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SUMMARY

The paper examines the evolutior of iron ore and eteel production in
both the world and ihe developing countries, and also studies the cor-

relation between them.

The representative curves for the production etatistics used in the paper
were substituted by straight lines derived by the method of least
squares. No shifting was applied to thece gtraight lines to take account
of special situations or trends. They can therefore be interpreted as

curves of natural growth of the 1970s.

The study compriser an appraisal of existing and likely increases 1in
production, 80 that the mining and iron and steel indusiries in the
developing countries can continue 40 make & nignificant contribution to

their respesctive economies.

Based on this appraisal and in order 1o achieve the purpose of the
paper, the author considers the suitatality of setting up asreenents
between producing and consuming countries, aiming at a plan for the
mercing of their common interests.

‘In general terms, developing countries producing iron ore of fer more

favourable conditions for beneficiation and pelletising of iron ore

Ahan consumer steel works, located close to denscly populated areas,

in view of the problems of environmental pollution. This favours the

inoreased industrialisation of the iron ore, which in turn provides the .
opportunity for an increase in the foreign sxchange earnings of the

exporter country.

O




This paper is an atteinpt to analyze the means that
would be required by the iron ore mining and steel industries
to further the economy of developing countries.®

The author manifests the thesis that the aforesaid
development could be appreciadbly increased, provided it s
possible to establish cooperation between "producers" and
"consumers”. This cooperation could rest on a system of
associated interests between the aforesaid suppliers and
consumers, covering in an adequate way the supply of these
products and the necessary financing to meet the plan to be
established for this cooperation.

The analysis presented rests on the possible trends
of the devrlopments of the iro: ore and steel production so
that these products may, effec.ively, contribute toward the
economy of the developing countries. ¥ithin this line of
thinking, some aspects concerning iron ore, prereduction and
steelmaking are looked into in the following lines.

In the period of 1960/71, the production of crude
steel shown in Graph 1 can be satisfactorily substituted by
a straight -lgne. the angular tangent of «hich is 25,05.

% '!‘no idess set forth in this psper reflect the thoughts of
~ the author, under his exclusive personal responsidility.
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During this same period 4orld iron ore production (1ine B)

can be represented by a straight line with an angular tangent
of 27.26. It will be noted that in the aforesald period

these iines are almost parallel, As of 1971 &and up to 1985,
the directional forecasts of these curves differ considerably
from the straight lines referred to here and to a greater
degree. Thus, for a value of 828 million tons of steel,which
the straight line indicates as the production for 1980, fore-
casts by Jack Miller and others position it around 910 million
tons. For the same year of 1980, our line indlcates a produc-
tion of 988 million tons of ore when other forecasts place
these values between 1,020 and 1,080 millions of tons. For the
year of 1985, these discrepanciss are even more pronounced. The
author believes that the horizon beyond 1980 18 too unprecise
for aumerical attributions and will be happy enough if the
analysis which he proposes to realize is valid, at least
Qualitatively, up to that year. 1f, in Graph 1, we look at
curves C and D, we will see that the angular tangeat of the
straight line representing iron ore production of the devel-
oping countries is 15.47 and the identical line representing
Latin America is 4.88, which signifies that the world produce
tion increases twice as fast as that for the developing
countries and five times raster than that for Latin America.

About 7O countries exploit iron ore of a metallic
content varying between 22 and 682. This wide range requires
uPErading with varying degrees of sophistication, in order to
meet the ever increasing and rigid specifications imposed by
the steel induatry.

The intensity in the exploration of iron ore and
1ts yemeficiation 18, obviously, extremely variable from
country to country. Thus, among approxamaisly 70 countries
which are dedicated to this industry, about 55 of them could




ve rated as developlng countries, and, therefore, among those
which, 1in a general way, dispose of less technological, eco-
nomic and financlai resources, and often politicaL, toO be
able to take advantage ot this mlneral wealth.

To exemplify, #e€ will consider tne years 1960 and
1971. In 1360, the world iron ore production was 467.8
willion tons, and thai of the devaloplng countries was 109.5.
In 1971, these values were 757.»> and 256.8, respectively. It
derives, therefore, from this pertod, that & zone where the
purticipatlon of the developing countries, as compared to
world production, oscillates vetween 22.2 and 50.t%. Thus,
half the producers supplied only 1/3.

~ Table I contains the data concerning the éeflod
mentioned. Of the 35 developing countries only about b1}
produce, by themselves, more than 5 million tons per annum,
selecting the year of 1971 to estimate this rate,

In this picture, the position of latin America
offers the following participation {ndexes in the world
production -~ in 1900, 8.6% and im 1971, 11.9% -, considering
that among the 7 countries in question, 5 produce, each one
of them, well over 5 million tons per annum. Analyzing Graph
1,1t will be noted that it 1s hlghly probable that the diver-
gence of the stralght lines B and C will persist. Should this
situation continue this raw material will not appear in any
significant figures in the export statistics of several couf-
tries. In an attempt to improve this situation, one could
conceive that the creation of stable conditione for produc-
tion, and,consequently, confidence in the future, would be
decisive. The autho?r believes that this scheme may be achiev-
ed provided that the angular tangent of line C trends to equal
line B,

]
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Tre accompllishment of cuch a scheme would requlire
an adjustment, whether in production or in its increments,
petween the developed areas and those in tne process of
development, One of the means tor an attempt to achieve,
even thougsh partlally, such Aan nbjective would possibly be
tne estalblishment of agrccments beiween companies or even
countries which would permit adequate assoclations -of |
interests #ith reciprocal guarantees of markers and financial
assistance. As no doubt many compinies may not wish or may
not be in a position tc participate in a ptan of this nature,
the necessavy measures for its execution would have to be
taken by a relatively restricted number of companies, The
association of interests of an international nature which
already exist between producers and consumers of iron ore may
possibly contribute with its experience toward the studies
herein suggested. If the idea presented is accepted, and
admitting that the aforesald parallelism is reached in the
period of 1971/80, the increase in production of the develop=-
ing countries, assoclated to the devcloped ones, should
attain, in 1480, the value of: -

988 - (1,02 + 242) = U4 million tons, representing
an lncrement of 27 x 106 t/year (Graph 2). Thus,
in 1480 the production would be 244 + 242 = uge
million tons, which represents double the 1971
production, This calculation includes the vegeta-~
tive growth forecast by the straight line CH:

Yoy = 15.47 X + 95,22 plus the gradual increase
arising from the aforesaid parallelism, whick in
1980 should have the value of

YCG = c7.26 X + 242
- YCH - - ljo“’{ x - 2“2

1980 = 13.7t X ahich for X = 4 results in
124 x 10°¢, |




In tne cvent 7 Lue developing, esuntries achieving
the capacity of maintainins the cresent srowth rate, the
thesis reised would be extensive only to tne covering of the
difference Ay = 15,70 x 10Y x X t. On the contvary the

association would te measured by other valucs.

The increase in production mentioned,of 244 million
tons up to 180, will prohably'be due to the developm at of
new mines, the cxpansion of existing oncs, hesides the instal-
lation of new beneficiation plants and the improvement of
those in operation.

The economic 3success of a mining operation is inti-
mately connected to the degree of atilization of the various
types of ore which comprise a minc. Thus, the ores which
produce a hicgh percenta:ze of fines will have to ve treated to
offer at least four products: lump, slzed ores, sinter feed
and pellet feed. The processing of whese is relatively
simple when complex gangue and harmful mineral impurities are
present. In the latter case, the processing can become
complicated and, obviously, make the operaticn less econcmic,

The handling and transport of the lump, sized ores,
sinter feed and concentrates does not present any particular
- problem, However, the consumers of sintering fines are
reluctant to gccept the superfine fracticn, which compeis
the mines to classify their ore in such a way as to remove
from it the corresponding fraction of pcllet feed and to bind
it into pellets, Wher the ore is destlned for pellet produc-
tion, thlis problem is simplifiedy {n fact important techno-
logical advances have bceen achieved, constituting the
"MARCONAFLO PROCESS",

The gtcelmakers nowever arc .nsatiable in Lhelr
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denands, which farces the orce produacers €0 adopt processes
of ever increasing sophlstication, Thus, o series of
features such as sranulometric composition, the geometry of
the particles, reducibility , swelllng, crepitation,basicity
index, etc., nave to hc met, often requiring a series of
complex operations - grinding, classlfying and blending.
Besides this, sometimes a range of ores, so carefully pree-
pared, does not satlsty some consumers in the light of the
ultimate metallurpgical processes adopted, Thus, some ores
which possess excellent properties for agglomeration by
sintering or pelletizing do not produce satisfactory
results in fluidived-bed equipment, be it due to the time for

reduction, or due to the ~seometry of the particles,

These conslderations indicate that the iron ore
mining industry is demanding an ever~increasing scale of
production to be maintained economic, Large-scale operations
signify heavy investments, advanced technology, etc. In other
words, they require the prescnce of a series of parameters
which many developing countries do not yet possess in. the
necegsary measure, In the following lines we present, tenta-
tively, some figures to weigh the principal parameters
involved, in order to show the order of magnltude of the
investmente required to increase by 244 x 10%t the overall
production of the developing countries, in the period of
about : years,

To begin with we will assume that:

a) the increase Lln production considered will be met by 503
10 new mines;

b) the other halt will result from the expansion of existing
mines;

c) only 70% of this ore will be beneficiated (excluding
aggilomcration and prereduction);
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d) the averasge distance of the rallroads witl be of 200 km
for new rallroads and SO0 km for remodellind;

e) as for the ports, some will be newly bullt and others
expandcd,

The necessary +inanclai resources will,therefore,

be:
us$_x_10°

New mincs - equipped 20,00 2 0,5 % 28l = 2,440
Expansion of mincs 10,00 x O.h & 244 = 1,220
Benef1ciatio 4,00 x 0.7 X 2t =  GBO
Railroads - cquipped 5,00 X 24h e T352
Ports 5,00 X 244 = 1,220
Engineering and Administration}
Financial expenses TT.00 x 2k = 1,708
Continpencaies

8,000

|

This resalts in an average investment of the order
of magnitude of US$ss/t.year. This vaiuc would be a measure
of the effort to be enpared by the developing countries 80
that the tansents of the lines B and ¢ become equal. As
stated before, this paper defends the idea of an assoclation
vetween developed and develoving countries, admitting the
hypotinesis of the parallelism of lines B and C helusn achieved,
The differences betwecn the stralpat 1ines CG and CH (Graph «
are translabed by the expression tﬁY: 15.76 X lOLx X t.
Admitting the value of US$4s/t.year for Lhe lovestment
required, we will tumediately arrive at a simple expression
which will measure the valuas of the investients to Lo effected:
AV = 13,70 % 10t x 55,0 x X Us$. Thi. equaliny would
possibly establich conditiony of equ%&ibrium and, therefore,




of security, over a lonz period, equally for the producers
as for the consumers,

The investments which we have Just considered are
aimed at the extraction and prepuration of i{ron ore so as to
meet the normal specifications required by the consumers,
The perfectioning of the steelmakings processes, la well as
the development of new processes, has created a range of
specialized products that meet the requirements of the steel
mills. These are ajglomerates and prereduced mate-
rials, The first group includes sinter and pellets, Although at
present sinter cannot be transported over great distances,
even 50 it does not fail to present growing requirements in
respect of the properties of the pertinent ores. It is
therefore a product to be produced alongside of the consumer
works,

As for pellets, an exportable product, the
question offers greater flexibility, since it may be produced
both by the mining company and by the consumer. Since pel-
lets are a partially enriched product. they fetch more attrac-
tive prices than the natural nres, thus increusing through
their exports the earnings in foreign exchange, This valu-
ation, in FOB terms, oscilates around 1.0, indeed an attrac-
tive relation. Among the parameters lnvolved in the install-
ation of u pelletizing plant, one may single out the follow-

ing:

- the need for larue areas of land to stockpile
the varicus types of tines; .

- equipment for the handling and blending of these
fines;

= & ruaranteed supply, on 2 permanent nature and
at adequate prices, of electric power, fuel oil
or rpus, watcr and bindere.
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One could add that in order to minimize fragment-
ation and the acsumulation of fines from this material, the
institutlon ofka syatem, conveniently projected and operated,
for loading et the plant, transport, unloading at the port
and loading on toard snip, 1is highly recon.nended. It would
be fit to remember that the stockplling of this product out
in the open may entail some problems, to the extent of the
basicity index increaslins; as a result ol an increase in the
free 1ime content in the binder and the possibility of its
hydrating. The examlnation of the foregoine statement shculd
be, however, made in an industrial character, so as to offer
data to be utilized in thec future projects.

As for the acid pellets, they do not present any
problem, and as such sihould enjoy an ever increasing
participation in the exports of lron ores.

In a genera. way,the developing countries producing
iron ore have favourable conditions to offer the parameters
indicated above, which is not always tiue in the case of the
consumer steel works, located close to densely populated
areas, considering, particularly, the problems of pollution.
These reasons, therefore, tavour the economy of industrial -
izing the iron ore, whilat, offering the opportunity for
increasing the revenue in foreign exchange for the exporter

country.

The trend in the dimensioning of modern plants
conditions production at about 5 to 4 milllion tons of pellets
per annum and per unit. The respective investment is in the
region of US$1T per ton/year, including therein a minimum
item required to meet the soclai aspects of the venture, In
the event of a plant being constructed close to the mine this
value may be reduced to Us$15, since the social charges
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mentioned were already considered in the investment for the
mining complex.

The second product grovp to which we refer consists
of prereduced iron ores, which, in order to be used in large
quantities and easily handled, should be sranular sized or
formed into pellets or briquettes. 0On a restricted scale
Sponge iron has been produced for a long time, either by the
Wiberg or by the H8ganas processes. Its cost, however,
restricts the use of it to considerably specialized areag. On
& truly industrial scale, currently applied in steelmaking,
it 1is produced, as we all know, by HyL. Other processes are
in the course of being investigated, experimented and in
@arly stages of operation on an industrial scale, Some are
continudous and others are not. Some perform the reduction in
shaft furnaces, others In rotating kilns, yet others in .
fluidized bedding. There is also talk of trials which make
use of grates. Each one of these processes has ite own
peculiarities which are linked to the physicai and chemical
properties of the ores, to the reduction agents avallable, to
the nature and properties of the products, to the values of
the investment, to the production costs and tc the markets,
You can see that the approach to this theme is extremely com-
plex, particularly so in areas which are struggling for their
development,

The author feels that this subject may be divided
into two groups, both based on the market as the determining
factor. 1n the first group one could place the plants which
are destined to meet the requirements of the industrial areas
of their own neighborhood. It is taken for granted that
these areas are relatively abundant in electric furnaces and
other consumers of scrap. The prereduced materials produced.
here would, therefore, have the main object of supplying the
home market,
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The second sroup ~Nould be almed mainly for the
markets abroad, which could be ~aLdivided Ln tw) classes:
the first one would consume material with a hi.in derree of
reduction (granular sized, pellets and briquettes), destined
therefore as a complement when i{n fact it may act partially
as a substitute for scrap. The second class woculd consist
of partially prereduced material, destined for blast fur-
naces. The degree of reduction nf this product could be
determined in such a way as to require for {ts production
less sophisticated installations, thus resulting in invest-
ments and production costs compatible with its nature. Should
the trials under way with this type of product achieve suc~
cess, and everything seems to point that way, 8 new and
promising field will be opened, which may sabstitute to a
conslderable extent, the sized ores. The developing coun<
tries that will dedicate themselves tO the fabrication of
this product will thus have a chance of increasing their
inflow of foreisn currency as against what they are present-
ly receivin? for the exporis of natural ores and azilomerates,
If we would admit the hypotheais that each ton of pig iron
would consume 50 K of iron originating from partlally pre-=
reduced material, the market prospects 1n a r}ot too distant
future would be of the order of 25 X 10® ton/year. Tne
utilization of this material, in the lant analysis, will be
conditioned by the inequality: ' :

Cost FePR<Value of pig iron production increment
+ value of the coke-rate savings

With rezard to the values of the tnvestments and
productlon costs in respect of the modern processes, with
the exception of the HyL, thereare no reliable data yet,
Some estimates comprising various types of “orks do exist,
but comparison becomes very difficult.
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As un sxample we repeat below some data:

A) lavesiments

a) M.M. Fine, in "An appraisal of the production
and utilization of metallized iron ore" (1y71),
estimates the investment in respect of mining,
concentration, pelletizing and prereductlon for
1.5 x 10° t/year of iron at US$50/t.-ear;

b) Gerhard Reuter, of lurgi, in the "Influence of
various types of raw materials on the .costs for
production of sponge iron applying the SL/RM
Process” (1972), amalyses various hypotheses.

We have selected one which is closer to the fore-
going one:
Production of 1.2 x 10° t/year af prereduced
material, starting from a pelletizing plant and

~ employing two rotating reduction kilns. The

. corresponding investment is in the order of

US8$98/t . year.

The estimate by Lurgi only considers the capital
costs of the plant equipment inside battery limits, whilst
Nr. Pine considers an integrated syastem.

®) Preducticn Costs

a) M.M. Fine, ‘n the aforesaid report, estimates as
US$25.85 the ton of prereduced iron;

b) Lurgi, in the report mentioned above, estimates
the value of one ton of prereduced iron between
DM 125.8 and DM 157.84, 1.e., between US$ 38.70
and US$ 49.50;
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c) J.R. Miller, in "The impact of directly reduced
iron ore in the iron and steel industry on coke
consumptions" (1972), gubmits the following
production costs:

1) Thelr own figures: Us$29.70 to >2.10
11) Hyl - Puebla (1972): us$54.20
111) Other sources: US$2,. 50 to 50.50

As you see, each case must be examined in & very
particular way. In respect of the production costs, the
dats considered and others given 1n the pertinent literature
indicate a range of values between US$25 and 50 per ton of
prereduced material.

T™his picture, nowever, does not signify that the
developing countries should not venture,ewith prudent enthu-
siasam, into this technolory. These processes &re still in the
course of development. Much research is still to be done,
aimed not only at perfecting the quality of the product, but
perhaps mainly to find means to reduce the investments and
respective production costs.

One could mention the rield of reducing agents as
an example of a gubject to be thoroazhly investigated.
Rormally a prereduction plant comprises of two large units:
the chemical and the mctallurgical, The chemical unit trans-
forms the natural reduction agent into an adequate reducing
agent for the process. The metaliurglcal unit is responsi-
ble for the transformation of the i{ron oxldes into prereduced
material, The author velieves there 1is sti1l much to be
studied in respect of the chemical anit, particularly by the
countries taat do not possess an abundant qaantity of good -
quality reducing azents in {ts territory. The simplification
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of these units will lead to the lowering of the investment
values, thus improvings the ecc womic condition of the respec-
tive ventures. Research in th.s area may refur to the
following investigations:

a) the utillzation of natural gas without reforming;

b) the possibility of employing low-cost hydrocarbvons;

c) the possibility of. utilizing low-grade coal,
whether through its beneficiation, or through
gasification;

d) the possibility of utilizing surplus gases from
the blast furnaces and coking plants in the steel
mills,

Considerin;; this is a practically new subject and
this field relatively virgin, the developing countries, with
the financial support or association with developed countries,
may win considerable achievement in favour of their respec-
tive economies,

Having examined some tasic aspects related to the
industrialization of iron ore, 1 propose to offer some comments
in respect of the steel industcsvy in tne area ..f the developing
countries.

Reverting to Table I we can see that between 1460
snd 1971 the participation of the developing courtries in the
world iron-ore production expanded from 22% to 351;,i.e., from
109 x 10% to 257 x 10%. From the figures in this table, one
say conclude that about 27, of the iron ore produced by these
countries were concumed at home and that 75% were exported.

When you further consider the steel sector, you will
verify that the developing countries increased thelr produc-
tion, in estimated numbers, of 2 x loct in 19€0 to &4y x loet
in 1971, which against world production represents, almost







constantly, a figure of dproximately only 8¢, of this modest
production, possibly 4¢ are exported and 962 consumed in the
home market,

We can thus see that in the steel sector the phe-
nomenon consumption-exports is inverted as compared to iron
ore; In the latter cage consumption is very high as against
exports; in the former, the oppbsite is the casge, ‘

Nevertheless from the point of view of an economic
increment both events are of importance, the iron ore earning
foreign exchange and the steel Froducing internal wealth, par-
ticularly due to the multiplicative effects resulting from
the expansion of the metal engineering induscries,

Graph 1 shows the trends of the world steel piroduc-
tions and that of the developing countries,

The straight line A - world steel production - has
the angular tangent value of 25.03,

The straight line r - steel production in deve)-
oping countries - has for its own angular tangent the value
of 2.17.

T™he straight 1ine G - steel production in Latin
America - indioates for its tangent the value of 0.93%,

We can thus see that the world increment for steel
Production 1s 11.5 times dreater than that for the developing
countries (in the case of iron ore it is only twice as large).
In respect of Latin America this relation is 25 for steel and
5 for the iron ore,




The author believes that the scheme for the
assoclation of interests, as previously pioposed, is also
valid in the area of steel production as a factor for the
economic development of the countries in question,

In 1ts application however one must consider that
the steel industry, demanding heavy lnvestments, will re- ‘
qQuire from the developing countries very particular solutions
for its installation, The value of these invcstments, which
are appreciably influenced by the scale of production, in
somé way, conditions the possibilities of these countries,
Many of them try to overcome this difficulty through the
utilization of three classes of enterprises: a) enterprises
controlied by the respective governments, D) mixed capital
enterprises, c) private capital enterprises.

This solution grants the developiny countries the
possibility of mobilizing financial resources, both internal
as well as external, with a reasonable flexibility, a flexi=
bility which increases with the deirree of planning that the
interested countries happen to crganize,

The parameter "scale of production" very often
presents difficulties in the determination of itg value;
thee diffic.lties result from the non-coinecidence between
the level of consumption of the steel to be produced and the
unit value of the investment for this same level, Hence the
importance of setting up, provided that they are economically viable,
intecrated and semi-integrated mills of a smaller size, as
well as, eventually, of mini-mills,

For the developing countries, however, provided it '
is economically healthy, any type of steel mill is of impor -
tance, not only by the conscquent enrichment within its y
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area of influence but also by means of its contribution
towards the raising of the soc'al welfare in nll its aspects,

An estimate, even though very vague,and very con-
servative, of the investments which these countries would
have to carry out in the period 1971/1980 1in order to
maintain constant ‘the present growth of their production at
2.17 x 10° t/year (Graph 1, line F), and considering the
unit value of US$400 t/year, results in the global value of
2.17 x 10° x 10 x US$400 = USEB.7 x 10”. This amount applied
in the course of a decade and in several countries would
produce instalments of which the order of maznitude would
prodably be acceptable to the interested parties, Nevertheless,
the development of the economy of the countries considered
cannot conform with the mere vegetatlve growth of its steel
industry. Every effort should be made to increase their
increment and it is in the execution of a plan of such a .
nature that the author believes that the suggested scheme may
find its most important application,

With the foregoing comments the author attempted to
show that the possibilities for incrementing the economy of
the developing countries in the mining and steelmaking areas
exist and are great. One of the pogsibilities suggested in
this paper would consist in conjugatinz the industrial and
commercial interests between the entities that deal in these
matters in the international market. There is nothing new in

the sugzestion in itself as there are already numerous exam-
ples of "joint ventures", What may possibly be new is the
ideés that such associations be significantly developed, in
accordance with a progrumme based on the spirit of compen-

, sations, and in adequate quantities and values, between

‘ enterprises belonging both to developed as well as to devel-
\ oping countries,
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