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HMMARY

This paper discusses the iron and steel industry in relation to the
life and human enterprise of a country under development, with particular
emphasis on the broad human and economic aspects of using a gaseous direct

iron-ore reduction process in a developing country.

At the beginning of the paper, the authors focus upon a wide viewpoint

of siderurgy as the art of extracting, transforming'and working iron and

steel to useful products,

To obtain a wide framework within which to discuss the subject, the
authors sketch out the role of iron in nature in the broadest sense, mention
ing its biochemical role and contrasting this role to that of the industrial

role of iron and steel in the present human habitat as a material essential

to modern man's development,

Within this wide conceptual framework, the authors then focus upon the
subject of energy and ecology as it relates to the theme of siderurgy. Also,
the concept of possioble limits to world siderurgical activity is mentioned,
as well as certain tendencies in modern thought which have a bearing on the

subject of managing or coordinating the Flanet and how these may possibly

reflect themselves into the future siderurgical panoranma,

From this point, the scope of the discussion is then narrowed to the
characteristics of a country under development and what has to be done to
foster development, which then leads to considering what is required to
create basic industries and the modern infrastructure of the country. This,
in turn, leads to consider the general problems of the gteel industry in a

developing country and the advantages of the use of a gaseoug direct red-

uction process to make steel.

In view of the wide ranging theme of this paper, the discussion is of

necesaity conceptual and hroad; the authors have attempted to illustrate the
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theme rather profusely to aid in asketching out such a broad approach to the
subject and to provide a flow of ideas and images throughout. It is

hoped that this approach will be stimulating for subsequent reflections,

discussions, and communication.




INTRODUCTION
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from UNINO %o present to this, the Third
Interregional Symposium of the Iron and Steel
{ndustry, a paper on the economy of eamploying
a gaseous direct iron-ore reduction proceas in
a developing country. This theme is especial-
1y fertile in the present context of rapid
change that is occurring globally and that im-
pacts with particular characteristics each of
the different countries (Ref. 33).

In the last decade, the integrated know-
ledge of man has led him to poader the orien
tation and the consequences of his technologic
al development (Fig. 1) from a very
wide-ranging point of view that encoms
passes the planet that he populates
(Ref. 3-10, 34, 35, 37-50), The ironm
and steel industry is not exempted
from this wide viewpoint, as may be
deduced from the agenda of the other
conferences in this series (Ref. 1,2)
and with special emphasis, the pres-
ent conference (Fig, 2), Interesting
contrasts are evident and major and
minor problems of a challenging na-
ture exist in different countries of
the world (Fig. 3).
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SCCPE OF THIS MESSAGE

Unfortunately, at the moment of writing
this message we do not have within reach all
the documentation which UNIDO and other agen-
ciesg of the United Nations and other organi-
zations have published thru the years on the
iron and steel industry. However, even if we
had this material at the reach of our hand, it
would have been quite difficult to have read
and assimil ated it completeiy. Thus, we will
not preteri to report herein atatistics and
numerical data that mcst probably others have
published for the consideration of those inter
ested in the broad theme of the iron and steel

industry.

Also, we will not try to give a laborious numerical example of a hypo-
thetical case to try to ilustrate a particular point. This would be more
the labour of each expert or group of experts that would consider in detail
the viability of a specific industrial project,




Rather, our message is oriented to contribute certain points of view,
experiences, or observations about the economicas of the use of a gaseous di-
rect iron-ore reduction process in developing countries, for we belicvve that
this is what we could most usefully contribute to this conference.

We wish to begin our message with
an ample reflexion tiuat will situate
the theme of the iron and steel indus
try in a wide conceptual framework
within which certain points of view
can be highlighted which we would coun
sider important and which at the same
time are often lost sight of when at-
tention is focused with excessive de-
tail upon the iron and steel industry,

Siderurgy (Fig. 4) is the art of
extracting, transforming,and working
iron and steel to useful products.

tg-w Within this art there exist science

and technology which are pertinent to

it and which have been the object of the labor of . .umeraile yeople around
the world. We wish to expand this point, for it will give us a useful view.

/ IRON IN NATURE
. wargonires

Let us congider the theme of
iron itself, as an element of nature
(Fig. 5). Before iron figurec in
the art of man known as siderurgy,
iron as such figured in the b.ochem

IRON IN NATURE

ical processes within the biosphere
(Fig. 6), Thus, we now know that
before man existed as a specivs,
there existed initially forms of
life much less developed (Ref. 37),
there being an initial epoch in the
evolution of cellular life (Ref. 11)
" o in which cells existed that were an-
aerobic, that is, they did not pos-
seas the capability of utilizing oxygen in their
biochemical processes (Fig. 7). The face of the
earth was very different from the present (Fig.
8). The atmosvhere contained little oxygen,
the biosphere was populated by primitive organ-
isms that did not utilize oxygen, indeed oxygen
was a dangerous contaminant, a byproduct of
then existing biochemical processes.

Gradually, aerobic cells evolved and with-
in these a key protein, eassential for the cell
to utilize oxygen (Fig. 9). This protein ia of
those called cytochromes. In the center of the
cytochrome-¢ protein (Ref. 11) is an atom of
iron which changes valence between two states

atsome of greater and leasser degree of oxidation, from
crimt trivalent to divalent and viceversa. These pro
teins in effect reduce and oxidize iron .-clica
11y.

Citochrome-c is contained in all aerobic
cells of nearly all species living presently in




-0 -

the bioaphere, including man (Fig. 10). The face of the ecarth would be radi-
cally different whithout this protein.

Nithin the human being, iron appears as
KO xYRIN N aTmonPuEae well in other biological forms, including the
hemoglobin of the blood (Fig., 11). Each adult
normally has 4 to 5 grams of iron in his organ
ism, which is a small amount of the order of
0.01% of the weight of the body. All the ac-
tual population of the world represents about

ANAIROBIC CELLLAR LioE 13,000 metric tons of biological iron (Fig.12).
N0 OX veun A human being normally ingests in his daily
~ food about 10 to 15 milligrams of iron, the

world population ingests about 37 metric tons
of iron daily, that is about 13,000
metric tons annually. The weight
of all human beings in the planet
is of the order of 130,000,000 met-
ric tons (Fig. 13),

The world annual steel produc-
tion is of the order of 800 million
metric tons. We gee that man, on a
world average, annually produces a-
bout six times his weight in steel
within the terrestial bioephere.

No other species carries out such a
task of producing and "movilizing"
iron within the biosphere. 1In high
ly developed countriee, man prode
uces 20 to 30 times his weight in
steel; in developing countriea, man
produces on the order of two times
or lese, his weight in steel, an-
nual 1’-

Modern man is, to coin a phrase,
tig— 9 the smal]l ant of steel. Under ex-
iating criteria, his index of modera
ity or development depends on how Rany times
he produces his own weight in steel, annually,
Undoubtedly, there are models of development

':::ﬁf;;:::;:] that stongly question this criteria (Ref, 15,

mmvwnuw{hwyuj 16, 34, 35), such as for example, the Tansanian

e, model (Ref. 14) of development, which baaic-
Ormes vintesnares ally rejects this criterion in a certain way.

Y
AN

We aee then, that iron in nature waa cru-

¢ial in transforming (Fig. 14) the bioephere
"e e of the world in which we live and that it part
icipatea irteriorly ia main - - - hia organisam

used iron internally before he knew what it

was. Iron figured innately in the interior i
life of man (Fig. 15) and as time Paceed man :
AN Worti tion Has discovered the use of iron externally to his

ARG NSRS organiam, entering thereby into the iron age, ]
dccording to the anthropologiste (Fig. 16), *
When man introduced the art of the use of
oo mun rran eses iron into his daily life, he radically changed
LENE his way of life and with this the face of the
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earth was changed again a second time (Fig, 17)
by the effect of the use of iron within the
biosphere. We all know the historical scheme
(Ref. 19) thru the ages from the Stone Age to
the present (Fig, 18),

We have wished to sketch thig perspective |
of iron in the biosphere to highlight the tras-
cendent role of iron in the human habitat and
activity. Man is a soft creature within whom
iron carries out a key role in his internal bio
kinetics, Externally to himself, man requires
the use of iron in the development of his mod-
ern enterprise. He requires it as a meta] in
his structures, edifices, dwellings, in the
highways and in the machines and objects with
which he carries out hig modern doings.

For modern man or man on the road to be-
coming modern, iron does not represent just a
basic industry but rather an over=ridins necegs-
ity in the modern human condition (Fig. 19).
Siderurgy is an art that encompasses science
and technology esgential for man's develop-
ment ,

This point is very important for,if we
wian to consider the concepts of economica
with respect to the siderurgicai industry of
countries under development, it turns out that
economic factors are not of themselves the on-
ly deierminants of the siderurgical activity
‘Fig. 20). It is not very probable that a peo
Ple would choose to depend totally on foreign
siderurgical activity (Fig, 21) and this obser
vation, by itself, would tend to place the de-
Cisions relative to the steel industry, not en
tirely in the domain of economics but rather
somewhat in the socio-political plane (Fig, 22),
or simply in the plane of private genuine el {
interest,

To expand this point, it is important to
consider what is the proportion of the Groas
National Product (GNP) that is generated direct
ly by the steel industry in a country (Ref. 53).
We find that to the surprise of some, in count
ries such as the United States of America and
other of about equal development, the siderur-
gical industry represents only about 2 to 3% of
the GNP, 1In developing countries, the figure
may be about O to 2% of the GNP. There are
other sectors within the GNP that are often
Bany times greater, depending on the country
in question. We see then that the siderurgical
activity is primarily important because of its
important effects within the human enter-
prise of a country, because it isa a basic in-
dustry that feeds other industrial activities,
more than because of the economic activity

wiich is directly atributable to it as a per-
cent of the GNP.
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It is well to point out, however,
that the siderurgical activity general
ly figures more prominently in the com
mercial balance of trade than in the
GNP, with percentages of the order of
5, 10, 15% of the trade flow involved
in the commercial balance (Ref. 53).
From the economic point of view, this
is one of the principal aspects of a
purely economic nature in the siderur
gical picture, more than as a frac-
tion of the GNP, Thus, the siderur-
gical activity should be fostered to
as great a degree as poscible within the priy
ate gector of the economy in developing count
ries, so that it may effectively catalyze the
total human enterprise of those countries. .
In some cases, this may involve some type of
subsidy at the most, in order that such an
activity be sufficiently attractive to assure
private participation. Though this is only
our opinion, we feel that, when the siderurgi-
cal activity is placed entirely in the public
sector (i. e, state owned and operated), then
an important part of the catalytical effect
of the steel industry upon human enterprise
may be lost. We would, of course, recognize
that different opinions and exceptions may
exist as to this point, but we feel it is ge-
nerally a correct assessment of many cases in
the world steel picture and we know that we
are not at all alone in this opinion (Ref. 33).
We would recommend that governments of develop
ing countries adopt as a policy the criteria
of fostering the steel industry in the priv-
ate sector rather than in the public sector.
Certainly the fraction of the GNP involved
will not of itself imply a great change in
economic¢ policy but it will assure that the
catalytic effect of the steel industry upon
huzan enterprise will be most effectively in-
corporated into the economic activity of the
country.

fg. 17

In this connection it is interesting to
note that, as reported in Scientific American
(Ref, 13), the 1972 Nobel Prize in economics
was awarded to Kenneth J. Arrow and John R,
Hicks "for their pioneering contributions to
general economic equilibrium theory and welfare

CCONOMIC PLANE | SOCIO-POLITICAL # ANE
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theory ... In welfare economics one wculd like to show that an econom. o Sys-
tem can be designed to satisfy the needs and wishes of the majority of people.
One might think that one could ask individuals to rank various possible econo-
mic states and arrive at a ccnsensus. Arrow's work show that such a con-
sensus is technically  mpossible'. Thus, we can only point out our opinion
and try to explain it best we can to those who would consider it, with due

. mutual respect to those who would disagree.

ENFERGY AND ECOLOGY

. ecowoay )

), Today it is not possible to discuss the

/ economy of siderurgical processes without con-

N , IR sidering the world panorama of energy sources
Lunmeeay; ! economr T and ecological aspects (Fig. 23), When consi-

Ty ) e, dering the possibility of installing or 1n-
&NLWV creasing the siderurzicg] activity «f a country,
it is necessary to consider tue procurement of
810 rurgiCer SLONOMILE LN NOY bE iy 3

CUBeES wihut Coraiiering e pancrama of energy and raw materials, be they from internal

te -2 o external sources (Fig. ”4). Besides the con
sideration of marketing and finances, these are
basic data for any siderurgical project (Fig.

D 25). We will not go deeper into these points
exronr on / ‘ because many and diverse studies and opinions |
X i E s :
;SETK\ l exist with regard to these, |

It is significant, nevertheless, that it
is estimated (Ref. 9 that if all the count-
ceromt O ries of the world were to a~hieve a atandard
maw MATeR (ALY 7 \ of living equal to that of the mnst industria-
' : lized countries (Fig, 26), the world's commer-
waw ATEmALS - - cial grade reserves of iron ore would not run
out in the near future, but on the other hand,
within 1 to 3 decades the reserves of other commercial-grade ores vital to in
dustrial activity would run out, such as chrome and ni:kel (stainless steels),
tungsten, copper, lead, zinc, tin, molybdenum, mercury,ani silver (see Figure
26). This implies that there are natural 1li-
mits to the growth of industrial activity and
population (Fig. 27), which can not but trans-
late itself into the concept of limits to the
world steel market, which in turn represents,
in the last analysis, the concept of limits to
N the world siderurgical activity. This concept
- | SIOERUAGYCAL - - .
FROJECT ]/ of limits is not derived from the Club of
T Rome's report (Ref. 5) and is quite independent
of the controversy that surrounds that work
(Ref. 54),

fg. 2s

Actually, the concept of limits to growth is an important concept, even
though no general agreement exists as to time and magnitude. In general, we
would say that the concept of limits characterizes the siderurgical sphere.

As we snal]l discuss later in more detail, when discussing the siderurgi
cal industry of a country, the concept of conserving nonrenewable resources
comes into play (Fig. 28), be it in terms of raw materials or energy cources.

At the same time, this involves the balance of payments of a country (Fig. 29).

We eee, then, that generally, when discussing the siderurgical industry of
a country, both internal as well as international and global factors must be
. examined.

If one is to discuss the possible, existent, or nascent 3iderurgical actiy
ity as a functior of local conditions as regards raw materials, energy sourcss

s S RN
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FCUR_STRATA OR LEVELS OF THINKING

This carries with it several implications and conse:uences,

It i8 not possible to delve dee

ject is too extensive.

However, we woul
present certain interesting tendencies o

Ply into these matters because the sub-
4 wish to point out what to us re-
f modern thought which we could call

the "Four levels of thinking" (Ref. 24):

Level
Level
Level
Level

FIREY BYRAVA Of THINNING

RESEARCH AND DEVELOPMENT

‘wan rroDUCES
SCHNCE AND
TECHNOLOGY "

Ll ¥ T}

SECOND STRATA OF THINKING
TECHNOLOGICAL FORECASTING

b

JHIRD STRATA OF THINK IvE
—————n T THINKINe

MAN TRES TO SREONCT
Trf TRCHNOLOGY ThHAT
MAY ¥ CEVILOPED.

TECHNOLOGY ASSissmEnT
[SFFsCYR

,b, 0-‘ .

L . -

YecunoLogy
.-d _—

rig_ 34

FOURTH BTRATA OF THINKING
MANAGING THS PLANET

MAN ENGLIRES CONCERNING THE
TRENTATION WHICH HE BMQLAD
GIVE YO 18 AFFAINY AND TO
TECMOLORY 10 MO0 THE L1
ATIVE AR TS WA COUMTRY Asat
THE e ANgT

e 38

of
of
of
of

Research and Development
Technological Forecasting
Technology Assessment

Flanetary Management or Coordination

In general, in the first level of thinking
(Fig. 32), that of "Research and Development ™,
man evolves science and technology. 1In the
second level of thinking (Fig. 33), man attempts
to predict the technology which he will or he
may develop in the future., 1In the third level
of thinking (Fig. 34), manemuires concerning
the effects, positive or negative, that will
envelcp a country or the world if such techno-
logy were developed and applied in the future.
That is, he makes an "asmsessment" of technology,
considering many factors including ecological,
economic, and social factors. In the fourth le-
vel of thinking (Fig. 35), man enquires concer-
ning the orientation that he should give to his
affairs and to technology to avoid the negative
effects in a country and ultimately in the
Planet as a whole. This is the level of Planet

—ec——
ary Management or Coordination, i. e., manage-
rial action, coordination, or concordance on a
pPlanetary level. Rather than a constituted
authority on a planetary level, planetary man-
agement is a phenomenorof communication and a
shared decision process, as are eassentially all
management processes.

We have wished to define these four strata
of thinking (Fig. 36), not for philosophic rea-
sons but for a practi-al reason: this Third
Interregional Symposium of the Iron and Steel
Industry can be said to be a part of this com-
munication process on a world scale and as such
is of itself an element of Planetary management
in its actual state of development. 1In this
forum, limits and possibilities will be dis-
cussed as well as markets, technology, and stra-
tegies of development. Those communications
will no doubt influence the thoughts and deci-
sions of people in different parts ~f the world
and a8 such the managerial decisions of differ-
ent echelongin the private and governmental
sectors,

Thue, it is a practical congideration to
visualize the four levels of thought which we
have pointed out here, for they serve to high-
light in a wide framework the xeaning of this
type of aymposiunm.




Ne expect that auch of what we
wi)l subsejuently comment will be
relevent to this frssework. It ia
not possible ‘'~ fully expand any of
the levele of tuinking, only to bear
thea ‘n aind aa a reference fraaeworhkh

FOUR STRATA OF THINKING

MESEANCH AND DEVELOPIMENT
. THCHNNOLOGICAL FORECASTING
' TECHNOLOGY ASSESSMENT
WMANADGING THE PLANET
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 COMMUNICATION The theme of our meeeage is cen-
o e e b i tered on the economica of e gaseoue
THIRD INTERREGIONAL SIMPOSIUM direct-reduction process in the con-
‘\Mmmmmlﬁu NOUSTRY text of a developing country.

To develop this subject, we first
wish to diecuss briefly certain things
such ae:

The cheracteristica of a developing country.
What has to be done to foster development,
Whet is required to create baeic industries
and the infrestructure,
And then we would diacuas:
The gemsral probleas of the steel industry ia such a context.
Advantages of gasecue direct iron-ore reductioan procssses.
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CHARACTERISTICS OF A COUNTRY UNDER DEVE]OPNENT

What do we understand by the term "A country under developsent™? Basie-

ally, the followiag:

Y. A country im which the gross natiomel product ie low.

2. A couatry ia which the industrial sector does not exist or ia being
foraed.

3. A country in which the econoaic activity is nmot belanced snd which
generally depends strongly on agriculture, forestry.end fishing.

4. A country im which the percapita income .s mot well distributed,
there being generelly a great majority of poor persons and a amell
ainority of very rich pereona, with ¢ very amall middle claes.

We recognite that this definition of a country under development is eomewhat
erbitrary; nevertheless, we believe that it represents the typrical isage which
many people usually consider,

WNBAT HAS TO BE DONE TO FCSTER DEVELOPM:NT?

If the four prece:;:,- characteristice are considered as typical of a
country under develnpment, then whet has to be done to foster development ia
essentially to invert the terms so as to:

1. Increase the gross nationel product.

2. Fora or increase the industrial asector.

3. Guide the economic activity in such e way aa to balance it in terms
of industrial activity, agriculture, forestry, and fishing, adequately
stiaulating each.

4. TIsprove the distribution of the percapita income by the creation of
Jobs and the progreesive formation of an economically and accially
healthy middle clase.

This implies that the following is required:

1. [Establish an independent economic policy.

2. Rapidly achieve a profiteb’e econoaic scale.

3. laprove the balance of payaenta.

4. Creete joba.

5. Make the best uee of local national reecurces.

MRt s




WHAT IS REQUIRED TO CREATE BASIC INDUSTRIES ANJ THE NECESSARY INFRASTRUCTURE®

The creation of basic industry requiree the following:

Iron and steel
Energy

Cement
Chemical
Petrochemical

The creation of the infrastructures requires the following:

Trangportation
Communication
Highways

Health and hygiene facilities

Irrigation
Schools
Banking aystems

i e e
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PROBLEMS OF THE STFEL INDUSTRY IN A
COUNTRY

As we gentioned earlier, the siderurgical
activity (Fig, 37) 18 4 essentinl activity
within the general human development, both in
terms of the products which are generated and
applied as in terms also of the exercigse aof
science and technology within the siderurgical
and industrial artg. Thus, in the development
policy of almost any country the solution of
the siderurgical probleas of the country will
OCCBPY a proainent place., Depending on the
country (Fig. 38), thie may be lead to situat-
ing the siderurgical question either in the
private sector or in the pudblic sector of the

e¢comoamy, or perhaps simultaneously in both
sectors.

It is posaible to visualize that a country
uader development will evolve across the entire
spectrum (Fig. 39) from total importer of sid-
erurgical products to the level of geir-suffi-
ciency and even to export capacity. Within this
spectrua of conditions, we say distinguish the
following cases of interest (Fig. 40):

Total importation of siderurgical products.

Noa-integrated steel industry: vrolling of

imported steel in the form of billets
or melting cold charge to make steel.

Integrated steel industry: reduction, selt

ing, refining, and :0lling to satisfy
local market.

Steel industry for exporting: excess capa

city is exported,

Because of the excess capacity (Fig. 41)
in the large steel-producing countries (Ref. 1),
it is common in the iuitial stages of develop-
meat of a couatry to solve the need of stes)
products by importing.
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However, when the consumption of steel
products become significant, it is attractive Lo
substitute the importation of such products by
producing them locally on a non-integrated basis
(Fig. 42), usually by rolling imported billet or
ingot,

When productiam and consumption of steel
products increases further (Fig, 43), it becomes
- attractive to think of integrating the siderur-
gical activity by including ore-reduction proceas-
568 —-— in a blast furnace, in an electric red
uction furnace,or in direct-reduction
CONSUMBTION processes. GSemiintegration may also
o be achieved by using electric furnaces
Vi and local or imported scrap. The ade
//%xxmnukwmqnﬂm.no quate technology depends on the scale
- . of the internal demand, the tolerable
TimL internal prices versus the imported
product, the availability of local or
external sources tc supply energy,
ore, raw materials, refractories, etc.,
as well as the¢ availability of capital
ani adequate personnel, services, etc.

-

Iy
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The decision to expand the st eel
industry of the country to the level
tig- a2 of achieving export capacity is a deg
ision which depends as much on sideruz
~ gical factors as on other general fact
CONBUMPTION ors of the economic policy of a count
ry. In some cases, becauase of a small
el ‘ internal market, this may be an early
decision (Fig. 44) imposed by the con ;
sideration that the minimum installable
capacity exceeds the local demand. The
tendency to establish local steel in-
dustry and to export the excess capacity
has been a popular trend to the present.
It is not easy to comclude that in the
future such a point of view will be
sustainable versus the concepts of
limits to growth, for if many countries
concur in the same formula, then the
effect could be to depress prices of
the international market, thus saking
it less attractive to escalate the
steel industry to export levels. This
could tend to favor the importation
of steel products to developing count
o vorea ries instead of their trying to install
. or expand their own steel industries.
7 From the point of view of the concepts
[ POSSIE LveLs of managing or coordinating the planet,
: gﬁmmzzn; this could be considered as a favor-
able utilization of the excesa world
steel capacity, which on the other
hand could be a positive objective if
Time it could be carried out under equit-
able or convenient Commercial basis
for the countries under development.

L i e e

LEVEL OF
ODUC

non
conBlmerion

tig. ae
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For on the other hand .t Z. 5, the aop-

LMt 1o, cepts of limits to growth i1nd ‘ate not enly lim-
ita to ropulation, contamina l1on, enérgy acurcea,
pon o anon and raw materials, but als. I1mits to sources of
LN AMINALOK canital. Thus the quecsti.n Arises as to whether
e 1t is logical to f.vor in the whole worl]y the
SOuRCIE G an s aprlication ~f carital to the creation ¢! gles)
industries wi'h excess Catacity ir uttrles
under devel pmant when in other Countries ex-ess
‘e a cavacity also exists. This cauld pe AN Imiort-

Ant question if one considers *nat the steel 1n
dustry is quite intensive of carital, for the second question would be i f 1t
were not preferable for a developing country to invest such cavital 1n anotyer
industrial branch lesr intensive of caprital or in sddity.nal infrastrurture,

As may be observed, these are truly probl-matic gquestions wh.ch we would
not pretend to solve here, only to indicate them as characteristic questiong
which envelop the sub ject of the iron and stee]l indu-'ry in countrjes under
development., It ig not very probable that the countries un ier development
would desist from wishing to establish cr expand their siderurgica) activity

as part of their economic policy,
for in geunera; they would seek a cer
tain degsree of autonomy and indereng

ence 1a the field of siderurgy, if
at o]l vossible, Nevertheless, con-
I mcocmzE vmats o o tering the ¢ nceprts o limits to
| OR O ne ma O Groa vroath, it could be thought that the
| COMMUNC A TION ANO ANAL tendency towards independent econ-
{:;‘:;J::‘:‘;‘f;“; omic policies in this and other
[ aeOIATE burrom ' fields (Ref. 12, 17, 18, 16), proba

bly would finally lead to economic
policies not of greater 1ndependence
as such, but rather ton greater inter-
dependence or coordination, which
would be expected from the points of
tu_as view of ‘he concept of managing or
coordinating the planet whic we

MANAGERIAL
ACTION

mentioned earlier,

The managerial action (Fig. 46) would probubly evolve in the field of
siderurgy on the basgis of recognizing the limits to growth or the limits to
the rate of growth, as wel! as on the basis of communicatior and analysis of
‘he tendencies and possibilities for the immediate future. Such LCaAmUnlCa-
tion and analysis wil] lead the management spheres in the public and private
sectors of different countries to consider the alternatives and the world and
local panorasa, present and future. One posaibility that cnuld '+ examined
i1s that the countries under development form a block to negoiiate and purch
ase th» siderurgical products which can be produced with the excen  capacity
in other countries,

However, even in spite of the concepts of limits to growth, additional
worldwide steel production and consumption will continue to be necessary dur
ing the immediate future and it is not at all evident that additional capacity
should be installed in developed countries already producing huge quantities
of steel., It is,in fact, somewhsat contraindicated as potentially undesir-
able to do 80, both on ecological as ca economic te-rmas., This is, ~f course,
subject to a large range of opinions, difficult to reconacile.

Nevertheless, we would take as a Lasis that an inderendent economic
policy (Fig. 47) is characteristic of a country under development. Projected
into the siderurgical sector this would reflect itself principaly in the way
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it affects the commercial halance of payments
of a country as a consequence of this sector.
Depending on the available natural resources,

a country could adopt different policies with
respect to the balance of payments and to the
conservation of the non-renewable nacural re-
sources, which in the siderurgical sector would
basically be the iron-ore and the energy sour-
ces. Thus, if the iron-ore resources are very
large (Fig. 48), it may be attractive to export
the ore rather than to subject it to local
siderurgical processes. The balance of payments

1ig_ a8

AVOIQQ?CE
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would be favored directly by export
ing the ore, but this non-renewable
resource would be progressibly ex-
hausted. Something similar would
occur in the case of the energy
sources, assuming that large resour
ces exists., When natural resources
are not abundant (Fig. 49), then it
may be attractive to iamport part

or all of them for the local side-
rurgical activity. In the case of
the iron units, these may be import
ed as iron ore or scrap, assuming
that siderurgical processes are
selected accordingly. The balance
of payments in 8such a case is favor
ed to the degree that imported side
rurgical articles of high price are
suppressed or to the degree that
equivalent steel products are ex-
ported.

The evolution of mini-steel
plants (Fig. 50) in different count
ries, especially including those of
long-standing siderurgical tradition
(Ref. 25), has been another factor
which makes it attractive to count-
ries under development to establish
their own siderurgical industry,
even on a modest scale.

Thus, we see that the general
problems of the siderurgical indus-
try in countries under development
is immersed in a context of great
change and uncertainty. Neverthe-
less, the present tendency is de-
finitely toward the establishment
or expansion of the siderurgical in
dustries in countries under develop
ment (Ref, 28) and it is in this
tendency in which it is particular
1y attractive for many countries to
establish siderurgical industries
based on gaseous direct iron ore
reduction processes.
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ADVANTAGES OF GASk U5 DIRECT InoN-DOKE
REDUCTION PROCESSES

From the point f view of foster
ing the economic devel:pment of count
ries under development, the gaseous -
direct-reduction processes present
various advantages 'o those who rart-
icipate in the coordination and deci-
sion functions,

In the first place (Fip, 913,
t1e gaseous direct iron-ore reduction
rrocesses make it possible to produce
stee]l economically at low - auvacities,
even for local markets of the order
of 100,000 metric tons per year; for
example, the fixed-bed gisecus direct
reduction processes are scaleable 1in
the range from 100 to .,000 metric
tons per day of iron in th» form of
sponge (72,000 to 1,440,000 metric
tons per year of refined liquid steell],
This rangeability (Fig. 57) is of
great interest for fostering the
development of countries or regions,
because conventional processes show
minimum economic capacities of the
order of 200,000 for non~flat products
and 500,000 metric tons per year for
flat products (Ref, 1). It is evident
that this rangeability, particularly
of the fixed-bed processes (Fig. 53),
is an important characteristic of the
direct-reduction processes, for 1t
gives the facility of introducing the
siderurgical industry to a country
when the consumption is still at a
very low level, Also, it permits the
industry to grow with the same reduc
tion technology up to the production
levels of blast furnaces; it 1s also
possible during the scale-up of pro-
duction (Fig. 54) to progreasively use
the most convenient technologies in
the departments downstream of the red
uction step,

Another way of viewing the advan

tig-3)3 . .
tage of promptly achieving economic
production of steel even for local mark
eta of the order of 100,000 metric
e tons per year, is illustrated in Fig. 55. The

middle curve, a,
time assumed for a country under development.
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of conventional capacity will usually

is the demand as a function of

lower curve, b, is the probable produc

tion >f{ steel or the capacity of production, as
- suming conventional processes to fulfill the

It is most probable that the instajlation
be delayed




until the demand grows above the minimum economic size for conventional pro- |
ceases. This results 1n a deflection of the production curve with respect :

to the demand.

The upper curve, ¢, revnresent the rossib.lity of production with gas=~
eous direct reducticn, which can be .sed to introduce the siderurgic acti-
vity at levels jower tran corventicnal. This gives as a result a favorable
deflction of thr producti n curve with respect to the demand and 1t 1l eads
o <tiruin': 1§ consumption of stee! and the overall development ! the
country because of the availability and price of steel products; there exist
also the possib:':ty f rarticipating in the expo'! market.

{ AP : ADVANTAGE OF PRODUCTION OR
DEVELOPMENT WiTH GASEOLS
REDUC TION FOR THE SAME Timt 'Y

AT: ADVANTAGE IN TimE wWiTh GASFOUS
REDUC 110+ FOR THE SAME PRODUC TION
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IR S AR e S PR

TiME (YEARS)
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In the case of coaventional processes
the deflection of the curve tends to die-
raomus rom coursge consumption amd to cauae the im-
' portation of steel products. It is pos-
sible that this say represent s particuler
, ly unfavorable deflection of s country's
AT e development, in some cases.

EAPRENCE

e .

Comparing thes curves we see that for
a given time, t, there 1s a difference of
production AP which is favcrable and which
representa an sdvantage in the industrial
development when direct-reduction procesg
es are used. 3Similarly, to achieve the

gsame level of production, we see that

SNERGY PLANS there 1c a difference in time, At,
between the two cases. Both factors
OP snd O\t, are favorable for the ag
sumed case of gaseous direct-reduc-
tion processes versus conveational
processes,

GABEQUE DMEC T REDUCTION & PROVER TECHIGL Uniy

Ty

UNSTALLED CAPACITY )

A second sdvantage (Fig. 56)
which is derived irom using or con-
sidering the uase of gaseous direct
reduction processes in countries up
der development is that the techao-

g -8
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logy of mome of these vrocesses has been proved commercially on an industrial

scale by many yeara of experience,

It ia nol an unknown element tuo be test-

ed, It is possible to determine with industrial-scale data the characterisg-

tics and performance,

From this second advantage, there is derived a third advantage (Fig, -
which it i& well worth rointing out in particular, for by counting on this
proved tecknology it is posaible to advance on a firg basis the developm-nt
of energy sources (gas and electricity) within the overall industrial develop

ment,
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It is well to conceptually explain this aspect to a certain degree,

Normally, or at least in an ex-
emplified case of a country under de-
velopment with low initial cunsumption
of steel products, the course of de-
velopment would usually lead to in-
troducing the steel industry at some
point beyond the beginning of indus-
trialization (Fig. 58) to correspond
with a phase in which it would be ex-
pected to supply a local demand above
the minimum economic capacity for con
ventional processes (200,000 metric
tons per year non-flat, 500,000 metric
tons per year flat products). Thus,
the usual course of industrial develop
ment would lead to a reduced energy
plan at the beginning.

On the other hand (Fig. 59), if
it is considered that a siderurgical
process of gaseous direct reduction is
introduced from the beginning, the
energy plan may be advanced, thus in-
stalling from the beginning energy
capacity to supply the steel industry.
This consideration introduces size
savings into the energy plan which in
turn may be beneficial for the group
of industries featured (Fig. 60) in
the industrial development and it would
catalyze all of the process of indus-
trial development. This would . celrp_
ate the growth of the economy in general.

A fourth advantage which accom-
panies the use of gaseous direct-red-
uction proce<ses is alao reiated to the
energy sources. This advantage resides
(Fig. 61) in the fact that in joint
promotion of industrial development it
is possible to consider and provide for
the mimultaneous energy requirementa of
the steel industry together with the
petrocheaical industry, which in turn
persits the optimisation of the energy
oupply, making allowances as well for
the priority and assignments of the
energy usea in optimum form, with the
possibility of achieving economies of
acale in the energy systems, alao making




;/::fN)‘\’“\,-,,m,w» ] ” it feasible to avoid, in so far as

possible, non-programed and costly
modifications or additions to the
energv systems.

A fifth advantage of the use of

gaseous direct-reduction processes
in countries under development is the
{ cavieni ] lower relative capital investment per

- ton compared to coke oven-blast fur-
. { “Gmwcais ] nace combination [Ref. 55). This
leads to an effective use of capital,
which is particularly scarce in count
ries under development. Also, the
successive inveastments are deferred
as much as possible, thus avoiding in
great part both idle capacity and
cammciny o8 idle capital (Fig. 62).
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CONSUMPTION
Another way of viewing the con-
Rl e S cept of capital investment per annual
ANO CAMITAL ton is in regard to its relationship
with possible technological (Ref. 28)

} — and capital forecasts (Fig. 63). It
Tt SAVINGS OF UNNECESSARY may be observed that gaseous direct
BLAST FUANACE CAPACITY AND CAPIAL 4 cONMmPTION

reduction is a much newer technology
which is still high on its curve of
development; such a curve descends
with time for most processes, as may
be appreciated in the illustrated
. graph of Fig. 63. Thus, the direct-
reduction processes have a greater
potential for further cost reduction.

DIRECT REDUCTION 19 ~82

On the other hand, the blast fur
nace is very much advanced along its
curve of development,sc its potential
for diminishing investment is less

AT CONSTANT CURRENCY

GASEOUS DIRECT BLAST FURNACE
REDUCTION than for the gaseous direct-reduction
process.
\\\\\ If we observe the following
il \T\“\:a_ graph, Fig. 64, we will see that the
- HyLl gaseous direct-reduction process,
:t::zhk at real prices, had shown a diminish
ing capital investment per annual
TimE Timt t on.
11g-83 A sixth advantage of the use of

gaseous direct-reduction rrocess in
countries under development is related to the possibility of achieving good
quality control proaptly, particularly with regard to the problem of residual
elements in the melting of scrap. By using mixtures of sponge iron and
scrap, the level of residuals may be diminished with great facility by the
effect of dilution and slag reactions, thus making it possible to use lower-
priced scrap., This 1s 1mportant tc promptly achieve profitable production of
a variety of quality steels with an effective quality control,even at low
levels of froduction,

A seventh advantage which is derived from the use of gaseous direct-red-

uction procesa 1s related to certain ecological and economic aspects of the
use of scraj. In melting sponge iron and scrap in an electric furnace many

]



4

s

(T

SR A L

sl S A

AT REAL PRICES

e
DoAY ]
104

o e——oc movcron W

different proportions of sponge 11an
and scrap may be used, in the range
from zeroc to one hundred percent, as
a general principle., !t i1s common
to use proportions of asvonge 110
above fifty percent.

In any case, the possibility . f
using appreciable quantities of scrap
has two ecological imylications (Kef,
20-23) derived from recycling the

"

DISPENSE CENTERS
OF mumuq

fo-08

— iron units contained in the acrap;

-Energy sources are censerved
by usi.g scrap, because it s
not necessary to again use
energy for reducing the irer
units of the scrap.

~Non-renewable iron-ore reserves tLend to
be conserved by using appreciable amounts
of scrap.
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It is well to note another ecological as-
pect (Fig., 65) of the use of gaseous direct-red-
uction processes in a country under development.
Because the steel industry can be introduced at
8 low level of production as mini-steel plants,
the successive location of these in more than
one place within the country may be considered,

thus avoiding the excessive industrial concentration which so characterizes
developed countries as well as some countries under development. Thus, a
country can disperse its centers of industrial development throughout its
territory and so tend to avoid the mucrocephal ¢ plenomence. wh. ). is observed
in some countries that prematurely formed megalopolises,

The location of mini-plants (Fig., 66) may be strategicaly determined
according to the centers of development which it is desired tc foster in the
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country. This may lead to the
establishment of siderurgical in-
dustriee in places where the usual
viability studies for conventional
processes would not c-mmonly indicate
as convenient. It muy lead to fabri
cating steel in uncommon places -

the middle of a degert or arid zone,
in arctic zones, in the prairies of
highlands at great altitude or em the
coast by the sea, etc. "Steel mak-
ing in unheard-of places",

In Mexico we have (Fig. 67),

for examjle, steel industry diseminal
ed in various parts of the country
(Ref. 26, 55), consisting both of conventioumal
Processes as well as those of gaseous direct-red
uction. Considerins only those nt gaseous direct
reduction, there is the case of a steel plant
along the coast of the Gulf of Mexico at Veracrus,
t hree plants in the arid and desert zones of

the northern part of the country at Monterrey and
one plant in the highest prairies «f the ¥Mexican




nighlands at "uebla, where the ;ltitude is 2151 meters above Sea level and
where the barometer stands at 672 millimeters of mercury.

. In principle, it may be objected that the
scheme of diseminating the centers of develop-
ment is not economical., Nevertheless, it is
PO well to observe (Fig. 63) that there are many
factors which determine the economy of a proj-
ect and the remotness or separation have only
a 1elative effect; for after all, a remote
center of development will in any case tend to

o e Wt represent at the beginning an economi¢ activity
e carried out at higher cost but all local trans
T e formation tends to ultimately abate the cost

and improve the balance of payments of the zone
surrounding the new center of development, thus tending to finally cause the
local econom: ¢ “take off" in terams ~f its own products and services, thus
sore extersively catslyzing the general development of the country.

This may be illustrated somewhat
by the example of the scrap market
(Fig, 69). In a place where local scrap
is abundant, the price 15 usually less
than st a greater distance where it is
not abundant. Thus the greater price
offered by the distant customer creates
' Ry - an economic potential which tends to
GLOGRARHIC AREA OF SALE * //w,/”// favor the sale of scrap to the distant
AND COLLECTION OF SCRAR - customer who pays more. At the same
| time, the collector of scrap may col-
DILTANCE lect scrap in a larger geographic area
because he may lo:ate a distant customer
and a greater price. The effect is to
‘g -9 enlarge the geographic area for the
collection and sale of scrap. The basic
restrigtions to this process are inherent in the transportation facilities
and their cost, border crossings and other trade barriers etc,

It is well to consider that, on the edge of a geographic scrapmarket
gone, an interesting economic situation occurs because of the comparison of
salternatives (Ref. 27) which are available for siderurgic activity. For the
siderurgist say consider fabricating steel under the following cases:

-By melting and refining scrap only, at its available price at his site,

-Py considering various forms of producing pig iron or sponge iron, in

ahich case 1t is necessary to incur capital costs- tor coking-plant
equipm:nt, pig-iron production equipment,and/or equipment to produce
sponge iron; also it would be necessary to consider whether the country
has ceable coal as well as whether iron ore and natural gas are avail-
able and whether siderurgical equipment can be manufactured locally in
whole or :in rart.

Thia is a very interesting set of alternatives. Let us examine them
further.

A comparison of cases is presented in the table of Fig. 70 to show an
example of the effect of sutstituting imported scrap in the commercial balance
of a country for a hypothetical example {Ref. 27). Each case implies that
certain terms of the trade balance are altered either favorably or unfavor-
ably. fioct 14+ .- the terws that change and the magnitude of the change,
1t 18 possible to estimate the net effect on the trade balance per ton of iron
f.r each case. The base case for the comparison is the melting and refining




EFFECT ON THE COMMERCIAL BALANCE
Of SUBSHITUEING IMPORTD SCRAP
WS DOILLARS METRIC TON!

of imported scrap. Thus to make steel
2 in the alternatives cases, imported
' scrap must be substituted by p.g iron

CAE A Castd CASt C 2] R
AFFECTED G wON witH]niG; mON wit] s20nGE wON] € or sponge iron. An assumed i1mport
1RADE 1ocai IMPORTED | wiTH LOCAL : price for scrav of $40.00 dollars per
1E0MS COon¢ COKi ATRAL GAS| p . ’ thi Y
meORTED SCRAG— .. Y ___ T . ~o e metric ton for this example. In order
CaPITAL COSTS OF that the other alternatives be -y« ‘pq.-_
IMPORTED EOUIPMENT tive they must present a lower net
AND SPARE PARTS . s
OB CORNG . change in import terms than $40.00
FON MAKING #1G HON - 4 o ae f dollars per ton. The difference bet-
'"Jz:::xzzzgxm“ e SRR ween the net change in import terms
— ) .
CONCENIRATEO ROMON o 4 .27 .1 ___3v. ) a1 and the ’QO'OO dollars flgure 'Ould
1‘"5‘7;: W,mms ABLE CHANGE W " 2 1Y ) revresent the net favorable benefit
[] 1
NET TEAGE ADVANTAGE VENSut] ] p ) " e. for each case i1n the example.

Cage A: Pig iron produced with
local coke. In this case the changes in affected trade terms
are the following:

Capital cost of imnorted equipment and spare parts for
making local :oke and for producing nig iron. These
are equipments and apare narts that need to be import
ed under this case and as such represent an unfavor-
able change in the trade balar.e.

Concentrated Ore. 1t is smaumed that the country possesses
iron-ore rescurce wi.:p can be concentrated and nel-
letized to be exvarted at $27.00 dollars rer ton of
iron. Thus unier tris case, when the ore is used to
produce pig iron to substitute imported scrap, each
ton of iron 80 produced implies that a ton of iron as
concentrated pelletized ore ceamed to be exported.
This represents an unfavorable change in a trade
balance ters.

The net change in trade balance terms for case A is
$38.00 dollars per metric ton of iron which is $2.00
dollars less per metric ton than shown for the buase
case of imported scrap., Thus, case A is favorably
compared to the base case in this example.

Case B: Pig iron produced with imported coke or coal. In this case the
changes in affected trade terms are the following:

Capital cost for imported equipment and spare parts for
producing pig iron.

Cost of imported coke

Concentrated Ore, The net change in trade-balance terms for
case B is $54.00 dollars per metric ton which is $14.00
dollars more per metric ton than for the base case of
imported scrap. Thus, case B is unfavorably compared
to the base case of imported scrap in this example.

Case C: Sponge ironm produced with natural gas. In this case the changes
in affected trade terms are the following:

Capital cost of imported equipment and spare parts for
producing sponge iron from locally available natural
gas and iron ore,

Concentrated Ore. The net change in Lrade balunce terms
for case C ia $29.00 dollars per metric ton of iron,
which is $11.00 dollars less than for the base case
of imported scrap. Thus case C in this example is

very favorably compared to the base case,

This example illustrates the type of considerations which must be made




when judging the economics of using s gaseous direct reduction procesa in s
country under development. At the game time it {)llustrates s case in which it
would be very favorsble to use such a type of process. Each case must be
Jjudged in the light of many factors, as we have indicated before hsad. Factors
of installed capacity, locsl and foreign market, freight rates for products,
etc., all must be considered. No real csse is extremely aimple.

It ia well to note that the exsaple of Fig, 70 e bgte o to concentrated
and pelletized ore. This need not be 80 in all cases, for it may be guite
favorable to use a raw lump ore without need of concentration or relletizing.

An eighth advantage which iz derived from the use of & gaseous direct red-
uction process in a country under development is that related to the poggible
long-range tecnnological forecast (Fig. 71) in the field of the energy sources

of the future (Ref, 29, 30, 51, %2). It has
been forecast that the energy sources of the
future will adopt two forms: electricity and

vn o mnmts g2a in the form of hydrogen. Both are ideal
LTI for gaseous direct-reduction processes which at
l the same time are 8ccompanied by the uge of
electric furnsces for @elting snd refining.

o Bty

e It is well to note that hydrogen would be
A an excellent reducing gas as well as a non-

contaminating fuel.

ty. 1

It is foreseen (Fig. 72) that the future
sources of energy (nuclesr either by
fusion or fision, thermal, or solar-
space energy) will lead to the geners-
tion, transmission,and distributioa

of large quantities of electric energy,
It is estimated that,if energy trans-
sission were based on transmitting
hydrogen, there would be marked ad-
vantsges, because it is storable (Fig.
73) while e¢lectricity is not. Algo it
seems to be cheaper to transmit at
grest distances the ssae quaatity of
energy as hydrogen than ss electricity,

Hydrogen may be generated by
ve-n Chemicsl or electrical means (Fig. 74),
Chemicsl means include reforming or
gRapifying a number of possible fossil
fuels such ss natural gas, hydrocarbon
liquids, non-cok eable carbon, organic
wasstes (Ref. 31) from livestock, trash,
etc. Electri: mesns for genersting
hydrogen are basically those of electro
lysis, which may be perfected greatly
by taking advantage of the science and
technology of Cuel cells, for which
efficiencies of the order of 80% sre

expected,
CHEAPER TO TRANSS 7 ENERGY
AS HYDROGEN  ALLOIT i§ The long-range forecast indicstes,
STORABLE on the other hand (Fig. 75), that on s

worldwide basis cokeable coal tends to
be exhausted, while non-cokeable coals
Present grea‘ reserves (Ref. 32). It

tig.. 7
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is evident that such a forecast isplies a limit to the technology of the blast
furnace based on coke. Oa ths other hamd, it indicates favorably the possible
development of methods of direct reduction which use carbon as a s80lid red-
uciag ageat, geasrally rotary furnace Processes. It is not possible to delve
into this here and it would have to be recognized that sany different opinions
sxist im this regara,

Precisely, the concept that the future energy sources (Fig. 76) wil]
lead to electricity aad hydrogen is an important factor to underwrite the
concept of diao.inntin. centers of industrial development in a country by
utilising gaseous direct reduction and the electric furnace in siderurgical
ayetems of the mini-plant type.

It is recommendsble that per-
soas engaged in coordinating energy
sources and those who are responsi-
ble for fostering the developaent
of a country take very auch into
&ccount this aspect and if at all
possible that they incorporate into
their efforts such concept: as will
be congruent with the technoingical
forecast, looking toward achieving
opportunely or anticipatedly an
shergy plan basged on electricity
and hydrogen.
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