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SUIMMARY

The document presents in quintessence the experience of the
developing countries in the growth of their iron and steel industry
and outlines appropriate recommendations for action for the develop-
ment of the iron and steel industry in developing countries in
general and of the African and Arab countries in particular.

The status of the iron and steel industry in African and Arab
ountries has been conprehensively elaborated along with supporting
charts and tables, Typical examples have been furnished of the
experience in the field of co-operation amongst developing countries
and between developing and developed countries.

These chapters have been preceded by a detailed treatise on the
iron and steel industry in the world setting.

Brief analysis has been Made of the situation of developing
countries in regard to iror and steel production and consumption
along with an elaboration of the iron ore preparation, beneficiation
and pelletizing to yield added-value products.

A detailed cnapter deals with the foreign exchange savings
resulting from the domestic steel industry/capacity in developing
countries. There are three detailed Annexures to this document

furnishing:

a) Relevant data on world's iron ore reserves/resources and

the list of pelletizing plants including their technical details/
parameters in the developing and developed countries;

b) Relevant details of direct reduction Processes and sponge
Production in the developing and developed countries including the
world's sponge iron plant, planned in operation and projected and

c) Relevant data on the world's coal reserves/resources inter

alia for the iron and steel industry.
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The entire subject of the iron and steel indu itry particularly
in Africa and the Arab world and the experience of the developing
countries in the growth of their steel industry has been discussed

threadbare and presents a fascinaiing spectrum of current status and

future potentialities and projections of the steel industry in the 1
developing world, ‘

The global setting of the iron and steel industry, potentialities '
of trade in raw materials for the iron and steel industiry and the !

role of developing countries therein have been highlighted whilst
outlining the regional possibilities in these fields. It is hoped that
this study will stimulate dynamic and practical action for the growth

of the iron and steel industry in the developing world.
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INTRODUCTION

A survey of any industry ought to be done appropriately in the context
of its world setting. This stipulation is equally if not more important
in the case of a heavily capital intensive industry such as the iron and
steel industry, It will be, therefore, necessary to outline in general the
world®'s iron and steel industry, followed by a survey of the iron and
steel industry in developing countries (Africa, Arab Countries, etc.) and
by referring to UNIDO's technical assistance activities in the field of

iron ani steel industry for the developing countries and re,.uns.

A survey of the iron and steel industry, naticnal, regional or inter—
regional is inevitably linked up with its future plans and the possibilities
of their implementation; it is in the latter fields that constraints,
obvious or oblivious, crop up in the case of developing countries with
their limitations of scarce capital, scanty trained manpower and an extant

or lean technological base,

I. IRON AND STEEL INDUSTRY - THE WORLD SEITING

The world production of crude steel has more than doubled in the last
thirteen years, from 346 m tons in 1960 to 710 m tons in 1974. The growth
rata of course was with regard to the individual steel producing countries
not equal., Japan's share in the glcbal growth rate was extraordinary., The
big question for the future is: What about the growth rate of the steel
industry in the developing countries, It is said that steel consumption is
somewhat characteristic of the standard of living in a count ry. In this
light the world still lacks a lot of steel. At present, Sweden has one of
the highest per capita consumption of 700 kg, closely followed by the
United States, then inter alia, by Great Britain with a per capita consump-
tion of 400 kg; and then tail the numerous developing countries where the
per capita rate is only a few kilograms of the decimal of a kg, If the
developing countries increase their consumption only by a few kilograms per
head, the quantities of additionally required crude steel would rise

enormously,

The iron and steel industry is notably capital-intensive, with a
gpecific requirement of 8400-6001//for each ton per year of steel-ingot
production capacity. In addition, in certain cases, particularly in
developed countries, substantial infrastructure investment has to be made,
Accordingly, the establishment of an integrated iron and steel plant with

a capacity of 1 million tons per year of ingots will require an investment

y This figure is now approaching a $1,000 mark.
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of $400 million to 36 .U million. Additional investment "upstream", i.e.
for supply of the necessary inputs, and "downstream", i.e. for processing
of steel into manufactured products, will have to be considered in addition
and may amount to investments of the same order of magnitude. A large
portion of the capital invested in iron and steel installations correspond
to heavy industrial equipment and heavy industrial construction. The iron
and steel industry is, thus, a large buyer of heavy capital goods. For
developing countries this may mean a heavy burden on their balance of pay~-

ments,

World steel output is expected to keep growing in the future as in
the past because steel is one of the most basic industrial material. This
long term growth seems assured, if only because the drive to industrialise
will relentlessly augment steel demand in many emerging nations. But
the uptrend will continue to mask profound changes in the pattern of world

consumption and production of steel.

Over the past 100 years, the rise in the world's output of steel has
been spectacular, In 1870, it was just short of 10 million metric tons.
A half-century later, in 1920, it had increased nearly eightfold to 75
million metric tons., By 1974, it had olimbed to 710 million metric tons.

As a nation starts to industrialize, a first surge of steel demand
is likely to reflect heavy investment in its economy's infrastructure -
the development of a transportation and communications network, electric-
power generation and distribution, and other essential facilities, A
broader impetus to steel consumption comes from the industrial expansgion it-
self, which is both a cause and a prime beneficiary of the infrastructure
improvement. As economic growth takes off and affluence starts to speead,
demand escalates for key consumer durables such as cars and major appliances -

which in turn, boosts the use of steel.

The country's demand for steel ims likely to be satisfied at first
by imports, But as its requirements increase, it will attempt to shift
to domestic production - initially, perhaps only for large~volume items, ?
The establishment of a domestic steel industry will be recommended
increasingly on grounds that it will stimulate supplier and use industries,
provide employment and save scaree foreign exchange., It will seem attrac-

tive, too, for reasones of seli-sufficiency and defence ~ and at times

because of the prestige surrounding steel mills.
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When a country enters the 1apid-growth stage, the "steel intensity"
of its economy usually rises. Steel intensity is measured by the quantity
of gross national product, GNP, measured in real, noninflationary terms,
The rapid growth phase is often d..1ned as the stage in which real GNP
per capita is between $400 and $2000 at 1963 prices.

A booming automobile market, trade in capital goods, rapid increase
in investment in fixed assets and building up of a high level of inventory
throughout the developed world largely enabled the steel industry to per-
form at its peak in 1974,

However, the full impact of the hike in oil prices, rising wages,
declining productivity and depreciating currencies came to be felt by the
beginning of 1975. And the world recession in 1975 was the worst-ever
since the Great Depression of the 1930s. Among the major economies of
the world, real gross national product in 1975 declined in the US, West
Germany, the UK, France and Italy., Again, industrial production declined
in all the major developed economies, including Japan., The decline varied

from 4.4 per cent in the case of Canada to 10.6 per cent in the case of

Japan, Coupled with this, while double digit inflation remained (excluding
West Cermany) lead by the UK (24 per cent ), productivity declined in all

these countiries except 7- West Cermany and the US,

PRODUCTION DECL INES

Sin~e steel production is linked with the real growth in GNP and in-
dustrial production, world raw steel production at 65 million tonnes in
1975 declined by almost 9 per cent over the 1974 level., The 9 per cent
decline in the production of crude steel in 1975 was distributed unevenly,
Hence while the shares of some declined marginally that of others fell
steeply. The US and the EEC suffered a decline of 20 per cent in crude
steel production. Germany's steel industry suffered the highest set-
back of 23 per cent. While Britain's production declined by 12 per cent,
that of Italy’'s was off by 8 per ~ent. Japan's production declines by
almost 13 per cent. Against this general pattern of falling production,
the USSR was able to maintain its rising production - production rose by
4 per cent,

But 1976 maw a revival in world industrial output, The US economy
in the first half of 1976, backed by a revival in the demand for auto-
mobiles (both home and external ) promised almost a 14 to 15 per cent
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annual increase in total output, This provided a stimulus to the revival

in demand and increase in production’flrst Japan and West Germany and

afterwards to the rest of the developed world. Simultaneously, capital

goods were again stocked owing to a feeling that domestic and world

demand would continue. However, the w#orld economy, which appeared to be

racing to the 1974 level, slowed down perceptibly during the second half y
of 1976. The slow—down was much more pronounced in the case of the us,

the UK and most of the EEC economies, The increase in industrial production

for the developed countries in 1976 averaged around 10 per cent, Total !
production of aerude steel during 1976 increamsed to 683 million tonnes, an

increase of 5,8 per cent over the 1975 level, The largest quantum in-

crease was witnessed in theUS followed by the USSR, Japan, the UK, Italy,

West Germany and other relatively small West European and Asian countries.
Incidentally, the largest single steel producing unit in the world, Nippon

Steel Corporation, which produced 34 million tormes in 1976, is in Japan.

Three of the next seven top steel producing units are also in Japan.

What are the implications of this so far as future prospects for the
steel industry are concerned? Will it perform better in 1977 than in
1976? What are the long-term prospects? Before we answer these and
some other relevant questions, a look at the country-wise production
data would be worthwhile, Between 1950 and 1976, the share of the US
in world steel production declined from almost 46 per cent to 17 per cent.
Its production a* 116.3 million tonnes in 1976 was second to that of the
USSR, Sinarly, the share of the EEC rose from 24.6 per cent to 28,3
per cent in 1960 but declined to 17 per cent in 1976, The decline in the

EEC share was largely because of a decline in the share of the UK.

As againat the above, the UBSR has continued to increase its pro-
duction of steel and emerged as the largest producer of steel in the
world in 1974, a position it retained till mow. From 14.6 per cent in

~ 1950, production in the USSR in 1976 at 147 million tonnes was 21.% per
cent of the world steel production of crude steel in the recession -- hit
year of 1975, Incidentally, the USSR was the only major developed country

which increased its production.

But the most impressive per former in the area of steel production
has been Japan, Between 1950 and 1960, Japan's share in world steel pro-
duction rose from 2,5 per cent to 6.4 per cent. By 1974, Japan's pro-
duction at 119 million tcnnes was 17 per cent of world production, Thus,

while world production rose by 150 per cent between 1950 and 1974, that
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of Japan shot up by an amazing 1,200 per cent, giving Japan the “hird

place among steel producers of the world, immediately below the USSR
and the U,S.

Japan's production 1976 at 107 million tonnes, though lower than
that in 1974, was still the third highest in the world with ites share at
15.7 per cent. Japanese production, while way above that of West Germany,
the fourth largest producer, was close to the total production of steel
in the EEC,

WORLD TRADE

The prospects, botn immediate and long-term, of the steel industry
are intimately linked with the world trade in steel. A good part of the
world steel production is exported. For instance, in 1955, almost 13
per cent of the world steel production was exported, Today, close to
23 per cent of the world production is exported, Japan, the largest
quantum exporter exported almost 37 per cent of its production, followed
by West Germany. Belgium exports more than three fifths of its pro-
duction plus imports. Italy, France, Luzembourgh and Czechoslovakia also

export quite a substantial portion of their production,

Several of the developed countries find Japanese steel cheaper than
their own. Hence, the users are shifting to Japanese steel from their
own. For instance, the seond largest steel producer in the world, the
U.S., was a net importer of finished steel in 1975 to the extent of 15
per cent of its domestic production. The UK, Poland, Canada, Rumania,
Brazil, South Africa, East Germany and Sweden were the other major im-
porters in 1975. 1In 1976, even West Germany emerged as a net importer,
Japan has been traditionally the largest exporter in the world.

Thus, world trade in steel has greatly increased over a period of
time. The rising trade has been engineered by Japan., The planned
manner in which the top six steel producers in Japan have been pushing
their steel everywhere, especially in West Europe and the US, has upset

the steel production programmes in several of these countries.

One does not have to seek far for the reasons for the Japanese surge
in exports. The wnit costs of production in Japan is still about 40
per cent of that in the US, 45 per cent of that in West Germany, and 60
to 65 per cent of that in France, and these figures Japan is steadily still
improving upon. Japan, having joined the steel producing countries' group
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more recently than all the other developed countries, has more up-to-

date, scientifically advanced and technologically superior machinery.

In 1977, it took US steel producers some 15 man-hours to produce
tonne of steel, In 1974, it took them 11 man-hours for the same job.
West Germany spent almost 37 man-hours in 1955 but only 20 man-hours
in 1974. In the case of France, the man-houre “pent for producing o
tonne of steel came down from 35 hours to 2% hours, But the productivity
of steel makers in Britain during 1974 remai: 'd almost at the same level
of 35 hours, However, in the case of Japan, the man-houre needed to
produce a tonne of steel came down sharply from 69 in 1955 to 9 in 1974!
This alone is enough to demonstrate why Japan has forged ahead so fast
while countries like the UK have remained where they were two decades
ago.

The EEC members have been the worst affected by the combined on-
slaught of Japanese Steel and the slow~down in the demand for steel in
their own countries., Countries like Belgium, Luxembourg and France have
been hit most since their export outlets are being captured by Japan.
Even India exported 2-35 million tons of steel in 1976-1/ despite stiff
overseas competition., The pressure of events has brought all the major
steel manufacturers in the EEC under a eommon cartel, Eurofer. The
strategy as worked out is to cut back production and limit J apanese im—-

ports through a negotiated agreement,

The outback in production was necessitated by world economic outlaok
becoming bleak towarde the beginning of the fourth quarter of 1976,
Capacity utilization in the EEC, which was 85 per cent in the boom year
in 1974, had declined to 65 per cent in 1975 as a whole., In 1976, it
was still well below the 1974 level, The weakness in demand resulted
from the tough competition in foreign countries and the low level of
inventory building operations at home. The lack of investment was
because of a decline in profitability, And this situation is causing
worry to major firms in France, West Germany and Belgium where they have
gone in a big way for loans to modernise and expand their plants, In
Belgium and West Germany, worke~s in several units were working for only
three weeks in a month. In addition, workers in Belgium have been re-
trenched on a large scale,

Big Japanese steel companies have promised Eurofer that they would
not only export less to West Europe including the EEC but will also con-
vince sma'l manufacturers within Japan to curtail their shipments to

1/ MB August 19, 1977, page 3%
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these countries, But this agreement between the EEC and Japan has caused
anxieiy in the US where the steel manufacturers feel that a good part
of the steel which used to be sent to the West European countries from
Japan would now find a way to the US, Even when the export trade
weakened in 1976, Japan could raise its exports by 23 per cent., Japan

is known to have often exported steel at marginel costs.

The lower projected rate of real world GNP growth for 1977, accor-
ding to an analysis of the "rganization for Economic Co-operation and
Development, has further dimmed the prospects for steel., According to
this report, real growth for the OECD is estimated at 3.25 per cent
against 5 per cent in 1976, Only Japan is expected to maintain its
growth rate of 1976. Steel production in the 29 countries represented
by the International Iron and Steel Institute indicate that between
October 1976 and January 1977 crude steel production was down by 9 per
cent in the EEC, 11,3 per cent in the US and 9 per cent in Japan,

Despite all this, major exporters like Japan, the US, West Germany,
and other West European countries feel that the present slump in demand
does not mean a deadend for world steel export prospects. They cite
various instances in Asia, W.Asia and Lat.n America where steel is
consistently in short supply. Despite the huge investment in Japan,
Brazil, West Europe, Iran, Saudi Arabia, India and other countries,
wo—ld exporters of st'el “eel t4ant steel will continue to be in demand

in the long run,

The big exporters are aware that the W. Aegian and African deve-
loping countries, moving towards higher eccnomic levels, will continue
to provide a boost to the production of steel in exporting countries,
As the gestation period is pretty long before steel plants come into
production, countries in Latin America, Africa and W, Asia will con-

tinue to demand steel.

But what is not being considered in the proper perspective is that
while this diagram of steel production und consumption may actually tally

with the real situation in the short term, the long term situation may
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opren up altogether new vistas and projections. Capacities now being
built or added cannot be removed. When production does go up in the
new steel producing countries, their demand may be met, While some
import will always be necessary, egpecially of special steelswhich
cannot be produced in all the countries, demand for the other types
of steel may slump.

THE INDIAN SCENE

A word about the steel scene in India. Total production of crude
steel during 1976 at 9.4 million tons in integrated steel plants was
17.5 per cent higher than in 1975, This rate of growth was almost
three times the average for the world as a whole. A significant fact
about steel production in India was the extremely smart improvement in
capacity utilization. Bhilai and TISCO performed at 101 per cent of
their installed capacity. At the Rourkela plant, the utilization was
95 per cent, Even Durgapur and 1ISCO, the sick units of the Indian
steel industry, could produce at 70 per cent against 55 per cent in
1975. Therefore, any increased production in 1977 will come from
Bokaro, TISCO and Durgapur, since the other plants are already performing

at their optimum level. Mini gteel plants produced about 0.8 million t in
India during 1976, giving an aggregate of over 10 million tons in 1976,
If steel production in India is to continue to expand, the major

impetus for it must come from domesti:c ¢ mand, Though domestic sales
picked up towards the end of 1976, it is yet 1> be seen whether they
will be sustained during 1977 although the trends are promising,

TABLE — 1: MAICGR PROBUCERS OF CRUDE STEEL

Millivn tons)
Proda-tion in Per cent share
1935 1976 19%= 1976
USSR . 4¢3 1470 Th s 23
LS AL .. 106 2 1163 A 170
Japan 94 74 H 157
W Germuans ve N 4t 4 T 6
 hima . 29 N 11 ER ]
AEIN e <4 Ty 20 14
Irange .. 176 a2 4° 14
UN. ‘e 2ut T 7 KR
Poland e 44 <9 16 p v
Crechoslovahia 4.5 147 17 22
Cmada . 41 122 1 19
B lyium . £8 121 22 18
Spain . 12 110 04 16
Rumania . 08 105 (1] 15
I . 1.7 93 (1) 14
Hiasnt 12 02 04 13 '
Austtniia 22 T (U 11
S Afnea 16 T 06 10
1 ast Germany 28 6.6 0o 10
NMevico 0s 2 0?2 03
Netherlands 1.0 s2 o4 [
Sucaen 2 <1 08 07
usembourg 12 46 12 07
\ateia 18 4. 03 07
O hers 7% 9 28 490
2693 €3S 000 100.0

Source : United Nations Statstical  Year book, 1964, and Monthly
Statatis, various lwues.

The attached graphs depict the trend of world iron and steel
production’ exports and productivity.
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o TARIE—2: MAJOR TABLE —3: RECENT AND EXPECTED GROWTH IN

TRADERS IN STVFFE. : 1975 THE. OECD .
(Million tons) : :

: N Aserage

Country I(::‘l:“fl‘l 'I."L""(':; Country 196164 to Variation over the previous year
! 1973.74 1978 1976 1977

Roscia 71 78

: A Real GNP
Vipn W e Austria ¥ -0 40 32
West Germany 89 162 ?.‘In“:i'l’: 2(} - "]2 4(7) : 2
:"‘J]-V ) :: :; West Germany 44 —_— 5 15
e e T Lipan 94 A 60 60
P hy < United States 40 — 1% 6.2 a5

o PR rs Real GDP
: /mLImIauna (])2 i» ; Denmark . s e 71 s .
H"’"."" a 3% 18 France .. L] _2 <0 1
sl\yi.“lm T4 s Haly .. 47 — 17 45 -— 05
R’-m.mla | 1% t-ulherlmds .. AR — 11 b 1A
Rrarii 28 01 N e 86 0 20 I
South Africa 10 )] . 2 -—
1\t Germany 40 15 fotal OECD 50 1.2 50 37

o - -

Sweden 22 1.7 Nource: International Monctary Fund. | M.F, Survey. January 10, 1977

Source: International  Iron and

Steel Institute

The world's top steel producers in 1976 are shown below:

Table No.4

Top steel producers in 1976

(million metric tens)
5

197 1976
Ranking  Output Ranking Output

Nippon Stecel .. | 32.50 I 33.97
U5 Seeel .. 2 2.9 2 25.67
BSC .. 3 17.24 3 19.07
Bethlchem 4 15.87 4 17.14
NKK | S 14.60 S 15.67%0
Finsider group .. 7 12.86 6 13.43
Sumitomo 6 13.40 7 13.30
Kawasaki 8 12.60 8 13.30
ATH . . .. 9 12.17 9 12.82
Estel* ., .. oo 9.71 10 10.40
National .. .. R 1 7.80 I 9.77
Arbed groupt .. ... 10 9.78 12 9.72
Usinor** .. oo 14 7.90 13 8.90
Republic .. . o3 7.98 14 8.73
Kobe Stecl .. R 1 7.70 15 7.8l
BHP .. .. oo 8.0l 16 7.78
Inland .. .. R ¥4 6.60 17 7.17
Armco .. .. .. 18 6.34 18 6.80
Sacllor groupt .. 19 6.00 19 6.60
Jones & Laughlin ..o 20 5.20 20 6.32
Stelco .. .. R ¥ 1 4.9 21 S.19
Iscor .. . o4 4.65 22 S.18
Cockerlll . A & | 4.60 23 s.12
Ensidesa .. .. R ] S.10 24 4.9
Youngstown Sheet &

Tube .. .. .26 4.05 25 4.60
Krupp .. .. 29 3.41 26 4.13
Pelne-Salzgitter ., o7 3.90 27 4.11
Manncsmann§ .. .. 125 4.60 28 4.08
V8est-Alpine .. . 28 3.63 29 3.90

tinciudes S.7m tans fram subsidiaries. “Hoesch S.6m tans,
Hoogavens 4.8m tans. %includes share in Saimer. §includes
subsidiaries. Wincludes |.0lm tons fram subsidiaries. **In-
cludes subsidiaries—Alpa, share in Salmer, etc.




- 10 -
mlonmnes
130_ The long boom in steel exports (that everyone
20 expects to take off agan)
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100_ REST OF
1S, WORLD
90 ™ 1
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Sourca 1151, inciudes estinates lor Chuna

Table No. 6

20 years ago it took the Japanese over G9 hours
to produce a tonne of steel. It now takes under 9

Manhours per 1onneof steel delivered

Tt W GERMANY
N UNETED STATES

1955 66 58 60 62 64 66 68 70 n 74

Sowce Atiugheny §uium

Table No.5




J

- 11 -
Table No.

World raw steel production

Source: Lisen und Stahl, Statistisches Rundesamt, Dosseldnef

e RAW STEEL OUTPUT (000 tons) e OUTPUT PER CAPITA (g ) ~—o % World Output
1970 973 974 1975 197¢° 1970 1973 1974 19/5 1976 197¢ 1976
Europe
W. Germany . - 45,041 49521 53,32 40,415 92,45 m 799 250 654 488 7.82 6.2)
Belgium . . 12,607 15.922 16,228 11.584 12,146 1,303 1,509 1.654 1.18) 1.2)8 210 178
France .. . . 23,774 5,270 27,020 11.530 ). 468 485 Sla 407 436 397 J 4
'3 leaty . . . 17,277 20,495 23,203 11,816 13,416 m 182 430 341 415 189 3.4
Luxembour) .. . $.462 $.221 6,448 4,624 4506 16,065 16,926 18.:6) 18,16} 12.341 09 0.67
Netherlands . . o 5,042 561 $.840 4826 5,185 187 418 41 384 w 084 0.76
nmerk . 4 449 538 559 m 9% 89 106 (L 142 0.08 on
UK .. . 18,316 26,649 22426 20,198 22,268 $08 476 400 26l 398 4.7 I
trish Republic 80 16 1o 8l 58 27 18 3¢ 16 8 001 00l
EEC | 138,072 150.009 155 639 125,653 134,003 546 585 603 488 Sie 2308 19 67
i Finland .. . .. 1,169 1,615 1,656 1,618 1,646 249 348 356 344 348 0.20 024
Greece. . - . 148 753 612 700 700 SI 84 (o 77 77 0.06 0.10
Norway .. .. 870 963 944 19 894 224 243 pa24 230 22 0.5 0.1}
Austria . . 4078 428 4,699 4,068 4.478 $52 563 622 S4t 59 0.8 0.66
Portugal .. .. 188 459 an 430 428 4 54 44 49 43 0 06 0.06
Sweden . . 5.497 5.664 5,989 Séll 5,213 684 696 734 84 632 09 0.7¢
Switzerland . .. 524 584 593 420 520 84 91 92 &6 L] 0.0% 0.08
Spain .. .. . 7.429 10,809 11,646 11,242 11,058 220 30 kr1} 3] 3o 124 1.62
Turkey. . . .. 1520 1,169 1,464 1,464 1,770 4) 3 39 38 44 05 0.2¢
w. Europa .. .. 159,692 176323 183,619 152,12% 160,710 492 467 48} 3% 418 26.70 2.359
E. Germeny .. . 5.425 6,640 6,165 6,480 6,650 s 9 3468 ns 3% 0% 0.9
~ Bulgaria .. . 1.800 2,246 2,188 1,268 2,450 212 261 252 260 280 0.3 0.36
Yugoslavia . . 2,228 1,676 2,836 2916 2712 109 128 134 134 126 0.37 0.40
Polend . o %L750 14,087 14,556 15.007 15,450 362 421 432 430 450 1.96 2.27
Rumania .. . 6517 8.161 8.840 9.549 10,500 k7¥3 189 420 451 91 1.09 1.54
Crechoslovakia .. 11,480 13,158 13,640 14324 14,550 794 902 929 70 ”i 1.9 2.14
Hungary . .. o im 3,466 bX 1] ).650 30% 3y m 348 34 0.52 0.54
Europet .. . 202,202 226593 235310 206,337 216.672 408 448 462 402 420 Nn 3180
USSR .. o Lo 115,889 131,481 136,206 141,325 144900 477 $26 542 558 $65 1338 .27
Asia
Bangladesh .. . 30 64 2 100 100 3 1 1 | | 0.0) 0.01
Burms .. .. . 15 40 40 4 40 | [} [} | [} 0.00 0.?!
Taiwen . . m 956 828 847 1.000 25 35 £ 14 [ ¢l 0.06 0.15
China .. . . 18,000 23,000 24,000 25,000 26.000 24 3l 32 3 3.0 18
Hong Xong .. .. 50 70 70 70 80 13 (k4 17 16 1] 0.04 0.0l
India .. . .- 6271 6918 7.068 7,989 z.“a 12 12 12 1k} 15 1.08 1.7
Indonesle . . 10 50 80 100 [] 1 | 1 | 0.00 0.01
fren .. . .. - 240 567 $81 $50 - b1l 20 19 16 -— 0.08
lsraed .. . . 0 65 bed 60 70 41 37 13 18 20 0.02 0.0l
Jepan .. . . 93 119,322 Hzian 102,314 102,377 20) 1104 1,068 04 940 15.58 15.7¢
N. Korea o o 2,180 2,630 2,700 2,900 3,000 108 174 174 18) 185 .37 0.44
S. Korea . - 481 1187 1,935 20l0 3500 15 3 59 [/ 0.08 0.5
Lebanon .- . 15 s 15 15 18 1 1 [} 1 ] 0.0 0.00
Malaysia .. . 122 193 183 198 200 3 14 14 17 7 0.02 00
Philippines .. .. 13t 254 279 250 250 4 3 7 ] [ 0.02 0.04
Singapore .. .. 107 204 186 187 200 8 [ ] [ ] [ 1] ] 0.02 0.03
Thailand o o 174 347 351 258 250 8 [ * [ [ 0.04 0.04_
Yietnam . .. ? H 1 1) S [ ] [ 0 0 0.00 0.00
Asie .. o . 121,708 155,527 155,592 142,891 152,050 62 74 n (4] (<] 0. 22.32
America
Argentina .., . 1823 2,205 2.354 2,208 2415 79 L]] ”» (24 9 0.3 0.8
Braril .. .. .. 5.39% 7,149 7,502 8308 % s8 70 k2] n “ 0% 1.3
Chite .. o . $92 549 638 488 1 67 54 (1] 48 4 0.10 0.07
Canada . . 1.2 13,366 13,623 13,025 % 825 405 L34 S 1.87 .94
Colombis .. . Jig 362 k3] 366 15 16 13 3] 13 008 0.05
Cadbe .. o . 140 21 240 240 1% 17 25 2% 26 26 0.02 0.04
Mexico. . . .. 3881 4,760 $.138 $.29 5,295 sl [ ] 1] [ 24 8 0.6% 0.78
Peru ., . . 94 356 450 “3 30 7 24 3 28 20 0.02 0.05
Uruguay .. .. 16 12 1 16 18 ¢ 4 s 1 ¢ 0.00 000
Vencruela . 927 1,063 1,058 1,078 930 89 % 34 L] 75 0.18 014
USA .. .. . 122,120 139,950 135,238 108,250 uﬂ.% 596 [ 4] 638 07 554 20.19 17%
Central America . 8 10 1] 1] 0 ] L} } ] 0.00 0.00
America .. . 146513 170,021 166,592 139,718 158218 288 s 304 pil) 268 2446 12.20
Alrica
Algeria. . . .. 330 39 450 450 450 13 25 23 7 2 0.06 0 07
Egype .. i - 300 2% 300 400 400 1 [ ] ] 1] 1] 0.05 0.06
S. Alrice . . 4187 5,633 $.831 6,580 7,144 n 236 240 258 68 [ 3] 1.05
Rhodesie o . 150 250 270 300 300 18 42 44 47 44 0.0) 0.04
Tunisie . . 3o 137 132 130 150 19 P 2 23 7 0.0 0.02
Uganda o . 0 14 12 1] 15 2 ] [} ] 1 0.00 0.00
Morocco . . H 1 1 1) H) [ [ ] 0 0 0.00 0.00
¢ Africa . .. 5.692 6.724 7.002 7.860 8,404 15 17 17 20 20 0.9 1.24
Australia . . 6.509 7.699 7.785 1.269 7.794 $53 586 584 sn 570 1.18 1.14
New Zcatand . 157 190 194 188 200 56 &7 64 0 6) 0.03 0.0
Australasia . .. 7,066 7.889 7.97% 8,054 2,994 367 38 385 383 37 118 [k
World . .. 592,100 698300 708,700 646,000 481,300 168 187 193 164 170 100 100
) *Provisionol or portly esti 4 (0s ot February 1, 1977). tEvcl. USSA,
1
}
}
——— -
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Table No. B

World pig iron production

e FPRUL UCTION (000 1 etr1c traher e e QUTPUT FER CAPITA (kg Yo e oo 9. World Output
1970 1973 1974 1975 1976+ 1970 1973 1974 1975 19760 1970 1976
Europe - T
W. Garmany 33,62 36828 40221 30074 31949 546 594 68 486 si7 187 6.5
Belgiom 10,95 12767 13050 9480 9% 1432 1308 .46 936 104 25 204
Franca 19028 20002 22507 17921 19.01 an 389 29 238 7 448 380
Neaty B354 1009 11761 11412 1154 156 184 212 204 08 1% 240
Luxembourg 4810 5,089 S468 31889 3756 14447 14540 15403 10655 1051 1.3 0.77
Natherlands 3894 4707 4,804 390 42ee 276 150 358 291 30 084 087
Danmark 215 76 — — ~ 44 15 — — — 0.05 -
UK V67 16830 1390) 12031 1388 a1 304 248 17 M8 413 2.84
EEC .. 9355 106,705 111,626  BBSI7 94415 89 46 434 43 W oBO 193
Fintand 1 raz s e 1ae e 304 297 2% %0 029 025
Norway 78 700 661 638 630 175 " 166 159 1% 016 013
Austels 2964 3006 3443 1056 330 o1 400 456 106 W 06 068
Portugal s 38 365 27 350 3 4 “ 3 9 007 o0
Sweden 2609 2569 2979 1303 2.600 s 36 365 104 I o6l 0.5
Switzerland 28 26 35 k] 35 4 4 5 5 S 0.01 0.0
Spain 464 6269 6900 6B 7.000 123 180 196 193 1% o9 141
Turkey. . LS 1044 1317 WY s n 28 3 34 “ocuy ow
W. Europe 11492 122,079 128,907 105489 110,945 300 Y] 340 e W W05 274
€ Germany N9 2200 2280 2456 2400 W7 % 128 L
Bulgaria L1200 1566 1,483 1509 1,600 141 19 i ” W ovw  on
Yugalavia LS 1955 2,026 2000 1950 0 93 100 % 9 ow o4
Poland 6984 771 2087 s 7500 25 m 231 228 B e Ve
Rumania . QN s esa 6600 664D 208 m 269 1 mn o o« N
Crothoslovakn 7548 8534 2905 9290 9400 2 585 06 629 SYRENY ' 9
Hungary 1828 2105 229 219 2200 177 202 29 2 08 043 045
Europet 136531 151685 159.85% 13708 143105 275 300 a4 268 M8 3195 2933
USSR . 85931 95933 99868 100965 105500 354 384 397 405 a0 ne
Asla
Taiwan.. 320 550 160 470 550 2 36 29 29 M 0o o
China .. 16500 21,000 22,000 22,800 23,000 7 26 27 27 B 38 47
India 6901 7344 7223 8383 8730 13 13 1” 1 TRy 1.7
Japan 68046 90007  90.4)7 8587 86500 658 © 825 73 W5 17
N. Koras 2400 2700 3000 3100 3,100 i 179 194 195 199 0S¢ 064
$. Koraa 3 102 1022 1S4 1500 ) 14 3 3 “ ool 03
Thailand » 50 50 0 0 ! ) i ' 00 00
Asla .. 924 122093 124157 122534 103420 18 S8 58 5e s 05 250
Amaerica o
Argoating 815 804 1068 1038 1,100 1 b 4 1 4 o om
erail .. . 4205 5840 5989 7260 7700 s 54 57 ") 7 o ! se
Chila @ 48 Sis " 400 54 45 50 1 ©  on o008
Camda.. 8243 9835 9422 915 9750 387 o " 101 2 1 2.0
Colombls .. . n9 ] 269 297 260 " 1 " 12 1 005 005
Mexlco.. .. .. 22 2775 3208 29  3.000 m 5 ss o @ 05 o6
Pecu 8 183 303 307 220 6 " 20 1) " 002 o00s
Venetushe $i0 546 545 515 480 o ® 4 4 3 012 010
usA B394 91814 B7.00/ 72505 79.450 07 36 n 39 8 195  en
America 100124 111,996 108327 94470 102,060 195 208 198 170 180 B4 WN
Africa
Egypt .. 200 200 200 250 250 ¢ 6 s 7 7 005 0.8
$. Afrlaa 3947 4385 4627 5197 5020 193 183 190 204 5 o7 107
i Rhodesia 250 2% 100 30 30 ) 0 9 “ % 006 006
Al 4397 4BS 5127 5757 6260 12 1 " 13 T 129
Australasta
Avstrabi 616 7659 7250 74%  7.500 492 583 543 583 M f 44 1.54
Australasia «148 7689 7,250 7476 7500 319 377 350 3% B/ |44 .54
World ., 427,400 494500  504.600 470500  487.900 Ve 133 130 ) 1 100 100
*Provisionol or partly astimated. {Excl, USSR
. -~ - . .
Source: Eisen und Stahl, Statistisches Bundesamt, Dusseldorf

Metal Bulletin - June 10, 1977
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Since the Fifties there has been much technological development
in the eteel industry. The locational problem has been idely studied
for reduction in construction costs, operating costs and, apove all,
pollution control. Bigger units are favoured for savings in capital
cost and operating cost per tonne, The following tabulations are pre-
‘ sented to indicate the invesitment made, capital costs of selected
major steel works. The size of the blast furnace of Fukuyama grows
with every stage of eipansion.

Inner Vol, of B.F.

Cu,m,

Stage 1 2004

- Stage 2 2828
Stage 3 3016

Stage 4 4197

Stage 5 4400

The average investment pattern during 1971=75 in the four main steel
making countries will reflect the pattern of huge capital requirement of
the industry.

Capacity Mty. M.$ Investment
1. U.S.A. 150 1850
2. Japan 144 2880
3. W. Germany 63 174
4. France 34 860

The B3C's Ten-Year Development Strategy involves £ 3,000 m for
bullding a capacity of 33 to 35 mty. by the late Seventies and 3 to 38
mty. during the firet half of the Eighties,

Investment costs of selected major steelworks are shown below:

Table Ko. 9
f Country U.S.A, Japan France Japan Japan

Company Bethlchem Kobe Usinor NSC NKK

L
Works Burns Ibr. Kakogawa Dunkecrque Oita Fukuyama
Cap. Mtpa 4.0 6.0 8.0 8.0 16.0

. When Built 1964-75 1968-73 1960-74 1971-76 1963-73
Actual Cost $§1% bill, $1% bill, $1.1 bill., $2 bill. $2 bill.
P . . . . . .
055 %70 $34 bill. $34% bill. §5% bill.  $4 bill.  $8 bill.

[ SO S —
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The world production of steel by processes is shown below:
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The growth of the Third World steel industries is another struc-
tural effect and is an important factor to be reckoned when discussing

world steel production.

Western World Steel Production
in 1985, UNIDO Forecast!/ Table No. 11
19741985
1974 % 1985 % growth rate
Industrializeq m-tons m. tons
countries 462 93 613 83 2.6
Developing
countries 36 7 125 17 12.0
Total
Western World 498 100 738 100 3.6

Most of the Third World steel producers will be state-owned
and export-oriented., Governments of the industrialized countries will
try to assist the Third World development with a cut of the big steel
market 8. This will necessitate established exporters to restrict their
ghare of certain major markets so as to accept Third World producers'

participation.

World steel demand will grow at a much slower rate than before and
production will match demand, The production pattern will transform
with a shift from the industrialized countries to the developing world.

Already occuring is a diversification by the private sector into
other related industries and into more sophisticated products and tech-
nologies. For a more detailed analysis of a UNIDO study, reference
should be made to UNIDO/IOD 50 of 22 November 1976 entitled "Problems
and opportunities in the World's Iron and Steel industry",

1/ Summary extract from IISI 68th Annual Meeting
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[I. Briaf smalyais of 3by a@itvation of Jsveloping countrics in ragmrd
/

t0 {ron end atosl rioduction cnd concurpiion s

Tha siiuation of drwaloping countries can bs suumarized as followss

(s) Developing oountries have increased thei:~ share of world produotion of
raw ptooel (ingota) from 1.5 per cant in 1950 %o sbout 8 per ocent in 1973;
(v) In 1973, their share of world production was roughly 55 megatons, or
8 per cont, while thoir ghare of consumption wre roughly 80 rmepatons, or
12 per oont;

(o) Their per oapita production and consumption (as a vhole) ure axtremsly
low, about 20 and 30 kilogrems, respootively;

(4) Even the most daveloped of the daweloping countries show per capita
indioss much lowsr than developed countries, i.e. about 100 kilograms and
400~600 kilogrems respootivoly;

(s) Only a few (about 13) deweloping countries in Africs, Asia snd Latin
Amsrioan have ectablishad integratsd iron and etacl plants, however smallj
(£) Tho iron end eteel production of developing couniriss has growa at
about 10 par oent per ysar since 1950, with apparent congumption growing
at about 8 per cent por yeer;

(8) Duvaloping countrios still depond on imports for ghout cne~third of
their noedn for steel, about 25 megatons psr yvars

(h) Doveloping oountries are heavy exporters of raw miterials to developod
comntrien. They supply about 125 rmegatons per ysar, or 16 por cent of all
iron ore oonuumd in the iron and stoel industry (compare that with thair
ehare of 8 por cent of world stsel produstion). Since the ore they export
1o of a vory high grads, their ora output reprosonts about 20 per sont of the
iron covtained in the world ore outputs

(1) Meny doveloping countries are now engaged in mmjor efforts to plan,
estiblish or expand thier stesl industry, which io gmerally emsidered o
high priority meotor;

(5) The growth of ateel produstion and consumption, respectively, in develop~
ing countries in the period 1950 = 1972 has baen as follown: 20 per cent and
10.6 per ocont for the Niddle Eact; 11.9 per cent and 8.3 por cent for Latin
Amerioa; 9.7 per cent and 8.4 per cent for Asia (dsveloping countries only)s
9.8 por osnt and 6.0 per cent for Africa.

(x) The degree of eelf-sufficiency (percentege of demand covered by looal
production)stiained in the last few years is roughly estimated us follows:

13 por cant for Latin Americaj 56 por cent for Ania; 12 pyr osn’. ®or the
Niddle Eaats T par cent for Africa.

1/ Source - Problems and opportunities in the World's Iron and Steel
Industry - UNIDO/IOD/50 22 November 1976
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The attached global chart depicts the raw materials' resources
and movement (trade - current and potential) of the developing and
developed countries of the world, It provides the qualitative trends
rather than quantitative data; the latter are readily available in UN and
other international Statistical Year Books.
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Iron ore preparation, beneficiation and pelletizing

Iron ore preparation is almost synonymous with ore beneficiation
aiming at the treatment of the low grade ores and in some cases even
the rich iron ores, to upgrade their metallic contents and to lower
their impurity gangue contents that are detrimental for the iron pro-
duction. Drying of the iron ores and their washing and scrubbing are
simple beneficiation techniques designed to improve ore handling and
to lower the harmful gangue such as, alumina and eilica. Any such
preparation of the iron ore and its treatment outside the iron blast
furnace will reflect in lowered slag volumes, reduced flux and fuel
rates and improved iron productivity and the metal quality. Blending
of iron ores can be one simple mode of ore preparation. Gravity treat-
ments such as heavy media separation, jigging, hydro-cyclone operation,
Hymphrey's spiral, are all well known modes of iron ore beneficiation.
Some oxidized ores are amenable to froth flotation treatments. Highly
siliceous iron ore may have to be wet ground finc. followed by wet
magnetic separation and agglomeration, etc., such as sintering, pelleti-
zing and briquetting, In each came, the basic considerations are the
overall economic and quality of the treated ore. In some cases, suitable
combinations of different treatment cycles are applied such as in the
case of taconites, etc, In some cases, pyro-metallurgical treatments
may be applied such =8 magnetising reduction roasting for ferruginous
manganese ores. And so, the ore processing varies depending on the starting
raw materials, the techniques available to upgrade the metallic contents
and lower the impurity gangue; a line has to be drawn in between in
balancing the quality of the upgraded ore with metallic recovery (yield)
figures and the overall economics and operational costs. Still newer
processes are now emerging such as, cyclone-heavy-media process, stripa-
heavy-media treatment and so on. Likewise, agglomeration techniques
present a wide spectrum to choose from, covering pelletizing, sintering,
briquetting, etc. The sintering of iron ore fines today finds universal
applications., Pelletizing has also now become universal as a means to
achieve added value to the exports, increase iron productivity of the
blast furnace and provide a basic feed for sponge produdtion. The
reserves of iron ores in developing countries cover both high and low
grades. Some developed countries mainly import high grade iron ores
from the developing countries in view of the intrinsic economic value
of using high grade ores, The developing countries are producing mostly
high grade ores whilst the low grade ore is dumped at the mine sites,
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Additionally, large scale mechanized mining operations and sizing of the
ores have led to the generation of large quantities of iron ore fines,
The natural iron ore fines, such as "blue dugt" of extremely fine size
mostly below ~200 mesh also occur as sizeable pockets in many countries
including India; blue dust veins being almost pure F\e?O3 with very
little gangue (of the order of 1-27), offer attractive scope for pelle-
tizing in the run-of-mine conditions, The low grade fines are bene-
ficiated appropriately, mixed with the naturally high grade fines and
with blue dust wherever available, and used as the feed for pelletizing,
Complementarily, iron ore fines of ~3/8" to 64 mesh are used for sin-
tering; the former are beneficiated wherever and to the extent necessary,
Sintering and pelletizing are thus complementary processes whith provide
the feed for modern iron smelting in the high capacity blast “urnaces
of today (da.ily rated capacity of up to 12,000 tons per day of moiton
iron); the pelletizing additionally provides the desirable feed to
modern direct reduction plants for the production of sponge iron. The
earlier practice of using lumpy high grade iron ores for sponge pro-
duction in many cases being replaced by high grade oxide pellets for
gsome of the gaseous direct reduction processes, Other gaseous direct
reduction processes are based on fluidized bed reduction of ground iron
ore fines, preferably of high grade., Solid reductant based direct re~
duction proeesses use either high grade lumpy ores, pellets or in some
cases green pellets and concentrate obtained from low grade ore fines

such as titaniferous magnetites,

The physical size requirements of iron ores depending upon their
reducibility and hardness are for pellets = 9 to 16 mm, sinter = 5 to
50 mm, lumpy ore = 10-25 mm with —-10mm not exceeding 5%. Of the sized
lumpy ores, friable and sticky ores are not favoured - sticky ores are
wished and screened. Friable ores are crushed to sinter feed size and
used as coolant in LD oxygen steel converters provided the gangue
impurity contents are low, Sinter feed should have adequate shatter
strength (minimum 85% + 10 mm) and sufficient tumble strength (minimum
70% + 10 mm),

Naturally occurring iron ores contain iron bearing minerals,
gangue materials and other impurities. The value of a high grade
iron ore is determined not only by its high iron content but also
by its gangue and impurity contents; the latter will exercise

significant effects on the economics of iron- and steelmaking, The
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beneficiation methods and flowsheets depend mainly upon the physical,
chemical and mineralogical characteristics of the ore and are based on
the physical properties thereof such as specific gravity, magnetic,
electrostatic and flotation Characteristics, etc, The metallurgical
value of an 1ron ore does not merely depend upon 1ts iron content but
has to be rationully adjudged in the light of its gangue content, the
nature and characterigtics of ingredients composing the gangue and the
latter's physical mnde of distribution and structural association with
the iron minerals., The pangue's selective rregsence 1n Jdi1fferent ore
fract:ons will determine 1ts .iovrat.or size to which the ore will

need tn he crushed/pground nefore applying beneficiation treatmenty.

Some of the classic hi,.. gradc iron ores will fail to meet the metal -
lurgical characteristics in terms of their deleterious gangue present
and the latter's adverse effects during the iron smelting, In most iron
and steel producing countries of the world, these aspects have received
comprehensive study and practical action in terms of what is currently
termed preparation, sizing and treatment of the iron ores with a view
*o charge prepared burdens in the blast furnace to obtain maximum iron
productivity and low coke rates consistent with the quality of iron

ore charges for iron smelting in the blast furnace to provide the latter

with a "prepared burden'.

In the case of ore fines which cannot be charged directly into the
blast furitaces, sintering of the ore fines (=3/8" to 64 mesh) and
pelletizing of the finer fractions (natural ore fines including blue
dust ) have to be undertaken. Iron ore fines are also not acceptable
for many of the direct reduction processes and have, therefore, to be
agglomerated. The choice of agglomeration process will depend upon
the nature and size of the ure fines or concentrate. Sintering is
one of the most widely adopted processes at present because of its
economic and technological advantages. The sintering plant has to
be located close to the blast furnace as long distance transport of
the sinter is to be avoided due to the degradation and decrepitation
characteristics of the sinter although one plant in the Phillippines
has reportedly started exporting sinter to Jayan (Kawasaki) recently

without much degradation losses,

Pelletizing of the ore fines to produce high grade oxide pellets is
now universally accepted for iron and sponge production because of their
high iron content, uniform size, strength and optimum reducit:lity cha-

racteristics. The pellets can also withetand long distance rai® and

ocean transports,
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The international trade in iron ore both in natural lumpy ores

and fines and of pellets has been progressively rising in unison with
world's iron and steelmaking capacity. Though the pellet production
got off to a start in 1950, it now accounts for over 1/5th of the total
usage of iron ore, There has been a phenomenal rise in the output of
the pellets from about 70 million tons in 1908 to about 175 million
tons in 1974.

It is necessary to apply measures for a mutually advantageous
exchange of raw materials and fuels through equitable price rationale
80 that both developed and developing countries can achieve their steel
production targets. These subjects have come into limelight somewhat

more recently, Apart from cost and prioce parameters, the exchange of

raw materials and fuels (energy) has to be promoted on regional (bi-
lateral) and inter-regional (multi-lateral) basis through trade and

barter; <these parameters apply in relation to developing and developed
countries and the developing countries themselves,
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Pellcti zing

Table 15 shows the chemical analyses of pellets from selected
developing countriese.

Table 12

Region (Percentages)

ASIA Fe AJ.203 Ca0 MgO0

India 65-66 1.75
Philippines 62.5 1.76

AFRICA

Liberia 64.5
Norocco 65.5

LATIN ANZRICA

Brazil 66.3 0.6
68.1 l.4
Trace
Peru 65.00 1.00 0.01
67.00 Ca0+}g0 to
0.03

Source: Compiled from various journals and Metal Bulletin - Special
Issue 1969.

Some of the latest pelletizing plants have been built at the
ports from which pellet shipments are made for exports such as by
CVRD (Brazil), Hammerslecy (Australia) and Lamco (Liberia). Pelletizing
plants for using pellets at home arec built close to the mine sites or
near the steel plants for the local blast furnaces e.g. by Imjuiden
(Netherlands) and Kawasaki (Chiba, Japan).

The principal iron ore pelletizing processes for heat-hardening of
the pellets are based on:

(i) craie-kiln Proccss,

(ii) Travelling grate process,
(iii) Shaft furnacc process,
(iv) Circular grate process.

The shaft furnace process has not been nuch used since 1967/68
and is restricted to magnciites and somewhat small pellectizing planis.
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Tre rew techniquea rolute to the Gren~aold procens whore 601d-
tender pellets cre ircarated Yy the adiltion of cbout 10 cemont
olinrery, and the miroulur prate sronens which uges a circular oeton
for ncllet infupstions A latent inntallation ky Maazaan Hinoon K.K.
is t.scd on & grate ty)e pre<he«tod anmd a 1otairy kiln for gponmeo
procuction.

Protustion of pelleto involves grindins of 1ronbr¢m end dincing
agents, mivins and arcan ballinz mostly on dico pellotiver followod by
hardeniny, Dinfin~ ur-ents wro tontonite, hylzated limo or both; the
latter iv such cheper than ihe former.

I'ry srindine of ore fincs io praferrod when the fines are of hizh
grodo-blnz dust im handled in & Cry oircuit prior to rixiny to the
pellet feeds VWot srinding o done if tho {ines have hich Al50
contends Tiso polletizors or drum pellctizers are commonly usdd,
Hardening of the grocn plllats is baosed on:

Tryins at 300 - 200°%
Prcheating at 830 - 850°
Roanting at 1250°C - 1350°¢
Recuncrution and oooling

Heat Ibrlening

fhift Mrmtec opeorates on the princinle of countor-current
hot ruccs woutiny the pelletn dnzide the chaft firmicce Sho coximum
oapicity of the chaft furmioe rin~os from uy to 5C0,000 tpy for
marreties onlys FHematito concentratos, unless 4t 46 in a very emll
quartity in the pcllet foed, creates theroul imbalance inacide the
ehaft funeces  Trivelling ;riio comprisen a chain of pellots moving
on ¢40 eproovets,  Lui¢ hearth cxtend over the untire length of the
mohina ord is (iviced porm:lly into y1.a zonocs huote ruces from
tho rountin; gone ufiier clewnin~ are uscd in ti» dryiny and pro-
boating wonese “Riin procecs is muitatle for toth Muved wnd unfluved
pellote for Jifferent Yymec of iron ores. Use of boitom and side

layers 4o important to protect the grute burs und pellets from being
ovorheaztaod,

Crato "iln conciats of travellinz grate for drying and preheating
and rot.ry kiln for harderins, follcwed Yy o cooler for cocling the
pellcts, l.8te gisos from tho kiln are used for dryiny and prehoiting
the rellet foede Thio equinmont like the travelling grate, is floxible
and tuititlo for most vuw miteriale, 7The uce of teddinx layer 4o not
needcd duo to rolatively lover tempcratures in the travelling grute.

Circular rmmte 18 the latent developrent and incorporaten the

#dvuntagos of the other throe types of equipment. It io coxpaot,
sipple und leso comtly. %The operationzl and maintenunce costo are
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alpo lozo due 0 use of oold fongy et #nlens oteol ~ratos and
olinin.tion of rotnrm strund, ncirth loyer coreens ond n:llet whools,
The rroon pellots .ro fed by ro.ng of reolnrooitine oconverer und the
hest Firlened nolleto o ro dicohirrqed by ro.ng of ccoon unloidors The
depth of the tediin~ loyer 4c flevidle wnd oun be condwolled by suitible
adjustoont of the unlo-rfere "“ha m~1lcts .ro of unifora wuality cue to
offoctive water coile  Tho oircular grate has lower thermal requirg-
monts thih the othar ayuvtens.

tron-ut tho ¢old 4dndurution processes, the latest is the Suedioh
Granoold procese vhich cun uso wy to 10, of sortland cezent, voocalinie
and cl..y cemonts for Tindor purposesy these ure mixed in the pellet
feod bofore bullins, The ~racn bills are tutsomuently coated with iron
oonoontiu.te to prevont stiokint and olucterinz of the nelletag they
aro -llojod t0 hurden ond cure for neriodn un to a montke The L) :nt
furm..co ereltiny of 1lieno pelloto have nrocuced rood rerults. COther
0o0ld in‘urution proosueos include the cuirlonite bond procean, tho
oorresion tond prescous nnd autoclave btondine with turs and pitches.
In tho c.rbonate tont process, the faed concentrate io mixod with
T lizo prior to b.1lin - the ;roen nellets are pirtislly dried ~nd
hardened at 250 t0 JCGOF in a €05 atmonphere under preccure. In the
oorrocion tondins ncthod, iron chiss and eodium chlorice are added
to tho pollet fced hieh hirdens us a result of corrocion nroduoio.
Joonrot these cold incurtine procensea, the Cr.noold nrocess h.up
found the r.ximm scoeontince cus to luss c.nital costs end ability
to be derined ond £.bricated loocilly undor licence in the devoloning
countrico thczoolves cuch co in I'razil, Indis, otoe

In 1774 (30 yoirs ofter the firat refercnco to pollatizins wus
putlichod in tho UCA)y tho actual pollet prouotion rexched 172
million tonofyear. Im 1764, the pollot procuction after the firct
doozdae of its active dovelonnent roco to xzbout 45 nillion tons {.0.
about onc fourth of tho curront procustisn, The croutest ~routh in
polletiz.tion hus ocoured curinz the lust decide. Table 16 shows
the pellet procuotion in 1)74.

T:hlo 1)

(1974)_Proficifon of Pellets
Cro (tyoe) Procuotion Porcentace
Vamotite 101,410,C00 59
Homitite 26, 3¢0,C00 153
Magnetito and lemtite 18,670,C00 10.3
Mepatito und Limonite Ty 050,CCO 4.5
Linonito 5,000, 0CO 2.9
Ore aixture 12,850,.CCO 1.5

Total 172,030,000 100

During 1974, the following plants came on streams

(a) Pena Colorado (Moxd00)
1.5 million tono of pellota/year for sponge production
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(v) Tildon, "irquetts Pinvg, "ichi~an (UA)

4 million tons/your of pelleta (rrate kiln prooess)
for iron smelting in the Lluet furnroe

(e) Kirkenos (Morsay)

Addition of 1.2 willion tons/rear of pellets capooity Yy
the grate-kiln proocecs,

(d) la Perla ine (ifoxico)

0.6 million tons/yoir of pellets for tron blast furnice
(ciroular grate process).

(e) Bammornley (fustr:lia)

3.1 million tons/yeir of pellets (grate process) for blast
furnace iron production,

(f) Sumitomo Mct:ls Industries (Japan)

Pellet plonto for converting stoel plent residues wugtes
and sludmes for prorecuotion; the prerecuced pellets will
be charged into the blaot furnace,

(¢) Pukuyema, ionen Pehun (Jasan)

0.4 million tons/your pellets for prereduotion using steel
pliat wistes and reoidues to provide the blant furnios feed,

(h) rrivoi Rop (Uren)

4.5 oillion tons/year of pellets for iron shelting in the
tlast furncoe.

The curront 172 million tons pellet produotion comprises - 52° 4An

Borth Amorica, 24.6 in Furope and the bulance 23.4- in other parts of
the world, UITR today leads Turope in pelaot outmt of about 26 milldon

toy.
poll
oy
pell
and

UZSR wnich had a belated sturt relative to other countries, in
ot nrocuction, will orocs the 40 millio toy murk by 1975, 9C nillion
mark by 1290 and 161 adllien tpy ty 15901/, Cf the 2374% total
et produotion, 53.6" were m:fe on firin~ rraton, 31.2- in prite kiln
14.4 4in chaft furnacos,. Approximately 3.35 million tons of nellets

wore preroduoed in 1974 (31.4.. in ?fyomry retors, 43.7~ in shaft
kilns and 19.9/ in rotury kilns);

Y
Y
34

Popov Fe7s ot ol Hetallurgicheskays 4 Cornorudmaya Promyshlennost 1974,
Nove 5, pe 15-17

Xalla U., Steffen R. Stahl and Fisen, Hov, 7, 1974, Tol. 94, Yoo 23
Crecmialt R.3e Uining Enge Fobe 1974 Vol 26 pae 69=-70
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Yethatn of avihitin: mellet vresertica oro teine enlurod
contiricanly, such ao sivensth, recusitility, clmipion recistence
(now t:in~ develoned), tunbler test (4 mini-tuabler tost h.s been
dovelose 'Ll ey <rrogion teato nd drop otrenvtth pronertico 4ppeLy
to beo cuninive in eviiuating nollet pertorm.nce durins honcline,
trancfere i frausnocte  ithemaitio.l worellin: of “ellotiginge
prooees and of firin; or pollata is under investimition. [uoch rosearch
and cevelonment etffort is boing cirected towards mznotio oxidation
proceus for colf-sluxin:y und unilured Delloats.

Foononis anpects of pelleticing

C-pitul costs for pelletizing plants and operationil costs
for pellciizing vary videlys Juring recant yours these costs have
more th.n doutled ecomy.red to the micd-sixtics corremponding fiurce
cue to he.vy caeal ctione ond inf2 .tion. T.lle lo. 16 denicts the
gonerul iruad of current pellotizing costmdata,

Tahle 14
Cont of Polletizing {UC%)
Cost/ton
Serisl Yo, Coxt_:loments Unit__ C.te Conmumition pellet
b ¢ 1., Iroa ore fines CIY tounes 18 1.14 20.52
2+ Bontonite " 41 0.012 0.472
Total materiile 221.012
b 44 3¢ labour and super-
vision 0.2
4. Services
1) luturid gas Pad 040125 40 0.50
1) Power R €.C206 3» 0.72
113) Ctumwo 0.28
Totsl goivices - 1.%0
5S¢ Cperating supplies C.00
6e Ropair und L.intanance C.50
Tutal coné above miterial 2.%6
11z Cvorheads 1.2

Tntal coat of nroduotion axoluding

oapital depreciation and interests 24.722

It muot be pointod out thut eapital oosts of polletising plants
depenad upon the econnnies of soule(inversly)und the cont of pelleotizing
itcelf will depond upon suny faotors, externsl sund internal.

3/ Grobonkin Gede et ul, Netallurz, 1974, Nos 1C, pelC - 12
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Developments in developing and developed countries during 1976/77 in
the field of pelletizing have been charucterized by:
a) Increased production capac ity at new and existing plants;
b) Application of solid fuel in the pelletizing process;
¢) Increased applied research and development work concerning

the technological processes and final properties of the pellets.

Annexure "A"
furnishes the relevant details of world's iron ore reserves/resources
and the list of pelletizing plants including their technical details/

paraneters in the developing and developed countries.

Annexure "B"
Presents the relevant details of direct reduction processes and
sponge production in the developing and developed countries, including

the world's sponge production plants in operation, planned and projected.

Annexure "C"

deals with the world's coal reserves/resources inter alia for tae

iron and steel industry.
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THE IRON AND STEEL INDUBTRY [N _AFRICAN ANU ARAE COULTHIES

The ourrent per capits steel conpsumption in Afrioca is one of the
lowest in the world estimated at 8 kg oompared to 250 to 300 kg on an
sverage in dewelopsd cowntrias. The consumption of wieel in Africe
primarily relates to wteel rods (RCC), bare, light merchant mill
aqotions, wire rods, reils, plates and sheets. It 1s ourrently
projested to rise at an annual rats of growth of 9-10%. This meanse
tuat the toial eteel oonsumtion in Africa will axvsed 60 million tons
by the year 2000. Thies, howmseser, is considered %o bc s pessimistio
projeotion as will bs dapioted later in this paper. The growth rate
i3 relatively 104 for couniries at an early atage of dewvelopment but
it is more than adsquate for the establishment of iron and stoel
industry in each of the African countries and the sub-regiong,

Economias of soale eshould be taken into acoount; the production

faoilities whould, tserefors, be based on a sub-yegional basie with
phasing of projectsd steel industry’'s development. If this co—ordination
mterialises, the paoce of dsvalopment will rise and o will the stesl
oongunption vhish may &s a reaqult rise to 3 timos the abowe figure to

give a total of 180 million $ons by the year 2000. In oome African
soumtrien, there are abundant reserves of high grads iron ores, oil and
antural gas. Charcoal can be considsred for iron smelting in countries
which lack coal resources but possess good forests and forestry devolopment
programxe. The annual capacity of operational iron and stal plants in
African meuber sountries of Organisation of African Unity is now muwh less
than two million tons; this capacity is expeoted to rise 15 million tons of
steel by 1985, Compare this with the world picture arownd 1950, the total
annual steel produstion in developing countries was lews than three million
tons; mid-fifties one often hoard that the world®s steol indumiry’s capmoity
bhed roashed saturation levels and that the developing sountries eould,
therefore, import their entire etesl requiremsnts from the advanecsd steel
produwoing comtyies and further that the developing eowmtries should not
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enter into the highly capital intengive end the highly tachnological

fields of tho steel industry which was stated to be bsyond their means
financially and technically. Howswver, by 1970, the annual ateel pro-
daction oepasity of the developing countriss attained a figure of

77 miliion tons. The phonomenal inorease in world minual cruds stoel

capaoity from the World War II figure of 180 millioa tons and 200 nmilliom

tons in thke immediate post-iar ya.arw to ite present ouiput exoseding
700 million tons annual produsiion represenis the giguntio growth of
world iron and stoel induatry.

Internationel developmenis in the iron and steel industry have
‘veen charusterisod by 7igorow recowery in ths powt-War years in
various countries and regions in the world. In some sountries guch
as Japan, the growth rate of iron and atesel industry hag been so
dynanis as to leave woms of tie other advanced countries such as the
U.X. way behind in the race to produce steel and more wtcel., When a
basic requirement, i.e. the indigenous availability of abundant and
high grade raw materiale, for the satablishrent and for the growth of
the iron and ¢tueel industry is oconzidered and when it is realised that
Japan imports for ita iron end sioel industry practically all the raw
mterials wuch as :igh grede iron ore, coking coals, etc. ore is struck
with the almost unparmlleled growth of the Japaness steel indusiry during
the last deceds or two; its reportsd steel produstion during 1973 has been
about 120 million tonmes. In the UBSR, stes)l produoiion has more than
doubled iteslf during the last decads and has been reported to be about
130 million tomnes during 1973. In the USA the amunal oruds steel produo-
tion during 1973 ha3s been reported %o be 137.55 million tonnes.

What are the stesl produotion figures for Africa? Ixtremsly low,
and the following figures for the whole of Africa speak for theamelves:
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Steel Production in Africa
1000 tons
1964 1965 1956 1967 1§§ 1969 1970 1971 1972 1973

Afrioa 3,269 3,493 3,503 3,926 4,312 5,116 5,346 5,533 6,064 6,405

Exoluding South Africa and Rhodesia, the steel produstion figures
for Africe aye less than 1 million tons; 1973 and 1974 figures are
0.76 and 0,791 million tonm regpoctively,

Future Projeetions

The following Tnuble 6, gives a forecast mads a fow Yeuars back of

the annual produstion capacity of raw etesl for different rexions of
3hs world and their totals.

Raw steol annuml produstion capacity forecast

Table 15 (millions of motric tons)
Regions Forecasts
1975 1980
North Americs 163.2 186.0
South Amsrics 30.2 %0.0
Western Ewrope 186.7 190.0
Eastern Purope 210.8 260.0
Africe 15.6 30.0
Asie 165.0% 242.0%/
Mainland China 20,0 30.0
Oceania 9.5 12.0
World total 783.0 1,000,0

1/ Ineluding 150 million tme in Japan
2/ Inelwding 200 million tons in Japan
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FPosition of Africa Countries

The growth of Stsel Consumption and local produotion in Afrios
during 1950-1972 at & compound rate (per cant per annum) has been
estimated at 5.95 end 9,78 respectively. The percuntage of rogionsl
atzel congumpkion coweved by regional production ower 19501972 for '

Africa 18 dorived to giwvo a figurs of 3 for 1950, 5 for 1960 aad 1965,
8 for 1970 and 6 for 1972,

In terrs of populrtion, onl: five gountries namely Ethiopia, Zaire,
Osmbia, Ugnende end Toar:anin heve a population of morv than ten millifon
osahy only two Afvi:ar cow'triss have e ntedl conguwmytion level of more
¢tan 100,000 tons erd five Afrionn commtries mors than 50,000 tong pe year.

In Central Africa, only Zaire has a moderate steel conswmption to justify
& smll seale stesl plant besed on loczl raw materials. Gabon®s steel
omsumption ourrently is of the order of 80,000 tpy. PEthiopia with a
populetion of 26 million has & large merket for steal but hardly any
prodwmotion. Kenya is building wp hiw indvotries and gisel consumption

is growing. Zanbin with a population ef 4,5 million has its northemn
part gomnwhat indw:trialised where ocopper industry iw opsrating mnd

ite etenl comsumpt’ion iv rising.

In Wezt Afriern cowniriss, there jo n> stee) prrdustion exoapti

sml) plants in Ghine and Nigaria that are sorep bar.d with emall merchant
stesl rolling millsi, Stesl eonsurption ir }ligeiia has ourrently been of
the ordsr of 650,000 tcrs/year followed by Iviry Conwrt with a stes)
congumption exomeding 100,000 tpy. In Nigeria, plans are under implement—
stion for the gotablishment of an intagrated iron and asteei plant, using
the Direct redastion sponge iron - electric arc fumaoce route. It would

. produce 0.5 million tons/yesr of spangs for sxport and 0.5 million tons of
seuis for homs marint; raturel gao will be ueed for oponge making. This
project will reportedly have the oollaboretion of C. Itoh (Japan) for v
mrketing/finanoing end of Kor? (FRG) for taohnology.

An agreement has recently besn oigned Nyihe Government of Zaire and
FIRSIIER (Italy) for the latter?s collaboration in the management of ‘
the Soeiété Nationsle de Siderurgio at Maliku during the firet ten yoars
of operetion; this plant will have a capacity of 120,000 tona per year.
In Egypt, identical developmsnts are taking place at the pressnt tims.
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The sgyptian General Organisation for jietallurgrcal Industrios (EGOMI)
oas prepared a comprehsnsive and lang~range plan Yor e utifgagion of
ineral resouroes for iron and atgel wdugtyy in the Areb Republio of
Ggypt, ataing 10 met the inoveasing domand for the iron and stee) products
during the peried 1975 « 1985, The Helwan Steel coozlez, taw only integraied
ateel plars i the cownvry, is currantly expanding ive inittal oruds steel
tapaoity of asout 300,000 tpy to aboui 1,5 million tpy in swo phases (each
pLade bessl x1 an addition of 0.6 million tpy capacity); thise axparsim
i being surrivd ovt with Soviet technidal aseistunce and ig scheduvled to
be completed by 1/7/. Other units of the stesl induetry in ARE are
based on the melting of steel corap in slecirioc arc fuinacas and basio
open hearth furnaces (all cold charge); thess plants have captive merehant
stesl rolling milly and steel foundrisc. The total capaoity of the non=
integrated amall plants, vis. Delta Stoel, the Egyptian Copper Works and
the Faiional Metal Indusitries Co., i® of ‘ho ordor of about 300,000 tpy
of liquid avesl.

Hon-integrated small sisel plants in Egypt using oold charges
oonsiating of atsel mmp/pig iron, are equipped with basic open hearth
and electrio arc furnaces. At the Delta Steel, alloy and tool steels are
mainly prodused wbilst ths other plantas mainly producs plain sarbon nild
ateels for rolling into :10ds (Reo), bars, cto. These non-integreted small

stael plants compriee the folluwings
Table No. 16

Plant Tyre of furnaven Capacity Predust

. 2py_orwio steel
National 3teel, Opent hearth, 2435 tons 100,000 mild steel,
Cairo Ruo rods,
bars

Copper Yorag, Open hsarth, 2x30 tons 100,000 oMNe
Alexandria 1x50 tons

Eleotric 1x2% tons
Aro 1 5 tona
Fumaecce,

Delta Stesl, Elestr.o 125 tore alloy end
Cairo Aro 1x18 tons t00l steels
Faraacas 1z12 tonn and plain
Ix 3 tona oarvon stesls
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Ghess bns & ¥oall plant based on elstirio are furnaoce. Ivory Coast
has loygs reserwes of low grads iron ore onlys
In Lidoeriay the demand for iron and atesl bas risen aharply in reoent
yoars. In 1907, WIDO had sponwored a datailad study of tis iron and wtesl
industry wituation in Liberia; the latter has highly developed its
iron ore mining and pelletising industries.

Cruds stesl production in mome of tha Afro-Aradb countries iz ahown
below (x1000 tons/y)

Table No. 17
1970 1971 1972 1973 1974
Algeria 330 335 335 395 410
Tunisia 60 70 85 871 90
ARE 300 256 2 200 20
Total 69C 681 M7 742 110

(SOURCE: Stetische Pundesamt, Disseldorf)

Afro-Arvad countries with a population excesding 15 million, aret
AKE, Morooeo, Algeria and Swian; total orude stael omsumpticn in sll theee
coumtries has buen of the order of five mllion {onk owrrentily. Algeria
is an agrerian cowntry with good petrolews indus &y. Potential reserves
of iron ore are alvo high and it has fully integralcd stsol plantu in the
sountry (E1 Hajdar) - plans are afoot to raise Algerian steel prodution
t0 over tun millitn tone by 1380. Mauritania bas good rexerves of high
grade irom ore but no uteel induwmiry.

Table 18 Y Avorage Chemical Analysis of high grede lumpy iron ores/
ocneentrates/pellets of selooted Afriu.n countries

Lunpy _ore #
e 810? 1120 Cad P 3 ¥n
2 3
B rivie A
Algoria 52,56 26 0.6:1.5 1.8 0,03 = 0.2=1.6
QGabon 64u8 101 2.0 700 0015 - -
Lﬂﬂﬂl 6508 2.5 1'0 el 0.05 0.005 -
Kauritania 65.0 4.3 1.2 0.2 0.03 0.1 0.12
High grede gcuosntrate (ore fines y
Liberia fines 65.1 4.5 1.24 - 0.09 0,10 -
Libsrin fines conc mirate 64.4 5.3 0.51 > C,037 0.022 w
Nauritania Tings 62.7 7.2 1.5 a 0,018 0,002 -
Polluts - high greds % Mgo
. uhm 6405 432 2'0 101 0.06 0'«)3 0'%
¥oroaco 69.5__ 2.6 1.2 0.8_0.006 0,008 0.9

1/ World Mezimt fcr Iron Ores, UN New York, 1947 and iletal Bullatin 1969.
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It will now be relevant to fumish some dats conocerning the cepital
and produotion costs of steel on an average baais under overall African oon-
ditions. Steel projuction oowts through various procses routes applicable to
African conditions ani raw materials are furnished in the following Tubles
agseuming ressonable unit ocowts and norme; these will provide the geoneral
trends on the subjet.

Avorape Chepisal Avelymen of Raw Materisls (Per cent) Tablel9

% Pe 5iC, 41,0, Cs0 Mg0 8 F.C. Ash

Iron ore pellets 65 2.4 1.5 - - - - -

) Iron ore lumps 52 7.0 3.5 1. 0.4 - = -
Blast furnace

limsctone - 3.5 0.6 50.0 1.0 - - -~

Dolomi ke 1.4 1.8 1.0 3.0 19.0 - o -

Coke 1.0 4.0 2.9 0.3 0.2 1.0 8 10

Teble 20 - Unit Costs (latest price US$ per ton)

Iron ore pellets 65% Mo 28
Ircn ore lump 52% Pe 19
Iron ore fires 52% Pe 10
Vanganaae oye
(high grade) 65
Limvatone/dolomite 7
Fluorepar 120
Blast furnase eoln 100
Fat eoke 50
Fe Mn 450
Pe S1 400
. Fatural ges 10° KXol 1.0

Power kiWh 0.1
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Reserves of African Iron Ores }/_ Table 22

1 2
119 Proved reserves | Potential resorves Total 1 & 2
range million tons (wnproved) million t| million tons
i 30 ~ 67 6,800 24,500 1,30 |
: L ]

voedac of feon Oie8 in Sclocied African Counurigs - Tudble 23

- [ Comtry | Resnvas | Fej 810,7 | 41,0.% L Wt % sh ! others
| mili. tone] - 1
[ iawdtanta, 465 65.0 4=3 1.2 | 0.12 [0.03i0,00 -
0T 0060 149 60,0 ' 0,05 | 1.5 114.6 3a0
43.0 46 L2 {3 100 - | 2.2 ca0
52,2 | 8 59 | 0.2 |1.0410,03
[ gerie 1,519 43,056 3.8 - 2.0 '« 10,5 {3.4 CaO ¢ :oo
! -5 49 43 | - 108 |- |oaNgos o
j ™
' nisa 5 0 54,0 4.0 0.8 |21 10.03! |o.5ca0
56.0 | 4.0 37 |20 }010] {0.3ca0
i by 5525 | 49.0 | 10.9 49 | - 1094 - -
| 505 1 705 | 46 | - 103 1
; L osLas| 615 |49 | - o2l -
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Tably 24

iron Ore Produc:ion and Fe Contents of dcon Orega of African souniries

Country Grade| Production Fe Content
Fe 1965 1970 1973 1985 1970 | 1973

g e - . .1 ey

¥auritania 65 9 964 9,108 9,400 3,875 5¢923 | 6,016
Sierra Leone | 40 2,148 2,292 2,400 1,206 1,31 1,440

ARE 50 508 454 325 254 227 163
Algeria 54 3s144 | 2,88 | 2,600 1,637 1,546 | 1,404
Angola 62 815 | 6,048 | 5,000 509 3,752 { 3,100 '
Caiinea : ‘ 155 - - 378 = "
i Liberia I 68 16,152 | 23,601 {21,500 {10,935 15,388 [14,520
| Korosco 36 951 812 300 567 522 207
|

z Sudan 50 3% 20 20 18 10 10
| Swasiland 61 1,070 | 2,31 | 2,900 642 1,409 | 1,769
E Tunieia s¢ | 1,117 144 55 609 a2 4
i
|

TOPAL l 32,660 }48,3718 | 45,598 | 20,760 30,636 29,156

Source: Stahl und Eisen, Mo, 10, May 1974

Raseryes of Coai in Afﬂurl/
There sre no deposits of coking coal in Afriema sountries reprovented
on OAU, ks reeroucss of anthresite through sub-bituminous soal in thees

somtries ars of the oxder of 7,000 million net tons inoluding 1,500 million
nst tone in Swasiland.

Table 25
Reswrvew of non -soking soml in Africe, in miliion tous
i Comtry Non-t4 tuainous Acthrasite Lignite
Swasiland 59022 '
Algeria 20
Rigeria 350
Zaire 13 .
Horoeso 68 28
Hozambique 700
Nniazia 20
Zasbie 115
‘ Jource: Statiitical Yearbook, United Nations 1973
‘ /' Burrey of Enivgy fogources - World Pover Congruss 1968
S -
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Table 26 .

0il and gas yesources of Amml = 1973

Country 011 Gas
million oum billion cu m

Algeria 74550400 2,960.00

Angola
(incl. Cabinda) 192,00 28,40

Congo (Bras.) 800,00
Dehomey 832.00 21}3.00
ARE 100,00
Gabon 176.00 198,00
Lidbya 4,864,00 781 .00
Morosco 160,00 40,00
Nigeris 2,400,00 1,136.00
Tunisia 160,00 28.40
Zatre 80,00

TOTAL 17, 34 00 5¢ 340

As on 1 January 1974, Africa’s {Algeria, Angola, Congo, ARE, Gabon,
Libys, Morocso, Nigeria, Tunisia and Zaire) orude oil and natural o)
reserves have bean estimmted at 10,701.34 million ou m and 9+ 315.59 billion
i o, respeotively.

Table 27 ~

E¢timates of natural sae glaved in gome African comtries Y. billion w’
' 158 1975 onintug
Gountry rocwssd | Juantity rt. F;ﬁmﬁ i é‘aantitv vort o

fiarean flsred¢
Alperia 3.97 2,10 53 % 11.33 | 2.27 20 7,

Libya 8.61 8.61 100 % 17.85 |12.24 70 %
ARE 0.31 0.2% 84 % 2.83 | 1.42 50 %

1/ 011 Statistios « Government of India, Jan - March 1973; Petrolewn
Informtion Service, Wew Delhi

2/ Development and utilisation of natural a9 resourses and their viteal
role in sooslerating eoonomie development by Abdel Inyem A. Fl-Sani,
Planning end Development Adviser, Xusmit
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Loorzegatiore for Acticn for the development of the irgn_and

In mab.ng rocomrandetiore for the develupren® of the aron and stee!
rttey 1n Afryaan Countiter one ie of cowr rey, conelions 0f the furt that
#2ck re~mmmercntiorns earnot be regarded as al) ambracIng 10 aheo uoe Lerms.
Tre eavecvour ue to focve attentron on some of the protlens an” f,clors
th't a»e of critica) vilue for the deveiopra.i ¢f the froa and vteel 1rdustry
and seel ic find progmatie waye to tackle thewm. UNIND wiil end: awvenr in
ansint the African countrisr in promoting the greuth of their 1ron and rteei
indurtry albait within iir technical assist..nce programre 2and the means at
its dieporal which are not unlimited,

However, 3t 1t to be strerced that UJIDO ean reek te prowote and catalyse
the implementztion of these recommendations only at the request aof the
Governpent(s) concerned through apprspriate technical aseistance programne.

a) The sstablishment and growtk of the steal induetry are based on a
complex metwork of project activities: esome of the latter must preceds
the actual establishment of the steel industry, others have to be undertaken
concurrently with the installation of the industrial plant and aome perforoe
fellow the ocommissioning and operation of the steol plant it3elf,

Thus techno--eoonomic fearibility studies must precece the establish-
ment of the steel industry; these studies comprise a vast spec.rum covering
inter alia the evaluwation of raw materia - «nd anergy resouroer, technologi-
cal procees routes and choice of appropriate tecnnoiozv. plant ;ayout and
services, market demands and choice of product-mix, capital and nroductien
costs and finanoing of the industry, technical trained ranpower ansd aefficient
business menagement, steel plant maintenance and infrastructure, etc. All
such studies must be undertaken in advance of the establishment of the iren
and steel industry suoh as at a green field site.

The steel planfs installation requires another set of oco-ordinated
activities ooncerning inter alia oivil works and foundations, structural

work and foundations, structural work and asserbly, provision of utilities
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an: gerviges, oo Foanadng of vhe o8 et varte e oparaticns. triass.

Tre ctesl iadict y's prr tic Ll on~ruticr: themmeives savl for
another ro of wel! rlaumed and co Gofan oA aetivihyen covarlirg the
actv 1 prodvetaog of srco and rooe' and Jhe profeci-m; 1 bar.:d (n maximm
capac Ity wbijituation sl Lélicrennr te optiran profuciien  nongr and
operatioral ¢ i,

In a1 *“aye “i¢' -~ comnrehenrive plaumiug and planned action are
ernential 1o wountasn e chain of inter related activities in oider to get
co-omdinnted remulin. The African countrien, like any other occuntry,
daveloped or developing, have 10 pian for the stael industry and its
egrowth %o optimum tsrgets and endeavouvr to )ipk the steel 1ndusiry tec
overall econnmic dovelormert of the eouniry; the objectiver boing to
make the fuileot pescible uce of the naitural resources . 4 talonts.

b) In preparing the economic development plang, including ihose for
the iron and steel industiry, the nead wili! inevitably arise to formulate

the overall Birategy for the growth of ilhe iron and steel induatry, and
prepare a laster/National Pian for the iron and e%nel industry v the
individual countrtes 2nd regionally co-ordinate these Master plans as
pragmatically as poasible,

This then is a basic regommendation to the African world in which
UNIDO oan play an expanding and increasingly useful role.

o) In the vake of long term planning and preparation of Master
Plans of the steel industry, the need to develop technical consultancy

gerviges and ectablish a bage for indigenous technical designs and project

engineering services, will be felt for the iron and steel indusztry and

this will, of oourse, be & long term strategy to be recommendel to the

Afriocean world and UNIDO will be ready to catalyse and promote its formulation.
The technical consultangy organisation for the irom and steel industry

will inter alis provide the following ser-ioes to the latter:
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a) Pre-feesivility aad Feas biliiy sacveys wid rep.cisy
o) Techuw eccrounic project avaluation;
o) Jutarled projuct seports and engineering;
d) FPlant ax squiniens npecifications;
e) Decurlid layout, utilitias and services;
f) liaterials balance and cosi znaiygses;
%) Capital costs and invesimert puieutials;
h) PFroduction cost anclyses and profitavilitys
1) Farket ;tudisy and Iumand projectivnsy
1) HMode of finencing und methudology of project iup.emvatationg
k) Civil works and foundation analysess
1) [Installaiion of plant and services;
a) Commigsioning and plant running;
n) Overall plant operations and unit produotion includi g
ancillary services;
o) Training services and expatriate expert secrvices.

The Technical Consultancy Services will piovide comprehensive
services in the above fields for the iron and steel industry from a green
field site to full operations of the steel plant, covering tha entire
gambit of technical self-sufficiency-

4) The strategy for steel development would also entail the evaluation
of schemes to maxisum the sccio-economio benefits of the steel industry;
in other words gooial cost analyeis is recommended to be studied in order
to oonvinoe the steel industry’s critics who continue to maintainm that
the stesl induatry is too highly oapital intensive and unecoaomic for
developing countries to project and further that the developing countries

oan buy all the steel in the world amarkets; but at what cost and at

Mhane qost — these questions are mostly ignored. It is therefore recommendedt
1) That the ecomomic appraisal of the steel industry in the African

countries (and developing countries) should not be undertaken in isolation

or on absolute terms but on a national basis; the steel industry providing

the bagic rev mterials (steel seotions, profiles, rods, bars, plates,
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Baue 07, 47,
s s L2

L kuials €0 wAze o few) Tor the iignt, mediuw and heuvy
6032 ucaring 1odusiries (e nsport - rasi, roud and 3hif,ing, oonud uer
preanct . wriagey wnd L odings, toels and wacnines) ard 30 on, Aparct
fium prov diag a matu cinew for indusirial devz.o..ent. e ecunoale
S1owtn G Lud Cuwll.f T oarefcted through tho t:ar>ricy of techaical
WSy Leukaiclos s wd ek illed workers and of busiaess wanz gers .
frue, whe cw.aiiin:lve neagure uf such beuafits coa be uny qualitatively
measured cud issciied neverthelsss., There now exio’s appropriate vetcunodology
to undertioke social coct znalysis and venefits of tne steel industry and
project them qusatitatively to disoernung pianners and iavestors,

®) I3 13 also reoommended that svudies on the seotoral stesl demand
Oon a nat:onal and regional market basis should be sponsored for African
countries {OAU), These studies will provide to the planners with the
category—wic * steel demand, based on the steel consucer industries. The
value of these studies on national and regional basis is important to the
African steel industry as a whole; more so, in view of the diversity of
ateel product-mix and the category-wise demand of steel in indavidual
oountries. The iron and steel in individual countries may be inhibited
by the limited domestic markets and therefore, the poseibilities of
developing sub-regional markets and oco~operation should be pragmatically
studied in order o comteract the effects of the national market comstraints,

f) It is also recomended that oo-operation amongst African countries
(OAU) should be examined and promoted in the following epecific areass

1) - Interghange and supply of rev materisls
African ocountries (0AU) should take steps to promote the

inter—change of rav saterials (high grade iron oree/pellets), direotly
reduced sponge irom, etc. on a matually advantageous basis. For example,
high grede pellets from Morooco (RIF Mines in North Morcoso) oculd be
«axported to Alexaniria in ARE; the latter could from its projected DR sponge
plant, export highly metallised sponge t0 Morooco for its new steel plant's
oleotrio arc furnaces. Idemtical bi~and maltilateral exchange of raw
mterials, sponge and steel is sirongly advoocated amongst African countries
of OAU,
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Al . .
o= Imesournind of rrlallergicl knotyoacd, ool tins and

Arialiancy nsegvicas - morgst Afcic o Cuwrtries

| b - D Ml W Mok Moo A\ A e Pt— e . o

A develou:y cvuatry wathin or cuveads A rica wallh wed acliined fiph
standard setnliwgical avidrtiae, wochnicyt rwdny wd cucoetagy

gorv ¢ coula angisl tobuar deva'uplug towavry licr 1 such snecyarisation,

Thia type of rnrt.cc.iwtge Cid L3 pronwsd o sk puve o0 or ey eate
action,
111) - Lufeicroeige 00 sueel piant i quiplect maiuct.red
10d18ensusly

— —— ™

A developing vouniry witinia Arrics or vaisrde which Bae .ot up sacin.cal
design and marmufactu: g facilities for ihe favrisat.on of 1.0 Ld surel
plant equipment :nd machiasery can vuppiy shea (o unother duveleping cLuntry
lacking correspunding 4esign and mwmurastur.ng capibilitios;  such excihinges
can be promoted through bi- und sultilatecal trade in ruw waieriais, ‘usis,

finizhed steel productc or semis, on amutually beneficial terus.

1v) — Interchange of irained naapower nwd beciness winucemsnt

Sotws daveloping countries have rohiaved high standard busiress
managem.1t and executives and have tralined personnal (operationil umd
administrative) for the iron and steel industry, They can ussist oiher
African developing countrise in training of plait manigers and exscutives,
stesl plant operators, skilled workers, teohn!<ians and truuble shouters at
various levels. Foremen, superintendents, supervisora, etc. are veing
trained in gome developing countries. Additionally, ths provasion of guch
short or long term expatriate staff and irained persownel cun be mu:ually
arranged amongst the developiung countries through matually acceptable terws.

v) - Interchange of oapital investment, equity parinership and
sharing of financial resources amongst African countries

Developing ocountries relatively well endowed with capital resources
inoluding foreign exchangs while lacking raw materials could assist others
in Africa through joint capital investmant, equity participations and
formalation of joint Consortiaj; long term loans and bilateral fimanoial
aid may also be arranged,
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vi) - Interchance of irade and_couplementarit: of production

Developin:; countrier in Africn can emiablich mitually benefiocial
interch .uge of trade in finichod atoe! end-productr and semis (billets,
bloor: and even sies! inpots, cte. ) and mar-et arrangemonts, so that
compiementarity cf thelr efforts may lead to mutun!l [5288 .

On the beris of the above guidslines 1t is recommanied that epensfic
project studier sheuld he sronsored for technical co-operution and
assistance anmongst developing countries themselves. Plans for b1lateral
and mmltilatera) jron and oteel industry development bosed on technical
oo-operation and assistance arongst Afriocan couniries themselves should
be promoted,

g) Production of sponge iron using high grade iron ores/pellets
and natural gas

8everal African countries such as Nigeria, Algeria, Gabon amongst
others have good resources of natural €28 and have also fairly good
reserves of iron ores, It is strongly recomnended that industrial scale
production of highly metallized sponge should be taken up in Afriocan
countries based on proved gasecun DR processes (HYL, Midrex, eto.). It
is neoessary to pelletize the iron ore finees with or without prior
benefioiation as appropriate and cet up pelietising plants; the high
grade pellets will provide ths feed to the DR sponge plante and also an
added value rroduct for export, It is recommended that a Master Plan
should be prepared for the African oountries for the establigclment of
sponge iron plants in African countries based on the use of high grade
Afriocan iron ore fines pellets and matural gas resources. The highly
metallisad sponge oould be exported with advantage outside Africa as
also mutually traded amongst the Afriocsn countries themselves on barter
or cash basis, UNIDO can assist in the preparation of the Regional Sponge
Master Plan for Africa,

h) Production of alloy, t00l, speoial and stainless
steole in African countries

The ratio of alloy, tool, special and stainless steel output to that
of mild and plain carbon steels i{s normally between 5 - 154, In African
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countriec (OAU) ther: is practicaiiy mo production of alley, tool,
special aud stainuiess steels except an the ARE 1n a smail way. It is
bigialy smportant t0 pian the pruduction of alloy steuls on a national
am regional co-ordindteo buais. Fationil and regional Master Plyrs
should be prepured for tle production of alloy, tuol, special and stainless
stesls in the African oovntries (0AU); UNILO can prosote the preparation
of such laeter Plan on request by the countries concerned under their
reapective Counvry Programmes for UM technical assistance.

1) The production of ferro-alloys and steel plant
Refraotories in Afriocan oountrieg

Thece is very little production of ferro-alloys and steel plant
refractories in African countriss (OAU). It is etrongly recomgepded
that techno-economio feasibility studies should be undertaken with
UNIDO aseistanmce foir the production of ferro-aslloye and steel plant
refractories in Afrioan countries (OAU); these projects are of direct
and indirect value to the iron and cteel industry irrespective of the
latter's ectablichment on a natiomal or regional basis, The production
of ferro-alloys should oover ferro-manganese (different grades), ferro-
silioon, ferro-chrome (different grades of high and low carbon ferro-
chrowe), ferro-vanadium, eto; the steel plant refractories should
inolude eacid, basic and neutral refractories, e.g. high silioa bdrioks,
magnetite and dolomitio refractories, ohrora -sagnesite and carbon blooks, eto.
A beginning has to be made in these fields.

J) Irun and steel industry documentation and statistical

data for African oountries

The importance of documentation, dissemination and cataloguing
of technical information and data pertaining to iron and steel imdustry

and technology 1s obvious; however, statistical data concerning iren )
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ard sieei inlustiry 1o African countiries are not readily and fully
Bvaiiable. A gool oluii his besit tde by Assd Tiooa and Shes’ Chica and
IDCAS (Industrial Duvelopauesi Ceaire of Arab Statea). A ocen:ralized

technical data bauk ror the Africas countries {OAU) will be most useful
to the latcer,

e e

It 18 nevur too early or late to study the standaidisaiion of
maltiple grades of plainocarbon and mildg steels 23 aleo of alioy, tool,
special and stainless steels. Unifiad auxd wutually accupied standards
(standard specifications) wili greatly facilitute wmutual oo-operation
and trude amongst African cnuntries (0AU). The current pracilos is to
apply standards and relevant specafications as formulated in developed
oountries (ASTH, BSS, etc.) in African countries. Whilst this may
appear inevitable, sconer or laver, African slardaids have ¢ be prepared,
accepted and applied in practice. It is strongly recommendes that action
in these fields should be initiated and UNIDO can assist in undertaking
such work on request of the countriess conscerned.

1) Manpower and treining of steel industry persoarel for
African ocountries

The training of personnel, skilled workers and tecinicians, foremun
at operational levels and of businesc maragement exscutives and managers,
1t is strongly recommervigd, should recaive coucerted attenticn of African
countries (OAU). Thuis subject 1m of short term and long range imporiance.
Very little appears to have been done in these fields except pessibly
on an ad-hoc manner in a few African countries. A review is aiso
Iecommended of the educctional and wocationsl training facilities in
Afrioan countries (OAU) with a view to identify the capacity, futurs
potential and types of technical educationa) facilities available in
African countriss, The meed to Go 50 is urgent.

It is emphasised that in the above technological iviainirg and
industrial fields relating o the iron and steel industry, tle procees
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of study, survey nod exanination is self gensratiuig wiving rive to (resh
issues, connected with the continuc..s gruwth and cxpan. on f the iren
and steel industry. An open m.nd w1l neud to be kept on new 13sues and
dimensions in order to rationally stuly the 11a.vidual factors ang
needs of developing African countriec ~nd cu. wdiraie thew on o regioniat
Platform, The importance and value of Buch vutione! and 1ogional stucies

and surveys of basic i1psues and plans camnot, *therefore, he ovar-grphasized -

In oonclusion, it {g stressed that dogmailc upproaches should be '
avoided in the establishment of the 1ron and steel induxtry in deveioping
countries. Whilet the applioaticns of the latest technological innovations,
astomation and oomputerised onarations in developing ccuntiries are rightful
ambitions and objectives, nonetheless the applications of fully appropriate
technology should be enoouraged depending upon the conditions and environment.
in each cese and country., To illustrate this subject, 1t 18 recomended
that the wee of oal for iron 8meiting in relavive:y small blagt furnaces
(1ess than 200 tpd capacity) should be fuily supported in developing countries
vhich have a good forest wealth and forestation programwe. In a fast
developing country like Brasil, for instance, socme three million tons of
pig irom ie smelted in swall blast furmaces using charcoai as the reductant
and for heat input. In western Australia, a Wundowie, an iron smeiting
blast furnace complex using charcoal is in profitable operations for the

last two decades. In another fast developing sountry, Dudra, in the Mysore
Iron and Steel Works at Bhedravati, charcosl b.ast furnace operations have
“sdvantageously been carried out for years, In Malaysia, at theplant of
Palarawats steel, ironm smelting has been sutocesefully in operation for the
last several years using gharocoal made from rubber wood.

In oonoluding, thurefore, it is recommended that African ocountries,
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baving good forest wealth and forestation programme, should fully study the
possibilities of using charvcal for irom smelting in small blast furnaces.
Thess are pertinent fields of appropriate teohnology for applications in
deweloping comtries. One cannot olaim the last words to have been said on
these subjects; nevertheless, the subject is pregnant with interesting
possibilities whioh the daweloping countries should examine on their owmn

mrits and the United Nations Industrial Development Organisation is at

their dicvosal to assist them in doing sc. Some of the arvas in which
ooordinated action will be required by the Afriocan oountries are the following:

1)
14)
141)
iv)

v)

vi)

Raw materials development

Eoonomie evaluation and strategy for developmant
Infrestrusture and msapower

Fariet studies and projections inocluding statistioal
data (homs and export markets)

Techno-esonomie feasibility studies inoluding

oite sslaction studies

Detailed projeet reports covering Project engineering

In planning, projection and installation, and operation of the steel

industry not only massive capital investments are required but also equally

massive efforts for the achievement of technological self-sufficiency pro-
moted albeit hy external technical assistance.
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The above data on the raw materials have been furnished to nighlignt
tne resources of selected African countries which can be utilized by them

for tae development of their iron and steel industr,.

Future lrojections and Estimates of Steel lroduction in African

Countries
daving furnisned the basic data concerning raw materials and natural
regources, let us attempt to project the future steel capacities of some of

tne African countries as realistically as possible;

Tne Recommended Frojections for Future Steel Jevelopnents far

African and Arab Countries

Tne attacned comprenensive tabulations are self explanatory. They
provide tne projections for ingot steel production in African and aost
Arab countries for the years 1980, 1985 and 2000. The ingot steel
production figures for tne years 197} and onward are also furnished along
with per capita production and conswaption figures for these two years.
The raw materials resources covering iron ore, coal, oil and gas are
also tabulated. Tae population figures for tine African and wost Arab
countries in 1972/73 and their growth over tne years 1985 and 2000
bdave been projected. Tne general perspective and Jrospects for the
iron and steel industry Lty the year 2000 have been furnished in the
appropriate columns. These data have been projected as realistically
as possible. .owever, these recommended projections are not strictly
speaking forecasts but hopefully what could possibly be achieved
through maximum coardinated efforts of the developing countries and
developed countries catalyzed by the promotion roles of the United
Nations agencies including United Nations Industrial Development
Organization,
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1
v Foreign exchange savingﬁ/resulting from the establishment of

domestic steel capacity in developing countries

The installation of iron and steel-making capacities by developing
countries will yield some foreign exchange savings as locally produced
iron and steel products are substituted for imports of similar goods.
However, the savings are not automatic, particularly during the initial
start-up and "learning" period, nor are they "one for one" in that the
value of an item formerly imported is a measure of the foreign exchange
saved. The amount of capital costs to be borne in foreign currency terms
is an important variable that must be taken into consideration in any
foreign exchange saving equation, These costs are a functicn of the degree
of industrialization in the developing country in question. Thus, initially
the foreign exchange component of the total expenditures will be very high,
as most machinery and other items have to be imported. Once industrialization
is well under way, however, the proportion of equipment that can be produced
locally will rise.

In computing foreign exchange benefits, it is not unrealistic to
assume that most developing countries which have developed, or are planning
to develop, a steel industry possess iron ore and pay the greater part of
their wage bills in domestic currency, consequently, these costs are not
considered nere. As far as other materials are concerned, however, almost
any combination is possible, ranging from almost total self-sufficiency in,
to heavy dependence on imports of such inputs as coke, coal, o0il, limestone,
gas, and hydro-electric power.

Table 31 sets out the foreign exchange benefits accruing from steel
production in a blast furnace/basic oxygen system plant as computed for
four "typical" cases, although a wider range of possibilities does exist.

As can be seen, savings range from $161 to $196 per ton, depending on the
various assumptions used. Tne foreign exchange benefits are likely to

be much the same with the direct reduct ion/electric furnace technology.

1/ Computed by UNCTAD, mid-1977




- 54 -

*uoy xod 1918 Jo sButavs adueyoxs ufyexoy

39U 9q3 SPISTL [92g JO (2238 peslodwr 3O UOY ¥ JO 3200 POUMSS® oY3 WOIJ PeIOVIIQNS SXNBTF aTYL - [9938
Jo uojz v Buronpoxd jo £3800 afuvyoxa WPtexoy 0013 9Yy3 apraoxd $¢g Buryrenbs Q11§ JO s3800 Purjzeredo

ay3 Jo jued Jad of snyd 02°Ll9S§ Furyremds 968 Jo $3800 Te3vded ay3 jo jued xad oL ‘v 9820 ur ‘oydwexs 04
*Aouaxrno udrsxoy utr pred aq 03 s¥Y 3®Y3 uwoy Auw Jo Buroueuly ayz Jo uorzxodoxd eyj ug pPo30aTIax ST
juemdtnba pejzodwy JOo 3800 9Y3 WY} POWNSE® BT 3T ‘SUOTIBTNOTEO aseyy Jo sesodand ayy o4 -uorzerosxdep
PU® 383123uT Y30q BurioeTyex ‘pesn useq ey juad xaod (1 Jo aSreyo Tejrdes v *831paxo puv sessoy dwios
I0F 8oUBAOTTE® U® IPNIOUT S3INFTF oYL *1923 Jo uoy xad 3800 TeUTF ® X0} 1(968 23800 Te3ydwo §nyd O11$
§3800 m:..nunuonov 9028 23800 uotionpoxd (6(9¢ ©3500 TeiTdeOo :yerd wWajahs usSAxo oTseq/a0vUINg 38%°1q
PojeIFajur I9of Iod suUO} uorTTIM A1y © Jurjexado Jo s3yjeusq puw 83800 aYyj Jo sajwwTysa FUTAOTTOF ay3
WOXJ PIATIIP aI® sMMPTJ esayyl “Inoyfnoryy pemmsee LousTorJJe Furrexedo pu® Furnios L3toedeo ummIXER

‘89IVNITI89 JUTIVIBI0I8 (VIONQ :90aNog

961 192 S9 19¢ 0
LLt 192 ve 61 oL
08t 92 19 og oS
91 192 001 0t ol

(uo3 Ied sxerrOP) (w03 xed sxeTTOP) (uo3 xed sxerTOD) Furyexedy T®37d%)

FuTaws Funpoxe FaTave uwipxe 19938 Wujonpoid 4y ~ sdUv{oxe WITexo] uy

uWioxoy e u@texosy ssoxn 3800 aSueyoxs uPyexog suzoq 3202 jo aPejuesIag

© S S e Sue W) WD - G e —tv————— - . s




VI.

_55_

Some examples of experience in the field of co-operation anongst

developing countries and between developing and developed countries

The examples of co-operation given here correspond to actual co-
operation, through participation and assistance as dist inguished from
business arrangements for the sale of equipment or services. They have
been drawn from recent editions of tecnanical journals and from the
press and should not be regarded as exhaugtive or fully up-to-date.
Furthermore, since such co-operative efforts are subject to changes and
modifications depending on the industrial policies of the countries and
decisions of the Governments involved, the examples are meant merely to
be indicative of the type of co-operation now being implemented or

discussed.

The CVRD - u.a. Vale do Rio Doce (Brazilian state-owned iron-ore
company) has entered into agreement with a number of foreign organizations
for the establishment of pelletizing plants in addition to the two already
operated by CVRD. One 3-million-ton pelletizing plant has been established
Jointly with FINSIDER (Italy). Two pelletizing plants, with a total
capacity of six million tons per year, will be established together with
Japanese interests. One 3-million-ton pelletizing plant will be established
in collaboration with Instituto Nacional de Industria (Spain). CVRD holds
51 per cent of the capital in all these ventures and will operate all
Plants. The pellets produced will be exported mainly to the countries
concerned,

A large integrated iron and steel plant, producing 3 million tons
per year in the first phase and 6 million tons per year in the second
phase, is being constructed at Tubarao. It is a Joint venture of CVRD
(51 per cent of the capital) and Kawasaki Steel (Japan) and FINSIDER
(Italy), each with 24.5 per cent participation. The firc: phase will
involve an investment of some $US700 million, and the semis produced

will be exported mainly to Japan and Italy.

Guaia S.A. Faran, will spend $J0 million increasing steel production by

143,000 t/yr. Aconorte S.A. rernambuco, will spend $30 million increasing
steel production by 40,000 t/yr. Dufer S.A. Indusiria e Comercio de Ferro
e Aco, S.Faulo, will up its capacity by 90,000 tons/yr. Simecs S.A. Santa

Catarina will spend $4 million on increasing steel production.




Siderurgica parra mansa will spend 3120 million expanding steel production.

Irdustria setalurysica Tessa Sennora de Aparecida S.4. Sorocaba, S. taulo,
w1ll spend JoC million expandin;: production nf steel alloys, cast 1iron

and rolled products. Contab Irdustrial S.a. 8. Caetano, S. Faulo, will
sptend §lo millien expanuing 1ts production of castings. iken netalurgica,
5. taulo, will expand 1ts stuinless steel production capacity. Swnitomo
deavy I[ndustries will supply two continuous pickling lines to CSK.
Compartila taralbuna de .detals will build a 351 willion plint in Juiz de
Fora witn a production capacity of 31.000 tons of electrolytic zinc a year.
Hippon Steel Corp. will nelp Siderurrica mendes Jnr. S.A. craw up a master
plan for building a steel mill with an annual capacity of 4.8 million tons.

It will be located 220 kin west of Rio de Janeiro.
Caile

llans are under way for building the country’s first iron ore pelletizing
plart witn a capacity of 4 million tons per year at (Guasolda in the Huasco
Valley. A new port will be constructed at Guacolda capable of nandling
snips of up to 250,000 tons and witn a loading capacity of 8,000 tons per
aour, using Tres of tne Algarrobo and Boqueron Chanar mines, which are
also to be ueveloped. These plans are under implementation on schedule.

Five Japarese steelmakers - KK, Kawasaki, Nirv~r steel Corp., Swnitomo
and Kobe - naving signed a preliminary agreement to buy 32.5 million tons

of pellets between July 1978 anu vecember 1,99,

larggugx

CONSIUER and ACEFAR of Brazil and taraguay are cooperating respectively
for tne establisiment of a 100,000 tpy integrated steel plant based on
charcoal blast furnace for iron smelting of iron ore /pellets imported from

brazil, LD oxygen steelmaking and merchant steel rclling.
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Tae sokaro steel plant is in tue final stages of comnissioning.
It 1s tue second inte;rated steel couplex to be set up with assistance
from tne USSK. uesign and engineering work for Bokaro's first phase
was snared by consultants from tne USSR and India. Almnst 75 per cent
of tne total plant equipment is being fabricated in India ir tne
macainery and erquipment complex of tne deavy Engineering Corporation
At Rancni, witiu assistance froo tne USSR and Czecnoslovakia. The
first phase of Bokaro nas a capuclity of 1./ million tons per year of
crude steel; tne secord paase, now under way, will raise tne capacity
to 4 million tons per year. A congsiderable and e¢ffective trarsfer
of know-iow and tecuanology uas taken place tarougn the long standing
cooperation between tne two courtries. India is now essentially self-
sufficient in engineering services and tae production of equipinent
for tne iron and steel sector. Tne National setallurgical Laboratory
(India) and the Central Fuel Researcn Irstitute (India) undertook the
entire programme of testing raw materials and investigations for the
Bokaro steel complex, Kudrenukn complex for the supply to Iran of nign
grade magnetite concentrate in India 1s under installat ion, with
financial assistance from Iran - annual capacity 8 mty for supplying
150 it of concentrate over twenty years - total project cost is

700 muUs§.
Indonesia

A direct reduction plant is planned for tne production of two
million tons per year of sponge iron to be used in electric arc
furnaces. The process to be used will be the fy L direct reduction
technology developed in Mexico, with know-how and engineering to be
negotiated through Swindell-Dressler (United States of America).

F.T. Krakatau Steel recently ran successful trials of their

newly installed bar mill at Cilegon, in North West Java, Indonesia.

Commissioning is now nearing completion and firm orders are already

being received.
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The original mill, delivered by the USSR in 1960, was abandoned
befare erection could begin. Consulting engineers L.:. Manderstam and
bartners, in association with Manderstam Associated Consultants SA. |
Geneva, were retained to revive the project and undertake such redesign
as might be necessary, as well as supervising the reconstruction.

They advised the addition of a 500 mm section mill to the original '
design of the 120,000 t/y bar mill.

The original equipment has been utilised as far as possible, but
a 40 t/h reheating furnace from lriest, oil and lubricat ing systems '
from Denco Farval, thickeners and filtration plant from Dorr Oliver,
and a seven-gtand roughing train from Danieli, with electronics by
AEG, were also incorporated. Modification of the Soviet plant proved
necessary to ensure compatibility with modern equipment and conformity
to modern operating standards.

This major task was successful accomplished, and the section mill

is scheduled to come on stream before the end of tnig year,

Iran

The second phase of the existing plant of Arya Mehr steel works
in Isfahan is now being constructed witn the cooperation of tne USSR;
it is due to be completed in 1976. Work on the third Phase will

‘ probably begin in that year, so that capacity should reacn 4 million

| tons by 1980.

; NISIG and FINSIDER (Italy) nave agreed to construct a steel
direct-reduction plant in Bandar-Abass, with a capacity to produce
2 to 3 million tons per year of flat products for local and export
markets. FINSIDER will brovide assistance and will particijpate
financially in the venture.

A company, Société Iranienne d’Aciers Especiaux, has been formed
by Iranian organizations and Creusot-Loire (France) for the production
of special steels. Initial capacity will be 80,000 tons per year.

An agreement has been reached between IDRO - Industrial Development s
and Renovation Organization (Iran) and Fried. Krupp (Federal Republic '

of Germany) to co-operate in a Joint engineering services comnpany

to be set up on a fifty-fifty basis.
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Irag:
blans are vnder way for the installation of a sponge iron and steel-
making complex at Kdaor al Zubair with an annual capacity of about
1.2 million tons of sponge. It will employ the tfyL process and use local
natural gas. Agreement has reportedly been reached with the CVRD of

drazil for the supply of high-grade pellets for tne sporge plant in Iraq.

Nigeria:

Flans are under way for tne establishment of an integrated iron
and steel plant, using the sponge iron electric furnace route. It
would produce 500,000 tons per year of sponge iron for export and
500,000 tons per year of semis for home narkets, using local natural
gas. The project will have the co—operation of C. Itoh (Japan) for
marketing and financing aspects and of Korf (Federal Republic of
Germany) for technology.

Zaire

An agreement was signed recently witn agencies of the Government
of Zaire and FINSIUER (Italy) for the latter's assistance in the
management of tne steel works of the Société& Nationale de Siderurgie
at sdaliku during tne first ten years of operation. The plant, which

is about to start operation, has a steel Iroducing capacity of

120,000 tons per year.

Venezuela:
Venezuela has awarded a contract to Vdest f Austria for a

6m tpy pellet plant. Early 1976 Corporacibn Venezolana de Guyana
(CVG) took over the US owned Amico and El tac mines; (VG Ferraminera
Orinoco has been set up to operate then.

%eveloping countries have traditionally had to struggle to achieve
a measure of industrialisation. Ironically, tne newly found weal*h of
o1l producing countries hus not really lessened tne problem, for
inflation has followed swiftly. Simply stated, to achieve industrialisation
a developing country must first seek the best advice on the path it
snould follow, and then make sure that it dues follow it to its goal.

In practice, however, both the choice and the realisation of industrial

1/ B - 26 July 1977
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investments are often decided by zomnercial bressure, witn political
considerations often playing a part.

One striking example of a developing country whicn in the past
has learned about steel tine hard way, and 18 now using oil wealtn to
build up 1ts steel industry, is Venezuela. A recent visit to the Sidor
steelworks at huerto Ordaz on the Orinoco showed that whatever problems
nay lie in tne past, tne massive expansion project now under way will
entail problems of anotner sort in its realisation.

The Venezuelan steel industry has long espoused the cause of direct
reduction. The first commercial example of the Strategic-Udy rotary
kiln process was installed at Sidor in 1963, but was not successful.

In 1968 construction was started on a plant using the HIB (nigh-iron
briquette) fluidised bed pbrocess developed by US Steel Corp. The plant
started up in 1973, but nas not operated consistently =t its design
capacity.

By contrast tne country's next veniure into direct reduction
was the application of two well-tried Processes. Originally it was
intended that the HylL and the sidrex plants at Sidor would be in
operztion in time to determine which brocess was most suited to Sidor's
needs, to enable a choice to be made between them for the large Flant IV
expansion which is now in progress. In the event, however, construction
of these first two plants was delayed for a number of reasons, and
operation started only within the past few months. In the meant ime
the orders for the Flan IV L-R plants had to be placed without the advantage
of operating experience. Both HyL and i{idrex were chosen for this scheme,
which will increase raw steel capacity to 5m. tpy.

Also being commissioned in the Fuerto Ordagz area is the first com-
mercial example of another fluidised bed D-R process, Fior. This belongs
to Fior de Venezuela, a private concern in which the Venezuelan mini
steel works Sivensa has a shareholding.

Sidor itself suffered in its early stages from mis-timing. When
the works was planned, priority had been given to serving the oil
industry, and the main product was to be seamless pipes. Ta the first

stage it was planned to begin making these from imported steel during

1958, but operation did not start until nearly the end of 1960. Delays
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caused Sidor to miss wmucn of tne local market, for from 1959 there
was u decline in the granting of new o1l drilling concessions, and the
delay also encouraged tne growtn of a producer of welded pipes, by then
finding acceptance for o1l uses.
Tae 1ron and steelmaking route cnosen for Sidor was also unorthodox,
' involving tne use of electric pig iron furnaces based on hydro-electricity,
and open hearth furnaces where electric arc furnaces might perhaps have
been em; loyed. Electric arcs will, aowever, be used ir Sidor's build-up
¢ to S5m. tpy and pernaps beyond. Two melting shops, orne witn six 200-ton
furraces and tne otner witn four 150-tornrers, will create the largest
electric steelworks ir the world. It will be fed by the relatively new
techinology of direct r..duction, and the steel produced will be processed
entirely by continuous casting. Few electric arc furnaces of 200 tons
are in operation anywnere in the world, and experience of continuous
casting in Venezuela is very limited. Recognising the difficulties
involved, Sidor has invited bids from steelmakers in industrialised
countries to carry out the commissioning of the new plant, emphasising
the difficulties a developing country faces in making a technological

leap forward.

Venezuela is also considering another integrated steel plant in

Zulia region based on blast furnace, LD steelmaking route.

Algeria:

Algeria possesses good resources of iron ore, oil and natural gas.
Algeria’s major two steelworks are located at Annaba and Oran. The
expansion of El Acdjar plant at Annava will be completed by 1978 bvased
on raising the cold rolling mill capacity from 150,000 to 950,000 tpy
and hot rolling mill from 450,000 to 1,800,000 tons with balanaeing
incr .ases in the iron and steelmaking capacities. Flans for setting
up sponge iron plant based on gaseous direct reduction followed by

N electric steelmaxing are under study.

Algeria is one of the most dynamic and fast developing countries
with an outstanding rate of industrial/economic growth; the national
pPlans call for a projected capacity of 12 mty of steel production by
the year 1990. Algerian plans inter alia of steel industry are well

balanced and good models indeed to follow.
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Libya
Iron ore deposits located at Wadi Al-Shatti are estimated at

700 Mt with a 504 Fe content.

Libya has a mini steel works with a 21,000 tpy billet plant at
Tripoli which is equipped with two S-ton electric arc furnaces and
a single-strand billet caster.

Plans for an integrated iron and steel complex at . .surata are
under active implementation. Fhase 1, with 500,000 to 1,000,000 tpy
capacity is set for 1980. Detailed project studies hy international
consultants are being undertaken. lthase 2 is planned to have a 5 m tpy
integrated iron and steel works at a greenfield site; considerable
infrastructure will be established including port, povwer, gas pipeline,
township, etc.

The first phase will be reportedly based on sponge production
based on gaseous direct reduction process. Libyan steel plans and their
execution are following bold, energetic and well balanced policies that

will pay dividends.

wWorocco

Société Nationale Sidérurgique has been created for the establishment
of an integrated steelworks near Nador to be operational by 1979 with a
crude steel capacity of 1 million tons, to be baged mainly on ioroccan
pellets. Blast furnace/LD steelmaking /continuous casting route will
be followed in the integrated iron and steel works under establishment.
doroccan plans are well prepared for balanced execution.
Tunisia

Tunisia’s steel industry, the El Fouladh Sté Tunisienne de
Sidérurgie at lienzel-Bourguiba with a current capac ity of 140,000 tons
wil) be expanded to double the capacity.

A feas1ibility study is being undertaken for establishment of

a IR plant at Gabes to produce sponge iron based on gaseous direct reduction.

A mini integrated steel plant based on charcoal/sub-merged arc
electric smelting of iron using local iron ore ig under study followed
by LD steelmaking and rolling mill for light sections.
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Hauritania:
Scrap-based mini steel works with 12,000 tpy melting capacity
and 36,000 tpy bar mill are envisaged to start up in 1978 at Nonadhibon.

gatar

Japan's Tasei Corporation and South Korea's Jung Woo Development Co.
will jointly build a steel works for Qatar Steel Co. - a Joint venture

between Qatar Government, Kobe Steel and Tokyo Boeki.

Tugoslavia

Zenica commissioned a 1.3 m tpy LD converter and a new wire rod
mill with start by the end of 1977. The country's first galvanizing
line was commissioned at Skopje in March 1977. Fhase 3 expansion at
Sisak is aimed to bring raw steel capacity upto 1 m tpy and increase
the tuwbe-making (ipacity. Modernisation of Boris Kidric steel works
got under way but the Smederewo project has been delayed.

The above examples are merely illustrative of the general trends
in developing countries vis—4-vis the iron and steel industry and
they by no means do or can cover all the developing countries of the
world; it is hardly possible to do so in this paper. Nevertheless,
it is hoped that these examples will stimtlate further studies and
Joint ventures amongst the developing countries and between developing
and developed countries and part icularly so in the African countries
and those in the Arab world.
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terld Tron Ores Survey including
Beueficiation, Sivtering and relletizing

Iron Ore Minersln:

A large nportion of tho common ora and rock~forming minerals
contain appreciahle amounts of iron. But there are only nix iron-
bearing minerals containing sufficiemt and appreoisble amounts of iron.
Thess are evailable in sufficiently abundant quantities to de potential
souroes {rom which iron aay be occmomically obtained. The six irom-
bearing minernrle are as follows with Pe content in pure mineral in
each case:

i) Hematite Fe 69.9}
1i) Magnatite Fe 72.4/
111) Goethite Fe 62.9/
iv) Chamosite Fe 425

v) Siderits Fe 48.25
vi) Fyrite Fe 46.6/

The wide variety of conditions under which iron is comcentrated
in the earth, the physioal and chemical nature of these conoantrations,
their aineralogical and geologiocal envireanment snd the complax procsse
which contributed to the oncentration of iron in ore deponits, acoount
for peculiar characteristios of each deposit.

Major Deposits:
The major iron ore producing regions of the world are USSR, Canada

and West Inddes; USA, Maxico and Central Anerica; South Amarioa;
Niddle East, Amis and the Fer East; Afrioa, Purope and Australia and
Now Zealand,
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USSR

In USSR, the biggent depomits are in rainien Republic {Krivay
Rog and furak vegnatic anonely) wnich are of Lake Superior type. Taberg
type of depogits ave found in the Fretern elopes of the Urnls. Ores
or lisgritnaya type and thome of dinotte typs sre found in Turgay and
Western Sideria erssa. Large deponits are found in Kasakhritan, Siberia
and Caucseus regions.

Canada and West Indies

The 1eposits of Canada and West Indies are located in Apvalachian,
Grenville, Latrador, Southwest and Northern Canaca, Cuba and Jominican
Republic. These are gererally of Lake Suparior, Magnitnays and Taberg
types and mostly contain heratite, magnetite ana gosthite. S.derite,
pyrites and chamoeites are also sometimes found associated.

USA and Mexico

The important deposits of USA oocur in Mesabi, Cwuyuna, Virniliom,
Fillaore, Gogebic and Lake Superior regions. Thage are mostly of Lake
Superior type but somotimes Kiruna, Taberg, Magnitnaya and Clinton types
also occur. The principal minerals ere hematite, masnetite ard Siderits.
The deposits of Central America and Mexico are genernlly of Kuruna and
Nagnitusya types and contain mostly magnetite, hematite anc goethite.

South Aserica

Argentina, Brasil, Chile, Colombia, Feru and Venssuels are the
countries in thies region where iron ore deposits are located. Depomits

in Argentina are of Lake Superiar and Minette types and cartain hematite
and magnetite. Bolivian deposits are of Lake Superiar type occntaining
hematite. The Bresilian deposits are mostly of Lake Superior type
ontaining hematite. The deposits of Kiruna type are also found when
hematite and magnetite are the principal iron-bearing minerals. The
deposite of Chile are of Kiruna and Magnitnaya types containirg magnetite
and hematite as iron ainerals. The deposits of Colombia contein goethite
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cud wre off Hineive type. ‘'The daposits in Poru are most.y of Magnitnayas
Yype sartaining megnetite. Lake Superier type of deposits are foumd in
Venesuela coitaiuing Reuit ite.

#iddlo Tent, Awiz and Far Rast

Sendi Arabie, Israel, Turkey, Irau, Afghanistan and Fakistan
coaprising Weut Asia, bave iraa are ocowrences. The deposits of Saudi
Arabia ure mainly of Lake Superior type and contain mostly hauatite
with mogrotite mineralisation saxetimes. The deposwits ir Israel are
of hewsiite and goesthite. The Turkish doposits are mostly magunetite
and are of Maguitnaye typo. Similar type of deposits ocour in Iran.
The deposits of Afghanistan contain heamatite and siderite. Aagnitnaya
tyre and bedded type of deposits are found in Fakistan with magnetite
and hematite as principal irown bearing ainerals.

Middle Asia constitutes India, Sri lanka and Nepal. Indian irmm
oares are of Lake Superior type and also of Massive and Taoerg typoa.
The predominant iron-bearing mineral is hematite and sometimss goethite
and magnetite. Ths Sri Lanka deposits are of residual lateritic type
and mostly contain goethite and sometimes magnetite. Hematite is found
in Nepal and the deposits are of bedded type.

Tbe Eastern Asia comsists of Burma, Thailand, Laocs, Cambodia, North
Viet-Nan, Maligsia, Indonesia, Fhilippines, China, Hong Kong, Narth
Korea, South Karea and Japan. Ths deposits of Burma, Thailand, Laos,
Cambodia, North Vist-Nem, Nalaysia, Indonesia sud Fhilippines ars
gmerally of Magnitnaya, residual lateritic and bedded iron sand fypes.
These cuntain magnstite, goethite and heaatite as iron minerals.
Magnetite-hiamutits are the principal iron minersls of the Chinese
depositc whick ars of Lake Superior, Minstts and Megnitnaya types.

The deposits of Korea #% mainly Nagnitnaya typs containing nostly
magnetite and somstizes hematite. Ths deposits in Japan are of
residual bog and bedded iron sand types omtaining msgnetite, ti-
sagnetite, goethits.
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Africa

Depunitss of AiXxace ave of Wiretie, Lake Supurier, Bilbeo, Tabert
and Kagnitusye typee and mortly custuin hexatilowngaetite, hamative-
gosthite, haatlite-pyirite {colwe] wid widerive-guotkite.

Euwrape

Poriugal bar Kingtte type of depecit consining of helatite and
magnetite and sonetimes gidorite and  Cigmosite. Inm Spein, Biltao
type of deposit im in predouinense with hamotite-gosthite us ircop
ainwrals. Frewck a'es wo of Nasite type and coitain gideiie-
gosthite. The aiced of United Kiugdas are also o Mineiic Wype tui
contain chasonite-gosthito-bemaiite. The depositc of Noruay are of
lake Suparior, Magnitvays aid Taverg types containing magustite-
hesatite ainersle. The Swedish ores are of Kirvnu aud Lako Saperior
types ooutaining rugneiite, magoctive-hematite mincrals.

The ores of Federal Repudlic of Germuny are of Rinetts Krbe,
sostly containing hematite-chamosive~@iderice with ocowreices cf
gosthite also in some of thu arass.

Orec of Austria are of Biltwo type containing aostly sidarite.
Ores of (taly and Yugoslavic. ure sainly of Bilbas, Minovte auni
Nagnitnays typew with magnevite, siderite, siderite-chancsite mineralg.

lataritic deposits are predaainant in Greecu wita gotits as the
mrincipel economic mineral. Last Geumany and Csachoslovak.a save
Ninette types of deposits. Foland and Romenia, both have Zerrug inous
carbonates containing siderite-nagnetite~goethito. Bulgairian ores
are of Biltao type and cautnin heuatite, siderite, goethito axd
sagnetite.

) Neow

The Australian depoaits are of lake Superior, Algeas and Clinton
ypes with hematite, goethiie, magnetite, hematite-aagnitiie—zoethite
and magnetite-pgrrite minerals.




The deposits in Res Zouland cre of siuvial axd sediveitesy apture
and oontain magnstite ana goethite as the ivou winorals.
Production of iren are in ecas of the couaiview i given in Table
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and world distributioin of reserves in Teble 2.

Tgble 1
Iroan Ore Froduction

country 8. ttl)zr{xia . :?:lﬁes o, :zl?:eu
Algeria 3.1} d.2C 3.2
Angola 6.05 5.50 3.60
Australin 83.57 96.69 95,40
Aunstrio 4.2 4.25 31.83
Brasil 55. 02 19.97 139.64
Bulgaris 2.7 2.68 2.24
Canada 48.20 47.27 19.560
Chile 9.65 10.30 10.50
China 50. 00 51.00 3. 00
Caschoslovakia 1.67 1.69 1.80
gypt 0.64 1.30 112
Finland 0.89 0.93 0.90
France 4.T5 54.73 0. 14
2. Qeswary 0.52 0.2% 0.58
We Gersmayy 6.43 5.67 4.27
Bungary 0.68 0.60 0.64
India 34.43 34-23 40. 27
Iran 0.60 0.62 0.65
Italy 0.68 0.80 .74
Japan 1.0 0.78 0.90
Nerth Xarea 8.10 8.10 8.20
South Xores 0.47 0.49 0.53

1l
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Table 1} (Comt'd)
Iran Ore Froduotion

1973 1974 1975
n. tommes . tomes me. toanes

.62 36.00 36.50
3.78 2.69 2.32
0.52 0.47 0. 35
10.42 8.28 8.50
5.74 4.90 555
0.37 0.54 0.62
1.99 2,20 2.00
3.97 3.92 4.06
8.96 9.5 9.60
2.26 1.62 1.4
1.4 .24 1.2
0.55 0.60 0.60
3.23 j.2 .10
2.2 2.40 2.50
10.96 11.73 12.24
6.90 8.61 8.22
2.1% 2,20 2.30
4.73 36.15 32.64
0.81 0.82 0.68
1.86 1.5 1.90
7.11 3.60 4.49
88.80 85.92 81.3%
216.10 224.88 232.80
22.88 6.4 27.00
4.67 5.03 5.24
1. 00 896. 30 381. 20
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The above Wrrief demoription of world iram ore resources s ives an
indication abou? the verialies of iron ares found. Esch of tl.ese deponits
have their om charactexrintic features, variations in iron content,
sineralogior) aasexbloge, periicle sise of iron wirarals and those of
agpociated enonamio end gangue minorals, eto,

The vorld over, higher grades of cres are gradually gett:ng
depleted due to same type of selective mining or the otbar., Inring
mining of theme bigh grade ores, low grade cres, wbich may be jrazent en
overburden and capping or ocouring in situ aiomg with good gride ore,
got adaired. Thie admixture becomes inevitable whero large scale
mechanized mining is reaocrted to.

Thus, in moat ocases, eoas kind or the otbher beneficiatior of the
run—of-aine ore has to be adopted to ansure an scospted ani ccnsistent
quality of iron ore of desired chemistry for iron smelting. Irepared
burden for iron smalting ie of paramacunt ispor-tance, neceesii ating sise
reduction, screening into sise grading and improving the chemical
composition of the ore Ly emplaying beneficiation techniques.

Benefioiation

Depending upon the mineralogios] and petrological charasteristics,
different methods of beneficiation are wmplayed to suit a partioular
ore. The methods inolude orushing, grading, eising, washing snd wet
screening, gravity treataent, magnetio separatiou, Poth flotstiom,
reduction roasting, thiokening and drying. The overall bemeficiation
flowsheet mey coapsise the use of ane o more of the different methods.
The ariteria for determining and finalisstion of treatment flcwsheet,
are the cost economios of the process, requirememt of the quality of
od product and the possibilities of finding use of waste [roduots;
these are primarily governed ty the mineralogical characteristics of
the ore under study.

The various benefic.ation methoda are riefly ocutlined below:

1) Crushings The ore as mined, is gemerally of 300-400 mm in
sise. Requirement of sise of are for use in blast furnaces are that
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the ars should be of over 10 au sise, with the %top size of 50 to 30 mm,
Crushing is dome emplaying jaw and/or gyratary crushers.

For some types of ors, zsuch as the Indian iron ores, wet scroening
at 10 ue sisne, les to b2 adopied due to ias sticky nature of ihe ore
and prusence of claydy maiter with the ained oce. The screem underaise,
namely -0 mm fraction is dewatered and siime removaed in spirel @ rake
classifier.

11) Grinding: [n soio cases, such es with mrgnetite ores and
taooniites, the are is ground, either wet ar dry in ball and/or rod
®ills, with a view to libarating irom bearing minarals from gangue
sinerals.

111) Washing: lateritic ores and the ores sdnixed with aluminous
clayey matter, are sorubbad with water in log-washers or cylindral
washers fitted with lifters, for loosening the adhering finss. The
sorubbed ore is then wet soreened on & double-deck wet vibrating
scremn 10 separate olean luapy ore free from adhered fines far direct
use in blast furnace and free flowing fines for use in sinter plant.

iv) Gravity methods:

s) Heavy media separation: Aqueocus suspension of ferro-
silicen or magnetite, finely ground, is used to separate hezatite,
govthite or siderite from lighter gangue minerals. The sise of ore
treated is narmally -30 am + 4 mm. However, finer sise can be treated
in heavy media oyolones.

®) Jigging:s Hars or Remier types of jigs are used for ore
in the aise range of -25 ma to 0.5 am.

o) Humphreys' Spizal: The sise range of feed to spiral is
Swuerally -1.5 mm to 0.1 an. Sometimes specular hematite of as fine
a sise a8 651 passing 150 siarous, has besn swoceisfully trsated on
apirals.
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d) Sheking tablei: The sise of feed is almost sane as used for

apirels. Tables are generclly emplored for re~cleaning of fine gravity
rougher concentrates.

8) Cyolones: Cyclones are used for recoverirg hoavy ainerale
from fine gu.igue partioles from slimes.

v) Magnetic Separation:

8) Low inteusity wet magnetic minerals like magnetite trom
Don-magnetic minerals. The separation is often preceeded ky desliming
the feed for better officiuncy.

b) Low intensity dry magnotic separation: This is used
for pre-concentration of strongly magnetic minerals and for treataent
of beach sands for recovering ilaenite and other ssgnetic ainerals.

¢) High intensity magnetic separatiw: This is used for
feedly magnetic minerals like limonite, specularite, goethite, etc.
and can be+ ¢ or dry. In case dry separation is emplqyed, the ground
are should be almost free from adhering gangue winerals like clays.

vi) PFr.ch flotation: Flotation is eaployed for fine grained low
&rade non-magnetic ores such as siderite-hematite ores, and specular
hematitic ares. pH of the flotation pulp could be weakly acidic or
alkaline depending upon the minerals t0 be floated and reagents used.
Tall oil, alkyl sulphonates, sodiua flugsilicic acid, ligneous tar,
fish fats, oto. are the comron flotation reagents.

vii) Electrostatio/high temsion separations This method is used
for further upgrading fine gravity cmcentrates, and helps in reaoval
of undesirable minerals like apatite, eicas, hypersthenes, otc. from
iran-bearing minevrals.

viii) Low temperature Magnetic roasting: The method is euplayed
for fine grained, nonwsgnetic or fosbly magnetic low grade ores
containing hydrated oxides and eometimes eiderite. The rossted ore is
then passed through magnetic separatars to separate magnetios from
non-nagnetic gangue ainerals.
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ix) Dewatering and diy:ng: Fine cancantrrates ere thickened in

thickenmrs, filieed aud diried for uge. Drying could be partial
depanding upon the end uga of fine concentrate.

Beneficiation practicec in samo of the countyrizg
1. UsaA

i) Brown Iron Grre: After crugshing to the required sise,
the ore is scrubbed and wat screened to obiain cloav sized luwpy are
and free flowing fines for use in sinter plant ar for pellaetization.

11) Qxidised ores: Oenerslly, af'ter washing, the washed luape
and fines are subjeoted to gravity nethods of beneficiation acmely,
heavy medisa meparatiom, Jigging, Huaphreay*s spiral) treatment and hydro-
sising. Sometimes, flotation is adopted to recover irca valusy froa
fine grained tailings from heavy media circuit.

iii) Teconites: The are, after crushing, is stage-ground
using rod and ball aills in closed circuit. After rod milling, the
Pulp is pasmed through wet magnetic se,arator to recover magnetic iron
axide got liberated in Primary grinding. The classifier overflow fron
ball aill circuit is deslixsd in oyclones and sand fraction subjected
to amonic flotation to remove miliceous gangue minerals.

iv) Specularite: After stage grinding in open cirouit rod
aill and closed cirouit secondary ball aill followed by desliming,
the underflow is subjected to flotation. The rougher flotation
cmoentrate after regrinding and hot canditioning, is refloated to
Yield & final concentrate analysing 67/ Fe.

v) Oolitic hematite a1d calcareous ore: The ru-of-mine ore

analysing 3674 Pe is ground to a course size and after bydraulic classificat-
im, treated in heavy sedia separators and Jigs to produce high grade
concentrates.

vi) Complex magnetite, hematite and martite: The ore is atage
orushed and passed threugh magnetic seperators to recover sagnetio
iron oxides. The non-magnetic irmm ore is recovered W froth floration

after grinding.
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The ores from Beonson mines containing maguetite, martite and
hematite, are mined selectively and orushed eoparatcly. The aagnetite
are ie bmeficiated Wy magnstic sepsration afier etuge orushing and
Jigging. The nom-amgnetic tailings are further ground fine in ball
#ill and paseed through a eat of magnetio separators to recover
magnetios.

Martite is upgraded in humphrey's opiral after eise redudtioun.

The epiral tailings are eubjected to flotation for recovery of hematite
ore.

vi) Magnetic ore froa Merameo Nining Co: After stage orushing
and magnetio cobbing, the magnetics are ground in ball mill and subjected
to magnetic separation. The non-amagnetic portion after deslining, is
floated for differential eeparation of pyrite, phosphates and specular
hematite. The esquence of recovery of different minerals is - first
xauthate flotation for recovery of pyrite, then fatty acid flotatiom
for apatite and finally, flotation of hematite using sulphonaies.

2. Sweden

1) MNagnetite ares: These types of ores found in Kiruna,
Nalmberget, Graugesderg are upgraded ty repeated magnetic sepurations.
If hematite is also preswmt, then the non-magnetic tailings are treated
in jigs/shaking tables for ite recovery. The ocacenirate amslyse over
604 Pe and sre generally fine requiring agglomeration.

1i) Hematite are: The ore after coarse orushing is subjected
to Stripe rocese or heavy media separation using fero-silicon as
aedium for the latter. The finer fruwctioms of ore are treated in
shaking tables and humphrqy'e spirals.

Sometines flotation is adopted 10 recover mssocciated sconmic

ainerals like apatite. BEmulsified tall 0il is the reagent used at
a pH of 8.5 to recover apatite. Hestite is flosted after lovering
the pil to about 6. The rav are analysing 351 Fe and 0.02% P, is
ugraded to 655 Fe and 0.01% P. The apatite float analyse 0,30 P.




Y

- 77 -

Skern and othar types of are such as thosa found in Bodae, are
first subjected to dry magnetic senerstion at about 20 ma gize¢, followed
Yy ball milling snd flotetion of pyrite. The flotation tailirg after
higb inteimity wel megretic seperation, yields arsnotite corcantrate
sepearately.

2. Censda

1) Speoulsr heratite: These are low grade and friatle ococuring
in soutbern paris of lalrador - Quebac district. Generally, efter
sutogenous grinding, the ground ore is treated on spirals. I, vowever,
super high grade ooncentrate i needod, the» magnetic seperation and
flotation are sometizes emplayed.

For specular-hematite-magnetite quartsites of Lake Carol and Lake
Wabush regions, ~ 'mpbrey’s spirel treatmemt is adopted to produce
oancentrates anulysing 60 ~ 667 Fe.

11) Hematite-Siderite: These cree of Algame, Wabena snd Steep
Rock are subjected to washing, gravity treataent such as heavy media
separation (cyolones/drums) and jigging.

111) MNagnetite: Ores from Noose mountains, Marmora, Cnterio, etc.
are ocnoentrated by low intenr‘ty megnetio separatioci.

3. usse
Magnetite ares are nainly exploited as there are considerabdble

reserves of theze ores. Besides this, these ores are sasier to
beneficiste. However, purely magnetic separation treatment becomes
economical if the propartion of magnetite in tbe ore exceeds 70807
and the 1oss of irmn in magnetic tailings does mot exceed 12-1¢%.

The beneficiation plants at Olenyogarsk and krivoi Rog emplaying
a oombination of magnetio separation, and gravity methods suoh as
spirals, heavy media separation and jigging, treat 20 m.tpy. For
flotation, the ore is sulsequantly ground tc a finenese of about
90f passing through 200 mesh soreen,




1

4- Indla:

Indian iron orew, though genarelly of high iron content,
ares abaranterised Ly theis' high alwrina comtant ard [resance of clavey
mattar. Thin makce the ova sticky, partioularly in rain sesuscn with
tha renult thet the ore crumghing and bandling plarts cors t9 & stand
still during the wet wentter. A1)l the crushers, bing and buniers,
comveyars and chutea, get oboked making scresas coopletely vlocked.

1) The treatment for theae types of ores bametiiten), is
sorubbing with wator to loaten the olay and than vet mcreenming with
poverful jete of water. 7he goreen under sine conteining almost all
the water and slimy aatter, ir ‘rested in classifier. The classifier
overflow carries away the slire which is geverally o wamie product.

This is sent to water reclamation systen. In cans the slimos contain
higher paroentages of iror: values, the slimes sre treated in cyclones.
Cyolonc underflow after tbickening and filtering, is sent to agglonerstion
plant.

The classifier sand portior is then a free-flowing matarial and
can be used for agglomeration directly or after beneficiation Yy gruvity
sethods. The washed lumpr are clean, free frov aduered fines. Nearly
30407 of the total silics in the ore is thus elisinated as slime
along with about 20-307 of aluaina.

11) Magnetite-beratite cres: These ares are found in Kud emukh
and Ongole areas in southern perts of the country. Magnetic separation
after grinding yields a high grade concentrate analysing over 607 Fe.
The nn-megnetic tailings containing hematite, are treated in hsphrey's
spirals for its recovery.

A typical flowsheet for hematitic ores is given om pegn 15:
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R. 0.} ore after orushing to 100 um 1ize
J/ F.’ 56; 8102. 5.2‘ L.Laosp 6’5%

Sorubber
Double Deck Wet Vilrating Soreen (25 am and 10 sm)

~100+¢25am LZSUMIM \[-I(h

b

Fe, 62.3; 810, 1.4; Al203 1.8 Pe 60.4; 810, 1.8; 1,0, =.1 Clasgsifier

273" L
l ~100mm4+1Cam 1-10- sand I.mu
lumps
Feed for Blagt furnace Al 3‘6'2
lq.st

Oravity | treataemt

Camc, |} i "J Tatls.
il.0

Feed for inter plamt Beject



Agglanaation

Wacnanized win-g, crueting and screecing adoptod 4o aest ever
lncrossing deeaads o? 1eon ores and suusequeat bteceficiai.on in many
cancs, uwtudzavily paocduce largs aopurvicus of Tives ranging from 254
S0 aver 50 @ welghte Ut unke of rrgne$ic orod, the eutire coacantrate
quaatisy is io sho fora of finus.

These fiaw -ove utilissd for iconsaki:g aftex wintering or pelletising.

Sinforiogs  ¥initaruig pleais o aa iroa and steal plant aols as e
soavoager of che plani, shich wkes useiml sgglaaerate - sinier utilising
a wide varisty of westse guch ax caize resse, mill scale, linesione and
dolosite dust, lime fines, and diuo dust. This grocuss bus « greater
flexibilily 30 sgglcamraie raw saterials wita differet plysical propertics
and minexralogical compuair’iaas.

The self-fluxed and super-fluzead smter ass sane or aven superiacr
setallurgical, paysicol and cheanical sroperties to that of psllet.

Pelleiising: Felletization is ofien adopted wnere ihe are particles
are in very fine foaam e1ider as & vanefi0iate! produot or naturally
ooouring aineral like blue dust. Far aaking pollets of good griem strergth
and subsequently tha indurated pelleis, choice of type of grind assumes
impertance. The sime to waich the ore should b ground and the specifio
surfeace ares of the ground asterial, the sohedule of pre-heating, firing
and ocooling are other wjually impartant parazetess which a. » to be
oantrolled carefully.

Grinding could be wet o dry, in open or clowed circuit with the
mill. With requisite quantities of water and binders, pellets of good
quality are sade im disc, drus or cane types of pelletisers. Usually
three types of indurating furnsces are emplayed.

The ?illowing ¢ bles give rief summary of a few pelletisation plants
of the world. Table J gives data for shaft kilue, table 4 for travelling
grate and tadle 5 for Grate-iiln installations.
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Jernwerks 5000
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4.Hellefors Hellefors,sru, 1953 0.M5 1 45,5 2,22 4ia 3.8 11,7 - -
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on,
9.1X4B Malmberget H(Gg 1955.65 0.8 4 [, ] [ 1.8 3,33 1c.8 S56.11 (8) . (2) Sala
71.
Galldcas MTARIO, B
10, Marmora usethlshen M(66.5) 1956.7 0,45 4 MO 4.26 1.752.44 7.45 45.6 (60/68) curface
Steal D(4),2133 x Comd-
s, ueton,
1l .41lton Fiok land u(as) 1988.60 (.90 3 910 1.83 4,27 2.4 8.4 1C4 75D L
Mather,
12 ,4p008¢ MT l:m; M(63/64) 1963 0.70 2 1060 4.42 2,29 1,33 1C,1 108 (85/90)d -
ag.
13, :rirfitn Flokland ] 1968 1.5 3 1915 6.4 2,44 2 - -
Matper . 15,6 =,
Uga:
14,6race, Feng. Bethlehe M
. » e n (es) 1960 1.35 820 4.371.98 3.71 9,06 90.8 (65) Cones Surface
Combus .
25.0 o ton,
.P:l'n:tl. N 126 1.75 3 7% 4.7 1.08 2,31 0,06 83.6 . .
16, tlak B
Niga ro Nae!.ﬂnlnl H(64.1) 1986-7 10.50 7 1180 5,64 1.83 3,08 10.3 114.5 (9192) D, °
- 2744 1 ®d
Poe Merrameo M
nidge Mo Miniog Co. (66/70) 1964 2,0 § 1210 4.3 1.98 2,31 9.06 133,8 D(5) 3048 x .
0708
AUSTASLLA o
18.fortLlatta, Sava River
Tessmanta . Hlmfzhcn‘m X 1B& 225 5 1200 “ e - - :
Mather) surface
Co-bustoa,
] u-m ]
19 .Otanmaky”
Otanmaki oy Ke7) 195¢ 0.15 2 227 2,72 a1, - ¢
Ny 88) r(~ >
:m.nl 5.8 ».4 1830 x ( ) Sala,
0.0¢e¢re Forgee et aa K
4 ¥a  o.0¢ 1
' 1 xay ot 121 2.2 41 3.82 1.6 D130 1 8000 *
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Table § (Contrd)

1 ] 3 4 ] ) ? 9 10 11 12 13 14
Tak{ »
21, ke -romn Elbe r 1958 - 1 - 2,01 dia 3.18 - - -
dakAli ¢
22 ..hiba Kawesaki M 1990-42 1,30 17 23 - - Kavasaki
Steel Co. (some P)
23.Hachinde Nisso stes) 1360-2 0,28 - - - -
Mrg.
24,7obata Kowa oeiko ‘hlorina | 1963 0.16 - - - -
ted noass
ing of
Pyrite,
LAILLIEINES
25,iellet Corpn, larsp . V44 1946 0,78 3 "% - - A.G. McKee,,
of I1hill,
(i awasakl) -
. GQSLOVIA o
26.-kopje Ma- #elezart L] 1768 0.15 1 458 6,1 1.2 5.0 7.3 6.2 D(?2)1830x5000 Sala
celoine skopje. (soms P)
nuinjoi Leb. i
whnice
GOS0
27.5taterst - N 1972 o0.88 - - . . -
wador .
Qexld: ’
28 Xrivol.iog [ ] ’ 1.8 2.4

Legend 1 M (61) = Magnetite (64f Fe)
r = Homatite .
(85) D(2) = 85 -326 mesh conc. Drum, 2 nos.
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way city o, of Cupucity/

R YN

d41dth

Flunt Comj.any Vaterial oturt
type. up
year,
1 2 3 4
CaANALA
l.Copper International M 1956-61
cliff Wi (tyrate) )
(artify.
clal)
audbury (ont.) (e7/68)
2.Colard Island steel 4 19865
(g
3.5teep "teep Rock Fo 196
ock ‘ (83.4)
(fmt. )
4,.atush Fick land Jpecular 1965
Uines{ ue) M ther, F(so)
5. * . r 1968
6..arol Iron Ore co, >pecular
WoW s .undland, Canada :(0'5) 1963.8
- \Py s
?7.Tubarao CVaD 1 r 198
wVRD I1 F 1973
8.1jmulden Hooegovena rmm 1370
AUSSEOLIA L
9. Dampler danmersley: P/L. 1968
W.,a,) RTZ
10.70bs Hiver . L 1972
INDIA »
11 ,chowgule - F/L &
(-oa) (&3.5)
Lad:
12,911ver 3y Reserve M (65,5) 1956
(.iinn) Mining, M 1960
13.Lagle Mills Cleveland F(64/68) 1965
{4ich) Cliffs, 1902
14.Grove land Hanna ¥i(60) 1963
(Mich) Mining.
15, Atlantic U,u,5taal M( 65) 19ve
oity(Wyo)

0.86

1.0

9.9

2.0
3.0

3

0 =0 O
(-] "'3 gounm

8

uni"s. unit tpd.
-] ?
1 1200 2.44
1 2.44
1 3030 3.05
1 30% 3.0%
3 495  3.06
. 3340
4« - 3,05
2 - 3.08
1 12,120 3.43
’
1 7580 3,43
1 6cs0 3.36
1 180 2.8
6 - 1.83
2 . 2.44
1 2424 1.83
1 &78.0 3.06
2 2272, 1.83

i ite bize(m) cp.capaz “ind oalld- Con.
~10a cits {‘; Loxe: ing struc-
v"/day jer inst- tor,
grade alla-
tion,
9 10 11 12 13
117.6 11,0 24 (75)Di(4) Wy
5.498 Dravo,
160 8.c63 32
229.,8 13,19 38 Di1(5),5,43p/
Dravo,
e 10.3 50 Di(5) 5,498
Dravo
229,34 21.54 B 90.0L Dravo,
D, 3.05 x Dravo.
9,45 m
206.5 - 34 (70)D 3,005 x Dra-
278.8 - 46 9‘15 " Vo,
278.5 43.52 27 - -
425.5 17.81 41 - Llurgi/iravo
402,0 15.08 60 'D1(6)6,048 Drave
lurgi
1.7 15,23 - Dy 3.08x L.
. 9.15 m»
4 28(88.0)) D{3)AG Mokae
7e.2 . 7 D(3) ¢
125,0 19,37 28 (80.00L1(4) cpowel
200.0 25.25 3M(15 ) D(4) Dravo
3.05x9.45 m»
4.0 21,28 32 D(6)2,74 X A G

9,45 m Mckee,
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(Mo) Mining.
88.81lack niver Inland 1969 0.78 1
Falle ('.13) Steel
HYL
'K n t
19,v0kclovsk - ] 1964-7 6.3 ? 2850 -
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Tuble 4 {Lunted)

(76) (6) 2,74 x 9,45 m  means
Drums, 6 nos, 2,74 m d1a r 9.45 long

F = Hem, M = Magnetite, L - Limonite
H(64) = Magnetite (615 Fed,

114,39 31,66 19

108.8 26.2

108.8
Jo8.8

178.3 25,49 28 D(6)2,74x3,

143.912.38° D(3)3.06 x
7.98

3»55 17.07 83 - -

130 25

238 4“

180 18.566 20 . -
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SOME ASPECTS OF RECENT ADVANCES IN THE FIELD
OF SPONGE IRON PRODUCTION PROCESSES

1. Introduction

ANNEXURE "B"

Dircct reduction for the production of 8P nge iron can now
reasonably claim o breakthrough so fir us the gaseous direct roduction
processes arc conceraed such as the HYL, Midrex, Purofer, Exxon-Fior,

M Iron, HIB, Armco, etc. 1In examining the direct reduction processes,
the following fociors are impor ant: :

a) Direct reduction nrocesses and their contributions to the
growth of the world's steel industry should be viewed in a nroper
perspective and further that these processes do not offer a universal
Penacca for 211 ills retording the zrowth of the steel industry,
particularly ia developing couniries.

b) Some of the direct reducticn processes are still cutting
their teeth ond remain techno-economically unproven despite contrary
claims particularly ihosc hascd on solid reductants (non-coking
coals and fossil fuels) although there are somwe exceptions. Utmost
caution is required in advocating their applications, inter alia, in
developing countries some of whien have already paid a heavy price
in such processes and nlant installations heving been scrapped within
a year or two of their commissioning.

¢) Direct reduction per se should be congidered on the basis
of offering possibility of relatively miner complementary growth to
the conventional iron and steelmeking processes; the latter
undoubtedly nrovide the main sinews of the steel industry's current

status and future growth and will continue to do 80 in the decades
to come. :

*d) Direct reduction processes will in the roreseeable future
not be able to displace the blast furnace technology and any such

talk on technical platforms tends to mislcad meny in the developing
oountries. '

‘e) Direct reduction processes should be concidered for supply
of soonge for steelmaking to feed the merchant mills in view of the
limitations of the module sizes inhcrent in direct reduction processes
(much lower in solid reductent based processes than for gas based
direct reduction processes).

f) The ohoice of technolozy (direct reduction processes and/or
conventional iron and steelmaking) should be related to the scale
of operations of the stecl industry snd the markets it sceks to
serve (home and export markets). '

A comprehensive 1973 studyl/ had indicatcd that global scrap
supply would brlance the demard upto the mid-1980s, although regional
1/ Bettelle Institute Ixancfurt, Reduction Processes Outeide the

Blast Furnace and T cir Imvact on Future Iron and Steel
Produotion in the World, Spccial Report 1973
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shortases would be seriously met with pericdically; at the same
time, scrap quality would deteriorate requiring better preparation
facilitics and higher prices for high srade pedigrec scrap.

Duc to the rclatively low levelg of steel consumption and
engincering activity in developing countries, the -vontities of 21l
scrap generated .- circulating, procecs and capital scrap - arc small
while the errangements for collection and preparstion are gencrally
.inadequate.

Mid 1974 imnorted stcelmelting quality scrap cost over 200 US%
per ton c.i.f., in many dcvcloping countrics. Iuring early 1975
scrap prices dropped to slmost half due io thc world-wide reccsgion,
but hove somewhot risen since. Steelmaking from gcerap requires much
less encrgy than from iron ore via pig iron or lighly metallized
sponge iron in arc furnaccs. Scrap is normally a preferred feed
material. But due to increasing use of coniinuous casting the
world over, internally zenerated plant circulating scrap is
deoreasing. Viewed in the above contexi, sponge production for
steelmeking quality in particular, hss assumed considerable
importance and rcceived impetus during the last decade.

.2'. Direct Reduction of Iron Ores and Svonge Production

In examining the developments in the field of direct reductisn
processes, a clear distinction must be made of direct reduction
sponge for (a) blast furnace cherge and (b) for direct steelmeking
in the eleciric steelmaking; the former is not so s ‘n:eptible.to
operational veriables and difficulties since the blast furnace sta.k
can digest e veriety of burden feeds (partially or highly metallized),
provided their physical strenzth is assurcd. Such a favourable
eriterion would apply in the case of the neu sponge iron plant
‘commigsioned in November 1974 - Nippon Kokan KK direct reduction
plant at Pukuyome (Japan) whose rotary kilns are fed, inter alia,
with 211 the mill residues/waste procucts of the stecl plant (flue
dusts, coke breeze, LD fimes, mitl scale, orc/pellet/sinter fines
and steel plent wastes, sladges, etc.); this plent cffeotively
reduces the environmental pollution, utilizes the plant wastcs and
residues and provides a well metallized biast furnace feed for iron
swelting. Some of the fines used ore below -325 mesh and are
pelletiz~4 along with other fines prior to cherging in the rotary
kiln, The technology employeé at this plant is based on a grate
type preheater and rotary kiln operotions. The largest of its tyne;
“this plent hes a daily rated capccity of 1,100 tons of sponge. The
plant uses ore fines and perticulates, mill residues and scale;
these are mixed with irdn ore, crushcd. ground ond pelletized into
‘@reen brlls of about 13 mm diameter. These bnlls arc heat hardened
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in the prehcater and charged into the rotary kiln along with coal.
Air tubes instolled innide the kiln wall heat the air which in turn
hcats up the coal. The CHy, CpH, and CO arc combusted to provide
the temperaturcs to offect the reduction in the range of 1200°C,
The rcduced pellets hove a metallizotion of over 909 and are used
as the feed for the blast furnace. Besic operational regults that
oaro significont to adjudge ite performence are, howcver, not
available about this plant.

It is reiterated that dircet reduction proeesses that yield a
well metsllized sponge for the iron blast furnace are rot operational ly
so critical; the determining foctors in such preccesses are the costs
and overzll cconomics in baloncing the total cost of the metallized
burden with the savings in thc coke rate and incrcased productivity
(hot metal) and ensuring overall favourable cconomic results:

The ncw plants based on solid rcductants rotiary kiln operetion
that have gone on stream during 1974 and whose operational data
have not so far been adjudzed, however present interestin potcntiali-~
ties, these are the Fukuyamn plent of Nippon Kokan (Japang referred
to above and the Criffith Minc SL/RN plant rotary kiln plant in
Canada with the production capacity of 350,000 tpy of prereduced
pelletn. Both thcee plants will prepare the prercduced pellcts for
ironmaking in the blast furnace and their operational results and
performance will be watched with great interest.

Thus, it is highly importent to understend the differences
between 1 highly mctallized product (sponge) for direct steclmaking
in the eleotric arc steelmelting furnace and partly metallized
product for ironmeking in an electric submerged arc ironsmelfing
furnace; the two produets are different from onc another chicfly
in vespect of the degrece of metollization and the end products they
direotly produce, viz. steel and pig iron respectively. This
distinction is to be clearly understood in view of thed:anomalous
olaims made in respect of their success and failurcs vis-4-vis the
metolligation technology. Direct reduetion represents almost the
oomplete solid stzte reduotion of the oxides of iron in the orc:
the directly reduced snonge ircn is suitable for charging to a
steelmaking furnace for meltinz ond refining to steecl. The pre-
reduction is the partial reduction of iron cre in the solid state;
the prereduced sponge is suitnble inter alio for ironmakinz. Although
prereduction hos received less publicity than the direct reduction
prooesses, steady progress has been made and industrial prereduction
plants have well been operating successfully on a ccmmercisl scale
for years now. In the ferro-alloy industry for example, pre-reduction
in rotary kilns prior to eclectric smelting of the ferro-alloy in the
sub-merged arc electric furnace, has been successfully employed for
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both manganese ond chrome oresg primrrily in Japan. Pre-reduction
of lsteritie nickelifcerous ores in rotary kilns has been corriecd out
in New Calcdonin and #lso in Crecce for yeais now. Prc-reduction of
the same ores is currently being done in shoft furneces in tho
Dominican Renublic.

In the crse of the iron blast furnrce, considerable pro-reduction
trkes place in the shaft of the hlrst furnace itself and go the
advantanes of a pre-reduced charse are not o morked ag in the case
of electric sub-merged arc furnacc for ironsmclting where the shaft
heizht and effects arc minor. The charge of a fully ~nd directly
reduced gnongce to the blrst furnrce is another question vhich needs
& separate tcchno-ascononic study and appraisal.

In the casc of iron smelting irn a sub-merged arc electrio
smelting furna.e, which is employed in the process flowshect to
produce ferro-vanadium vin the vrnsdium enriched slag or ferro-
nickel, the intermediate product rFig iron can be used for steel-
making such os by the LD oxygen rteelmaking process. In all these
cases, the degree of metollization ci' the metallized product/sponge
could differ cither by derign or attrinatility, depending upon
different process variasbles; in both cases, sometimes a virtue ig
made of a nccessity and vice-versa. It also necds due emphasis
that since contaminants are not physically removed in the direct
reduotion processes, it is importent that a high grade, uncontaminated,
low gangue row meterizl (lumpy hish grade iron ore and/or pellets) is
used for direct reduction to yield acceptable quality sponge. These
oriteria would preclude the use of iron ores or pellets whioh contained
high gengue despite their high Fe content. The costs of producing
such low gar~ue feed and of prior bencficiation of the ore fines to
yield the requisite low ganmue concentrate (cavital and production
oosts) must be fully teken into account by those claiming to offer
& process that can use sny type of low or high srade iron ores and
reductant (non-coking conl, lignitc, anthracite, etc.) for the
production of directly reduced tponge and its convorsion into steel
in the electric arc furnsce. Such unqualified statements and ousiness
eloims arc highly misleading spccielly for developing countries. In
this connexionl/ the following general technical data for some
typical soecifications for the iron orefpcllet fced available from
different countries, for goonge procduction to produce steel in the
clectric furnace, are iurnished hercwith; relaxations of the
specifications vis-d-vis the orice siructure are, however, possible
and have to be muturlly nogotiated between the supplier snd the
purchaser.
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1/ Compilod from different commercial sources




Iron oxide pellets

Size - +1/3% to -7/8" = 9%

Compressive strenzth

~ Toial iron -
- Oxide content -~
- Sulphur .-
~ Phosphorous -

Volumetric weight-

Range - 150 - 950 pounds
Average~350 -~ 500 pounds

2t least 667
hematite 95%

as low as possible - less than 0.03%
as low as possible - less than 0.08%

1.8 %0 2.3 ton/cu m.

Iron oxide Pellets' ohcmicel onalyses

Fe - 65 - 67

8102 - J-4

A1504 -~ 0.05 - 1.0

S - 0.01 - 0.03

) -  trace- 0.01
Ca0 + MgO - 0.5 -1.0

Cu - trace 0.01

As - trace
Moisture - 0.1

8ige -~  +3/8"%0 -5/8"
Case B

Average analysis - Iron Oxide Pellets -
h - 67-3

8102 - 1.6

A1,03 - 0.3

P - 0005

8 - 0.01
Ertimated - 1.0

Basioity

% (Renge)




Case D (Cont'd)

As - 0.001
Cr - 0.013
Moicture - 2.0
Bulk Deusity -

- 91 -

1.9 - 2.0 gfom>

Tumbler tcst - T 92 4 6.3 mm
Compressive strength - 300 kg

Case E

Iron oxide pellets

Chemical Analysis (Dry basic) %

Average

Fe
8105441203

P
Moisture
Cad
Alkalis

Physical sise

Compressive
Strength

Case F

Iron oxide nellets
Average chemioal snalysis

Fe
P
8
Cal

NgO

41203

8102

Basioity Cao + Mgo

Porosity

Physioal propertiss

gisc distribution

+1/8" - 1%
+5/8n - 17%
+3/8» - 97%
+1/8» - 1007
-1 /Qn - m

Pollet
High quality

Pellet
Lower quality
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CGroe G

Iron oxide pellots

Averago chemicel ennlysis % (ovon dried ~ 100 mesh sample)
FO - 66 . 88
Fe0 - 1. 181 /
Fop04 - 91. 67'2 /
Fe 0 4 - 3 . 81‘
Si 2 b 2 3 23

8 b 0 3 004
PAOc - 0.19
Afzd3 - 2.10
c.a—s.?--.g for

Pellets spocifications/aponge production to produce
T Tstesl in electric aro furnace

The coiwnn "A" shows the purchaser's specifications and column
"B" ghows what one iron ore/pellet supplier is offering; the price
ranges (premium and penslty clouses) have to be negotiatcd in each
oese. In furnishing these general technicel data, it is pointed out
that the latter could vary from one case to the other depending upon
many factors including the sources of pellets' supplies;

HAN 'lnll

I. Chemical (Dry)

(a) Iron (Pe) 65.5% min.bese 65-66% bese 65.5¢ PFe
66.0% Pe hematite (95% of total iron will
95% min. homatite be in the form of hematite)

(v) 8ilioe + Alumina 4% max.average 4% average subject to
(810, + A1503) subje.t to note below. note below.
(o) Sulphur (8) 0.03% max. 0.04% max.
(4) Phospherus (P) 0.00% mex. 0.08% max.
(e) Pb, Zn, Cu, Sn, Combined total Combined total 0.01% max.
Cr ond As 0.01%

1/ Hematite does not include the Fo,0y tied up with Fe0 in the
magnetite.

2/ Caloulated assuming thet FeO is unsteble and that each FeO mole
would tie with it F0203 mole to form FO304.
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Mcisture i) during
fair
soason

1) during
rainy
weather

Basioity
CaO+Mg0

Phyeical and Metallurgical
Size

Compression Strength

Reducibility (Cekustin
method)

Swelling index
(Cakustin)

(e) Oompression strength
after reduction)
Calcustin)

(£) Bulk density

Note:

a) The max. average for silica

"A"

2% max.
6% mex.

0.5 to 1.2
(0.5 minimum)

+21 mm:1% mox. +21 mm:1% max.

<21 mtSmm 94% ~-21 oS5 mm 94% max.
min.

5 mm: 17 max. - 5 om: 5% target

(at port of un-

loading -5mm 421 mm and -5 mm not

sise: 5% mox.) to exceed

210 kg/pellet 210 kg/pellet av. min.
average min. be-  below 80 kg/pellet
low 80 not to  not to exceed S%.
exceed kﬁ

55% min. 55% min.
15€ max. 15% max. .

35 kg/pellet 35 kg/pellet min.

min.

1.9-2.3 gms/oo. 1.9 to 2.3 gns/co.

Note:
a) Total silica plus alumina

Plus alumina shall not exceed content shall not exoeed

¢ 4 per batch of 125,000
tomnes.

Oont'd

4% average for a batoh
500,000 tonnes.

Cont'd
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b) Rejeotion limit ie 4.5% (eilica
Plus alumina) max. for each ghip-
ment. Howcver, supplics between

4.5 to 4.75% (silica plus alumina)

will be allowed for the first 2.5
million tonnes supply, provided
that the tonnage
(810 +A1203) shall not cxcecd 10%
of the quahtity to Dbe supplied,
and also provided tat the average
of 510, + alumina for eaoh batch
of 125,000 tonnes is mainteined
at 4%. The main factors are a
Iron (Fe) oontent 65.5% min. b
max. of Si0p+A120; combined on a
batoh of 125,000 Ifr is 4% and

©) basicity 0.5 min. Any other
stipulation contradioting these
three main factors are tc be
ignored.

Case I

with 4.5 to 4.75%

b) Rejcction limit is 4.5%
(8i0p+alumina) of cach
shipment. However,
supplies between 4.5
and 4.75% (silioa plus
aluminag will alsc be
allowcd during supply cf
firet 2.5 million tcnnes .
provided that such
quantity shall not exceed
10% and previded that
average for batch is
maintained at 4%F.

A_typioal metslliszed sponge iron Pellets speoification for use

in electrio arc furnace

Sise

Compressive strength
Metallization

Total Fe

Notallioc Fe (Fe+Fe from FeqC)
Gangue + lime added

Gangue basioity
Cardon

8
P

+1/8" to -7/8" « 908
above 35 kg

84 t0 9

over 8

over 7%

leas than 7.0%
0.5 %0 1.3

1.3 t0 2.5

As low as possidle
- less than 0.03%
As low as possidle
- less than 0.08%
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Some ef the recent cdevelopments in the
field of zponge production preoesses

P S O @A AL e P W SINRS Gy s A @ Srmadaw & B P op Wt B

The sponge preduction processes are to-dey literally offered
by the dozens te meet any situation (types and grados of raw material,
fuels availcoble, oic.

A relatively new entrant emengst the direct reduction processes
is the Kinglor Metor Dircct lleduction process; ILTA - Tubificio
Arvedi, Italy, has placed an order with Kinglor Metor (jeint venture
between Danjicli eond Monicforivn for a direet ‘reduction plant,
comprising two basic modules, 2ach of 40,000 tpy sponge capaoity)
depoending uron the qurliiy of the raw meterials. The iron ore
charge will ve cither Italirn or imported lumpy ore/pelleta and the
coal will be Puropcan based. The direet reduction sponge is expeoted
to foed the two 50-ton elcciric sre furnsces at Cremona to produoce
steel for black and galveuizcd siecl tubes.

At a recont Dircct Reduction Seminar crganized by ILAFA at
Porto Elégre in May 1975, latest developments in some of the Latin
American countrios were hiznlighted. An attompt is made here to
outline some of their szlicnt- points albeit with no olaims made
about their veracity Ly the writer. How far and to what extent
the planned sponge capsciiy figures would actually be achieved oan
only be oonjectured albeit optimistioally.

Argentina

There is no dircot rediction plant ourrently in oporationg
cne Midrex plant of 300,000 ipy cepaoity is under construotion and
is likely to start in 1976. An idontical HIL plant is reportedly
under negotiation. Anothe:r plant (ACINDA) will have a crude eteel
capecity of 600,000 tpy with a oaptive Midrox sponge bascd oapacity
of 450,000 tpy. It is expected tlhat o total of two million tpy
steel oapacity will be Lased on cponge/scrap oharge by 1979/80.

Mexioo

There are ourrently five sponge plents (HYLSA) in operation
basod on the HYL prcoess eggregating about 1.5 million tpy capacity.
Another HYL plant of 700,000 tpy of sponge capeoity is under
oonstruotion at reeeni wkioh wiil teke the HYL smonge oapaoity to
over 2.2 million tpy by the ead of 1976. Another sponge plant
(HYL-TAMSA) is plenned wiik a oapacity of 300,000 tpy. It is
expected that by 1982, abcul 5.1 million 4py sponge capacity would
be set up beged on the HL proococzs in the country.
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Venezuola

A 400,000 tpy soonge plant rceently taken over by the Government
(HIB plant of U.S. Steel) is currently in opcration to provide blast
furnaco feed for iron omoliing; data about its techno--cconomic
pcrforma.nce/succcss are lecking. One HYL plant w.th a sponge eapacity
of 450,000 tpy and onc Midrex plant of 400,000 tpy sponze capacity
erc seheduled to start end 1976. A 400,000 tpy sponge capacity is
expcoted to he on stream by end of 1975 basew on the F)(XON/FIOR
prooess. It is planned by the Governmcnt thnat by 1978 end, a sponge
capaeity of 3.1 million tpy would be established. The capacity
figures for 1980 ond 1985 are projectcd at nix million tpy and
8.25 million tpy respectively.

Chile

There is no dircet reduetion plant planned or eurrently in
operati-n. Some gas reserves have becn located on the extreme
south sver 3,000 km away from the iron ore deposits in the oountry.
Some orI-shore oil drilling operations are under way.

Colombia

There is no direet reduction plent eurrently operating in the
country. Some thougzhts arc beinz given to solid reductant besed
direct reduction oaraecity (0.4 to 0.5 million tpy) eonsidering
that the country hns over 60 billion tons of proved coal reserves.
Colombian iron ores, however, are highly phosphoric and unsuitable
for direot rciuction; mineral beneficiztion to get low phosphorie
oonoentrate/pellets is most difficult in view of the complex
mineralogical assoeiation of the nhosphorous in the metrix. Gas
reserves are reported at 2 x 1012 eu.ft. A eomprehensive UNIDO
sponsored study of Colombian steel industry including sponge
capability is currently under way.

Bresil

OONSIDER is reportedly providing the following guidelines for
direot reduction in the country:.-

(2) Use of coke oven gos and blast furnace synthetic gas
mixtures for reforming and sponge produeticn - Midrex
is oonducting a feasibility study thcreon for USIMINAS;

(b) OGasifioation of Brazilian non-ooking ooals for direct
reduotion;

(o) Oasifiocation of reportedly surplus heavy oil for direot
reduction (Cosigua plont based on Purofer, 300,000 tpy
capooity);
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(d) Maturel pos piped from Bolivia or transportcd through
IP3 for dircect reduction;

(c) Use of low sheft furnoce gann for direct rcduction.

- The currcnt capreity (SL,/RN) of fcos Finog Piratini is
around 67,000 tpy; the capacity actually achieved is,
however, revortedly less at present:s doubling/tripling
of this capaeity is reportedly plannod hy Piratini
(SL/RN).

- USIBA plent (HYL)with 250,000 tpy eponge production
achieved its rated capacitly 2--3 weeks after etarting in
March 1974 - a commendable performance.

- COSIGUA plant brsed on Purofer proccss with a spongo
capacity of 300,000 tpy usinz surplus heavy il ghould
g0 on stream end 1975; a second unit is planned for
stert up 1978 of cquivalent sponge capacity.

- A Midrex sponge plant of 400,000 tpv is plenned near
Sao Paulo.

Brazil is actively planning to increase its raw stcelmeking
oapecity to about 25 million toy by 1978. The originsal programme
formilated by CONSIDER (Conselho Macional de Industria Siderurgica,
now changed to Conselho dec Neo Ferrosos ¢ de Siderursia with the
same acronym) hos been accelerated and includes simultancous
exprnsion of Government owned steel plants, USIMINAS (Usimines
Siderurgicas de !linas Gerais), COSIPA (Companhia Siderurgicas
Peulists ) and CSN (Companhia Sicerurgicas Necional). Brazil is
today the lergest steel producer ir South merica and will be,
before long, one of the leading in the world.

Midrex Corp.ljpnnounccd recently ithet it hes reccived a letior
of intent from USIMINAS (Usinss Siderurgicas de Minas Gerais S.A.)
of Belo Horizonte, Brazil, confirming the commitment of USIMINAS to
enter into » series of agrecements with Midrex including a conctruction
contraot for two 400,000 tonne/year modules using the MIDREX Direct
Reduotion Process.

The two modules to be constructed at Ipatinga, Brazil, will
apply ooke-oven ges as a process gas substitute for natural gas.
Operations of the direct reduotion facility is expected to begin
in 1978, when Phasc III of the USIMINAS expansion plan is couplete.

_]j Iron ond Steel Engineer -- Novembcr 1975 -p. MM-19
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Tho NIDREX Dircct Reduction Process as uscd by USIMINAS will
be the first oommerciol instelletion of its kind in the world. |
USIKINAS is studryin~ the fecanibility of using direct reduction in
integrated steel mills. Savings in metallurgical coal consumption
by moro offcctive usc of cokc oven and blost furnaco gascs could
be subetintial.

USIMINAS will use the highly metallized iron in blast furnaces 4
and LD convcrtcrs for thc production of high quality stoesl. Through |
use of iron producod by this proccss, USIMINAS will be ablo to
incroaso steel production bty o much es 20% in the renge of
US%50 million/year.

Under the agrccment, Midrex will provide USIMINAS with
ongineering, plant cquipment and worsonnol for supervision of
ercction, etart-up cnd training of USIMINAS cmployees  Technologi~-
oal procese dovelopmeats relatod to the utilization of coke--oven

- gae in the MIDREX Diircct Reduction Procoss will be applied at
USIKINAS plants in a joint undertaking by HMidrex and USIMINAG.
Know-how relating to the usc of iron in the bYlast furnace will be
a pert of this colladoration. Technology developed will te
available to other stecl plants in Prazil and throughout the
world following refinemont of this devoloomontzl programme.

Besidos coke-ovon gas, Midrox scientists ond engineers are currently
oonducting pre-ongineering studies for modules using the MIDREX
Direct Reduction Process bascd on coal, off-zas from electric iron
smelting furnccos and naphtha. Other fuels the MIDREX Diroct
Reduction Process cleim to utilize include heavy oil, propane

and off-gag from refineries.

Peru

There is no dircot reduction orpacity in the country todey.
Results of oil ond gas surveys and exploration arc awnited. Mean-
wtile, one direct reduction plent besed on solid reductant rotary
kiln operations is plenned using high zrade (677 Fe) Marcona pellets
and ooke broeze stocked at Chimbote.

Bolivia

e -

There is no direot roduction caprcity at present in the pountry.
A feasibility study of zasecous sponge plant bascd on Mutun iron ore
and local natural acs is reportedly under way.
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Solid reductzni rotary kiin bescu direct roduction processes
olaim thc use of iron-bearing stecl plant uludges and wastes and
furthcr that their processcs are cheaner than projccted coal 7asifioa-
tion dircct rcduction rrocesses currently urnder development; how-
ovor, there arc heavy heal lossos ond adverse hcat VLalence and
oonsidcrable Research ond Development work ere nccdod to develop
recuperation eystems to improve the overell lect balance of rotary
kiln ovocrations.

-- Sponsors of Purofer process claim tho usc of coke oven gzas
at their direct reduction faoility at Oberhrusscn (FRG);
Purofer fuel o0il, clectric pig-iron cubmerzed arc furnaco
gas for dircct reduction. Purofcr sponge, it is claimed,
oould be used in o hot blast cupola; it could also bo
hot-briquetted to reduoe its reoxidation.

Sponsors of Midrex procese claim over clevén million try
- ourrent capacity (planncd and installed) and that Midrex oould use
gasified coal grs, naphtha, cto. R and D work is under way in
collaboration with CVRD on raw materials prooessing, hot briquetting
of ooel fines and sponge.

Sponsors of HYL process claim modules of 700,000 tpy sponge
oapaoity and an almost cquivalent plannod and installed sponge
capeoity as of Midroex. HYL's R and D teams are working on twenty
resocaroh and development projects aiming at reducing the fuol/
energy oonsumption figures, computerization of HYL plant oporstions.

JEXXON-FIOR Sponsors trace their dcvelopment from a pilot plant
of five tpd caprcity on to » domonstration plant of 100,000 tpy
oapacity, claim the usc of iron ore fines for fluidized bed direct
reduotion end refer to their 400,000 tpy sponge plant under instal-
letion in Venezuela; they cleim thet a 14 million tpy cepacity
oould be harnessed by EXXON-FIOR in the years to oome.

Olaims"-’/ concerning the gesification of ooal (mostly non-
ooking) to produce synthotic natural ges havo to be viewed with
oaution. It hes recently been reported by M.I.T. and Union Carbide
studies that synthotic natural gas of pipeline quality will oost
soven times more the: ustural gas (3.60 USS$/million BTU for synthetic
netural gne oompared t. 0.5 US% por million B for natural gas).

El Ppsa Natural Ges Company's Four Cormer operations in New Mexico
state that their original orpitel cost estimates at 209 million US$
have now esorlated to cost 1 to 1.2 billion US%.

2/ Industry Wcek - 1 Septembor 1975 - p.46
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Following the triple incrcase in the oil prices during the
lagt ¢counle of yearsz, intorcat in coal »s a sourcc of cnermy for
iron- md steelmaking ond dircetl reduction hos been sreatly aroused.
The greification of zonrl Lo yicld a high enlorific value jas for use
in the iron and sleel industry and methan-tion of the gasificd coal
gas to yicld » mbnvitute natrrvel gos ruitoble for reforming and
eveniual usc fo. gascous dircct reduction, hove led to potentially
interectiing deve.opments equolly ic a plethora of elaims; many of .
the latter have siill), howcver, to be proved on a commercirl scalc.
Thus coal sasification arvears to offer spceial promise as a long
range measure for suoplemental sas supply. Countrics uuch as US/,,
India and others have vast roserves of corly in the case of India, .
however, these resomiccs arc mostly of non--coking coals. One is
faced with serious problems, ranging-fron heavy cernital finances
and investments ncedcd to estoblish coal sasification on a commercially
socoptable scole, to the lack of sufficient water resources in all
areas where coal grsification planis could be advantageouslv located.
A ce-opcrotive agrcement between the gas indusiry and the US Xpart-
mont of Interior was initioied in 1971 ot a cost of 30 miilion US?
annually for four yecars with the objective of developing ¢ process
for producinsg high BTU value pipcline quality gas on a demonstration
phasc basis. At present, two pilot plants are opcrating. It is
expeoted that 2 typical commercial plant which will produce 250 mil-
Mon cu ft of hignh BTU zas per day from 16,000 tons of cosl, will
cost a billion US?. Twelve such plants will produce one trillion
ou ft of gas annually which will, however, cquate to hardly 5% of
the ourrent US naiural gas consumption anrually.

Meenwhile, some co2l gesification plants arc planned to start
up by 1980 based on the Lurgi procecss to convert sub-bituminous
non-coking coal into 2 low BTU gas whicnh will be enriched in its
heat oontent through the application of a new methanntion process,
to yield a pipeliic quolity SNG (substitute natural gas). About
eighteen such cozl gasirfication plonts are becing planned, some of
vwhioh will use the Lurzi process. However, the heavy capital

Anvestr :nt nceded is the prima . limiting factfor. ~The Syntirae
process (eoal to SNG) e beir; luveloped o+ +the Fittsburgh Energy ‘
Centre (PERC) of the US Enerny Research and Dovelopment Administra-

tion, A 75 'ton/day synihene plant has been designed by, the Lumzus Co.

and constructed by Rust Engincering Co. at Br'ucetonl/ and is

getting ready to go into operztion currently.

Relirble capital and operating oosts for SNG production are
at present, not availeble. e_cstimated order of mngnitudc?f .3/

of capital cost for » 7 x 10 m3/dt\y SNG plant is of the order of

250 million US$, The SNG product is cstimated to cost 5 to 7.5Us%/

106 koal; which is about thrice the currcnt nrice of natural gas '

'7.‘-‘:'-..--.-‘—_-.‘ A ety BBt w -, e S b b b

Akhtar, Seyced, Nestor J. Mzzzocco, Murray Weintraub and Paul

N. Yavorski-Synthol process for converting coal {o non-polluting

fuols prescnted 2t the 4th "Syn*hciic fuels from Coal" Conference

of tho Oklrhoma Steve University, Stillwater, Oklohoma, May 6-7, 1974.
2/ 8. Bresler and J. Ireland, Chenm. Eng. 16 October 1972, 79.

D. Jeckson. Engincering and Min. Journal Maroch 1974, 175.
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in the USA.  The dircct reduction sponse costs src cxtremely scnsitive
to tho ooct of goscous rcductants. The growth of ecconomic coal
gasificotion plants (small or mecdium sizo) could include low cnergy
gas procegses only for power/stcam ond hcating purposes. Thc low-
methanc-yield pasification processes will necd cxnensive methanation
treatments for use in gascous direct recduction. It is, therefore,
necessary thet claims for SNG processcc and plonts for direct
reduction should be comprchensively techno-cconomically and
commercially evaluatoed before wholesale acceptonce.

A oomparison of some leading direot reduction prooesses is
compiledd/ in the attached tsbulation (chergo, energy, consumption,
type of reduction reactor, etc., raw materials consumption and
utilities). It must be accepted that gascous dircct roduction
processes mainly hold the fields for sponge production today and
hold equally good promise of future growth and plonned developments.

Charaoteristice of coal gesification prooeuesﬁ/ are also
tabulated in view of their recent potentialities for direot reduction
of iron ores.

4/ %/ Compiled from teohniool 1iterature (diggerent Jjournals
and magasines ).
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An updated list of direct reduction plmnta gopemting, undor
ingtallation, under ncjotiations and contracting) in different parts
of tho world is given below: (Compiled from techuical journals - June 471

D-R plants in operation
As et January |, 1977

Stert-up Company Country Process Reductant DRI capc(xz;j

t

1954 Hoganas/Granges® Sweden Hoganas Coke brecze 170,
1954 Hoganas Corp. USA Hoganes Coke brecze 70,000
1954 SKF/etc.g Sweden Wiberg Coke brecze 90,000
1987 Tohoku-Satctsu Japen Rotary kiln Caal 24,000
1987 Hylsa-Monterrey | Mexico HyL Neturel gas 100,000
1960 Hylsa-Monterrey Il Mexico WL Natural gas 270,000
1964 Hitachi Metals Japan iberg Coke breexe 10,000
1967 Tamsa Maexico HyL Natural gas 260,000
1960 Anglo-American Corp. S. Africa H 1hvcld kiin Coal 1,000,000
1969 Hyisa-Pueble | Mexico Hr Natural gas 315,000
1969 Oregon Steel Mills USA Midrex Naturel gas 300,000
1969 Kawasaki Scteel Jepen Kawasakl Coke breeze 72,000
1970 New Zealand Steel New Zealand SL/RN Coal 120,000
1970 Thyssen-Purofer W. Germeny Purofer Nat. Gas/Coke oven gas 150,000
1971 Georgetown Steel USA Midrex Netural gas 400,000
1971 Nippon Stcel Japen Koho Coke breeze 48,000
1972 Kawasaki Steel wun Kewasaki Coke breeze 240,000
1972 Hamburger Stahiwerke . Germany Midrex Natural gas 400,000
1972 Armco Steel USA Armco Natural gas 330,000
1973 Agos Finos Piratini Brazil SL/RN Coal 60,000
1973 Dunswert Iron & Steel S. Africa Krupp Coul 150,000
1973 Sidbec-Dosco Canads Midrex Natural gas 400,000
1973 Minorca Venetuela HIB Naturel gas 650,000
1974 Usiba Srazil Hyl Natural ges 250,000
1974 H{(Iu-Homemy m Mexico Hyt Neturel ges 475,000
1974 NKK Jepan SL/RN Cosl 350,000
1978 Steel Co. of Camda Camda SL/RN Cosl 360,000
1978 Hecle Minin USA SL/RN Cosl 40,000
1978 Sumitomo Metal Japan Sumitomo Cosl 240,000
1978 Sumitomo Metal Japan Kubota Coal 210,000

1978 Allis-Chalmers Camada Accar Coal/oll/gas S50,
1976 Dsimine-Siderca Argentina Midrex Natural gss 330,000
1976 Sudbury Metals} Canada Accar Nat. gas oll 240,000
1976 Fior de Yeneruela Venetush Flor Natural gas 400,000
197¢ Nippon Sceel Japan NSC [o]1] 150,000
197¢ Ferriere di Arvedi lealy Kinglor-Metor Coal 40,000
TOTAL 4,804,000

*2 plants, ot Heganos and Oxelosund. 1) 7planu, at Hofors (SKF), Sandvik (Sondvik), and Uddeholm (Uddehalm).  $The Accer plont at Sudbury
wses @ mixture of natural gas & all, opprax. 75%,/25%, in summer and 40%/60%, in winter. On Jon. |, 1977, this unit wes down for strucwral repoirs.

D-R under contract at start of 1977
Under contract at start of 1977 and scheduled for completion by 1980

Stert-up Compony ry Process Reductont DRI up%
192/ Sidbec-Dosco Il Canada Midrex Natural gas 625,

m Sidor N Veneusls Midrex Natural gas 360,000
1977 Sidor 11 Venevels Myl Natural gas 360,000
1977 Corlgue Brazi Purofer Gasified oil 350,000
177 Nisle lran Puroler Natural gos 330,000
1977 Hylsa-Puebla Il Mexico Hm‘. Natural gas 625,000
(L NLI: fran M Netursl gas 1,200,000
1977 Inq lron & Stes! Naturs! gas 1,485,000
1977 Anglo-American Corp. S. Africa Highveld Kiln Coal 300,000
1977 Consolideted Gold Fields USA SLIRN Cosl 100,000
177 Kawssaki Stesl Jopan Kawasaki Coke bresze 250,000
1977 Ni!'on Steel Japan NSC o] 240,000
1978 Siderperu Pery SLRN Coal 100,000
mm Tika Zambha Hyl Natural gus 250,000
1978 Nisle lran H Naturs! gus 1,000,000
1970 Acindar Argentina Midrex: Natunal gm 420,000
1979 B5C Hunterston Midrex Natural gas $00,000
197 Qatar Steel Qatar Midrex Natural gns 400,000
1978 PT Krakataw indonaria Hyt Natural gas $75,000
1979 PT Krekataw indonosla Natural gas 1,725,000
1979 Sidor IV Venoruela M Natural gns 1,200,000
1979 Sidor IV Veneczuela H Netural gas 2,100,000
1979 Kursk USSR Midrex Natural gs 2,500,000
1990 North Sea Iron uK -— Natural gas 000,000
1990 Norddeutsche Ferrowerke W, Germany Midrex Natural gas 1,200,000
1980 Kursk USSR Midrex Natural gas 2,500,000
1980 lscott Teinided-Tobage Midrex Netural gas 420,000

TOTAL 22,215,000
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D-R projects planned for operation

1981-1986.
Company & Proboble DRI
Country (anuo":) reductont «pzﬁ
USA Texas Natural gas 900,
Farreduction®
USA Gulf Coast Natural gas 1,500,000
consortiumt
Camda Interprovincial iron  Coal 400,000
Argantina Gurmend| Natural gas 400,000
lvia Sidersa (Santa Cruz) Nacural gas 200,000
Seazll Cosigus Il Gasified oll 350,000
Brazil Cofavl Gaslfied oil 350,000
Seazil Uslbs Il Natural gas 300,
Brazil Imbituba Gasifiad coal 400,
(Sta. Catarlna)
Seazil Piratial Il Coa! 200,000
Maxico Tamsa Il Natural gas 300,000
Vennruala Fior de Vanezuela Natural gas 2,000,000
vl Adriatlc consortium  Natural gas 800,000
;pJn Sid. Glbraltar LNG 450,000
Spaln Prenosa (Blibao) LNG 500,000
Algeria SNS (Jijal) Natural gas 1,200,000
y{: Govt. (Helwan) Natural gas 400,000
unisla Govt. (Gabes) Natural gas 800,000
Turkey Edas Coal or 400,000
natural gas
Iren Nisic (Bandar Abbas) Natural gas 1,800,000
fran Nisic (Isfahan) Natural gas 1,400,000
South Africa  Saaw Coal
Angio-Amarican
New Zealand New Zealand Stasl I Cosl 200,000
USA Republic Steel Coal 360,000
assilion)
USA Rapublic Steal Coal 340,000
Gadsen).
Bl Salvador  Govt. (Acajutha) Coal 160,000
Argentim Hipasam Natural gas 400,000
L (Punn Colorado) Natura! 00,000
Argentina ucinl tural gas \
Brazil Dedini Coal 400,000
Sranil Ikosa-Palns By-product gas 160,000
Brazil Mendes Junlor By-product gas 350,000
Seazil Mannesmann By-product gas 400,000
Colombla Acanor (Barranquills) Natural gas 200,000
Ecusdor Ecvasidor - 400,000
Grescs Siderhcllas Natural gas 300,000
Abu Dhabl Government Natural gas 400,000
Libya Govt. (Misurata) Natural gas 500,000
Morocco Govt. Natural gas 300,000
Saudi Arabia  Govt. (Al Juball) Natural gas 1,600,000
india Gowt. 40,000
(Andliva Pradesh)
Awstralia Hamerslay Iron Natural gas 1,200,000

TOTAL 24,200,000

SSponsered by Midrex. {Supperted by Fier. Consortivm includes B & W,
Conners, Kl.r'mu S!eel’& Wire, N‘;’rlh Stor, Penn-Dixie, and Timken.

Table 22 Other D-R projects under study
€arly decision allowing startup befora 1985 unlikely

I
robobla
Country (Lecation) Reductont (®y)
cepecity
USA Sovareign Industries Coal 400,000
(Arizona)*
Canada Lasco Natural gas 300,000
Argantina Somisa Natural gss 600,000
Brazil Acesita Coal/charcoal 300,000
Brazll Coslpa Coke ovan gas 400,000
Brazil CSN 2 ovan gas 800,000
Brazll Talsa Natural gas 400,000
Brazil Cotim By-product gas 600,000
Brazil Urucum) atural gas 400,000
Brazll Iminas Coka ovan gas 400,000
Srazil Villares Gasified oll 350,000
Colombia Acenor (Call) Natural gas 400,000
Chile ghullum) I'J-product gas 400,000
Mexico ovt. atural gss 1,000,000
Veanezuala Acslcar Natural gss 400,000
W. Garmany (Dulsburg)t Coka braaza 200,000
W. Germany Mannesmanng Cos! 200,000
faly Soimine —_ 400,000
?ﬂn Pradacasa (Barcelona) LNG 400,000
SSR Gowt. (Kaliningrad) ~ Natural gy 3,000,000
Sulgaria Govt. (Kramikovtsi) Coal $00,000
Govt. (Alexandria)  Natural gas 1,600,000
ia Govt. (Pt. Harcourt) — 1,200,000
Kuwalt Govt. (Shualba) Natural gas 400,000
fran Nisie Natural gas 2,500,000
(Bushehr/Kangan)
Iran Nisic (Mashad) Natural gas 400,000
g Gove. (Al Zubalr)-ll  Natursl gas 900,000
South Africa  Scaw &
Anglo-American  Coal
South Africa  fscor Gasified coal 800,000
Mauritius Govt, Natural gas 600,000
Singapora Nism —_ 400,000
Thailand Consortium Natural gas 400,000
(Sattahlp)
Malaysla Govt. (Kuantan Natural gas 400,000
India Tomil Nadu (Safem) — 400,000
India Gujarst (Ahmedabad) — 200,000
Bangladesh Govt, Natural gas 400,000
Pakistan Govt. (Punjab Natural gas 400,000
Japan Nisshin Steel (Kure) Gasified oil 1,200,000
South Korea  (Inchon)**® —_ 160,000
Taiwan ang Eu. Iron Works Coal 200,000
China Cins Nat. Tech. - 1,000,000
import

TOTAL 26,410,000

Kiin iron sands. 1Kiln using wasta exides. $Kiln using lignite,
”M':;:t‘i and medification of existing kiln, ¢ g fignice
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REGIONAL DISTRIBUTION OF DR INSTALLATIONS: 1954 to 1980
(Percentage at yearend)

Region 1954~1976 1977 1978 1979 1980
Cagaiﬁg; (@pa.c’.‘ No. Capac.’ No. Capac. No. Capac.

Latin America 35.5 25.6 32.1 27.4 28,8 27.6 33.1 29,0 29,2

North America 25.1 2301 1905 21.6 1508 1900 11.3 1?.? 90"’
"QBt Europe 906 2005 50? 1507 8.9 1505 6.3 1‘*.5 11.?
East Europe - - - - - - 9.6 1.6 16.1
Middle East - - 20.1 5.9 23.8 8.6 6.9 8.1 14,2
Africa 13.1 5.1 9.6 5.9 9.1 6.9 6.5 6.5 5.5
Asia 15.2 23,1 12,2 21.6 13,0 20.7 15.8 21.0 13.5
Oceania 1, 206 .8 109 06 lo? 05 1.6 o

DISTRIBUTION BY CAPACITY AND PLANTS _
(Annual Capacity in Millions of Metric Tons, and Number of Plants

Region MT __ _No. MI_ _No, XML No. MI_ _No. MT

Latin America 3.13 10 4.83 1 5.3 16 8.65 18 9.07
North America 2,21 9 2,93 1 2,93 1 2.93 11 2.93 11
West Europe 85 8 85 8 165 9 1.65 9 3.65 11
East Europe - 0 - 0 - 0 2,50 1 5,00 2
Middle East - 0 3.02 9 L2 5 L2 5 42 5
Africa 1.15 2 145 3 1.70 &4 1.70 &4 1.70 &4
Asia 1.% 9 1.83 1 241 12 4.13 13 4.13 13
Oceania 32 1 Jd2 1 Jd2 1 A2 1 A2 1
WORLD 8.80 39 15,03 51 18.57 58 26,10 62 31.02 66
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List of Worle Direct Reduction Plent
Dased on C-r ~né Solid .'tcd.ucta.ntr:]_?

Bt P Bt o . e B G B S A R S s e W o

1. Commercial intercat in dircct roduction has quickoned

rcoently, duc to e comdbinction of factors. The “cohnology has
reached 2 stnc where thero is smple cvidence thav a number of
prooesses arc now both cconomically ~nd technicrlly officicnt.

In addition, direct reduction scoms cminently suiteble for use

in tho enerzy-rich devcloping countrics such os the oil produccrs
whioh poesess nctural zas depogits. Those notions now also command
the funds to dcvelop larne-scale industries, ~nd appcar to tc willing
to take tho plungo with a rclativoly new ironmrking technology.

2. In the industrinlized countries diroct rceduction hes ploycd

& neoessarily more muted role, 7iven tho existence of cstablished
iron and steclmeking. The proposcd BSC plent a2t Hunterston and
the Spanish projects for oxamplc, are prim~rily aimod at covering
actual or predictod screp deficits. It romains to be seon whether
the Soanish plants, if approved, oan operate coonomiocally zivon
the nooossarily higher cost of imported nntural zas on whio™ thoy
will have to run.

3. I% can be expocted that merchent direct reduction plents

will be of growing importence and thot traditional iron ore exportors
may prefer to build such plants to add value to their oxports. The
eoffoct this devolopment has on the untreatcd iron ore and sorep
sarkots may bc oonsidcrable.

Alphabetical Order

Oountry, Company Location Proocess Cepacity Stert-up Status
S —— (tpy) . date ~
ABU THABI Midrex 1,000,000 1970-9 agroed in
QJovernmont/ principlo

Kewasaki Steel

ARGYNTINA

Delmine Crmnens Warox 330,000 1976

8iderog

BANGLADESH Ryl 250,000 tpy under
foasibility
stage

BOLIVIA

Bidersa Matén envisaged

oo e wo.a. & 0o w

!/ Based on the list compiled from teohnical journals and

Netal Bulletin sMonthly, June 1977 and updated to August 1977.




Country, Company
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BRAZIL
Agos Finop Piratini

Conetrutora José
Mendes Jr.

Cosigua

Fi--El Korf SA

Usiba

CANADA

Foloonbridge Nickel
Mines

8idbeo-Dosoo

Steloo

EGYPT

Uovernment in

Joint co.

FRANCE

OREECE

WEBT QERMANY

August Thyssen Hitte
Ramburger Stahlwerke
INDIA
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Location Proccons

B T R R e T 2L I TE TR WO PR i g

Cherquecadrs SLIN
SLRN

Juiz do
Fora

Santa Cruz Purofer

8a0 José  Midrox
dos Campos
Bahia Hyl

Sudbury SLIN

Contrecoeur Midrex
Midrox

Uriffith Mine,
Onterio SLIN

Dnkhella Midrex
Midrex
Toulouss Novalfer

Kabell~s Hyl

Oberhausen Purofer
Hamburg Midrex
Guijrat Ryl

Andhra Rotary
Pradesh kiln

Capaocity

(tny)

67,000
250, 000

300, 000
300,000

400, 000

185, 000

300, 000
400,000
600, 000
545,000

1, 600,000
3, 400, 000
18,000
500, 000

300,000
400,000
500, 000

30,000

Start-up

cdatce

1973
1976

1976
1978

1978
1974
1971
1973
1976

1975

1977
1982
1968

1972
1971

1975

Jtetus

0O p i S e B L A et 08 W ® Wred o A A e

oporating
planncd

enviguyod

planned
operating

closed down

1972

operating
plant ordoreod

agroed in
principle

envisaged
pilot plant

under
negotiation

pllot plant
ocperating

foasibility
stageo

fﬁlot plant
UNIDO proj.)




Country, Company
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INDONESTA
PT Krakatau
Ferrostaal

IRAN

Nationrl Iranian Steel
Industries

ITALY
Siderurgica
Monfalcone

JAPAN
Chiba

NXX
Hitaohi Metazle Ltd.

Kawasrki Steel

Nippon Steel Corp.

KUWAIT
Kuwait Iron and Steel
Co.

MFXICO
Hylsa

Rylsa de Mexico 8A
Sidemirgica Tamsa

Location

Anyer--Lor

Mhway
Ahvaz
Isfahan
Bandar
A .bbas

Xhor Al
Zuboir

Monfalconc

Fukuyama
Tokyo

Mizughima

Hirohata

Shueiba

Monterrey
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Process Capacity Start-up

Status

. o t— s

Hyl

Purofer
Midrex
Hyl

Midrex

Hyl

Kinglor
Metor

3LRN
Stderfors

(Ns¢ process)

ond 1974

plant
ordered

updzsr consir.
plant ordered

agreed in
principle

agrecement

eigned
Ootober 1974

pilot plant

partinl
reduction

rotary kiln:
operating

planred for

commercial
operation

at tender
stage

operating
operating
operating
operating

operating
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Country, Comnany Location Proccss Capacity Start-up OStatus
(tpy) dato
NEW ZEALAND
New Zcaland Steel Olenbrook  SLRN 150,000 1970 operating at
roduced
capacity;

a serious troubics
enecanterced in
plant opera-
tions

4

PERU
Siderperu -=~ deteils are not available —— Re-use of 3
cement kilne
planned
b QATAR
Government in joint 350, 000 1977 egreed in
venture principle
SAUDI ARABIA
Petromin in joint 3, 500, 000 agreoed in
venture principle
SOUTH AFRICA
Dunswart Iren and Benoni Krupp-Renn 150,000 1972 operating
Steel
Righveld Steecl and
Vanedium Witbank Lurg:l/Elkem 440,000 1968/72 partial roduct.
Lurgi/Elkem 250,000 1974 partial reduct.
SOUTH KOREA
Inchon Steclworks Inchon SLRN 150,000 1970 partial roduct.;
olosed down
1971
8PATIN
Prenosa Prat de 520,000 mubject to
Llobregat governaent
Barcelona approval
’ Prencea Bildbso 800, 000 "
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Country, Compony Looation Process Capacity Sturt-up Status
(try) date

Predeceosa Barcelone 300,000 subjoct to
govorrmant
spproval

S8idemirgica de

Gidral tar Algociran Midrox 400,000 mbjcot to .
govornment
approval

SWEDEN '

Ordnges Steel Oxolosund Hoeganaes 40, 000 operating

Hosgrnaes 4B Hoeganaes Hoogannes 130,000 1911 for iron
powder prod.

" Sandvik AB Sandvik 65,000

SKF Steel Div. Hofors 30,000

TAINAN

Tang Eng Iron ¥Works

in joint oo. 1,000, 000

THAILAND

0.8. Stesl Kaohsiung MNidrex 420,000 plamed

TRINIDAD

Government in joint

00, Mdrex 800, 000 agroed in
prinoiple

TUNISIA

Government in joint Mérex 1, 000,000 1976 "

00.

TRKEY

Mas Immir 250, 000 1976 planncd

x

Perrofeed Ltd. Bantorston 800, 000 1977 ogroed in

é prinoiple
380 Bunterston lJidrex 40,000 19717 envisaged




Ccuntry, Comnuny

Georgetown Stcel
Corp.

Georgetown Texas
8teol Corp.

Hecla Mining

Niagara Netal

Oregon Steel Mills

Republic Steel

UBSR
National Steel
Ind.

VENEZUELA
Aceria Electrioa
del Caronf

FMor de Veneszuela

Orinoco Mining

Sidor
Sidor

TOOOSLAVIA

Madniof -4-Zelesara
Skop je

SAMBIA

Tika Ltd.
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Looation Proceoss Capacity
e L)
Houston Armco 350,000
Goorgetown Midrox 400,000
Beaumont or
Georgetown Midrex 400, 000
Cnsa (Orande SLRN 95,000
(M1ied- 300,000
Chelmers)
Portland, Midrex 2x 150,000
Ore.
Arigona 400,000
Kursk Nidrex 2.4 n.
Nidrex 2.4 n.
Stariy Oskol
Matansas %00, 000
Guyana Mor 400,000
Puorto 4] 1,000, 000
Ordas
Matanseas  Midrex 400,000
Puerto Ordas Ryl 365,000
Skopje Eken 500, 000
Lasake Wl 230, 000

Start-up Status

date

1973 oporating

1971 operating
planncd

1975 plant ordcred
semi-commercial
operation
(rotary kiln)

1969 operating
at foasibility
stage

1978 lst stage
agreed in
prinociple
2nd stage
under oonstr.
at feasibility
stage

1975 plant ordered

1973 tial reduct.
initially),
operat.

1976 plant ordered

1916 n n
partial reduot
olosed 1971

1976 plant ordored
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Econonic aspects of Dircct Reduction

D B e . et i W B P s aw At s 0 s @

There are no universnl yrrdsticks to assess the economics and
producticn costs of dircct reduction including capital and operational
costs; these will armain differ in the case of paseous dircct reduction
procosscs, vis-d-vis s0lid reductant bosed rotary iiln direcct reduction

processcs;

the following Tables No. 19

and 20 depict the general

indications of the cost data respectively:

——

[ NP Aa)

- s

Oaseous Direct Reduction Plant at 100%
Capacity utilization in US dollars

- -

Serial Speoific Cost per ton
No. Cost element Unit Rate Consumption of sponge iron
1/
2. Natural gas Nn 0.0125 460 5.750
Total Materials 40.428
II. Cost sbove Material
1. Labour end Super-
vigion Servioes 0.450
2. Pover KWH 0.0206 30 0.618
~ others excl. 0.
transport
Total services 1.360
3. Operating supplies 0.4
4. Repair and
Maintcnance 0.75
Total cost above
Material - 2.58
III. Overheads 0.60
Total cost of
production excl.
oapital dopreoin-—
tion and overheads 44.914

1/ P.0.B. cost excluding ocean and rail

or say 45 Us?
per ton sponge

transport
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It would not bc out of place to refcr to the most lcading direct
reduction processos and their capaciticn (in operation end undor
oonstruction) as of 1975 bascd on gascous dircct rcduction tcchnology.

Process Direct reduction DR plant units Ratod
and electric operatio- under oapacity
furnace pl-onts nal construction tpy

HYL 10 6 1 8,000,000

Midrex 8 5 5 6,500,000

Purofer 2 - 2 700,000

Armoo 2 1 - 330,000

Agreement has been reached between the Saudi Arabian Basic Industries
Corp (Sabio) and Xorf-Stahl AG, West Germany, to form a joint venture
company to construct and operate a Midrex direct reduction plant in Saudi
Arabia, The plant, which is intended to be built at Al-Jubail in the country's
Eastern Frovince, will have an initial output of 800,000 t/y, most of which
will be used by the domestic steel industry. Any surplus during the first
years of operation will go to export.

The direct reduction facilities, originally oomprising two Midrex modules,

are expected to be sxpanded later to meet a growing local and international
market.

(Exoerpt from "Iron and Steel International" August 1977)

The name "orth Sea Iron Comparny" might suggest that another mineral
resource had been disoovered in that useful body of water, it is, in fact,
the name under which a plant producing 800,000 t of iron ore Wriquettes,
using North Sea gas as the reducing agent, will operate at Jarrow Slake,
near Newcastle.

The plant will be owned Ly a consortium of Consolidated Gold Fields,
the Sheerness Steel Company (who between them willhold 60-70} interest),
Fiat Teksid Turin, the Manchester Steel Company, and Tube investments Ltd.
Construction will be oarried Wy Gutehoffnungshiitte Sterkrade Akiiengesellschaft
(GHH), and a letter of intent has just been signed by the participants. The
Furofer process will be employed in this plant, which is similar to those
operating at Oberhausen in Germany and Cesigua in Brazil and to that nearly
ready for oomnission at Ahwagz in Iran. It will be the largest Furoder plant
yet built, will cost £ 90m, and snould be oompleted in 1979.

Much of the equipment will be made in Britain, although GHH will act
as designers and primary contraotors. That part of the production not
consumed Yy the participants will be marketed by Tennant Trading Lid. a
subsidiary of Consolidated Gold Fields. Nr. L.W. Falmer, at present Technical
Director of Sheerness Steel, has YbYeen appointed Managing Director of North
Sea Iron, and Hr. C.C. Schueppert, Chairman of Sheerness Steel, will be its
non-executive Chairman.

When the plant is completed, 150 people will be employed. The project
will be eligible for regional development grants, and the consortiun is at
present having discussions with the Department of Industry about selective
financial assistance under the Indusiry Act.

(Bxcerpt from "Ironmaking and Steelmaking, 1977 No. 4)
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In concluding this peper, it is stated that the approsch of UNIDO
to now technclogicrl devclopments, inter alia, direct reduction fields
is one of cnlightencd technical »nd proctical interests particularly in
relation to thcir possitle apolications in developing countries. Tt
mst be apprcciated that developing countries with their meagre re-
sources firencial nnd technological, do have a valid case when they
feol and rightly so that they should not bc used as the base for com-
meroializing technicelly and industrially unproven processes and 4
toohnologies. UNIDO in its dedication to assist the developing countries
endecavours to meet these requiremcnts and build up technical linkazes
between the advanced and the devcloping countriecs in the fields of metal-
lurgioal industrics including iron and steel industry and direct re- }
duotion sponge technology.

It is stressed that dogmatic approaches should be avoided in

the establishment of the iron and steel industry in developing
- oountries. Whilst the anplications of the latest technological

innovations, automation and comnmuterized onmerations in developing
countries are rightful ambitions and objectives, nonetheless the
appliocations of fully appropriate technology should be encouraged
depending upon the conditionc and environments in each case and
country. To illustrate this subjeot, it is recommended that the use
of charcoal for iron smelting in relatively small blast furnaces
(lou then 200 tpd capacity) should be fully supported in developing
oountries which heve u good forest wealth and forestation programme .
In a fast developing country likc Brazil, for instance, some three
®million tons of piz iron is smelted in small blast furnaces using
charcoal as the reductant and for heat inmput. In western Austrolia,
at Wundowie, nn iron smelting blast furnace complex using oharcoal
is in profitable overations for the last two decades. In anocther fast
developing country, Indis, in the Mysore Iron and Steel Works at
Bhadravati, charcoal blast furnace overations have advantageously
been carried out for years. In Malaysiz, at the plant of Malcyawata
steel, iron smelting has been egucccssfully in operetion for tlie lTast
several yoars using charooal mode from rubber wood.
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WORLD'S COAL INDUSTRY AND WORLD'S ENERYY RESOURCES

I. WORLD COAL PRODUCTION RISING SLOWING BUT SURELY

(European Coal Information Agency, Brussels, July 19, 1977)

The trend of the last few years of a slow but sure increase in world coal produc-
tion continued in 1976. Provisional figures put world production of bituminous
coal and anthracite in 1976 st 2,468,551,000 tons or 2.3% higher than the esti-
mated 2,412,125,000 tons produced in 1975. Output by major geographic
regions was as foliows:

WORLD COAL PRODUCTION
1978
Production Share of Worid Production
in millions of tons in percentage
North America 602.95 24.4
South America 8.62 0.3
Burope (excl. U.S.S.R.) 471.48 19.1
U.S.S.R. $46.00 221
Asia 68449 217
Africa 78.89 32
Oceania 76.13 3
WORLD TOTAL 2.40058 100.0
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II. THE STATUS OF THE COAL INDUSTRY

A. Vorld coal resources and their exploitation

1. The rlobal picture
7. The world's coal resources are not adequately known and the available
estimates are highlv uncertain. This is partly because the various estimates

are boeed on different geological concepts of measurement, calculations and
forecasting methods. Moreover, the classification of coal resources is not yet
universally standardized. In the World Enersy Conference Survey of Enerry
Resources , for example, it was indicated that the world coal reserves that were
sufficiently known and recoverable under present technological and econonic
conditions could be estimated at 600 billion metric tons. 2/ It should be noted
that the Survey took into account only seams over 0.3 metres thick within

1,200 metres of the surface, and brown coal and lifnite seams more than 0.3 netres
thick within 500 metres of the surface. While this may be reasonable from an
economic point of view, the selected limits of measurement produced a lov estimate
of pgeological resources of coal compared with other calculations. 1/ As long as
the accuracy of the available data on world coal resources cannot be evaluated,
comparison of different figures is neither feasible nor useful.

8. The Institute of Foreign Geology of the Union of Soviet Socialist Republics,
using its previous work on the systemization and analysis of information on world
coal resources by continents and countries, prepared in 1976 a comprehensive study.
entitled "Yorld coal resources and a detailed bilinsual map of world coal deposiis
with a colour code vhich has been used to designate the spectrum of coal rankings,
i.e., hard coal and anthracite; brown coal and lignite; and coals of all types. 4/

2/ This amounts to only a small portion of the total geological coal resources,
vhich vary between 11x1012 tons and 23x1012 tons according to various sources. Yet
according to the Survey, even recoverable coal reserves are still four times as
sbundent as oil and approximately eight times as abundant as natural gas, in
comparable terms (see World Energy Conference Survey of Energy Resources (New York,
United States National Committee of the World Energy Conference, 19T4)).

3/ Lardinois, "Les réserves mondiales de combustibles minéraux solides",
ales des mines: Belgique, 1958, No. 2: A. Parker, "World energy prospects’,
Puel (1970), No. 49, p. 3; N. G. Zelesnova and R. K. Matreev, "World coal
resources’’, The Soviet Geology. 1973, No. 1.
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9. Coal resources in the study are divided into three categories: measured,
indicated and inferred; 5/ they add up to 1k trillion (1012) tons, of which

64 per cent is hard coal, the remainder consisting of brown coal and limnite.
Although the economic parameter is important, the available knowledge and the
subjectivity of notions of profitability, especially in the current fluid situation,
did not permit this factor to be taken into account in a universally acceptable
fashion. 6/ The nroduction basis of the coal industry today, i.e., that portion of
total resources which provide its current output and enters its planning, is
measured coal resources of about 1 trillion, which constitute only about

7 per cent of total world coal resources (see table 1, where all measurements are
in metric tons). Measured resources are only partly economically recoverable,
however, for example, in the World Energy Conference's Survey the economically
recoverable portion is estimated at about 50 per cent and such an approach can

he folloved when more accurate estimates are not available,

10. Although coal resources in 60 of the 70 coal-possessing countries amount to
less than one tenth of the world total, actual quantities in many of them may be
very significant in relation to current enersy demands and projected long-term
needs. As was pointed out earlier, information on geological conditions and
resources is incomplete, esvecially in developing countries, since in most of

them comprehensive surveys have yet to be undertaken: therefore, the present
estimates provide only a rough order of magnitude of coal resources. For example,
the average density of coal occurrence per square kilometre for well explored
continents and large areas is about 100,000 tons. Taking that as a control

figure we could expect substantial increase of coal discoveries in Africa, Latin
America, and Asia and in lorth America. On this basis, it can be calculated that,
theoretically speaking, total world geological coal estimates could be doubled at
30 trillion tons in the future.

S/ "Measured resources" are those for which the tonnage is computed from
dimensions revealed in outcrops, trenches, workings and drill holes, and for
which the grade is estimated from the results of detailed samplings, zenerally
allowing for deviations of 20 per cent. "Indicated resources" are those for which
the tonnage and grade are computed partly from specific measurements, samples, or
production data, as well as from projections based on geological evidence.
"Inferred resources" are those for which quantitative estimates are based largelv
on the general knovledge of the geological characteristics of deposits and for
vhich there are few, if any, samples or measurements. 1in some cases, the estimate
of this class was obtained as a residual, subtracting "indicated" plus "measured
resources from total resources. 'Total", shown separately on the man, refers to
all estimated resources, computed in accordance with the standards and methodolory
of the International Geology Congress, which include the sum of the above three
categories, as well as any additional known resources.

6/ See, for example, Proceedings of the Conference on Methods of Assessine
Epergy Resources, May 1 (International Trnstitute for Applied Systems Analysis,
Laxenburg, Austria, 1975).
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11. The long-term trend in world coal production in the modern era is one of
continuous growth but at very Cdifferent rates in the various regions and countries.
Production expanded at a rate of 2.1 per cent between 1950 and 1975. 1975 marked
above-averare increases for nearly all regions, with production in North America,
for example, increasing by almost 9 ner cent after practically stagnating in

1972-197k.

12. The distribution of world coal production by socio-economic groups is uneven:
centrally planned economies account for 52.4 per cent, develoned market economies
for 42.1 per cent and developinz countries for only 5.5 ver cent. Uithin each
socio-economic group, however, there are several countries with a significant
potential for the expansion of coal production, not only for interdal use but also,
in some cases, for export. These comprise developing countries such as Botswana,
Brazil, Colombia, India, Indonesia, Mozambique, Mexico, Peru, Turkey and Venezuela,
developed countries such as Australia, Canada, the Federal Republic of Germanvy,
South Africa, Spain, the United States of America and the United Kingdom, and
countries with centrally vplanned@ economies such as China, the Democratic Peopl:'s
Republic of Korea, Poland., the USSR and the Socialist Republic of Viet Nam. The
potential in the developing countries will be highlighted in greater detail in the
next section.

13. At present, nearly 90 per cent of the world's total coal output (measured in
coal equivalent) is produced in only 15 countries, the most important of vhich are
China, the Federal Republic of Germany, India, Poland, the USSR, the United Kingdom
and the United States of America (see figure). The largest producins countries are
also the biggest consumers of coal. lnternational trade in coal is,. therefore,
relatively insignificant. Less than 10 per cent of the world's coal production
flows into international trade, compared to 50 per cent for world crude oil
production. Most of this world coal trade is intracontinental; trade between
continents amounts to about one third of the total and consists mainly of trade in
coking coal. Among the factors limiting the expansion of coal trade are the
relatively high cost of coal transportation, the long-term character of contracts
for coal supply, leading to little room for variation in the exportable surplus,
and export and import restrictions imposed for a variety of reasons. MNevertheless,
international coal trade has shown a substantial growth - 3.4 per cent per year -
in the period 1950-1974. Since 1973, the five main coal exporters, which account
for about 35 per cent of world coal trade, have increased their shipments es
follows: the United States by 12.2 per cent, the USSR by 5.1 per cent, Poland by
10.3 per cent, the Federal Republic of Germany by 19.4 per cent and Australia by
3.1 per cent.

2. The potential of the developing countries

14. Many developing countries have not been explored geologicallvy for coal.
Until recently, the availability of inexpensive oil and natural gas discouraged
expenditure on coal exploration. However, with the large increases in energy
prices and with advances in drilling and geophysical exploration techniques the
prospects of discovering and developing new coal resources in the developing
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countries have improved considerably. 7/ Available information reveals that more
than 30 developing countries have known coal resources.

15. The developing ccuntries with known coal resources can be grouped into five
categories. First, among the major oil-exporting countries, Algeria, Indonesia,
Iran, Nigeria and Venezuela have fairly large coal potentials. Indonesia has
already started to increase its coal production substantially to satisfy local needs.
including the supply of coking coal to its metallurgical industry and for export.
Nigeria possesses large deposits of sub-bituminous coal; however, the lack of
adequate transport capacity has restricted their development. A newly discovered
deposit at Lafia is stated to be of coking quality and consideration is being given
to exploiting it to supply the planned iron and steel works. Algeria possesses
several coal-bearing basins, particularly in the south Oran region, where the coal
is of coking quality. Iran's coal reserves are large - the most important deposit
being at Kerman; it is already exploiting its reserves of coking coal for its steel
works. To sum up, the above oil-exporting countries have the capacity to increase
their internal use of coal, thus releasing more oil for export. Their oil revenues
could be used to develop coal production, which can provide additional and useful
local employment.

16. The second group of countries consists of those with a significant oil industry
and in addition, a sizable coal-production capacity. This group includes Argentina,
Colombia, Egypt, Mexico and Peru. Argentina can become substantially self-sufficient
in coal provided adequate transport facilities are developed to carry the southern
coals to the industries in the north. Colombia, given its large coal resources,
may be able to build up a major export trade of both thermal and coking coals; the
problem, however, is in getting the coal from the mines to the coast. Egypt's known
coal reserves are all in the Sinai Peninsula and as such have not been of benefit
since 1967. Long-term efforts may result in the opening of new mines which would
enable Egypt not only to become self-sufficient in coal but also to export some to
other countries in the Middle East. Mexico appears to have enough resources to
minimize its reliance on imports. Peru possesses resources of moderate coking
quality, which are now under investigation; it has the resource base to become self-
sufficient in coal. 1In the longer term, exports of coking and anthracite coals are
possible, although there are considerable tramnsport problems, in addition to
difficult geological conditions.

17. The third group consists of oil-importing countries with a substantial coal-

producing capacity, enough not only to meet their growing energy needs but in a few
cases to be able to export. This group includes Brazil, Chile, India, the Republic
of Korea, the Socialist Republic of Viet Nam and Turkey. Brazil, wvhich is believed

1/ It is possible that the extensive drilling carried out by the oil companies
in the sedimentary basins may have indicated considerable resources of coal, although
these may not have been reported. Therefore, the results of petroleum exploration
efforts in developing countries should be carefully studied for any indications of
the existence of coal resources.
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'ossess important coal resources, at present produces only about one half of
‘oal requirements: about one third is coking quality and the balance is steam

¢ al. Coal exploration and development are being accelerated, since coking ceal is
very much in demand to match the expanding steel industry. In the case of Chile
it may be feasible to supply the country's needs from its own resources. The
Democratic People's Republic of Korea, the Republic of Korea and the Socialist
Republic of Vict Nam have comparatively large resources of coal. Turkey possesses
important coking-coal deposits and large lignite reserves, which are scattered
across the country.

18. India is the largest producer of all the developing countries under
consideration. Coal production has already exceeded the 100-million-ton level and
is expected to increase by 50 per cent by 1980. India nationalized the coal-mining
sector in the early 1970s and since then coal production has expanded considerably
and coal exploration has also accelerated. It is estimated that the reserves of
non-coking coal in India are adequate for at least 100-150 years and the coking
coal reserves are enough to meet the metallurgical needs for the next L0 years. The
expansion of coal production capacity would require large investments in coal-
mining and in railways. 8/ Nuclear power is being developed in the westerr and
southern parts of the country where there are no significant coal resou~ces and
hydropower potentials have been practically exhausted. India is planning to
increase its coal exports considerably, mainly to Europe and Japan. 9/

19. Fourthly, there are a number of countries which, while they do not possess a
major coal industry, have significant coal potential. Botswana and Swaziland have
limited internal markets for coal and, therefore, could export their coal or
electricity generated from coal. Morocco's coal reserves are anthracites in fine
form, which could be used for power generation and in the form of briquettes as a
smokeless fuel for domestic (and industrial) purposes. Except for South Africa and
Southern Rhodesia, Mozambique possesses the only hard coking-coal resource in
southern Africa with an export potential. Very large coal resources are revorted
to exist in Zaire; however, their exploitation is limited because of location.
Zambia's present reserves are sufficient to meet domestic requirements; the country
is well-endowed with hydropower potential, which may reduce the opportunities for
coal use in electricity generation. Pakistan's resources are basically of low-grade
coal. Thailand's resources are of lignite and can be used for thermal power
generation and fertilizer production.

8/ It has been estimated that the total investments required for coal to the
year 1985 would come to over $1.5 billion. The investment needs for creating the
capacity to tranoport coal could come to almost as much as the investment required
for increasing coal-production capacity, unless energetic efforts are made to move
coal by inland waterways and coastal shipping. The investment needed for coal-fired
electricity generation and transmission is much larger than that needed for
producing and transporting coal.

9/ Information on India is mainly based on Kirit S. Parikh, Energy, Second
Indiea Studies, (New Delhi, 1976).
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20. The fifth group of countries are those without known oil resources and without
a coal industr; at the present time but which are known to have coal resources.
Madagascar has large resources of high-ash thermal coal which require investigation
as to the economic feasibility of their exploitation. Malawi, a land-locked oil-
importing country, could increase indigenous fuel supplies by exploiting its coal
resources in the south of the country. There are believed to be large coal
reserves in Namibia and, when the country becores independent, there will be a
strong incentive for it to develop its own fousil fuel supply and even a potential
export industry. The coal resources of Bangiadesh, Burma and the United Republic
of Tanzania happen to be in somevhat remotr areas and efforts will have to be

made to supply the small local markets. Though some coal is mined in the
Philippines, the quantities are modest and the mines are hand-worked. To sum up,
in all the above countries, with the possible exception of Namibia, any increased
coal production is likely to be mainly limited to meeting local demand. The
emphasis, therefore, is likely to be on establishing a simple, low-capital-cost
industry with minimum mechanization. Domestic coals could be substituted for
imported oil wherever feasible.

21. In conclusion, more than 30 developing countries have either existing or
promising coal potential. But the exploitation of this potential requires serious
efforts in exploration and development and the linking of technologies, markets,
finance and transport facilities through national planning, supported, as
necessary, by international co-operation.




WORLD FOSSIL FUEL RESCURCES

According to a recently completed study by the Federal Insﬁtute for
Geosciences and Natural Resources, Federal Republic of Germany,~ total world
fossil fuel resources, including those not yet identified but expected to exist,
amount to 12,500 billion tons coal equivalent (t.c.e.), of which 840 billion
t.c.e., or 7 per cent, are considered economically recoverable under present
conditions and can be classified as reserves. (See table 1.) Additional reserves
of 260 billion t.c.e. exist in the form of radioactive energy sources, bringing the
total fuel reserves to 1,150 billion t.c.e..

Table 1  World energy rescurces (fossil fuels)
(B{llions of tons, excert natural gas, 1,000 billion Nm

3

Erergy eource Total resources Technicelly exploitable Reserves
resources
eoa) ecal coal
equivalent rercentage equivalent percentage equivaleat percentase
Bituminous coal 7,900 7,900 63.5 1,k25 1,425 42.9 L2 420 LT, 4
Lienite 3,570 1,900 15.3 605 333 10.0 232 125 1b.1
Peat 210 90 0.7 210 90 2.7
Conl ({ncluding 9,890 19.5 1,848 55.6 5ks €L.5
peat)
041 1252 1 04k 8.4 250 K18 12.7 98 11 15.9
Yatural ges 235 313 2.% 235,, 313 9.k T2 9% 30.8
0i1 "“_b/e/ 340 k90 3.9 270;/ 92 1.7 1] 5T 65
0{1 shale~' = k9o 705 5.7 a5~ 353 10.6 33 b7 5.3
Hydrocarbone 2,552 20.5 1,476 [TIeN k1) 38,5
Poseil fuels 12,kk2 100.0 3,324 100.0 836 100.0
Scurce: Federal Institute for Geosciences and Matural Resources, Federal Repudblic of Germamy.
8/ 0i1 in place; Db/ Contained ofl; ¢/ O0f1 shale with over L0 litres ».. ner Zom of rock; 4/ Recovery

0 per cent; g/ Recovery 50 per cent.

The distribution of world reserves by economic group is shown in table 2.
The developed market economies and the centrally planned countries each account for
more than one third of the total reserves, and the developing countries possess
slightly more than 20 per cent. According to the same study, of world resources,
not shovn in the table, 88 per cent are found in the developed market economies and
centrally planned countries, and 12 per cent in the developing world. Uranium
reserves, too, are concentrated in the industrialized countries, which are
estimated to possess nearly 90 per cent of the total.

y Federal Republic of Germany, Federal Institute for Geosciences and Natural
Resources, Die kiinftige Entwicklung der Energienachfrage und deren Deckung -
Perspextiven bis zum Jahr 2000 - Abschnitt III, Das Angebot von Energie-Rohstoffen,
Hanover, 1976, 339 pp.
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ridution of fossi e rv
Billione of tons; percentage

Energy source Developed market Centrally planned Developing countries Vorld

econonyy countriee econony countries

(oxcp)
coal coal coal coal
equivalent percentage equivalent psrcentage equivalent percentage equivalent percentage
Bi{twmisous coal 180 15.8 230 28.2 30 3.4 h20 M.
Ligrite Th 8.3 50 $.7 1 0.1 125 14,2
Totsl coal 2k 2.1 300 33.9 n 3.5 Shs €1.s
011 1k 1.6 n 2.5 105 11.9 1h) 15.9
Estural gys 20 2.3 n 3.5 1} ] 5.1 96 10.8
011 eand” v st 6.4 st 6.5
011 shale~'' 26 2.9 11 1.2 10 1.1 )4 $.3
Total
Rydrocarbons nrt 13.2 4] 1.2 160 18.2 k133 38.s

Fossil fuels 1 )% 37. 36k k1.1 mn 21.6 8E6 100.0

Source: Federal Institute for Geos~{ence and Natural Resources, Federal Republic of Germary,
&/ Contained oil; b/ "1 ehale with mere than 40 litree oil per ton of rock.

Bituminous coal and lignite reserves are estimated by the Institute to total
S4S billions of tons coal equivalent, or less than 6 per cent of total resources.
Coal reserves are heavily concentrated in & fev regions and countries. The
centrally planned economies and North America together account for over 80 per
cent, Western Europe, Asia and Africa between 3 and 6 per cent each, and Latin
America less than 1 per cent. The developing countries as a group have less
than 6 per cent.

The favourable reserve situation for both coal and lignite allows considerable
production increases. The report states that various countries have already
announced plans for significant expansion. Among these are the United States
vhich intends to nearly double its production by 1985, and the USSR and China
vhich plan to double production by 1990.

Technically recoverable petroleum resources amount to 290 billion tons, a
third of which are "identified reserves". Twenty-two per cent of the reserves are
offshore. The Near Eastern countries possess 56 per cent of the reserves and 37
per cent of the resources. Further identified reserves exist in Africa (9 billion
tons), North and South America (12 billion tons) and Socialist countries (15 billion
tons). The distribution of reserves between other groups of countries is very
imbalanced: 68 per cent are in member countries of the Organization of Petroleum
Exporting Countries (OPEC) and only about 10 per cent in members of the
Organization for Economic Co-operation and Development (OECD).

Identified natural gas reserves amount to 72,000 billion cubic metres (20 per
cent of them offshore) vhich is equivalent to 31 per cent of estimated resources.
The regional distribution of natural gas reserves is less skeved than that of coal
and oil: Ul per cent are in OPEC countries, 33 per cent in Socialist countries,
and 21 per cent in OECD countries.
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Present reserves of oil and natural gas allow production, at today's rate,
for 34 and 54 years respectively; at a hypothetical 6 per cent grovth rate, these
life indices are reduced to 18 and 33 years, respectively. According to a scenario
by the Federal Institute for Geosciences and Natural Resources, annual production
could increase from approximately 3 billion tons at present to 3.9 bdillion tons oil
by 1980, 5.2 billion tons by 1985, S.k billion tons by 1990 and 5.0 billion tons by
2000. Large-scale extraction of oil from oil shale and oil sand could provide
additional supplies.

0il shale and oil sand resources total over 800 billion tons (contained o0il)
of vhich 34 billion tons (7 per cent) are considered economically recoverable from
oil shale and 4O billion tons (12 per cent) from oil sand, according to the report.
Most of the oil shale and 0il sand resources lie in North and South America (United
States, Canada, Brazil, Venezuela, Colombia) vith additional quantities in the USSR
and China.
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