be understood by
technological mastery in iror and steel how is it to be acquired ? To make
our question even more precise how are those countries which are least advanced
in iron and steel, and those ''new-comers' who still do not possess any iron
and steel installations, to acquire this mastery ?

Before giving an answer to this question it is necessary to make two
preliminary comments :




-~ care must be taken not to exaggerate the difficulties which this presents
and it is necessary to demystify the problems it presents, avoiding the
idea that iron and steel technology is both esoteric and extremely
difficult for a "new—comer" to assimilate,

- it is essential to reduce, as far as possible, these difficulties by
remaining modest in not seeking, at least at first, to solve all the
problems and, in particular, to produce all types of steel.

Within this context it should be quite clear thav a "new—comer" should only
start in a carefully selected and well-defined sector or "target" area.

However even when mastering a single sector in the iron and steel industry
it seems to us that three important conclusions emerge from our studies; these
relate to :

- the effort which will have to be made by the new iron and steel producer

himself, in addition to all that assistance which he can obtain, by
various routes, from the world outside,

=~ the time needed fur acquiring such mastery,

- and finally the role which will have to be played by the various
engineering departments (studies and new works) in this acquisition of
iron and steel mzstery.

3.1. The efforts needed in the acquisition of technological mastery in iron
and steel

At this point we must insist on the fact that true technological mastery
in iron and steel cannot be bought, or suld, but must be acquired by the personal
efforts of whoever wishes to obtain it.

However it is possible to facilitate this acquisition, for example by
purchase, by training or by obtaining licences for processes, but the main
effort must still be made by all those persons who are involved :

- firstly by all executives, from the directors down to the lowest grades,

- secondly by all the persoannel of the actual iron and steel plant and also
by all the executives involved in such a development in the country
concerned.

3.2. The time needed for this acquisition of technological mastery in jrop
and steel

It has already bcen seen that this acquisition can only be effected by the
men or women concerned by the problem, and it may thus be easily deduced that
this is a slow process, that is to say one which will extend over several years.

The "effective scenario” which will serve to illustrate this evolution

for the purpose of our study (even if it may, tc some extent, be a caricature
of reality) extends over a period of ten years !

Y O




3.3. The role played by engineering in the acquisition of technological
mastery in iron and steel

In conclusion we wish to emphasize the role which the various engineering
sectors must play in the acquisition of this mastery, that is to say through
studies of routes and processes and in the coustruction of the correcponding
vlant and equipment.

Whetuer this takes place within the works (through the engineering sections
responsible for design work or installations) or outside through various services
or enterprises, they need to fulfil an essential function in two areas :

- either by assisting the works in its "maintenance" by keeping track of
all the drawings and specifications of all the equipment, and of any
modifications made to it,

- or by allowing the works to becume modernised and so to acquire, by all
possible "transfers of technology", various new methods and new
products. ;
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CHAPTER 1

THE FACTORS FOR SUCCESS OR FAILURE : CONCEPTS OF COMPLEXITY

After sociology had suffered many setbacks during the period from 1950
to 1970 vhen trying to find the laws and norms for development modern sociology
now approaches such an analysis with greater humility and relativism. There
are, perhaps, models which have some reference value but there are no absolute
laws of development (of the type of "If one raaches a state A then one will
inevitably arrive at state B after undergoing the process P") or even any
conditional laws (of the type of "It is only possible to reach state E after
having fulfilled all the conditions A, B, C and D").

In other words it is not possible to impose development, nor even to
programme it with any certainty: one can only encourage or facilitate it, by
showing to an increasing number of individuals those behavioural patterus
which will increase their own development, since the development of a society
results, as in the case of any living organism, from those interactions which
give rise to positive resultants in respect of a very large number of parameters
which condition individual behavioural patterns; in this way society will
arrive at a change of state allowing stable progress which will then, of itself,
generate development.

What concerns us in this study is the guestion of analxsing and evaluating

the sources of those difficulties which are widely encountered when graftin
an_iron and steel industry into a developing country; we are also interested

in cases where this has been successful, not necessarily in the sensc¢ of a

full utilisation of the installed capacity but rather of ongoing progress,
however slight, towards such full utilisation. Such progress is an encouraging
sign that the graft has not been rejected.

Certain setbacks are due to fundamental technical or economic faults in
the original concept: for example inadequate local mining resources in the
light of the intended process for producing the metal, or again a failure to
match the production programme to the reality of the available market. There
are not many cases of this kind, and they are not representative as far as
our study is concerned: it may reasonably be assumed that such causes of
failure could be eliminated by a minimal amount of serious concern regarding
technical matters and policy before commencing the preliminary projezt.

Certain initial difficulties may be due to imperfections in details of
rhe equipment, or again to adjustments in detail between units, such adjustments
not having been carried out at the time of the reception tests or because,
for example, they have not been contractually agreed with the suppliers.
It must be admitted, in any case and as is well known in the industrialised
countries, that iron and steel installations will sooner or later after they
have been contractually tested inevitably need some adaptation, adjustment
or supplementary work done to them when faced with the reality of operation
under the permanent conditions (this is particularly the case with storage
facilities for the raw materials, semi-finished products, products for despatcl
and spares of all kinds).
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Consequently it must be accepted that operating companies must be able
to improve their original installations. It must also be pointed out that
our terms of reference exclude any judgements on this or that technological
detail specific to the various suppliers, and this aspect of complexity will
not be dealt with in our study except in terms of the necessity to associate,
at a very early stage, the future operators with the general and detailed
engineering. This is a point to which we will returr.. Having said this we
will enczaavour to identify, a priori, the various factors for success or
failure, and then to consider the parameters of complexity in this industry.

1. The complexities of techmniques

The technological complexity of the processes and of the circuits involved
in the iron and steel inductry is a factor to be taken into serious consider—
ation, since this industry is far from being one of linear and continuous
circuits, handling and processing materials with simple physical and chemical
properties.

The causes of this complexity are principally :

- the interlinking of the elementary processes, themselves complex, so
requiring coherent working teams,

- the utilisation, within a component process such as steelmaking,
continuous casting, rolling, etc., of a variety of technologies
belonging to many cherical or physical sciences : metallurgy,
electricity, mechanical engineering, mechanics of fluids, thermal,
etc., calling many aspects of know-how into play,

- the fact that in each technology involved in the structure of an
elementary process the physical magnitudes are very large : speeds,
powers, forces, pressures, temperatures and even thz tonnages, lengths,
etc.; these condition the operators who, starting to work in this
industry, need to handle, control and domesticate them whilst at the
same time ensuring their own safety as well as that of the equipment,

- the fact tha' the iron and steel industry adds another specific charac-
terietic to tnese degrees of complexity which it shares with other
heavy industries: it is "self-consuming” at practically every stage
of the process, and this leads to an ongoing struggle to ensure that
the materials produced are not speiled by the wear on the production
eguipment and, reciprocally, that the latter is not irreparably damaged
by the product: nothing better has been found than steel when rolling
steel, whilst the so-called refractory materials are only relatively
so when the physico-chemical constraints operating in the finishing
furnaces are taken into account.

2, The complexities of the human functions

To the above four causes there correspond some fully specific fields of
2ction :

- the first demands a general organisatior, an overall control, a spirit
of synthesis, a multidisciplinary level of inteiligence and a sense
of collective effort,




- the second requires extensive knowledge, both theoretical and practical

(maintenance, for example) together with its methodical application.

= the third can only be overcome by long and practical training, by the
acquisition of an instinctive understanding of the phenomena involved,
coupled with a continuous alertness (a spirit of awareness in respect
of safety and economies) towards all possible deviations, errors or
incidents, together with great self-control in regard to all technical
functions,

- the fourth means that, unlike any other industry, the term "maintenance"
implies in the iron and steel industry a totality of vigilance, of
competence, of joint efforts and industrial discipline from an army
mobilised to maintain the correct balance between equipment and materials
with a view to simultaneously safeguarding productivity, quality and
safety.

It is hardly exaggerating to say that an iron and steel unit needs, if it
is to function properly, to be constantly regenerated if nof rebuilt; this
therefore demands real competence in engineering in addition to competence in
operation, maintenance and management. Unhappily it is this point which
seems to us to be frequently neglected in training programmes, generally
because the buyer is not sufficiently alerted to this important aspect of
technical functions.

In this brief analysis we have chosepr not to take into account the degree
of automation or of "sophistication” of the different processes since this,
in our view, is a second order effect: each reduction in the functions of the
operator is accompanied by an effective increase in the functions of the
"maintenance operative” and the "quality controller” (from the point of view
of "mastery of the process").

An intrinsic technical complexity, and the complexity of the human tasks
to be provided for, coordinated and managed, are the inherent characteristics
of an iron and steel unit, however simple it is, in regard to its techmical
operation.

But the unit will not operate unless the commercial and administrative
tasks are fully and regularly carried out, following clear procedures suited
to the socio-cultural environment in which the unit is to operate, so as to
allow :

-~ surveys of the market for the products, and a study of market trends,
- recording of orders,
- surveys of the market in raw materials, and their purchase,

- surveys of the market for spares and their purchase as a function of
consumption statistics,

- the management of stocks or raw materials, semi-products, products
and spares,

- analytical accounting and cost analysis and control,

- the management of personnel and training activities,
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-~ progress chasing, |

- the establishment of a control board, giving the management reliable
and coordinated information as needed for making correct decisions.

These non-technical tasks are generally left out of the training programmes
during the phase when the proizct is being built up, together with preparation
of the various procedures. It must be admitted that it is not easy to do this;
whilst the technical functions and procedures are determined by the process and
the equipment - and for this reason are of a universal character - the non-
technical functions and procedures will be a unique pairirg of, firstly, the
universal exigences specific to the iron and steel 1ndustry and, secondly, the
way in which the local industrial economy operates. We will be carrying out
a special analysis of this point in our study.

New clients always think in terms of surrounding themselves with technical
assistance (which may be good or ineffective) but for most of the time they
forget that they are just as inexperienced in matters of commerce, administration
of the enterprise, planning, scheduling, personnel management, etc., etc.

It is clearly not the supplier of the equipment, nor even the general
entrepreneur responsible for the engineering, the construction, the commissioning
and even sometimes the training of the personnel who can be responsible for
these tasks. He is not asked to be responsible, nor is he structurally in a
position to do so. Nevertheless serious problems can hinder the progress to
full production of the unit - and even the commissioning and testing phases,
although these only imply a minimal level of management.

In sum, therefore, it would seem that the complexity of the individual
tasks of all technical and non-technical orders and which, harmoniously joined
together and managed, should result in normal operation, is the most important
factor to be considered: it involves not only the factors relating to competence
but also those of social behaviour patterns suited firstly to work inside the
plant and, secondly, to the industrial and economic enviromment.

Everything that has been said above relates to the works, as seen from
inside.

But it is also necessary to analyse the external parameters influencing
success or failure: if there is one industry which bears heavily on its

environment and yet is also dependent on that same environment it is the iron
and steel industry, even in its mini or micro forms:

~ energy, in sufficient quantity,

- communications (roads, railways, telecommunications, an airport in the
proximity, -

-~ urban, educational and cultural infrastructures,

- the pre—existence or not of local industrial or artisan-level
activities, or of serious projects to encourage harmonious development,
since there is nothing more economically dangerous for a region than to
depend on a single industry which will perhaps not prove to be a pole
of attraction,

Ll ‘ - —
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- the adaptation of administrative regulations to facilitate the necessary
relationships between the iron and steel industry and the sources of
supplies, of recruitment (with an eye to personnel turnover, which is
often considerable) and of the acquisition of know-hcw (contacts with
other countries, congresses, training courses, etc.).

From this first chapter, in which we have given a general overview of the
conzepts of complexity in the iron and steel industry and in its enviromment,

there emerge two factors which appear to be intimately linked to :

= the complexity of the processes and the equipment, which has to be
matched by a high level of know-how,

= the complexity of management, which has to be matched by a high
quality of industrial behaviour, not only at individual level but
also in teams structured and organised on the basis of procedures
suited to the enviromment.

Technical complexity will be the subject of the second part of this study,
illuminating the third and fourth parts which will be devoted to the complexity
of the team and to the conditions for access to technological mastery.




CHAPTER II

THE ACTORS INVOLVED IN SUCCESS OR FAILURE

Who are the actors whose behaviour will bring great weight to bear on
the future of the project ? |

In the developing country purchasing the project :

. the national and regional public authorities, in regard to their
policies and administration,

. the promoters of the project, if they are different from the public
authorities,

. the executives nominated for the execution of the project, on the
Buyer's side, both for the construction phase and also for the phase
of industrial commissioning,

. the technical personnel, at all levels, recruited at the time of
launching the project so that they may be trained and prepared for
the start-up of production,

. the sales, administrative and managerial personnel, at all levels,
recruited on the basis of their special knowledge but not generally
given a period of training specific to the iron and steel industry,

. the technical personnel recruited at a later date, often after the
period of commissioning, and whose training depends essentially on the
technical and teaching skills of those taken on at an earlier date and
who will pass on their social behavioural patterns,

. the local suppliers and entrepreneurs and public or private services.
In the presumably developed country selling the project :

. the public authorities, inasfar as cooperation agreements or the opening
of special lines of credit involve them in the project, and always by
the existence and influence of a diplomatic representative in the
buying country,

. the loan agencies, initally assisted by the bodies which they have
appointed to study the feasibility of the project,

. the suppliers of engineering facilities and equipment and the construct-
ional enterprises,

. those leasing the processes and suppliers of technical, administrative
or management know-how.




It is enough for just one of the links in this fabric to give way and,
as a recult, for the development not to take place, or nmot to achieve the
expected level.

In every project for an iron and steel industry in a developing country
the challenges become even more acute whenever :

- the project policy of the DC becomes more ambitious in the choice of
the size of the plant, the complexity of its production programme and
the proposed quality range of the products,

- the plant of the present type is grafted into an industrial or artisan-
type fabric which has only just been developed, or is in a very early
stage of development, both in respect of the consuming and supplying
industries, transport and communications networks, etc.,

-~ the market is defined in prospective terms, or of an accelerated
development policy, without time being given to the consuming sectors
of the population to become the actual motive forces behind the market,

- the population is only able to make available for recruitment, and
heuce for training, those persons whose behavioural patterns, whatever
level they are required to occupy in the hierarchy, differs too widely
from the normal type of industrial behaviour required by the complex
organisation (thought patterns and relationships permitted by the pre-
existing culture or cultures and the resultant social system, together
with the macroscopic variables due to their origin and to the structure
of the authorities and the existing administrative personnel, to ethnic
and religious parameters, etc.).

From the above brief analysis it can be seen that no mention has been made
of technical competence as being amongst the most important parameters which
condition the success of a gamble on an iron and steel development. In fact
experience shows that with suitable teaching and, certainly, with much effort,
the acquisition of the minimum technical ability to operate and maintain iron
and steel equipment can be achieved during the period of construction of the
works, that is to say roughly within three years, starting from the initial
selection of personnel who can almost always be found within a developing
country. We have, however, clearly stated :

- the minimum technical level,

- for the operation and maintenance of the equipment (and not of a plant
or, a fortiori, a complex).

This makes it possible to consider the phase of start-up and tests on the
installations which result in acceptance, releasing the constructors of the
plant from their obligations. This is necessary but is not sufficient to
move on to the phase of industrial operation duriag which the plant must, after
a period for running-in the equipment and the working teams, achieve the
economic objective established by the promoters and those lending the capital.

This is the point at which there intervene, with as much importance as
the competences involved in the purely technical fie'd, a large number of
parameters, both internal and external to the plant, which have generally not
come under prior consideration, either voluntarily or otherwise.
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It is in fact surprising to see how, in the case of practically all
projects, the market and feasability studies are launched, verified, restarted
and become the object of sensitivity tests, handing many rationally identifiable
parameters, that is to say those which are customarily measured and processed
in the developed countries.

But all this takes place as if all those concerned, the authorities,
promoters, bankers, advisors and entrepreneurs (both in the case of the Buyers
and zlso in the case of the Sellers) assume as an evident and also as a
100Z_probable fact that the grafting of an iron and steel plant, into any
place in the world, will be successful as from the moment that :

a market has been demonstrated,
- the selling price of the products has been fixed,
- the cost of the investment does not exceed a certain figure,

- the cost of the "Technical training" associated with the possibility
of start-up (generally very much less than 10Z or even 57 of the cost
of the plant) has been contractually provided for and that its
realisation is possible during the phase of the engineering and the
construction of the plant,

-~ that the operating costs are acceptable, being generally based on the
functions and manpower levels which are, statistically, observed in
the countries selling the technology, but are also based on the wage
levels in the developing countries,

- etc.

In other words "Since experience has shown that it would work in the
developed countries on the basis of these measurable economic parameters then
it must also work anywhere else.”

And even "by extending the technolcgies of automation and of computer
control the chances of success are increased because the importance of human
intervention is reduced”.

It is too easily forgotten that "anywhere else’, that is to say in those
countries where industrialisation is well established, iron and steel activities
have not been grafted on but have been slowly developed on an artisan—-type
socio-economic model, followed by manufacturing, before becoming the industry
which we know today, being the natural fruit of an acceleration in general
economic activity, itself born of the scientific activity of the 19th century.

At no time was this heavy industry (in every sense of that term) in
advance of the environment which created it.

The same does not apply when it is a question of grafting this heavy
industry (heavy in every sense of the term) on a developing socio-economic
body, where it is seen as a foreign body, disrupting in equilibrium which is
still fragile.

The graft may take poorly, or not at all; what is even more serious is
the fact that it may be the cause of a deterioration of the economy which it
was intended to advance through its own development.
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Why is thi-?

How are cases of unsuccessful grafts to be treated and, in particular,
how are the "new-comers" to be prepared so that a graft will succeed?

What supplementary evaluation factors must be placed in the hands of
the actors involved in success or failure - and particularly made available
to those taking the decisions - so as to increase the chances of success?

This is the ob,ective of the fundamental study on complexity which has
been undertaken and which will, finally, give to the term "training" a
meaning which is much more complex and extensive than is generally attributed
to it.
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CHAPTER III

GUIDELINES FOR A STUD. OF THE CONDITIONS FOR TECHNOLOGICAL MASTERY

Before examining, in Chapter 5, the specifically methodclogical aspects
for carrying out this study it is necessary that we clearly define the subject,
the general plan and the principles of approach which are envisaged. The
content and the limits of the launching phase will emerge clearly from this.

1. The subject of the study :

The universe of an iron and steel plant, considered as a complex system
to be mastered.

l1.1. The complexity of the equipment and the machines, together with the

levels of technological applications involved, do not form the subject of
the study. This "hardware" is, nevertheless, described in Part Two (see
below) in order to fix ideas and to make it possible to locate man in his
work environment.

1.2. The subject of the study is the system of the complexity of very diverse
human tasks, directed towards the service of the processes, the equipment and
the units and, more broadly, of the industrial function of an iron and steel
plant within the economy of a developing country. It is thus the complexity
of the "software”" which is both necessary and sufficient if che grafting of
this industry onto a developing economy is, itself, to generate development.

1.3. The physical system under corsideration forms a universe consisting of
several concentric levels, as may be seen in Figure 1. These are :

- the central, operational, core, as exists in all factories throughout
the world, that is to say -

. the operators linked with the manufacturing processes (process units)
and the direct technical services related to them (utilities units),

. the technical and non-technical personnel linked with the first order
infrastructures, such as :

-~ laboratories and quality control,

- maintenance workshops and stores,

- management, sales, buying, administration,
- accounting/financial,

- social services, recruitment, training, health and safety and
internal security.




the peripheral systems linked with the second order infrastructures,
which are necessary but which are not necessarily integrated vertically
in the plant -

. the u~ban environment with all its socio—economic and cultural
facilities,

. the system for transporting the personnel,

. availability and delivery (but not the production) of electrical
and thermal energy (electricity, gas, coal, fuel o0il) and industrial
or drinking water,

. availability and delivery (but not production) of lime, fluxes and
refractories,

. specialised training centres.
the peripheral systems linked with the third crder infrastructures, which

are generally not integrated vertically in a steelworks in an
industrialised country -

. mines, quarries, works producing lime and refractories,
. collection and preliminary sorting of scrap,

. port,

. airport in the proximity,

. railways, roads, conveyor systems from the mines, quarries and the
port

. electricity power station or hydro-electric scheme,
. pumping station for raw water and primary treatment,

. industrial installations for the utilisation of slags and other
by-products,

. industrial installations for the utilisation of excess gases,

. networks for the distribution and retail sale of the products (steel
stockholding centres),

. customs' clearing station and bonded tranmsit,

. buying branches on the markets for raw materials and spares,

. non-specialised training centres.

the fourth order peripheral systems which are never integrated with
the works -

. public administrations and public services,

. customs,

. banks,

. public or private educational establishments,

. research centres.




Figure | : THE IRON AND STEEL FLANT AND THE VARIOUS ORDERS
OF INFRASTRUCTURES : THE CONCENTRIC LEVELS
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1,4. Within this universe, with its several levels, it is the relationships
inside the central core and the relationships between this central core and
the peripheries which are of interest to us.

In fact the relationships are not unidirectional and it would be better
to speak of interactions. In a cosmic system the introduction of any new
body modifies the initial laws of equilibrium, ana the introduced body is
modified in the search for a new equilibrium, if such an equilibrium does
in fact exist.....

Whether this exists or not our observational position is located as a
priority in the central core, and only exceptionally on the periphery.

1.5. The universe examined in this way is thus a complex system of functions,
firstly within the central core and secondly in the inter-relatiunships between
it and the peripheral systems. The elements in this system are persons, or
groups of persons, possessed of know—how, directed by certain behavioural
norms, entrusted with certain individual and/or collective powers which result
from the limited responsibility which is given to them (see Figure 2).

The four essential variables of the functions may be defined as follows :

— know-how, that is to say the level and content of the ability needed
to exercise the function.
The components of this are theoretical knowledge and practical
experience.

- behaviour - or better dynumic attitude — is the manner ir which the \
function is exercised, more or less efficiently, within « complex
system of relationships - the procedures and regulations in force
cannot of themselves take the compiexity of this concept into account.
Behavioural norms are not all written: a human being is the bearer
of the total socio-cultural basis created by the history and the
traditions of his civilisation, which is also expressed in group
behaviour. We will see, for exarple, that amongst the behavioural
parameters the atility to see ahead, sc important in the iron and steel
industry, does not always exist ip the socio-nultural basis. It is
susceptible to being educated, and should form part of the training.

- powers, that is to say the capacity for freedom of action attributed
to the function, not only for exercising the function within its
sub-system but also outside {¢t, ia rela-ion to th2 other sub—-systems,
in order to ensure a balance of interests. Fowers are always regulated
by written procedures. ’

- responsibilities are the counterpart of powers, being duty counter-
balancing rights. Responsibilities are established in the "job
description” of the function. They have two aspects: direct respon-
sibility (this is why the function exists} and indirect or collegial
regponsibility, which is participation in a more overall responsibility
entrusted to a Department, a Division, a Directorate, etc.

Whilst direct responsibility may be characterised by verticality,
indirect responsibility is characterised by horizontality: it ensures
the coherence of activities in the complementarities.
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Figure 2 : THE FOUR VARIABLES CONDITIONING THE EXERCISE
OF AN INDIVIDUAL FUNCTION
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The vertical route is one of hierarchy: it is the route through which
orders and instructions travel from above downwards and by which the
operating reports pass from below upwards.

The horizortal route is a functional route: 1it is the route by which
information of value to the functions passes.

1.6. If it is to operate in a stable manner, and is to generate progress, the
system needs to be both whole and homogeneous, with the need to develop a
certain vertical/horizontal equilibrium:

- whole, in the sense that all the functions in the operational core
and 1n the peripherals have to be ensured,

- homogeneous, in the sense that the quality of exercise of the functions
must not be too variable from one point to another in the total system,

~ balanced between vertical intsgration and horizontal diversificat+on
of the economic vocations. A plant which is established in an environ-
ment which is incomplete or of low reliability may be led to integrate
vertically too many of those peripheral functions whose intrinsic
nature is to behorizontal in order to favour the general development:
such functions then become '"captive”, diverted from their true vocations
and a mono-industry becomes established as a state within the State.
This is the iron and steel tumour which becomes practically uncontrolled
and ends up by bleeding the country to death instead of developing it.

2. The general plan of the study and its limits

2.1. Strategy

The successful development of a society would appear to advance, at one
point in time or another, through the development of metallurgy and, in
particular, through the development of the iron and steel industry.

The second part of this study (see below) establishes a number of
reference points in the multiplicity of process routes, and establishes the
first guideline criteria. For the study of complexity it defines a standard
model, on the basis of which a maquette of the iron and steel industry universe
may be established and tested.

Chapter | has broadly defined the parameters which condition the success
or failure of a graft of this industryon an economy undergoing development.

Chapter 2 has defined where and how the responsibilities for the success
or failure of this graft are located.

After having skerched out, at the start of Chapter 3, the components of
the iron and steel industry universe it is necessary for us to begin the
study of complexity by a research strategy, leading to the plan of the study
with its various stagzs and also the actual methodology; this will be
considered in Chapter 4.
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The image of a graft has been invoked several times in previous chapters;
it will serve us in developing the strategy. A graft may fail to take, or
may take poorly or, and this is even more serious, it may be the cause of a
degradation in the stock onto which it is grafted. Why is this?

When faced with such a problem of compatibility biologists and doctors
adopt an approach which is simultaneously theoretical and experimental when
treating cases of obvious incompatibility (therapy) or when preparing new
subjects for grafts (prophylaxis).

In our field the problem presents itself in this way: how are the obvious
maladies in iron and steel development to be treated, and how are '"new—-comers"
to be prenared for a successful graft?

The initial approach obviously involves observing the existing maladies
and establishing a complete and correct diagnosis (clinical picture). But
it is not possible to establish a complete and correct diagnosis except on
th= basis of a model of the healthy system; this model will at the same time
be descriptive (anatomy), dynamic (physiology) and mechanical (biology).

Quantification of the systems of equilibrium is important, since the
dosage of any therapeutic or prophylactic treatment will depend on this.
Testing the model on guinea pigs makes it possible to verify or correct the
model qualitatively and quantitatively and so to improve it.

This approach continues by a process of iteration, from theory to testing
and then from testing to theory, and is suited to our enterprise; it is a
lengthy task which has to be carried out in methodically programmed steps.

The number of parameters which are implicit in the system and the multi-
plicity of relationships, together with the educable but irrational content
of the latter, form a highly complex whole which it is not possible to
analyse completely at the outset.

In the overall system we will proceed by way of a "radial section"
through the chains of key functions which, from the centre of the operational
core towards the periphery, will serve to measure the specific complexity of
the links within the plant and between the iron and steel industry and its
environment (and vice versa) and which will highlight those factors which
are essential for the functioning of the system.

From radial section to radial section we will produce an increasingly
complete representation of the system, the more so when the horizontal links
between the sections are established and when, at each point of the system,
the relative importance will be revealed of those parameters which condition
our four variables (know-how, behaviour, powers and respongibilities) so as
to ensure sufficient reliability in the actions, that is to ensure what is
termed technological mastery.

The implementation of the elements of this analysis will be carried out
in Chapter 4 which is devoted to the methodology.
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IMPORTANT NOTES :

Our_approach does not assume the a priori establishment of an organigram
of the plant: 1in effect any organigram results not only in an identification
of the functions but also of their grouping in an optimal manner so as to
achieve, at any given moment, the best possible performance within the
relational system, and it is well known that organigrams evolve in time.

It is also to be noted that those plants in the industrialised countries which
exhibit the best performance are also those which are contantly carrying out
research into the adjustment of their organigrams to meet the conditions of
the present moment.

One should not therefore be surprised if during our study the particular
emphasis is mainly placed on the functions of the supervisory staff and less
on those of the engineers or middle and higher executives: the task of the
latter consists of ensuring that the best conditions always exist for the
exercise of the supervisory functions (foremen and shift leaders, technicians
and junior management).

2.2. The extent and limits of the present study

2.2.1. In the second part a survey of the various process routes which are
possible in the iron and steel industry, and an approach to the concept of
technological complexity.

2:2:2. In the third part, introduced by Chapter 4 below, a theoretical study
of complexity, for a given plant model, in those relationships which ensure
technological mastery :

- the choice of a radial section in the complex system,

- a synoptic description of the systems and the relationships involved
in this section,

- evaluation sheets and relational diagrams for the key functions
relating to this section,

- diagrams of the inter-relationships between the key functions in the
operational core and an evaluation of the levels of importance of the
parameters on know-how, behaviour, responsibility and powers,

- research into the laws governirng these parameters and the conditions
for technological mastery,

- an extension of these laws to cover the plant/enviromment inter-
relationships,

- a synthesis of the conditions for technological mastery.
2:.2.3. In the fourth part a definition of the rules to be complied with for

access to technological mastery, with recommendations for trainming activities,
a comparison of scenarios and the conclusions.
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CHAPTER 1V

METHODOLOGY- FOR THE STUDY OF THE COMPLEXITY OF FUNCTIONS

1. PRELTMINARY THEORETICAL STUDY OF THF. COMPLEXITY SYSTEM -
General notes.

1.1. The basis for the reasoning is a model-project for a semi-integrated
mini-steelworks forming the first part of & development, defined in this
manner :

- production : 80,000 t/year of concrete reinforcing rod and small
merchant sections, from melting scrap in an electric furnace;

~ the works comprises :

. the manufacturing units, essentially a scrap yard, an electric
steelworks with continuous casting of billets, a rolling section
with provision for future additions and diversifications, and a
despatch section,s

. the technical functional services linked with production or directly
supporting it: laboratory services, quality control, energy services,
fluids, transport, general: stores facilities and maintenance, all
generally termed "utilities",

. mo unit generating electrical energy, nor one producing process
water,

. management and administrative services.
Te repeat our definitions given at the begzinning of Chapter 3 this is
a mini-steelworks consisting of the operational core and the first order

infrastructure. 1In itself this plant forms an internal system which has
its own complexity (see second part).

1.1.2. This inodel-project exists within an environment (second, third and
fourth order infrastructures) with which it forms an overall complexity system.

1.2. LINES OF EQUILIBRIUM FRAGILITY (See Figure 1, page 20)

1.2.1. In this overall system there exist chains of relationships from

the centre of the operational core to the furthest extents of the peripheral
systems, simultaneously involving relationships of the vertical (hierarchic)
and horizontal (functional) types, at all levels. As in all chains their
strength is that of the weakest link.

1,2.2. Amongst these relational cheins, firstly within the operational core
and then between the operational core and the peripheral infrastructure, some
may be identified by their primordial importance for the equilibrium of the

overall system: we term them "lines of equilibrium fragility" for the simple
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reason that, in developing economies and particularly where the iron and steel
industry is concerned, whilst their reliability is of vital importance their
fragility carries with it a mortal risk. This is the more so in developing
countries where, unlike the situation in more developed countries, four
contradictory phenomena occur with a greater or lesser degree of influence :

- the various stages of the peripheral infrastructures are all in the
apprentice phase, at least when compared with the operational core,

- human resources with the minimal level of know-how are, at the present
time, very limited,

- behavioural patterns resulting from traditions and the socio—cultural
enviromment make it difficult (if not impossible) to put into immediate
effect the procedures used in the developed countries,

-~ imports of raw materials and spares are subject to restrictive rules.

This means that all the "safety nets" which may exist in the developed
countries do not exist and will have to be continuously woven and created.

1.2.3. On the basis of experience three lines of equilibrium fragility can
be identified immediately: all three concern supplies, since it is here that
the major risk is located :

- supplies of raw materials,
- supplies of spares,
~ supplies of skilled personnel (human resources).

For the purposes of the study we have chosen the line of supplies of
spares (human resources).

1.2.4. In order to elucidate the method let us consider, schematically, the
relational circuits for supplies of spares (refractories, engineering.
electrical, electronic and instrumentation goods) to the continuous cas :i-g
workshop, and simply remaining within the works (see Figure 3).

This operation, when it proceeds satisfactorily, does not involve the
engineers or executives, except for signing undertakings or for settling
internal differences: they have other tasks to carry out. Everything should
proceed normally at the level of supervisory staff and the specialised
technicians or office staff.

The following personnel are involved in these activities :

- in the continuous casting process -

. the senior foreman in charge of continuous casting (CC),
. the chief operator of the CC machine,

. the gantry operator,

. the foreman of the casting line,

. the grading operative,

. the ladle operator (tundish),
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the preparer for distribution (tundish),

the billet controller and cutter,

the billet store foreman,

the hydraulics and cooling lines supervisor,

the foreman in the refractories workshop (preparation of the
distributors, tundish and ladles),

the stores foreman for steelmaking/CC refractories,

— at the continuous casting maintenance sectoral level -

.

the foreman responsible for CC maintenance,

the supervisor in the office for preparation and scheduling of
CC waintenance,

the CC sectoral stores foreman,

the pumps supervisor,

- at the general maintenance and engineering and new works level -

the supervisors of the spares groups (mechanical, electrical,
electronic, instrumentation, refractories),

the technicians specialising in spares.

- at supplies/stock control level -

-

the supervisors of the specialised supplies section (mechanical,
electrical, electronic, instrumentation, refractories),

the specialised principal buyers,
the head of stock control,

the head of automatic stock re-ordering.

1.2.5. It can be seen that, along and around the line of equilibrium fragility,
a fairly large number of functions, generally modest within the hierarchy,

form key posts.

It is necessary to evaluate these separately so as to quantify their
internal complexity, and then to evaluate the overall complexity of the
system which they all represent around the line of equilibrium fragility.
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Figure 3 : THE PROBLEM OF SUPPLIES OF SPARE PARTS
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1.3. EVALUATION OF THE KEY POSTS

1.3.1. The method of evaluation of a function (or of a key post) relies on an
analysis of the fundamental requirements in terms of know—how and behaviour
linked with the exercise of powers which it assumes and of the direct and
indirect responsibilities which result from these powers.

It will be seen here that this is effectively an analysis of the demands
of the post and not an evaluation of the capability of a given person to fill
this post; the latter approach 1s reserved for later when, in the particular
case of a project, it is a matter of forming a team, using the human resources
as they are available. This involves on the one hand the reality of the
moment and on the other the model of complexity to be achieved; having these
one is better able to draw up personalised training programmes in all the
compartments of know-how and of behavioural patterns.

1.3.2. The following will be established for each key post :

- the definition of the function, showing :
. the direct and indirect responsibilities,

. the immediate objectives (for example over an 8-hour shift) and
the longer—-term objectives (for example the management of a group),

. the greater or lesser complexity of the vertical and horizontal
responsibilities,

. the degree of autonomy (powers) in regard to the possible consequences
of this autonomy and of the control to be exercised, a control which
may be more or less immediate; this leads to the concept of
reliability which accompanies the post.

= the quantified evaluation of the requirements for each function on the
basis of fourteen criteria, graded from | to 5, the grading 5
indicating the highest level of requirement for the criterion unde:r
consideration.

1.3.3. The fourteen requirement criteria for each key post are divided between
criteria of know-how, criteria of behavioural patterns, criteria of short-,
medium~ and long-term responsibility and criteria of power.

1.3.4. The fourteen criteria are as follows :
1.3.4.1. Five criteria of know-how.

a) Basic, general and technical knowledge. This criterion makes it
possible to evaluate the level of scholastic knowledge necessary for
occupying the post. This level of knowledge is signified by the
possession of a diploma recognised by the national education system
in force.




Supplementary vocational knowledge: criterion making it possible

to evaluate the level of vocational knowledge needed to fill the post.
Such knowledge, which supplements scholastic knowiedge is acquired
either by experience on one or more work stations or by a training
course.

Diversity of techniques in the function: criterion defining the
number and magnitude of tne items of knowledge or concepts needed for
filling the post. In practice most of the operational posts, even
if specialised assume some intellectual processing of information,
some of which is not directly linked with the field of specialisation
of the post but which must be taken into account in the execution of
the function. For example :

The foreman of the scrap—iron yard must, in addition to his metal-
lurgical specialisation, also have basic concepts in the fields of
analytical accounting and personnel management.

Type and complexity of the intellectual processing: this criterion
evaluates the complexity of the reasoning to be carried out for a
correct respcnse to situations and problems which may be posed by
the function, taking into account the diversity of the information,
so as to arrive at a decision having a positive effect.

Type and complexity of physical processing: this criterion, analogous
to the previous one in its nature, is concerned solely with physical
actions (movements) involved in the function, the difficulty being
linked in this case with the tolerance and synchronisation constraints
{e.g. operating a gantry crane, operating a rolling mill).

Three behavioural criteria.

Degree of vigilance: this criterion is linked to the possibility of
the appearance of information which is of value in the active exercise
of the function, and consequently gives the vigilance rating needed.

Degree of contrast of the useful information: a criterion concerning
solely the sensory aspect (sight, sound, touch) of the function, and
evaluating the difficulties in the simultaneous or successive
perception or input of all the information of value.

Reaction time: criterion evaluating the speed required in responding
to a situation or to a problem.

Six responsibility and power criteria.

Diversity of the activities: this criterion evaluates the diversity
of the objectives, and hence of the lines of activity of the function:
rating | for a function which only involves a single repetitive
activity, even if complex; rating 4 or 5 for the foreman of the
billets store whe must, in addition to his direct responsibility
(selection, marking, storage scheduling and selection, stock movements
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between casting and ~he rolling mill, etc.) shculd have ongoing
horizontal contacts for the sole purpose of forecasting and regulating
materials flows upstream and downstream in the production line, and
with the functional services (laboratory, quality control, etc.).

Tvpe of pilot information for other activities: this criterion
evaluates the degree of influence of the function on the programme
of other functions, whether im the hierarchic or functional lines,
by way of the information transmitted.

Diversity of the piloted functions: this criterion is directly linked
to the number of functions subject to the influence of the function
being considered, and through the information transmitted.

Position of the controls external to the function: this criterion
evaluates the autonomy of the function in terms of the distancing

of the controls exercised from outside on the work being carried out.
(The work of a gantry crane driver is verified at the time, the work
of a tundish preparer for continuous casting is verified during
casting, the work of a scrap sorter is verified after a certain number
of castings from the electric furnace, the work of a foireman is judged
on statistical data which are processed monthly, etc.).

The imputation of consequences: this criterion evaluates the possib-

ility of imputing to the function the "traces" (positive or negative)

left by the exercise of this function. As such an imputation becomes
more difficult so much the more will the function be valorised by

this criterion: it is a criterion evaluating the reliability demanded
by this post.

Precision of directives: this criterion evaluates the degree of
initiative left to the function; as the directives become more detailed
so the post requires less in the way of capacities for initiative.

In regard to these fourteen criteria for the evaluation of a function
it may already be seen that : (See Figure 4)

- five fall within the strict domaine of know-how acquired by basic
ingtruction and specialised instruction, and also by vocational

experience;

- three fall within the domaine of individual and collective behaviour,
largely the resultant of education and of the influence of the
socio-cultural enviromment;

- six fall within the domaine of the equilibrium to be found between
the allocation of powers and of the attribution of responsibilities,
that is to say within the domaine of the procedures adopted, but
which are adapted both to the demands of the functions and to the
demands of collective behaviour as they prevail within a given
socio-cultural environment: this marriage of exigencies is not
the smallest factor in complexity. This is represented in
schematic form in the following diagram.
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1.3.4.5. Alcng each line of equilibrium fragility, as defined in paragraph 2
above, we have identified about twenty functions which are directly involved.

To each of these functions may be attributed an evaluation grid for the
exigencies, consisting of 14 criteria ranked from | to 5 and divided up into
three fields (know-how, behaviour, responsibilities/powers).

Each function may, therefore, be represented by a quantified grid of
exigency criteria. with a summation by points for each field and for all the
fields being considered: every function thus has its "weighting” in terms
of know-how, in terms of behaviour and in terms of responsibilities/powers.

Aleng and around a line of equilibrium fragility one may also add the
weights of different functions, in each field, and finally as a grand total
where all the fields or domaines are considered together.

Such summations constitute an initial measurement of the internal
complexity of operation of the plant, seen from a "radial section" which goes
from the operator to the supplies function, the latter being located on the
frontier between the plant and its environment.

We now have to consider how the quality of the environment may risk

modifying the levels of evaluation of certain functions.

1.4, THE INFLUENCE OF THE ENVIRONMENT ON THE COMPLEXITY OF INTERNAL
FUNCTIONING OF THE PLANT

i.4.]. Summary of the directing concepts

We have already established in Chapter 3 that the environment of the
plant may be described as satellite systems of services and/or sources of
supplies and distribution with which the operational core of the plant must
maintain ongoing and efficacious relationships if it is to be able fully to
fulfil its economic mission.

We have classified these satellite systems, termed peripheral infra-
structures, in a total of four orders, the first order being assumed to be
incorporated in the plant (direct utilities and general services) whereas
the fourth order can never be so incorporated since it involves, by definition,
State services or departments.

As far as the second and third order systems are concerned these
constitute functions which the plant can, in the final analysis, incorporate
vertically, but not without running the great risk, by substitutii - them
for economic functions of the horizontal type, of becoming deflected from
its proper function and of inducing, around itself, a trend towards industrial
and artisan-level desertification.

1.4.2. Identification of the factors of influence of the environment

As with the evaluation of the exigencies of the individual functions in
the plant so we will proceed here by the evaluation of exigencies for the
satellite eystems.
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What is required from a peripheral infrastructure?

a) Competence, that is to say know-how in the vocation and adequate
equipment.

b) Efficacy, in terms of quality of service and the shortest possible
reaction time.

c¢) Reliability, that is to say the continuing and regular nature of the
service.

d) A degree of physical proximity of the decision—making and contact levels,
greater or lesser according to the ongoing or episodic nature of the
relationships to be r intained.

e) A degree of proximity of behaviour, that is to say both a certain degree
of sharing major economic interests and a certain consensus on policies
adapted to development and also a common desire to solve practical problems
efficaciously (a desire, and not just goodwill).

f) Relationship procedures which are compatible with the development objectives.

We find effectively the same major classes of criteria which we have used
in evaluating tunctions in the plant :

- know-how in a),
- behaviour in e),

- the equilibrium between powers and responsibilities in b), c) and f).

To these are added the concept of physical proximity, d), which does not
pose ary problems within the limits of the plant but which has a considerable
impact here when evaluating the complexity of operation.

To illustrate the above we may take an example which is located on the
line of equilibrium fragility for supplies of raw materials and spares, as
has already been examined.

The Buyer function in the plant is in contact with the local market and
the 1nternational markzt. 1In order to fulfil his mission the Buyer must
"traverse" one or more orbits of the peripheral infrastructures and must
"retraverse'" them when returning with his purchase.

In practice the scenario may be as follows :

u) 1Is the raw material or part to be obtained available on the local
market ?

Utilisation of the general information systems, of the efficacy of
the sales departments of the local suppliers, lccal transport, etc.,
that is to say of the infrastructures of the second and/or third
order.

b) The part or the raw material is not to be found on the local market:
it is now necessary to "pierce” the peripheral infrastrctures of
the fourth order, to prove the need to import, to obtain an import
licence after having carried out investigations and negotiations
with the local representatives (if there are such) of the foreign
suppliers(that is of the 2nd and 3rd order) or again after having
appealed to a buying branch abroad, or even after having gone there
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in person to irvestigate the matter (air tramsport, passport and
visa, foreign currency for travelling: infrastructures of the

third and fourth order) - obtaining the letter of credit for payment
(bank: fourth order), sea or air transport for the materials or
part purchased (third order) and customs clearance (4th order).

All this has to be carried out, in one way or another, ejither with speed
and facility (in the case of the industrialised countries) or again only by
expending much time and resources, with the total cycle between the request
for purchasing and the arrival of the goods in the stores sometimes taking
several months. In the latter case the plant is compelled either to maintain
a considerable minimum stock or to increase very considerably the importance
and the level of know-how of the Buying/management function, but still without
having any assurance of stable operation whilst accepting a further increase
in internal complexity, an increasc in complexity which is "useless” for the
plant since it is reflected in a reduction in productive activity, rather
like a reactive or wattless current.

Between the plant and its environment there is thus action and reaction,
a well-known phenomenon in the physical sciences. But the phenomenorn is
certainly more complicated, and it is necessary to seek a more representative
analogy in the biological sciences. Our approach needs to integrate all
that the term biological equilibrium, or again ecology, includes in the way
of complexity: whilst the life of the plant can only be assured above a
certain level of internal and peripheral complexity, any increase in_internal
complexity resulting irom the effort to replace a lack of peripheral complexity

(or diversification) can result, over and above a certain tclerance towards
imbalance, in the econoric degeneration and death of the plant, and this may,
in turn, result in degenerationat its periphery

1.4.3. Quantification of the necessary level of complexity in the peripheral
infrastructures

1.4.3.1. For each infrastructure we have defined six criteria for exigences in
4.2, above. Each of these criteria will be ranked from 1 to 5, the highest
ranking representing the maximal exigency for the life of the plant.

We have also drawn up a nomenclature for the infrastructures of the
2nd, 3rd and 4th order in Chapter 4 :

- 6 of the 2nd order,

= 13 of the 3rd order,

= 5 of the 4th order (but these may be further detailed if necessary).

In total therefore there are between 20 and 25 infrastructures.

Proceding in the same way as for the plant functions one can add, along
a line of equilibrium fragility, the exigency coefficients on the one hand
for each infrastructure and on the other by criterion, and can then arrive
at the grand vertical/horizontal total.

These partial or general totals express the exigency level of the infra-
structure, or again a measure of the infrastructure complexity which is
demanded by the iron and steel industry.
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1.4.3.2. If tne complexity of an infrastructure falls below a permissible
level the iron and steel industry will be penalised by this lack, in one
way or another: it is even more penalised when it has no power to replace
a_defective environment.

It is obvious that its power of replacement at level 4 of the peripheral
infrastructure is nil, whilst at level 2 it is considerable, even if penal-
ising; at level 3 all possibilities of replacement are theoretically available,
but are dangerous both for the plant and also for its environment.

Note will be taken of this comment when considering the levels of )
complexity which are needed on the part of the enviromment in relation to the
levels of complexity of the functions which are needed within the plant, so
as to arrive at a measure of complexity of the overall plant + environment
system, that is to say that potential universe within which the iron and
steel industry can be viable.

1.5. At the conclusion of the theoretical study of a quantified approach to
the complexity of operation of the iron and steel industry along a line of
fragiiity we will have a series of numerical tables.

All these numbers are significant as identifying values within a scale
of exigences for the criteria of quality of service in the key functions.

From and around these values it will be possible to explore, in each case,
the lower limits which demarcate the non-acceptability thresholds for each
criterion.

All these values will, a priori, be chosen on the basis of experience in
functional analysis in the industrialised countries. It will be seen, in
the fourth part, that some adjustment to local conditions is desirable, and
that this can only be carried out by self-training in a team already near to
-the conditions for technological mastery.

In this way the problem of rising to the state of technological mastery
is presented in terms of maturation, that is to say in terms of the mastery
of time: the decision-makers concerned with a project cannot hope to step
around this obstacle, as will be shown by the scenario simulations.
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PART TWO
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INTRODUCTION

This second part is purely descriptive: it is intended, as we pointed
out in the first part, to clarify ideas and to identify the framework within

which the conditions for technological mastery are to be studied.

We will first of all carry out a rapid s rvey of the present situation
of the iron and steel industry from the technological point of view and of
the trends which may be identified as a function of the markets to be
satisfied. In the examination of the various production routes we will be
considering, separately and successively, two divisions in a steelworks,

corresponding :
- firstly to the production of steel, and

- secondly to the processing of this steel to arrive at semi-finished

or finished steel products.

Subsequently we will attempt a broad classification of the varicus types
of steelworks on a scale of the complexity of their structures, so as to
identify the position of the model steelworks within which our study will

be located.

Finally we will provide a brief descriptiou of this model steelworks

as it could be found in a profitability study.
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CHAPTER I

THE TECHNIQUES FOR PRODUCING STEEL

It will be recalled that, if we leave on one side the research work on
producing steel by electrochemical or low-temperature chemical methods, all
existing methods, or thcse under development, can be divided into (Figure 1) :

- A classical route where the ore is first of all reduced to iron, at
the same time as the metal is melted, together with the gangue (which
is removed in the form of a liquid slag) before converting the liquid
primary metal into steel, in general by oxygen converting.

= A route in which reduction and fusion are dissociated: the reduction
is carried out at a "low temperature”, that is to say below the melting
point temperature, a process termed "direct reduction", the solid
primary metal then being converted into steel in a fusion steelworks,
in general using an electric arc.

1. EVOLUTION OF THE CLASSICAL ROUTE

Although it is difficult to summarise the history of this development
it may be said that the principal motivations for it were :

a) Economies on the cost price, which had their effects -

- on capital investments and on amortisation by calling into play
the scale economies resulting from steelworks of increasing size;

- on personnel costs by increasing productivity at all stages of the
the process. These efforts have been facilitated by technological
developments which make it possible to reduce the manpower needed
but raises the level of knowledge required.

b) Economies in regard to enerEz_needs (that is to say also on the cost
price); energy costs have become increasingly important and this has
resulted, in this route :

- firstly to economies in the energy used in each unit, in particular
when producing the primary metal in a blast furnace;

- secondly by recovering all the energy in the excess gases (from the
coke ovens and blast furnaces or, now, from the oxygen converters)
and even the exheoust gas from the throat of the blast furnace by
envisaging using the latent heat of the slags, etc.
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The totality of this evolutiun has resulted in :

- "modules" (that is o say 2 chain of the most powerful units
available at any given moment) of increasingly large tonnage,

- appreciable economies in both lazbour and energy.

But it has also resulted in :

~ an increasing complexity in the integration of units and in the
gas and solids circuits, and

- increased capital investment costs, in currea? currencies.

c) Improvements in the quality of the products: that is to say the
liquid steel from the twin viewpoints of :

- the regularity and maintenance of the properties of the products,
from casting to casting, that is to say the accuracy of the various
component levels,

- an improvement in this quality by, for example, reducing the levels
of metalloids, P, S, etc.

The appearance and development of ladle metallurgy and continuous casting
have certainly made great contributions to this development....

2. velopments in ELECTRIC FURNACES and in DIRECT REDUCTION

Here we find, particularly in the industrialised countries, two quite
different trends :

- firstly the continuing development of electric steelmaking which is
explained essentially, and apart from the production of certain special

or alloy steels, by the rapid growth of the mini-steelworks. This
rapid growth has been due, as is well known, to :

. the limited capital investments needed by this process,

. the low consumption of energy, limited to some 500-600 kWh per
tonne of steel,

. the abundance of scrap-iron, the price of which, apart from some
short-term fluctuations, has been steadily falling.

- secondly the efforts made to develop new direct reduction processes.
These efforts are directed towards finding more economical routes than
the classical route, at least where medium-sized capacities are involved.

This has led :

- firstly to the development of a whole series of direct reduction
processes,

- secondly to a considerable expansion of these techniques, although this
is relatively limited when compared with the total world production
of steel.
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It will be noted, however, that whilst electric steelmaking continues |
to develop rapidly, despite the crisis, in the industrialised countries, 1
direct reduction is only developing very slcwly: there are two reasons
for this :

- scrap is abundant and cheap,

- pre-reduced ores, with the high cost of natural gas, have considerably .
higher cost prices.

3. COMPARATIVE DATA

In the present situation it is possible to draw up a comparison of these
two (or possibly three) routes for preducing steel by utilising the following
five criteria :

a) Capacities and investment costs

The classical route in the industrialised countries is becowing
increasingly the one used in the mega-steelworks, with capacities
of the order of 2m to 4r tonnes/year per module, that is to say
for a line consisting of :

. a coking umit

. an agglomeration unit
. a blast-furnace

. an oxygen converter.

This results in very large capital investments if such high capacities, ‘N
such as a 4m tonne/year module (or multiples of this) are retained.

For a mini-steelworks the investments are very much smaller, but this
involves :

. limiting production to the lighter lcng products,
. starting from scrap—iron.

b) Energy |

The very large differences in this respect arise from the fact that
the different routes use totally different sources of energy.

We thus find ourselves faced with two possibilities for producing liquid
steel, one based on the heavy and costly route, reserved for the very large
producers, and the other much lighter route, better suited to small and
medium capacities and less costly, particularly if this route is shortened
as far as is possible by feeding the electric furnace with scrap-iron.
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CHAPTER II

MANUFACTURING STEEL PRODUCTS

In our approach to this problem we need to start from the following
three points :

= a survey of the principal iron and steel products,

= the market for these various types of iron and steel products,

= and the various types of rolling mills.

As far as the developing countries are concerned these points give rise

to a series of conclusions which will form the fourth part of the chapter.
To this we will add a fifth part on cold-rolling and finishing processes.

1. THFE. IRON AND STEEL PRODUCTS

It is necessary to bear in mind that there are, apart from the generic
term of steel in the singular, a whole range of iron and steel products which
may be classified in three main categories :

- the crude products : liquid steel intended for casting and ingots,

- semi-products : products generally obtained by rolling (or at the
present time by continuous casting) and intended to be converted intec
finished products. The conventional terms for this are blooms,
slabs, billets and sheet bars,

- finished products : rolled products, the converting of which has been
finished in the steelworks and which now forms the subject of iron
and steel trading.

It is possible to distinguish, within the class of finished products :

- flat products, including large flats, plates and sheets (flat or on
reels) which are either hot- or cold-rolled, and strips, .

- long products, including sections such as beams, merchant goods or bars,
special sections, wire rod, railway equipment (rails, sleepers, etc.)
and sheet piling.

We will be examining in greater detail those products whizh have the
widest range of uses such as sheets, merchant bars and beams.




_45_

A)  FLAT PRODUCIS : plates, flat or reeled sheets and strips

It does not seem to us to be necessary to repeat here the general
definition of sheets and strips, but we will simply summarise the present
sales classification of hot-rolled sheets and plates, specifying their
dimensional limits and the relevant standards and tolerances.

Present classification of sheet : hot-rolled sheet and plate

The producers have introduced into their price lists a classification
which takes present rolling processes into account, and which divides hot-
rolled products into two categories :

Hot-rolled sheet : This term covers all those hot-rolled flat products which
are supplied in the form of reels of any width or thickness,
or sheet of 8 mm thickness or below and with widths
of 1850 mm or less (these are in fact sheets produced on
a continuous rolling mill).

Plates

The term plate is applied to hot-rolled flat products
supplied in the form of plates with a thickness of more
than 5 mm or with a width greater than 1850 mm (these are
plates produced on a four-high stand).

B) LONG PRODUCTS : beams and merchant bars

The following is a brief summary of the most widelv used products :

- Merchant goods

. small U-sections

. rounds

. squares

. flats

. symmetrical and unsymmetrical angles
. symmetrical T-sections.

- Concrete-reinforcing bars

- Beams

. IPN

. IPE

. IPE-R
. HE

. UPN

. UAP

In regard to the classification cf these products we can make the
following general comments :
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Merchant bars :

a) Limiting dimensions of sections

The various types of merchant goods have to comply with certain maximum
and minimum dimensions which separate them from other categories of sections:
the dimensional limits for some common products are given below :

—- small werchant U-sections have a height of at least 30 mm (special
sections boundary) but less than 80 mm (beams boundary),

- rounds are supplied in lengths and have a minimum diameter of 5 mm,

the bcundary between rounds - concrete-reinforcing rods and wire rod:
the term wide rod is restricted to products supplied in coils.

Wire rod straightened and delivered in lengths is classified under merchant
goods; howeve:- in the case of products for concrete, formerly classificd as
merchant goods, these are now regarded as a separate category: smooth rounds
may be supplied in coils, and are then termed "smooth rounds in coils".

- flat bars have a minimum thickness of 3 mm and a maximum width of 150 mm,
a limit which separates them from the large flats. They are delivered
in straight bars (flat wire rod is always supplied in coils).

b) Other recent modifications in the classification

Certain products previously classified as merchant goods are now listed
as specia'’ sections: this applies to angle irons with ejual fins and to
unsymmetrical T-sections with fillets.

Beams :

Height limits for sections

The term "beam" is restricted to sections with a height of at least 80 mm
(for example an 80 mm UPN is a beam but a 70 mm UPN is a merchant section).

2. THE MARKET FOR THESE VARIOUS TYPES OF IRON AND STEEL_PRODUCTS

If we consider the growth cf the consumption of iron and steel products
as a function of the development of a given region we find great divergences
between the data obtained from different cour:ries and periods.

However there are general trends such as :

- the influence of the population of a given zone, region or country
which may be served by a steelworks. However if we restrict ourselves
to liquid steel this is of little interest.

- to go a little further it is necessary to envisage a certain type of
breakdown of the consumption of iron and steel products. For this

purpose we have taken the model in Table |, basing ourselves on the
following data :
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— Assuming a figure of 10 kg crude steel per person and per year, or
8 kg products per person and per year,

divided into :

62.57 long products (50Z light long products, including
37.5%Z bars) and
37.5%Z flat products

These figures can vary considerably, particularly in the case of oil-
producing countries which need welded or weldless tubes (or flat products used
to make tubes locally).

- Assuming a figure of 100 kg crude steel per person and per year, or
80 kg products per person and per year,
we may find one of two cases :
In the case of a country without an automcbile industry divided into —

507 long products (of which 37.5Z light long products
and 25%Z bars) and
50Z flat products

Or in the case of a country with an automobile industry divided into _

40%Z long products (of which 257 light long products
and 20Z bars) and
60Z flat products.

These are, quite obviously, only trends which serve to highlight the
general possibilities, every region being a special case.

3. THE VARIOUS TYPES CF ROI.LING MILLS

When converting raw steel into steel products the method most widely used
is rolling, with forging or direct casting only accounting for very much
smaller tonnages. If we return to the range of iron and steel products cited
above we can distinguish a series of types of rolling mills.

It should be remembered here that rolling consists of a series of operations
designed to convert tine ingot, by successive stages, into the finished product
of predetermined form. Each of these phases is separated from the next by
the reheating of the intermediate product in furnaces of various types
(pits, pushers, with walking beams, etc.).

There is a very wide range of final shapes, from simple geometrical shapes
such as round, square, rectangular, trapezoidal, etc. to more complex shapes
such as beams, rails or sheet piling.

A volling mill consists essentially of one or more "stands", structures
which support the cylinders between which the metal passes. Linked in pairs
these cylinders rotate in opposite directions, pulling the product through
and progressively compressing it. When products of rectangular section are
being produced the cylindurs are smooth; for other shapes they are channeled.
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Roughing mills were formerly used for the first operation of roughing out
the ingot, in a blooming mill for long products and in a slabbing mill for the
flat products. These are two-high stands, that is to say with two reversible
cylinders, allowing the ingot to pass in both directions. These are very
powerful units since they must be able to absorb the total production of steel
ingots in the steelworks. At the present time they are being increasingly
replaced by continuous casting to produce the slabs, blooms and billets as
semi—products, these then going to the actual rolling units.

These products, in particular the slabs and billets, are generally handled
on heavy rolling mills. These mills generally produce intermediate products
such as strips, billets and sheet bars. However certain heavy mills procduce
large finished prcducts, such as beams, rails, large round sections and sheet .
piling, directly.

The medium and small rolling mills provide the final rolling.

Technical development in rolling has resulted in continuous rolling mills.
With these there is nu break between the passes through the various stands of
the mill. The metal is drawn out, flattened or reduced in diameter according
to the product concerned, and at the end of its passage it is rolled into reels
in the case of sheets or into coils in the case of wire rod. Its speed increases
as it passes through the mill; it can rise to 90 kph in the case of sheet and
200 kph (125 wph) in the case of wire rod.

There are continuous mills for sheet production (they are thus called
"continuous wide strip mills") and for the production of narrow strips, wire
rod and merchant goods.

For completeness it should be noted that the steelworks processes by far
the greatest part of the steel produced by rolling. The rest is supplied to
the forging and foundry industries which convert it using other processes.

Forging is the oldest technique for converting steel. At the present time
the equipment used for forging consists of hydraulic presses capable of exerting
very considerable powers of up to 10,000 tonnes, having replaced the more
brutal steam drop-hammer and, even older, the water-driven drop hammer.

Forging can be used to transform ingots into rough forms which can then be
machined by the engineering industry.

Steel can also be moulded, like cast iron., Foundries receive the steel in
liquid form or as ingots which are then remelted. Casting can be used to
manufacture products of complex shapes.

Returning to rolling Figure 2 shows schematically the principal types of

rolling mills, whilst Figure 3 indicates the mean annual capacities of these
principal types of mills.
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Table I : APPROXIMATE MODELS OF THE EVOLUTION OF THE CONSUMPTICN OF
IRON AND STEEL PRODUCTS AS A FUNCTION OF THE DEVELOPMENT
OF_A_REGION

Crude steel :
kg/cap. 10 50 100 500

Products : b
kg/cap. a

Total 8 40 80 80 400

Long products 5 25 40 32 150  (37.52)
(of which :

light products (4) (20) (30) (20) (100) (25%7)
of which :

bars) (3) (15) (20) (16) (60) (1572)
Flat products 3 15 20 48 250  (62.5%)
Weldless tubes - - - - -—

(Welded tubes are

included under

the flat products)

(a) Country without an automobile industry

(b) Country with an automobile industry




Figure z : ROLLING STEEL

After it has been reheated the ingot passes through the successive '"stands" of the rolling mill where it i~ rolled out

by the cylinders which progressively give it the desired shape and thickness:

and channeled cylinders for the sections.

smooth cylinders for the flat products
Cold rolling makes it possible to reduce even further the thickness of

certain sheets whilst at the same time giving them certain special physical properties.
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Figure 3
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CHAPTER III

THE IRON AND STEEL REQUIREMENTS OF DEVELOPING COUNTRIES *

If we return to the very simplified "models" it will be seen that, as we
have indicated, we may attempt to apply them to provide some orders of
magnitude to the various situations which may be characterised by :
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