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SUMMARY
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World production of iron ore has risea from 244 million tons in 1950 to
617 millien tons in 19¢5; and while only 17 per cent of that production
entered into international trade in 1950, the proportion reached :4 per cent
in 1965. The iron ore industry ha~ during the past two decader undergone
considerable change, not only in tectrology applied ir minins nnd processing
iron ore, but also in its ﬂtfucture and 1in the product and geogriphical

vattern of it outbput.

A5 a consegquence of the substuntial increase in world @ Lesi production
of the Decond World War, certain steel-producing courntries, wii.ch till that
time had metl their requirements in the main from local ores, uecume concerned
at the approaching evhaustion of their national deposits., “%is teur of
ccarcity of iron ore has had two results: on Lhe one hurd, it has given rise
to a considerntle nmount of exploration for reserves. Subsztantial depositc

of ore, very low 1n impurities and with a very nigh iron content, have thus

¥ This i a sumiary of g paper issued under the same tiule s ID/WG.14/21.

l/ The views and opinions expresced in this paper are those of the author and
do not nececsarily retlest the views of the secretariat of !WNTD0O., The docu-
ment 13 presented as submitted by the author, without re—-edlt ing.
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been discovered, and in several parts of the world have been opened up on g large
scale. This development was assisted by the substantial decline in freight costs
brought about by the advent of ore-carriers able to carry large tonnages with far

smaller crews at extremel:; low cost. !

On the other hand, the fear of scarcity of iron ore has stimulated research in
metallurgy: the advances which have followed in the sphere of techni: ve. for en~
ricning ores, have & bled exploitation of deposits which were already brown but
which were forie:ly considered to be too low grade or too siliceous. 'The develop-
ment of sintering and pelletizing techniques has led to n growth in production of

and trade in fines, concentrates and pellets.

These factors, Ltogether wilh the post-war changes in the geographical pattern
of world steel production and the emergence of new large producers which lack domeg-
tic raw material reserves (I,ike, for inctance, ‘,Tapan), have led to - very large
increase 1n iaternstionnl trade 1 iron ore. Moreover, as « corieyg e e of the
coming into the miu:k -t of new qualities of ore, there has also been a change in the

stiucture of this trade.

The actual it a i1on of the inductry 1s in the paper deticribed as one of over—
capacitly at mines facing a denand which has during the past few yrars shown signs
of slackening, at least in thore conntries which are the principal importers of
rich ores., The contequence was a substantial fall in the world m ket price for
iron ore. Swedish ores (Kiruna Dy c.iof. Ffotterdam), wilch 1o f oct very well the

general development, tn 1967 were 35 per cent cheaper than in 1947,

Having shown in n first section the developments and probien: gum arized above,
the paper continues with an Wit of Lie characteristics of Lie iron ore industry
and 1ts market. Tron ore rescryac are diccusred:  the world tot.! k own reserves
of “ron ore in 1965 amounted Lo 248,000 million tons, ir sddition to which potuntial
re e:-ves were estimated at 205,000 million ‘tons. Total known rece:ve: are u te
sufficient to meet demand for decader Lo come: if world production were to :ontinue
to increase by an avernge of 5 per cent a year, : ow reserves of 248,000 i lion
tons would have been reduced ir 1920 by not or than 7 per cent. After a Lricf

review of the developments in iron ¢re production and the changes in its geographical
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pattern, the trends in consumption of ore are analysed. It is shown that the
geographical pattern of iron ore consumjtion is largely identical to the distribu-
tion of iron and steel-making industries. However, most of the principal steel-
producing countries, except the USSP and Fran.e, are iro» ore defini: countries,
and the relative importance of these deficits has been growing considerably during
the lart 30 years, giving rise to increased international trade, which is reviewed
‘n the ensuing section. [t is shown that the iro: :ontent of ores entering into
internatl'al trade has increased fasbter than that of ore production i general,
nm othe: w rds, in order to keep transport cost pPer recoveruhble “c—unit as low ac
pott. . b'e, learner types of ores are consumed within closer distance of the origina-
ting mines, whereas the higher grades are shipped over wong dictancen,  The paper
nhows alsc the increasing importance of iron ore resources =t greater distance from
the principal consuming centres: the number of ton=kilometers of ore carried in
Seaborae trade has srowm between 1950 and 1964 by 11.?2 per cent annaally, whereas
the tonnage of ore carried during the same period incressed by 2.7 per cent per
¥eoers At lue came time the share of developing couniries in world exports has

increased from over 30 per cent in 1950 to 46 per cent in 1964.

After a brief analysiz of price trends, bringing out the almost fgeneral
aelerioration of export prices after 1960, some of the procpects of the iron ore
morket are discusced, based on a recent study on "The World Markel forp [ron Ore",
prepared by the iicoromic Commission for Europe. An assecsment of the plans for the
evpanzion of mices throughout the world shows that in 1970, after deduction of
domest .z ore reqalremenis, ar export -a.aci‘y of about €0 per ceut Lipher than
acturl exports in 1964 weuld Le uwv- la te. 'Thic would mear {ht ramuirements for
iron ore impertin and export capacity should not be too far aparty i 15 expected
Enol the present surplus capac Ly which has coniriouted o the depression of prices
will dimirish, if capa- t for exports is not expanded st g rate alove the estimaied
7 to & per éent growth in import requirements, TBetween 1970 an 1975, world iron
ore censumption i. f -ecast in the EOR study to grow at about 4 per cont s yeor,
whereas import requirements may be growing at a rate of 9 ‘o 7¢5 per cent annually
during the sams period. Taking into account the known reserves of iron ore, the

time required to equip new deporits and the ore-producing countrie:' own ore needs,




ID/WG.14/21
SUMMARY
Page 4

it would appear that the export potential for iron ore could grow by a maximum of
3 per cent between 1970 and 1975. At this rate of growth the resulting export
capacity would only be slightly higher than import Tequirements (by about 10 per

cent ).
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Recent developments and principal problems
ls. The iron ore industryl has during the past two decades undergone consider-

able change, not only in technology applied in mining and processing iron ore,
but also in its structure and in the product and geographical pattern of its
output. This is only partly due to developments which arise in the industry
itself; the main causes for such changes stem from the fact that ite products
(mainly iron ores of different qualities, i.e. a large variety of vhysical forms
and chemical oomposition) are used by one other industry only, namely in the
production of iron and steel. Therefore, the fluctuations in the narket for iron
and steel prcduots and the growth of this industry have always had a strong

impact on the development of the iron ae industry.

2. Since iron and steel preducts are, economically speaking, semi~finished
products, demand for which depends on the growth of the economy in general or

of specific industrial sectors, it would appear that any fluctuation in the
market for finished iron or steel containing manufactured goods, leading to
fluctuations in the demand for and output of finished iron and steel products,
will oreate still larger fluctuations for iron ore production; these fluctuations
depend in their amplitude on the considerable quantities of ore kept as stocks,
e.g. at mines, at loading port, in transport, at wnloading ports, at works, and
they may be increased by the alternative use of iron and steel scrap, the other

prinoipal source of iron for crude steel production.

3. The actual situation of the industry reviewed in this paper can be
described as one of over-capacity at mines facing a demand which has- for reasons
inherent in the iron and steel market -- during the past few years shown signs of
slackening, at least in those countries which are the principal importers of rich
iron ores. It is difficult to assess, even in a more detailed study %han the

present, the extent to which factors arising in the mining industry itself or in

l/ For the purposes of this paper, this industry has been defined to comprise
the mining of ore and its preparation (e.g. mining, grading, treating,
blending, concentration and agglomeration into sinter, pellets etc.) for
smelting in blast furnaces ( or any other pig-iron making installation) as
used in crude steel-meking as a de-oxydizing agent. /._.
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the iron and steel industry are the cause of the present situation. However, a

number of factors are learly discernible; they are gset out in the following.

4. The iron and steel ijndustries in the industrialized countries were set up
‘on or near local iron ore (and coal) resources, and iron ore mining was for many
decades confined to the areas close to the ore consumption centres. When, however,
local resources were nearing depletion, ore became, even in comparison with
rather distant sources of iron ore, too expensive to exploit, private firms, the
State and international bodies undertook large-scale exploration of the world's
iron ore resources. The subsequent development of new mines for the production
of rich iron ores remained largely inAthe hands of the consumers of ore who were
ready to accept the risks inhereont in a mining operation in, sometimes, untried
areas, provided their supply of ore was assured and their iron and steel produc—
tion costs were maintained. This led to the opening of mines in the developing
countries and brought thus a considerable change in the geographical pattern of
jron ore output. These new mines were in most cases, so-called captive" or
wgemi-captive" mines, where the capital invested is in  whole or in part sub-
geribed by ore consumers and/or which have undertaken legally to cell all, or a
substantial part, of their output to these ore consumers, thus ensuring that

they have the minimum sales to subsist.

5., These developments were alsc encouraged by the Governments concerned, many
of which - such as India and Liberia — had endeavoured to attract mining interests
even before the Second World War. Moreover, as the economics of this new

pattern of trade became more asoured and as the +echniques of exploration, mining,
and transport developed, the Goveraments of many of the ncw iron ore countries
decided, in order to safeguard the interests of their cowntry, to iuvest public
funds to develop the domestic iron ore resources, first, as an export industry,

and later as the basis for a national iron and steel industry.

6. During and after the Second World War, considerable advances had been made
in ore preparution techniques, 1i.e. in methods desiged to up-grade ores of
lower Fe-content and to use ore fines (arising in transport, in beneficiation or

as natural fines) in the production of agglomerates like cinter and pellets.

gSince technical progress in mining and transport had also been cousiderable, a

/.5.
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number of lower grade ore bodies became economic to mine: a new iron-mining
industry developed, mainly in the United States, Southern Labrador, the USSR,
Sweden, but also in some of the developing countries. Their output capacity

appeared as a welcome addition to existing sources on the international market.

Te Turning now to the dévelopment of demand for iron ore, a number of points
concerning trends in the iron and steel industry and its market are set out
below, in order to show their iwpact on the world market for iron ore. When
the backlog in demand for steel-containing-consumers' durables arising out of
the war, together with reconstruction requirements, brought a spurt in steel
demand during the years immeliately after the war, the iron and steel industry
met this situation by expanding nainly crude-steel making and steel-rolling
capacity; instead of expanding blast-furnace capacity proportionately and,
hence, demand for iron cre, use was made of ample and low-price availabilities

of war-time scrap, used in steel making.

8. When, however, theKarean crisis brought record demand for steel, which,
moreover, proved in the ensuing years to be of a more lasting nature, the poliecy
of iron and steel-makers underwent a change in so far as the stress was put

now on building of and research on blast-furnaces. This tendency was further
promoted by the fact that scrap started to become scarcer and more expensive.
At the same time, both technical and economic research had shown that larger
instruments of production were the most economic to operate ( in a market of
corresponding size), and hence there was a trend towards building very large
blast-furnaces of much increased productivity. An important element in blast-
furnace productivity is, of course, the use of a well-prepared burden and use
of higher-~grade ores; therefore, iron and steel producers in Western Europe, the
United States and Japan were led to provide for the future a steady flow of
high-grade ores from overseas which, in many cases, replaced depleted or high-
cout domestic sources and led to the development of "captive" or 'semi-captive"

mines mentioned further above. As steel demand continued to increase, iron ore

prices reached a rather high level, with a peak in 1957.

[ooe
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9. This relative shortace of rich orc aal the hijh level of orld nariet
prices had iandiced a cousiderable amouwnt of iavestne.t, aleo Iro: other o rees

#

than the consumers of the iron ore. A nuwaver of rich nev ore minez vere
developed, all conin: iato nro’ction 2t the ed of the 1050'c or duri..; tle
early 1960's., o cver, the situntlion of o steel riariet in cor e of the
principal coumamiag il proiuciay ceuntrics ( which are wlso w.o. @ the rain
importers of irou orc, chan_el, aftcr 1)57, frow a "buyers" i.to o "tellers"
market: the sw-teoired routh of steel de. .l hal led to lare copoeclity expaanion
which brought fierce coretition, fivst i tie vorld masket lfor cteel and,

later on, also ou the hone marlets of sore of the niniy proiicers. One of the
results of this was a decrease in the rate of srouth of steel oulut, and,
particularly, of uij-iron outut or deruad for iron ore 3 pi-iroin outnut ia the

principal ore inisorti: couwtries lalei to ctler (EcsC, Ja.1, tl.e mited

Kingdom and the 'uited States, hid, Lot een 1)50 o.d 1957, rowa at a. aiiiaal
(compcund) rate of 5.195 ner ce:t, ‘hereas _rowth was oaly 3.9 ~er cent bet ceu
1957 and 1264. T ¢ coarerence vas a roell 1a the world martet rice for iroa
ore. Swedish ores (Kirunn D, c.i.f. Rotterda:), vhich reflcct ves: well the
general development, in 1907 were 35 nor ceat chenper than in 1957. Aveorae
import prices of ores iato the Tiited Viagdon i 1706 vere 24 cer ce t Telow
their 1957 level.

10. This develop ent of ore »rices illusirates ver well the srece.i staie of
the market vhich ic still characterizel Ly an over-ca:rciyy for euoorts of rich
ores, situated in particular in levelepi:n; coiuitries. The actial level of
feo.b. prricer for iroa ores .x-orted fron thece cow.irier un., i. Bo.e caues,

less deprecseld thon ce.il.fe prices i: the orincinal coaswiia

-

ce tres, siuce

freight rates for iron ores hiad fillen oli litly.

11. All thcse chayzes had their effect on the iro.. ore ialustry. Ia the
industrialized cowntries, tl.c relotively lou- rade ores diffic:lt to beneficinte,
on which thc original iron ail steel iilustriez v ro ectablicted, nre i creag—
ingly threateined. The; arc to soie exte.t rotectel Yy ihe fict 9.2t consi-

derable cavital inve trieat hus rowi wy arowl tte , frocuentlr ia areas uhere

inland trangport still re.ders the leliver: of inrorted ore uiecounoiicy Lut the

[oee
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mining industry in these countries is obliged to "rationalize” itself, closing

down mines producing too low a grade or at too high a corty improviig miniuge
techniques and, wherever possible, preparing the run-of—-rine ores. These honme
industries may subsist during the foreseeable future but their co.tribution to
total Fe-requirements in their ccuntry is diminishing as iiported rich ores
replace use of low-grade home ores in existing plants or in new plants built on

the sea coast.

12. The situation has also changed for some of tiic traditionnl supliers of
iron ores. Sore mines, well-established betireen the two WArg, are .10y experie
encing difficulties to find a market at adequate prices; they arc tryin: to
reduce their costs and to improve the quality of their sroduct. Eve, Sweden,
the oldest established international supplier of iroa ore, is nuying evere
increasing attention to ore-grading, concentratings a.l velletizing and has,

furthermore, recently modernized its ports a.d railways.

13. As far as the developing countries are concerned, the opening-up of ..aw
mines in the post-war period to satisfy thie denand of the indus ricligzed
countries and of their unascent steel industries for hi_h-.rade ores, has leen

8 beneficial development which hag helped to improve their foreizn exchaure
position, to alleviate their wiemyleoyment anl to nrovide a :ucleas for

economic and industrial development. However, the prece:t situatio. of over—
capacity for iron ore mining aud rich ore exports, and the correcj onli.; fall

in world market prices has somevwhat reduced the beneficial effect tle establigli-

ment of an iron ore industry has had on the econcrics in developiug cowitries,
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CIARACTERISTICS OF THE SECTOR: HRIEF DESCRIPTION
OF THE IRON ORE INDUSTRY AND IT8 MARKET

Situation of supply

14. World iron ore resources are at present estimated to amount to some

250,000 nmillion tone of reserves anl a further 200,000 million tons of i.ven-
toried potentinl resources which, taken together, contain about ZO0,000 million
tons of metallic iron. These Tigures are of course cubject to revision, as
further exploration proceeds ainl adds nevw workable reserves to the list; further
additions na; be wade to reserves if changing econoriic and techriczl counditions
permit for the classificatior of potential resources as reserves. It is also
poscible that one or the other der~osit, particularly of low grode ore, nay Lave
to be deducted frou the lis% of reserves of the economic conditione prevailing

at a given point of tire linit mining to the richest parts of svch denosits.

15. The geographical distribution of nreserves" and "potential resources” is

jllustrated by the followiny data ( in willions of tons).

Region Reserves Potential Resources
Western Europe 20 5
Eastern Europe 104 14
Total Europe 124 20
North America ‘ 53 93
Latin America . 42 42
Total America 95 135
Africa 13 14
FPar East and Middle East 8 29
Oceania 8 1
TOTAL WORLD 248 205

ch—e o w ™ -

The largest reserves of iron ore are in such couatries ac the USSR, the United

States, Canada, India , Brazil, etc., and it voold apoear that their exteut 1s
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a.déquately known, although some of those situated in nore renote areas nay. beco:ie
economic to exploit as industrizl sotential and cormmunication nciworis are
further developed. Increases in rescources and recerves ciui ve exrected to tale
place in the .ieu cowitries of Asia aud Africa a.d in tle o far rnlecvelored areas
of South Auerica, Australia cud Chiua {(Jainlead). It is evide .t thet, af' iron
ore ure develons at about the sa.e pece wg 1n the lant 10 rears ( at about

5 ver ceat per annum), eve precently know. rercerves will be  :fficie.t to rect
demand for decades to come; this doery of course, uot obvicrte uie ececrity of

further rining exploration and developme.t lurin, thic eriod.

16. Betveen 1937 ~nd 1965 world iron orec production increased from 220 million

tons to 620 nillion tons. Te figrres give.. ia Table 1 (::.L.Q:xed) chou the

distribution by region: of the quantities of ore sroitwced { 1u thousa.ds of to.e,
N\ . . . . .

actual tonnage,. The develonme:t of -roluction in trrue of iron coqdtaiced ia

the ores is illustrated by the data in Tuble 2 ( annexed).

17. The data ( particularly those on Fe-content in ore ;x‘oduced) vring out te
increasing i: portance of the iron mining industry of Latin America, Africa znil
Asia, but also of the US.R (urovidiig: most of the ton age show: u.der "haster,
Burope”). The prircipal cha. es in the geouraphical patter: of world iroa ore
production are further illustrate:l by the followi. perceata-er for 1937 and

1965 ( based on Fe-content):

Region 1937 1365
Western Europe 33.6 16.6
Fastern Burope 16.7 28.8
Total Europe 50.3 45.4
North Anerica 38.5 22,
Latin America 1.4 1l.1
Total America 39.9 3343
Africa 3-4 7'5
Far East and [liddle East 52 12.3
Oceania 1.2 1.5

WORLD TOTAL 100.0 100.0
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1¢ will be seen that Western Eurore and North America have lost in significance,
whereas Eastern Europe and the new mirnes in the developing regions have izcreased
their proportion of world cutput considerably. Western Europe and iorth

America would be still less important were it not for Sweden and Ce.ado, where
jron ore nmining has nade great pro_ress in the course of the last 3 years. This
ig also shown by the data in table 3 ( annexed) on iron ore output (Fe—content)
of the rmost important producing countries in 1937 and in 1964 ( thousands of tons

and percentages) .

18. Together withthis change in the regional pattern of iron ore output, an
increase in iron—conteat of marletable ores has taken place, the reasons being

the improveuent of 1ircn ore preparation techniques aiil installation at the mines;
the closin; down or the glower growth of output in a nuber of low jrade ore
mines, particulalry in tiester: Burope; the generalls longcr chippin; listaices

( which promote a tendency tovards transporting more jron ver ton of crude ore);
sand in general, the iiscovery and exploitation of richer orebodies in th' .ew iron
mining countries. The demand side, i.e. in the iron and ctcel iilustry, chows

a stro:; drive towards increasing oroductivity in geaeral and in blast-{vriaces

in particularj one £ the -ea. to achieve this is, of course, the use of

richer ores.

The trend anl pattern of conswnption

19. Between 1937 and 1965, world steel _roduction rose fron 136 million tons

to 454 million tous a year. Si.ice pig-iron requirements for otler than steel-
making purpoces (1.e. mainly for irow fowdries) rose laring the sane oeriod

from 19 millior. tous to over 30 milliosn tons a year, tot 1 denand for Fe-beariug
materials increased fron 150 million to.s ia 1937 to about 485 million tons in
1964, or to over three tines the initial level. Dii:aad for iron ore vas, however,
not affected to the sane extent siuce, as varo Lentioned already, irosn aud steel
gorap is used as a substitute for pi -irou in stecl—tali..; vescels. The exteut
of ccrap use 18 larcely dependent on it .rice, both 1. celatioil to »i_-iron orice
and to the uteel uartet gitnuntion, a:l on certaiu tec' icol factorr, which may
1imit the amount of scrap uceid iu differeat t:oes of steel-nal:in vesnels. Tis
explains also the fact thnt in 1937 orld reqairene.ts could be et Ly sro acing

o
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218 million tons of ore containing approximately 98 million tons of iron
(i.e. 65 per cent of the 150 million tons of crude steel and foundry iron
produced that year), whereas in 1965 world iron ore production was about
617 million tons of ore with 310 million tone of iron, i.e. little more than

60 per cent of the 485 million tons of iron and steel produced.

20. The geographical pattern of iron ore consumption 15 almost identical to

the distribution of iron and steel-making industries. The following data on pig—
iron (a.nd ferro-alloy) production give an impressio: of tihe geogravhical pattern
of iron ore use (percentages of world production; figwres in brackets &sive the

share each country holds in world iron ore production, Fe-content):

Country 1937 1965
United States 38.6 37.6) 25.0 15.8
USSR 12.9 15.6§ 20.1 27.9
Western Germany 12.7 2.8 8.2 0.7
Japan 4.2 é'o.a) 8.5 0.5
United Kingdom 9.6 4.4 5.4 1.4
France 5.7 211.7§ 4.9 g 5.8
Belgium-Luxembourg 4.6 2.4 3.8 0.5
Czechoslovakia 1.7 § 0.6; 1.8 O.2§
Poland 1.1 003 107 0.3
Italy 1.5 é o.5§ 1.7 0.12
Other countries Ted 23.8 18.9 (46.8;

WORLD TOTAL 100.0 (100.0) 100.0 (100.0)

P

It will be seen that there is a slight change in so far as the rapid develonment
of iron-making in Eastern European countries, particularly in the USid, and in
Japan have decreased the shares held by the United States and Western Buropean
countries; it should also be noted that the proportion shown for the _roup
"other countries” is increasing, which is partly due to the expansion of pig-
iron production in developing countries. The ligwres in bruckets, representing
the share each of the countries shown holds in world iron ore iyroduction, shows
also the defici® or surpluses in metal availabilities. lost of the principal
iron and steel-making countries, except the USSR and France, are iron ore

deficit countries, and the relative iuportance of these deficits has been

[ooe
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growing considerably during the last 30 years.

21. Ore consumption within the iron and steel industry is in three main
gections: in iron ore preparation, in blast-furnaces and in steel-making.
Each of these uses has during the last 30 years or so shown its own trends

and, hence, contributed to the changing pattern of iron ore output and con-
sumption. The term "ore preparation" romprises also the grading, beneficiation
and concentration of ores, but for the purposes of the present study it is
sufficient to deal with iron ore used iu agglomeration processes, i.e. mainly
in sintering and pelletizing. It is in this field that an essential change

has talen place durinz the last 30 years, since well-sized products could be
prepared from otherwise useless fines, both natural fines and those arising

in transport.

22. The techniques and economic aspects of iron ore preparation are the
subject of a substantial literature, disseminated in technical reviews, and
largely based on experience acquired in the highly industrialized countries. In
view of the sigsnificance and range of the various problems involved, a general
review of iron ore preparation techriques, and especially of their economic
aspects, was undertaken recently under the auspices of the Steel Committee of
the Economic Commission for Europe and published in 1766 under the title
nEconomic Aspects of Iron Ore Preparation"—z- . Apart from its treatment of
the reasons for iron ore preparation, the methods of preparation, the economic
efficiency of the various methods and the present trends in their development,
the study contains a survey of iron-ore reserves and their characteristics
and also of the state and prospects of iron ore preparation in most countries
of the world.

23. From this survey it appears that while preparation methods such as
crushing, grinding,screening, bleading and sone forms of concentration are to

be found practically in all iron and steel producing countries, the more advanced
forms of "agglomeration™ have not imade a similar advance in the developing

countries.

2/ Economic Aspects of Iron Ore Preparation, ECE Geneva, 1966 (sT/ECE/

[ove

STEEL/14; Sales No. 66.1I.E.6).
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24. The main reasons for iron ore preparation can be summarized as follows:

(a) to improve the physical and mechanical properties of the ore by
crushing or grinding and screening it, and to remove the fines;

(b) to obtein an ore which is wniform in its chenmical composition,
especially as regards the content of iron and of the main slag-
forming components ;

(c) to raise the iron content of the ore, i.e. to obtain "concentrates"
richer than the natural ores, and to remove impurities;

(d) to utilize by agglomeration the fines resulting from mechanical
mining and blast-furnace operations or produced specifically for
agglomeration by prior beneficiation methods,
25. A careful preparation of the ore before smelting reduces the coke rate
and increases the productivity of the blast—furnace,;enerally. As a result of
& well prepared iron ore charge, blast-furnace conditions are more wniform and
easier to regulate. The composition of the pgi-iron can be kept much closer
to the standards set. Unforeseen stoppages can be reduced. Wear on refrac-—
tories is substantially less. Losses due tc blast-furnace dust are reduced.
The use of agglomerates has been one of the factors which in recent Years allowed

a substantial increasge in the dimensions of the blast-furnaces.

26. At the present level of development of iron-ore beneficiation, it is
possible to improve the quality of crude ores — in terms of iron content, of
impurities, of self-fluxing components and in terms of physical properties —
to such an extent that the savings gained from the use of beneficiated ore now
considerably exceed the costs of ore preparation. It should be further
mentioned that reductions in transport costs, especially over long rail hauls,
can be obtained by carrying ores in cincentrated rather than in their natural
form.

27. The wider use of different preparation processes has also had its effect
on the development of methods for using natural fines by transforming them,
through sintering and pelletizing, into standard sized pieces, which in modern
practice form a large part of the blast-furnace charge. Thus, the development
of pelletization cn an industrial scale in the United States and in the USSR
has made it possible to treat lower grade ores in an economic way. An

additional reason for the rapid expansion of these techniques is the high

[ vee
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proportion of fine ores found in the large and iron-rich Pre~Cambrian deposits
which have recently been brought into production, particularly in Latin America
and Africa; the large scale utilization of these resources prompts commercial
exploitation of the fines, and hence agglomerating them at the mine or at the

consuming plant.

28. Over 315 million tons of sinter were produced in 1965, whereas in 1937
production was about 5 million tons only. The iron ore used in the production
of sinter represented over 50 per cent of the ore mined throughout the world

in 19653 in 1937 only about 1 per cent of ore was used for this purpose.
Bintering plants were at the time concentrated in countries where the shortage
of ores encouraged the use of recovered iron-bearing materials like flue dust

or of pyrites ash. Now, however, sintering is being developed mainly with a
view to the utilization of fine ores, whether pre-heated or not, and the
addition of carefully proportioned products to the sinter bed make it a means of
providing a well-sized ore which permits optimum utilization of the blast-furnace.
Sintering plants now exist in all countriesproducing iron and steel, mainly
close to the blast-furnace plants as long—-distance transport of sinter for some

time presented a problem ( arising of fines).

29, The technique of producing ellets, the other iron ore agglomerate, is
more complicated, and its use has been developed only in recent years, on the
pbasie of the progress made in the theory of blast-furnace operation with sinters.
production was practically nil in 1937, whereas in 1955 world output amounted
to nearly 45 million touns, and 1965 capacity is estimated to have been already at
67 million tons; output in 1954 had been less than one million tons. The tonnage
of iron ores used in pelletizing plants in 1965 may be estimated to have been

at about 50 million tons or 8 per cent of iron ore mined in that year.

30. Although the pelletizing process was first used on prepared ores too fine
for sintering, the present tendency is also to pelletize ores or concentrates
after crushing them to the required degree of fineness, despite the additional
cost involved. Thus, not only does pelletizing provide for using a high
proportion of fines which were formerly difficult to charge into the blagi-

furnace, but their advantage has also led to the lump ores, the traditional

oo
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blast-furnace charge, being reduced to fines. The metallurgical advantages of
pellets have, furthermore, provided the economic poscibility to use lower grade

ores after concentration from which they arise as fines.

31. It 18 estimated that in 1965, pelletizing and sintering provided over half
the iron required by the iron and steel industry. Moreover, considering the new
sintering and pelletizing plants planned or under construction, it may be

concluded that the contribution by these processes to covering iron requirements

will continue to increase.

32. The increased use of sinter and pellets has already gradually reduced the

proportion of unprepared ore in blagt-furnace charges and it is to be expected

that this trend will rersist, at least in countries where very high yields in
blast-furnaces cannot he obtained with carefully graded rich natural ores. In

1965, 1less than one-third of world iron ore output was used in blast-furnaces in a

non-agglomerated form, whereas, in 1937, almost the entire charge of blagt-
furnaces consisted ofl lump ores and concentrates. The extent of substitution
of agglomerates for other iron ores and the speed of development in this field
was, however, not wniform. In Western Europe the large scale use of sinter is
only of recent origin; in 19€4, the amount of unsintered ore charged in ECSC
cowntries was about the same as the amount of sinter, whereas in 1950 unagglo-
merated ore represented still 85 per cent of the burden. For the region as a
whole the trend towards increased use of agglomerated ores is so strong that,
despite increases in pig-iron production the volume of wisintered ore fell by
one-third between 1960 and 1964. The same trend can be observed in Eastern
Europe, particularly in the USSR where use of unsintered ore represented in
1964 not more than 13 percent of the total iron ore charge In the United
States and Canada, the proportion of sinter and pPellets in the charge is very
near the\level achieved in the USSR, whereas in Japan the situatior is similar

to that in Western Europe .

33. Although the general trend is to use less and less non-agglomeratéd iron
ore in blast-furnaces, it should not be concluded that in the near future good

qb.ality lump ore will be systematically crushed ani reconstituted into sinter

[ooo

and pellets.
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34. While in pig-iron produotion iron ore, agglbmerated or not, is the essential
component, in steel making its role is limited to that of an oxydising agent,
mainly in open-hearth furnaces, but also in electric furnaces and in some of the
new oxygen converter processes. World consumption in recent yearé has amounted
to about 15 million tons, containing somg 10 million tons of i%on. Although
these quantities are fairly small, they constitute a special market for lump ore
of high iron content, since the use of pellets and sinter has so far been
relatively small in steel making. On the whole, consumption of ore for this
purpose keeps pace with the growth of steel production, though it varies in
relative importance from country to country , depending on the process pattern
of crude steel output. It seems that the over-all demand for steel-making ores

should be relatively stable during the next few years.

International Trade in Iron Ore

35. 1Iron and steel-making is the classic example of an industry which ori-
ginated on or near the deposits of its principal raw materials, i.e. iron ore
and coal, since both are materials of whose crude weight only a certain pro-
portion is retained in thg final product. International trade in iron ore is,
therefore, a phenomenon which developed on a sizeable scale only after local
resources were either depleted or when the local ore because of its low grade
and other metallurgical characteristics could no longer economically be used
in blast-furnaces. With the improvement of sea and also of land transport
facilities, with the discovery of high-grade ore deposits in countries which
had no tradition of iron and steel production, and also with the strengthening
of the market component as a logational factor for the iron and steel industry,

world trade in iron ore has been growing at a fast pace.

36. Whereas at the beginning of this century the total export volume was about
11 million tons ( actual weight), th{s had more than trebled by 1913, and in
1929 iron ore exports were over 45 million tons. The figures given below
illustrate the development of iron ore output and trade since 1913 (in millions
of tons actual tonnage); data comprise intra-ECSC trade, corrected for

deliveries from France to the Saar):

[ oo
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World Output of and Trade in Iron Ore
Year Output Trade Trade as percentage of
output
1913 177.1 36.7 20.7
1929 202.2 46.6 23.0
1937 216.3 51.5 23.8
1950 243.6 41.0 16.8
1957 4217.9 117.8 27.5
1960 513.6 154.7 30.1
1964 582.1 198.4 34.1
1965 617.0 207.5 33.6

37. The data evidence the increasing importance of international trade in
iron ore. 1In 1913 only 20 per cent of world iron ore output entered into
kinternational trade and by 1937 this share amounted to 24 per cent. The
massive increase in trade during the 1950's resulted in a proportion of trade
in output of 30 per cent in 1960 and of over 34 per cent in 1964. Basing
these proportions on data of Fe-content, the share of trade in output is even
higher: in 1964, 37 per cent of iron ore production crossed borders before
consumption. This higher figure is caused by the fact that the Fe-content of
ores entering into international trade has increased faster than that of
productin in general. In other words, in order to keep transport cost per
recoverable Fe-units as low ag possible, leaner types of ores are consumed
within olose distance of the originating mines, whereas higher grades are
shipped over long distances. The increase in the Fe-content of iron ores in

world trade illustrated by the following data (Fe—content in percentages)s

Fe-content of world iron ore output and trade

Year Output Trade
1950 48 51
1957 48 53
1960 49 53
1964 53 56

38. The typical "ore-deficit" regions are easily recognigable, and are
concentrated in five geographical areas: the United Kingdom, the ECSC

countries, Eastern Burope (excluding the USSR), the United States and Japan.
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Together they accounted in 1964 for almost 95 per cent of world trade in iron
ore (imports, actual weight; excluding intra-ECSC trade). The changes ir the :
geographic pattern of ore importis into the principal impcrting regions and
countries since 1950 can be summarized as follows: The United Kingdom obtained
in 1950 about 59 per cent of its imported. ores from Western European sources
(mainly Sweden); in 1964 this share had fallen to 39.2 per cent and Canada and
Latin American countries provided together over 1 per cent pf the inports.
The ECSC countries, were, in 1950, relyin; almost exclusively on Western
European ores, ( 86 per cent of imports); in 1964 only 39 per cent stemned from
this region, Africa, North and Latin America providing the bulk of the remainder.
For the United States, the importance of Cannda as an iron ore supplier has
substantially increased (f'rom 19.7 per cent in 1950 to 58.5 per cent in 1964),
most of the rest coming from Latin America; imports of European ores, which
were of importance in 1950 (26.3 per cent of all imports) have virtually
ceased. Japan, which in 1950 still relied entirely on ore from within the

Far Eastern region, has now diversified its sources. In 1964, 52 per cent
came from the Far East (mainly India and Malaysia), 31 per cent from Latin
America (mainly Chile and Peru) and about 12 per cent from Nerth America. The
role of Australia as a supplier of ore to Japan will be much more sigiificant

in the ten ,y'ears to come than it was hitherto.

39. The principal international suppliers of iron ore were, in 1350 and 1964,
the following countries (millions of tons, actual weight, and percentages;
exports from France to other countries of ECSC have been excluded): (See

table 4 annexed).

40. The increasing importance of iron ore resources at greater distance fronm
the principal consuming centres is clearly brought out by the data in tatle 4.
The share of the developing countries in world exports has increased from over
30 per cent in 1950 to 46 per cent in 1964. The increasing significance as
suppliers of the sometimes remote centres of consumption is also illustrated
by data on ton-kilometres of iron ore carried in sea-borne trade. Whereas
this figure was at 103.2 thousand million ton-kilometres in 1950, it had
almost quadrupled by 1957, reaching 571.4 thousand million in 1960, and
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854 thousand million ton-kilometres in 1964. The tonnage of ore carried during
the period 1950-1964 had increased by an annual rate of 9.2 per cent whereas
ton-kilometres had Jrown by 11.2 per cent annually.

41« To complete this section on internationnl trale 1 iron ore, mention

should be made of intra-ECSC trade, which was excluded from the above considerge
tions. Trade within this group of countries hag always almost exclusively con-
sisted of exports of French ore (mainly from the Lorraire basin) to the other
member countriec, the main desctinations being Belgium, Luxembourg and lestern
Germany, particulalry the Saer regior. However, under the impact of richer

ores imported at attractive prices, deliveries of French ores to other ECSC
countries have somewhat decreased since 1960, from 26.3 million tons ( actual
tonnage) to 21.6 million tons. Related to total world trade in irop ore
(including intra~ECSC trade) intra~ECSC trade amounted in 1950 and 1960 to
about 10 per cent of the total, falling in 1964 to slightly more than 6 per cent.

Price developmentsg

42. Mo international quotations similar to those that exist for certain

base metals (copper, zinc, lead, eic.) are published for iron ore; moreover,

a good deal of internation:] iron ore trade stems from "captive" iines and may
be carried out at widisclosed prices. For moet ore iransactions, however,

the price is established in contracts between buyers ard sellers, taking

into afcount the quantity and time range of deliveries, the iron content, the
8ize range, the impurities ( silica, phosphorous, sulphur, etc.) and other
physical and chemical characteristics which influence the operation of the
blast-furnace. From the point of view of the buyer, the prices will also be
influenced by the conditions of supply, regularity of deliveries, stability

of ore characteristics as specified in previous contracts, etc,

43.  Aocording to who provides the sea transport, one or both parties will take
ocean freight into account, as well ag the conditions prevailing at the shipping
and arrival ports, conditions which influence the size of ore oarriers to be
used and their time of waiting at both ends of the haul.

/..G
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44. Published data on prices raise certain problems, and they are scarce and
often incomplete. Those that are published regularly, such as the Great Lakes
quotations in the United States or those for Swedish ores are often only
reference figures, which may differ from the "immediate" prices practised.
Others, bearinzs on more clearly defined contracts, mention cherrical contents
which are not always allowed or do not menticn price adjustments which may

have been applied.

45. However, the few price data available show at least the trend in the
world market. The figures given in table 5 (annexed) clearly indicate the
downward trend in ore uvrices after 1957/1958. It will be see:: that the fall
in prices for Swedish ores between 1958 and 1962-1965 was considerable

(12 per cent). Brazilian ores decreased in price by as much as 28 per cent.
The general decrease in prices is well shown by the average import price of
the United Kingdom which is composed of ore from almost zll regions. It fell

by 20 per cent since 1958.

46. A similar trend in prices emerges if unit values per ton of ore exported

are calculated for the principal supplying countries.

F.o.be unit values of iron ore exports
from selected countries 1953 to 1963

(in 8US per ton of iron contained)

Covptry 1957 1960 1961 1962 1963 1964 1965

Sweden 19.8 17.1 16.8 16.0 14.4 14.3 14.4
Canada 16.8 17.4 17.0 16.2 17.2 17.7 17.5
Bragil 20.0 15.4 14.4 13.6 12.8 12.6 12.3
Veneguela 12.3 14.2 14.2  15.0 13,1 13.4 13.3
Liberia 16.5 10.4 10.4 13.5 11.1 10.3 9.8
India 18.7 18.7 18.4 18.7 13.1 12.0 12.0

It will be seen that there are noticeable decreases in export prices,

at least after 1960. The reasons for this almost general deterioration
in iron ore price levels are mainly related to the considerable increase
in rich ore mining capacity and the slackening of demand for ores
caused through developments in the iron and steel market.

Trends and prospects
47. It would appear impossible to provide, within the framework of the present

paper, a detailed assessment of future trends in both demand and supply.

[oos
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However, a number of indications can be given as to expected growth and as to

the quality requirements, merely based on already viaible features of
development or known plans,

48. As far as trends in demand for iron ore are concerned, a number of
countries have already announced figures for production of crude steel or
pig-iron in 1970; for others, given the short span of time remalning between
now and that year, 1t would appear possible tc make rather safe assumptions
on the level of pig~iron output to be expected and hence of iron ore require-—
ments which may be reached, For the world as a whole, iron ore requirements
(in terms of Fe-content) can, on this basis, be assumed to grow by about

5 per cent annually until 1970, An analysis of iron ore mining plans in the
principal ore consuming countries shows that the deficits in supply rust be
expected to grow, Tentative calculations showed that ore import reculremente
(in terms of Fe) may in 1970 be around 50 to 60 per cent higher than they were
in 1964; this implies an annual growth of import requirements of between 7
and 8 per cent.

49, An assessment of presently known plans for the exparrion of mines
throughout the world shows that, after deduction of domestic iron ore
requirements, an export capacity of about 60 per cent higher than actual
exports in 1964 .would be available., This would mean that requirenents for
iron ore imports and export capacity should not be very far apart, and it

can be expected that the present surplus capacity which has contribuced to

the depression of prices will diminish, if capacity for export is not expanded

at a rate above the estimated T to 8 per cent growth in import requirements,

50. The likely developments for 1975 are even more difficult to predict,
gince detailed studies on future demanc and production, scrap availa—
bilities and pig—iron requirements are needed to arrive at reliable iforecast
for iron ore, The results of such a detailed study y show that world

iron ore consumption (in Fe-conten(t) would grow between 1970 and 1975 by

'-3/ The World Market for Iron Ore, study prepared under the auspices of the
ECE Steel Committee
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a further 4 per cent annually whereas import requirements ( also in terms of
Pe-content) may be growing at a rate of 2 per cent to 2.5 per cent per year

during the same period.

51. As far as the supply side is concerned, vresent proved world resources
appear to be sufficient to meet the requirements of the iron and steel industry,
at least globally. The resources couprise deposits which are already being
worked ( and which will not yet be exhausted in 1975), those likely to be in
operation in view of the present state of studies concerning them, and ore-
bodies which are already known to have adequate resources and quality and

which might be opened up 1in the near future. As regards the latter, the span
of time remaining until 1975 is already very short to equip a deposit in an
undeveloped region, which will require also the construction of a port and a

railway.

52 Taking all these factors into account it would appear that the export
potential for iron ore could grow by a maximum of 3 per cent between 1970 and
1975. At this rate of growth, the resulting export capacity would only be
slightly higher than import requirements (by about 10 per cent).

53, As far as future developments in the quality of iron ore are concerned,
it would seem probable that the trend towards shipping richer ores over long
distances will continue. Pellets are likely to gain in importance for inter-
national trade, but also for domestic use of ore fines. Good lump ore will,
however, remain important in domestic consumption and also in trade, mainly
over medium distances. Sintering can be expected to continue to be widely
used for ores which do not have a sufficiently even particle size for
pelletizing, and alsc because of the investments already made. In summary,
the breakdown of iron ore output by physical forms in 1970 and 1975 may be as
follows (percentages):

Type 1964 1270 215

Lump ore 47 49 43
Pellets 9 15 24
S8inter 44 36 3
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Table 1
jron ore production by regions
(1n thousands of tons, acutal tonnage)
Region 1937 1950 1957 1960 1964 1965
Western Burope 89406 75602 133284 143201 135471 136719
Eastern Europe 30240 43216 89490 114863 157073 165129
Total Burope 119646 118818 222774 258064 292544 301848
North America 76429 102213 128057 108590 117452 123386
Latin America 2379 55917 28919 42468 48183 R5423
Total America 78808 107810 156976 151058 165635 178809

Africa 5982 7035 12840 15473 30778 39631
Far East and

Niddle East 11280 8334 30117 813969 87037 90980
Oceania 1897 2472 4093 4677 6077 7107
World Total 217613 244469 426800 513241 582071 618375
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Table 2
e—content of ore production
(in thousands of tons)

Region 1937 1950 1957 1960 1964 1965
Western Europe 33015 28311 47415 51336 51104 51528
Eastern Europe 16381 23181 46657 60225 84630 89321
Total Europe 49396 51492 94072 111561 135734 140849
North America 371877 51105 65677 58046 65421 68888
Latin America 1383 3528 17532 25661 29519 34486
Total America 39260 54633 83209 83707 94940 103374
Africa 3331 3937 1347 037 18346 23460
Asia 5238 4038 3131 32990 35892 38142
Oceania 1158 1482 2476 2890 3769 4583
World Total 981383 115582 200236 240185 288681 310408
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Country

France

Sweden

United Kingdom
USSR

Canada
United States

Bragil
Chile
Peru

Venezuela

Liberia
Mauritania
Sierra Leone

China (mainland)

India
Malaysia
Australia

Other countries

WORLD TOTAL

Taking all developing countries together
Fe—content) amounted to 26.7 p

able

Qutput of iron ore QFe-contontl

(by countries)

197 1964
0%t 4 1000t %
11 520 11.7 18439 6.4

9 136 9.3 16 349 57
4 299 4.4 4 491 1.6
15 350 15,6 81 400 28.1
886 0.9 20165 1.0
36991 37.6 45256 15.6
160 0.1 8 438 2.9
916 0.9 6109 2.1

- - 4 047 1.4

- - 933 3.2

- - .T09% 2.5

- - 2916 1.0

386 0ud - 1207 0.4

1 600 1.6 15000 5.2
1 870 1.9 120885 4.5
967 1.0 3941 1.4
1157 1.2 3607 1.3
13 165 13.4 28560 9.9
98 1383 100.0 288 681 100.0

compared to 19.8 per cent in 1937.

a/ Only extra-European countries

er cent of t
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1965
1000 t .3
17 857 5.8
17 691 5.7
4 229 1.4
85 680 27.6
19 840 6.4
49 048 15.8
10 227 3.3
T 764 2.5
4 000 1.3
10 591 3.4
9 042 2.9
3 832 1.2
1 426 0.5
15 000 4.8
13 563 4.4
3 910 1.3
4 425 1.4
32 283 10.3

310 408 100.0

5/, their output of iron ore (in
he world total in 1964, as

: ~'/,nm', :
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Table 4
The principal international suppliers of
iron ore

Countr 1950 1964

' 1000 t % 1000t %
Bweden 12.9 38.6 24.2 13.7
USSR 3.0 9.0 22.8 12.9
Algeria 2.4 Te2 2.6 1.5
Morocco 1.0 3.0 1.0 0.6
Sierra Leone , 1.1 3.3 2.1 l.2
Liberia - - 11.9 6.7
Mauritania - - 4.8 2.7
Ga.na.da. - 240 6.0 3104 17-8
United States 207 8.1 609 ‘ 309
Venezuela - - 14.6 8.3
Brazil 007 201 903 503
Chile 2.6 708 901 502
Peru ' - - 643 3.6
India(incl. Goa) 0.1 0.3 10,1 5¢7
Philippines 0.6 ' 108 1'5 008
HalaySia Oo5 . 105 6.6 307 !
North Korea ‘ 0.1 0.3 1.0 0.6
Oceania - - 0.4 0.2
Other countries 3.7 11.0 9.8 5.6
WORLD TOTAL , 33.4 100.0 176.4 100.0
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Table 5
gg;cg!,of iron ores entering into international trade
1950 to 1965
(8Us per ton)
Year Brazil Japan Sweden United Kingdom Venezuela
1950 . .o 8453 .o oo
1954 ’e .o 11.49 13.83 oo
1958 14.37 oo 13.19 15.66 T.26
1959 12,23 .o 11.48 14.56 7.26
1960 11.42 12.42 11.48 13.50 8.52
1961 11.02 12.89 11.48 13.59 8.95
1962 11.02 12.89 10.80 13.37 8.95
1963 11.02 12,24 10.13 12.55 8.11
- 1964 10.24 11.86 10.13 12.33 7.79
1965 10.24 11.63 10.13 12.58 7.76

S ———

Source: Preise, Lohne, Wirtschaftsrechnungen, Reihe 9, Preise im Ausland,
I Grosshandelspreise, Grundstoffe, Teil 3y published by Statistisches
Bundesamt, Wiesbaden, issues for Autumn 1962 ang Spring 1965.

Note: Brazil 68 -69 per cent Fe, f.o0.b. Brazilian ports, lump ore;
Japan Import pPrice, c.i.f. Japanese poris; Goa ore, 58 per cent Fe;
Sweden:  Kiruna D. 60 per cent Fe, c.i.f, Rotterdam;
United Kingdoms: Average import prices, c.i.f. United Kingdom ports;
Venezuela: Orinoco I; 58 per cent Fe, f.o.b. Puerto Ordaz.
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