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SUMMARY 

To set up and estaiÜBh an iron and steel industry, to form the 
industrial backbone of a nation is an extremely important and challenging 
taßk for both the developed and the developing countries of the world. 

The fact that the demand for iron and steel on the world market 
is increasing steadily is stimulating the developed countries to expand 
and modernize their iron and steel industries and the developing coun- 
tries to set up their own modern iron and steel industries.  The 
map of the world's iron and steel industry ìB constantly changing in 
this w,-\y. 

In the past 25 years, Japan has achieved one of the most remark- 
able rates of progress in the world.  The way this has been brought 
about in Japan in the postwar period is very different from the progrese 
in the Japanese industry in the pre-*rar period.  It has been observed 
elsewhere in the world that the factors required for the development 
of the industry have changed significantly since World War II.  If 
these changed circumstances are properly understood and appropriate 
measures are taken, it will be possible to establish in various parts 
of the world new iron and steel industries that are fully viable 
economically and able to grow in capacity. 

The iron and steel industry can be considered to be capital-, labour-, 
and tp-hnology-intensivej .\t is also a highly developed industry, in the 
sense that it has a long history of high-level complex technology. 
Nevertheless, since the industry is dependent upor. technology and 
bacuse technological innovation in the industry is now continuous, it 
is deduced that stagnation in technological development and application 
might cause the iron and steel industry of a country to drop behind 
in terms of competition at the international level. 
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Introduction 

Looking back over the history of the iron and steel induetry in the world 

in the post-Second World War period, it can generally Bpeaking be described as 

a significant development period for the industry. In every country, the iron 

and steel industry has shown a steady growth. The examination of the develop- 

ment history of the industry in the poet-war period reveals what changes have 

taken place in various factors related to the industry in each part of the 
world. 

One of the iron and steel industries in the world which has achieved an 

outstanding transformation as an example of development is the Japanese industry. 

Hjr examining the reasons for the remarkable progress of the Japanese industry, 

it »ay become possible to analyse the factors or requirements for the progress 

or decline of the iron and steel industry in general. 

Generally speaking, an industry consists of four elements - capital, labour, 

material resources, and technology.    Certain types of industry - the textile 

industry, for example - are highly labour-intensive and require a comparatively 

small amount of capital, technology,  or resources.    This kind of industry cannot 

be profitable unless a considerable number of well traintd workers is secured at 

low cost.   Let us take the chemical industry as another example.    This industry 

is characterized by the fact that technology is the most important element, 

followed by resources and capital, while labour is considered as the least 
important element. 

Analysis of the iron and steel industry from a similar point of view reveals 

that the industry is particularly capital-intensive and that, unless an industry 

is located very close to its raw materials resources, it cannot be successfully 

operated.   Another significant feature of the iron and steel industry is that, 

although it has a long history of technology, even today revolutionary teohnolofies 

•re emerging one after another, and are ohanfing the oourse of the industry as a 

result.   The technological requirements of the industry are so severe that, if an 

industry cannot keep pace with technological development, it immediately finds 

itself in a position where it cannot compete with others on the international Uvei. 
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Capitai and technology are not the only elements  required for the industry; 

it  requires labour as well.    Since the iron and  steel   industry plays a very 

important  role   in each country,   its  labour force represents a by no means 

negligible  portion of the  total  labour force.    Because  of such complex features, 

in spite of the fact the  industry has a long history,   it cannot be described 

summarily as a capital-intensive or a labour-intensive  industry. 

Another noticeable feature in the history of the  iron and steel industry 

is that the element of economic scale has become an important one.    In the years 

insediately after the war, the most appropriate production scale for an iron and 

steel plant was considered to be 1,500,000 ingot tons per year.    In the 1960*s 

5,000,000 ingot tons became the acceptable basis, whilst in the 1970*s the ideal 

scale is considered to be 10,000,000 ingot tons.    It is true that the economic 

scale also changes from time to time in other types of industry.    Nevertheless, 

the increase in economic scale in the iron and steel industry seems to be more 

drastic than in other industries.    In the light of these conditions, those iron 

and steel works or industries which possessed advantageous features in the past 

are no longer well situated when compared with other iron and steel industries 

in the world.    It is found today that fairly new works or industries are achiev- 

ing a greater development than the well established works or industries. 

An attempt  is made here to examine various elements that constitute the 

iron and steel industry taking the Japanese iron and steel industry as the 

example.    In the past, Japan depended on China as the major supplier of its 

resources.    At that time, coal from the United States and i^on ores from 

Australia, India, and South America were of no significance for the Japanese 

iron and steel  industry.    This situation has changed entirely in the past 25 

years and today coal and iron ores from various parts of the world are extensiveli 

used by the industry. 

With regard to technology, in the pre-war period blast-furnace productivity 

was rather low for various reasons connected with the availability of raw 

materials and the fact that the industry was based on an old production technolog 

However, the post-war industry has achieved enormous developments in the field of 

technology, covering the processes of blast-furnace ironmaking, stôelmaking, and 

rolling. In order to utilize the newly developed techniques effectively, many mo 

engineers and technical  specialists have to be employed than in the pre-war perio 
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It has become clear that only those countries that are able to utilize these 

new techniques can maintain a favrarable position in the world. 

It was fortunate for the Japanese iron and steel industry that the 

technologically most advanced industries, such as aircraft, atomic power, 

and electronics, did not emerge until sometime after the war, and so well 

qualified technological staff were available for the iron and steel industry. 

This factor was responsible for consolidating the technological capacity of the 

Japanese industry and the establishment of a superior position for the iron and 

steel technology in Japanese industrial circles. This point is considered to be 

an important element in the development of the Japanese iron and steel industry. 

With regard to capital, in the 20 years following the end of the war, 

largo-scale capital investment was directed towards such projects as the 

expansion of the electric power industry and the rationalization of the iron 

and steel industry. The availability of capital enabled the Japanese industry 

to enlarge its economic scale rapidly. 

Favourable conditions also existed in the field of labour. Japanese 

manpower has remained very abundant by comparison with the USA and European 

countries. With the development of automation and progress in technology, 

it is likely that the manpower requirements could be considerably reduced. 

Thus, in spite of the fact that the iron and steel industry requires a large 

number of personnel, the Japanese industry oould successfully expand its 

production scale. Examination of such factors may be useful in understanding 

the changes that the iron and steel industries in the world have been undergoing. 

In the history of the iron and steel industries of the world, the countries 

which have a long history in the industry and whioh started modernization first 

of all are the USA and certain European countries. The US industry has been e 

powerful world ruler in the post-war period. It has derived benefit both of 

the domestic and foreign resources. Nevertheless, since it is obliged to 

utilize the existing plants, which were originally designed to have direct 

access to the location of resources, construction of new plants has not 

proceeded as extensively as in Japan. So far as labour is concerned, because 

of the inorease in the wages of the workers, the ratio of the labour cost in 

the production cost has been alaarply increasing by comparison with other countries. 

Thus, various factors which once favoured the effective control by the USA of the 

world industry have not developed as satisfactorily as in the past. 
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Among European industries, there are those of che UK, Prance, and the 

Federal Republic of Germany, each with a well established history based on 

domestic supplies of resources such as iron ore and coal. By reason of the 

fact that they have long traditions, they are not conveniently located to 

utilize the resources available in other parts of the world. These factors 

seem to be the reasons for the dispersed nature of iron and steel plants in 

these countries and for the difficulty in securing concentrated capital 

investment, as well as their inability to exploit various changes in the 

world iron and steelmaking industries to the full extent. 

On the other hand, in the Netherlands, where the iron and steel industry 

emerged comparatively recently, the plants are constructed on the coast, and 

this factor led to steady growth of the industry in the country, since it means 

that world resources can be obtained cheaply and easily. In addition, coastal 

plants are convenient for delivery of products, not only to domestic markets but 

also to the world market. Thus, the Dutch iron and steel industry has expanded 

by adopting the most suitable facilities and is extremely competitive. 

lew plants equipped with advanced facilities have been constructed in 

Africa, India, South America, and Australia. As far as resources and capital 

are concerned, these industries are in a favourable position, but they have not 

experienced satisfactory growth when the utilisation of developing iron and 

steel technology is taken into account. This factor has placed these new 

industries in a disadvantageous position for competition at the international 

level in spite of their favourable plant locations and availability of markets. 

Figures 1 and 2 and Tables 1 and 2 give data on current world steel 

production. 

Some of the major o omni on problems of the iron and steel industries of the 

world mentioned earlier illustrate the changes that have taken place in the 

world iron and steel industry in the post-war period. 
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Table I.   Crude 3teel Production Index 

(i960 - 100) 

Japan USA P.R. 
Germany 

9weden Brasil         India 

1960 100 100 100 100 100 100 

1961 127 99 98 111 108 122 

1962 124 99 95 112 113 153 

1963 142 110 93 121 126 181 

1964 180 123 109 138 136 182 

1965 186 132 108 147 133 192 

1966 216 135 104 148 164 m 
1967 281 128 108 148 162 m 
1968 302 132 121 158 1i>7 m 
1969 371 142 133 165 218 m 
1970 421 132 132 171 23» 186 

1971 400 121 118 164 266 209 

1972 438 139 128 • • • 

+   Figures not available 
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Tulle  2,    Crude Steel  Production 

(1000 Mi) 

Country 1936 i960 1971 

P.R. Geraany 17,149 34,100 * 43,703 

Belgium 3,184 7,181 » 14,530 

France 6,706 17,300 • 24,054 

Italy 2,025 8,462 * 19,784 

Luxembourg 1,981 4,084 5,241 

Netherlands 32 1,950 5,070 

UK 11,974 24,695 24,173 

Austria 418 3,163 3,958 

Sweden 991 3,218 5,271 

3pain 373 1,920 7,720 

Yugoslavia 125 1,442 2,440 

Bulgaria - 251 1,910 

Poland 1,141 6,680 * 13,500 

Rumania 226 1,806 6,750 

BUR - 3,787 5,700 

Czechoslovakia 1,492 6,768 * 12,600 

Hungary 553 1,886 3,080 

U3SR à 16,300 65,292 •125,000 

China 340 11,000 * 23,000 

India 380 3,339 6,070 

Japan 5,223 22,138 * 96,917 

Korea, Dem. Pp. Rep, 87 641 1,850 

Canada 1,134 5,270 * 11,720 

US» 48,534 91,920 •125,000 

Mexico 136 1,474 3,860 

Brazil 74 3,260 6,020 

Argent ina 10 277 2,110 

South Àfrica 302 2,114 4,860 

Australia 834 3,740 6,820 

A    Estimated 
*    1972 crude steel production 
Origin "Iron and Steel Annual", MB.  1972 and 1958 
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1.      Changes  in Raw Materials 

Two major raw materials essential to the iron and steel  industry are 

iron ore and coal.    The  sources of  iron ore are widely spread throughout the 

world.     In the pre-war period,   most   of the  iron and steel plants were constructed 
in relation to the domestic  supply of iron ores. 

Coal deposita are distributed over a comparatively limited area of the 

world.    The USA, Federal Republic of Germany, the UK and the USSR were able 

to rely on their domestic supply, while industries in other countries had to 
depend on imported coal. 

A look at the history of the iron and steel industry in the past 25 years 

reveals that development of new iron-oj«rn!Tnls has been so remarkable that 

once-flourishing iron-ore sources are losing their advantages to the new supply 

sources.    A new trend is emerging for the industries of the world generally to 

prefer sources of abundant and high-grade ores.    Thus, the principle of economic 

scale is appearing in the field of mining development and a new method of trans- 

portation has been developed as one means of modernizing the mining industry. 

This has been an influential factor in lowering the value of the old mines, the 

deposits of which have been completely explored, and of the iron and steel 

industries with close access to these mines.    This means that the iron and steel 

industries with close access to newly developed mines are today in a more 

advantageous position. 

Data on world iron-ore resources and production are. given in Figure 3 and 
Table 3. 

As for coal, along with the expanded scale of the iron and steel industry 

in the post-war period, the unit productivity of blast furnaces has increased 

considerably.   This has created new coal quality requirements.    Today, the 

trend towards the use of high-quality coal is increasing in the world.   This 

means that there are only a limited number of sources capable of supplying this 

important raw material.    The coal supplied to the iron and steel industries 

throughout the world or that utilised as a common raw material mainly comes from 

large deposits in the USA and Australia}    the coal of the USSR is an important 

material source for the industry of the USSR. 
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(looo m) 
Country 1936 1960 1971 

P.R. Germany 7,073 18,6V 6,391 
o Prance 33,302 67,724 56,48o 

Italy 858 2,138 1,030 
Luxembourg 4,806 6,978 4,540 

o UK 12,904 17,362 

1,892 

10,650 
Norway 047 3,820 
Austria 1,024 3,542 4,100 

o Sweden 11,252 21,690 33,338 
Spain 2,266 5,493 7,080 
Yugoslavia 451 2,199 3,790 
Bulgaria 6 412 2,760 
Poland 469 2,182 2,600 
Rumania 109 1,460 3,i60 
m« - 1,642 400 
Czechoslovakia 1,653» 3,120 1,560 

o USSR 27,917 106,541 203,600 
o China 5,273 30,000 44,000 
o India 2,590 10,683 31,630 

Japan 841» 2,459 1,420 
Korea, Dan. Pp. Rep. 630 3,389 8,500 
Malaya 1,681 5,731 1,100 
Philippines 539 1,130 2,240 

o Canada 5 19,372 45,700 
o USA 49,572 90,209 86,600 

Mexico 79 870 5,400 
o Brasil 112 9,345 32,500 
o Chile 1,462 6,041 11,260 

Peru - 6,984 9,500 
o Venesuela - 19,490 22,500 

Algeria 1,884 3,444 2,750 
Liberia - 3,275 25,720 
Sierra Leone 579 1,563 2,220 
South Africa 360 3,071 10,700 

o Australia 1.923 4,425 57,600 

» Production in 1937 
o Explained in Pig. 3 
Origin: "Iron and Steel Annual", Eds. 1958 and 1972 



- 14 - 

World coal resources and production are  illustrated in Figure 4 and 
Table 4. 

Along «uh the change from traditional sources of raw-materials supply 

for the industry to ne» sources, geographical and other retirements for the 

location of iron and steel p!ants have been changing considerably, as shown by 
the above discussion of raw materials. 

Examining the changes in the iron and steel  industry from the viewpoint 

of mancete, a new feature is also to be observed in the consumption of iron 

and steel.     J„ developing areas, where the consumption of iron and stee! was 

negligale in the past, populations are increasing more rapidly than in other 

count,.,..    The countries that formerly had a limited economic capacity for 

utilising iron and steel have been achieving tremendous economic progress and 

are also growing in population.    These new economic factors indicate that the 

time has come for the countries with abundant iron and steel materia!, to be 

capable of design^ their industrial structure centred around an iron and 

ateel  industry.    Changes in distribution of the demand for iron aM atee! and 
chants „ the looation of ra¥^terial8 suppuea uad uo to ^ 

«y become possib!« to dra. an entire* new map of worXd iron a* stee! produc- 

tion,    ^ch a map would emphasize the role of new suppliers and consul of 

U^and Japan, the countries «hich dominated the for*,r world iron a* stee! 

2:     a"«" tn tooational R.„,H ,- ^ ^„.Tn^.t<„ 

It «as mentioned earlier that a new font,.», i... 
of raw material. in . appeared in th. attributi 

1 tTol! * t0 Mamlne *" «"«**-» retirement, o, th. iMust 
and th. chants in it. transportation system, «hich ha. a major bearing on ^ 
geographical requirement. °«arlng on the 

In the past, the iron and steel industries have selected their    .• 
a. to have easy access to iron ore and coal     -.*„ """ " 

related to the iron and steel  industry    1„ J"*^"' <**" *—**" 

•^building indust, used to be       lu " 2 J"1"'^—• - a ln locations related +„ +v.~   • and steel  industries.    Thus    t,wr.  •   * related to the  iron 
•     .   , ' g int° consideation the availability nr materials,  indu£tries grew „n   <„  •   i     , availability of raw grew up   ln inland area8 far frora the ^^ 
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Table 4.  Coal Production and Population in 197I 

Country 1000 Mt 
»Coal Production 

Millions 
**Populat ion 

F.R.  Germany 480,300 59.18 
Belgium 10,960 19.67 
France 33,009 51.25 
Italy 242 54.08 
Luxemburg 0.34 
Netherlands 3,609 13.19 

0 UK 149,873 55-57 
Austria 7.46 

Switzerland 6.31 
Denaark 4.96 
Spain 10,549 34.13 
Portugal A   9.95 
Sweden 8.11 

Rorway 438 3.90 
Finland 4.68 

Ireland 2.97 
Greece 8.85 
Turkey 4,560 36.11 
Israel 3.01 

Yugoslavia 706 20.55 
Bulgaria 8.54 

0 Poland 145,491 32.75 
Ruaania 6,793 20.47 
DDR 1,000 15.96 
Cseohoslovakia 28,870 14.50 
Hungary 10.35 

0 USSR 480,330 245.09 
0 China 350,000 787.18 

Japan 33,431 104.66 
0 India 68,506 550.37 

Korea, De«.  Pp. Rep. 20,500 14.28 
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Country 1000 Mt Millions 
•Coal Production i "•Population 

Korea, Rep.  of 12,540 31.92 
Pakistan A 126.74 
Thailand 

35.34 
Philippines 

37.96 
Viet-Has 3,000 18.81 

1    Indonesia 
124.89 

USA 520,000 207.05 
Canada 13,900 21.60 
Mexico 

50.83 
Brasil 2,400 95.41 
Argentina 

23.55 
Venetuela A 10.04 
Chile 1,380 8.99 
Coloabia 

21.77 
Peru 

14.01 
A.R. Egypt 

34.13 
Algeria 

14.77 
Liberia 

1.57 
Mauritania 

1.20 
Tunisia A 5.03 

o South Africa 58,781 22.09 
o Australia 4è,9è9 12.73 

few Zealand 420 

Origini » "Btatiatioal Handbook of Iron and Steel», Id. »72 

0 Bxplained In Wg. 4 
A Stat ist ios in 1969 
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However,   in the  last 25 years,  new sources  of  iron ore of better quality- 

have been discovered and explored.    In addition,   improvements have been made 

in marine transportation that have provided effective meano of long-distance 

transportation.    The development of carriers designed especially for  iron ore, 

characterized by the appearance of the so-called mammoth ore carriers,  have 

made  it  possible to carry  ores economically to  iron plants from any part  of 

the world.    This feature, which is related to the geographical aspect  of the 

industry,  is one of the most  significant differences as compared with the past. 

Thus, by comparison with iron and steel  industries established in inland areas 

or having direct access to the mines or other resources of inland or geographic« 

isolated areas, those having a direct access to world-wide high-quality resource 

are gaining greater advantages today. 

As mentioned before, the main element in the change in geographical 

conditions is the development of large-size carriers.    Today, it is generally 

accepted that a modern iron and steel industry requires a coastal works 

equipped   to receive iron-ore or coal carriers of over 100,000 tons.    The 

coastal works are advantageous from the viewpoint of the despatch of products 

as well, since they are able to utilize sea transport to deliver heavy 

consignments of iron and steel products to places where the consumero are 

located.    Such works can operate flexibly, as supplier to domestic consumers 

as well as to markets abroad.    The establishment of works along the sea coast 

is an outstanding achievement of the Japanese industry in the post-war period 

and has been accepted in the world as a new and effective way of selecting 

plant sites..   It has made it possible for the Japanese industry to adopt 

larger production units ahead of other industries in the world, to utilise 

low-cost yet better-quality iron ores and coal, and to act as a supplier of 

iron and steel during a period of world steel shortage.   Thus, the construction 

of coastal works was an influential factor for the Japanese iron and steel 

industry in carrying out modernization and expansion simultaneously. 

In addition to iron ore and coal, water resources must be mentioned as 

another essential factor in the iron and steel industry.    The fact that Japan 

is favourably situated for water resources has not been given such attention 

in the past as other geographical factors.    Japan's abundant water supply seems 

to have given the country another advantage in increasing its iron and steel 
production. 
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Figure 5 shows how   : he cost  of i 

recent years. 
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3«     Changes in Production Processes 

Modern iron and atee!   plarts are broadly classified  into iSio£rÈtsaîi^ 

»hioh er      out al, the opérions fro« production „f pig iro~ ,£ ¡m^ 

ad coa!  through to the production of finished products, a. non-intent 

Ä which use scrap a, raw norial to he melted in an elegie Zn g 
and produce finished products in „in* ,m..    It t. . ^^ ¿ 

any new iron and steel   industry in any country of the „„rid to decide „hethe- 

to start as an integrated „r a non-integrated steel plant. 

Since production of iron and steel using scrap as a basic Serial  is 

restated by the amiability of scrap, the general tre* i„ a wrioi when 

e*and for iron and steel is growing is to construct addition  integrated 

LT I      Pr0dUCe 8Uf,ÌCÌent P1E ir0n '" *"1 ""»»«•    •- ^~ of establishing integrated steel plants as »a3or units in the industry while 
creasing the number of non-integrated steel plante using 8ct,p as a raw 

211   '77loment the lntegrated plants W°* l« ">* "»• -»«P.. 
mc^; t fTdurlne the peri* of eipanBlm at tha *-***• » « difficult to follow any other course. 

However    in countries such aa the USA and those hopean countries where 

e production scale has reached an adente level to „est the de^ and 

here the demand has already reached its «ximlra growth, the ratio of scrap 

output „ increasing every year.    Thus, these countries have reached the 

transition*! stage o, devenant »here an industry based on scrap as r,w 
raterial could be more profitable. 

At the pr..,„t tim, th. U*. th. stries of which are producing enough 
L»» — =te.l to ^t the 4.»* a* Khere ,orap u ^^ ^ 
canuti..,  la . lirp) .uppli.r „f „^ ^ ^ ^ ^^    ^ ^ ^ 

eel produoer8 in mntt m alBo Mportirg their ^ 

t>f the world. 
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However, scrap prices have not been decreasing on the world mark.it  owing 

to the fact that demand has been sustained at a high level.    Prom the  inter- 

national point of view,  therefore,   it cannot be concluded that an iron and 

steel   industry using scrap as  its raw material  is the most economical  ayste»,,. 

If world iron and steel production expands further and integrated steel 

plants are constructed in all parts of the world,  the decision as to whether 

to start an iron and steel industry using the integrated steel plant «yete. 

or the non-integrated steel plant system would be a difficult one to sake. 

In the case of the integrated plant, all the production processes starting 
from treatment of raw material, are perfon-d in a single plant.    It rehire. 

an enormous «mount of capital, high-level technology, and a very large production 
system in order to operate successfully. 

In the case of the non-integrated steel plant, tht e^^ nvArmmá im 

not so large.   It require, a considerably alami** technology «ad the production 
scale needs not be enormou..    accordingly, a non-integrated steel plant can 

easily be established anywhere,    ieverthele... the probi« of .crap supply 

annot be overlook«!, and .o the iron and .teel indu*ry cannot depend entirely 
on this type of plant. 

In order to change the geographical distribution of the world iron and 

'teel industry, it would appear to be necessary to install integrated .teel 

.laut in variou. part, of the world, at the —. ti«. e.tabli.»»ing mmll-mmL 

ndustriee based on the., plant., .0 a. to have a well balanced and unifo» 
¡upply of iron and steel throughout the world. 

JlfJ&jBOjjBO. Àd-«ncement of 

The history of the iron and steel industry is an extremely long on«.    In 
|he early period, charcoal was tt.ed for iroimmking.    In the 19th century, the 

^ndustry entered into the tag. of u.ing coal a. a major material, ani thi. new 

Serial became the most influential source of progr... of the industry it.elf. 

*e energy source of industry in general made a further transition from coal to 

»il and from oil to atomic power.   Thi. change in energy source is an outstanding 

Nature today.   The major problems faced by the iron and steel industry are also 
helated to it. 
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The  transition from charcoal  to coal in the   iron and steel  industry took 

place at  a slower pace than in other  industries.     In comparison with other 

energr sources and the methods of utilizing them, the transition was not   effected 

so quickly.     Por example,   in the  earlier period,   charcoal was  extensively used as 

a fuel  for domestic use as well as for locomotives and other   industrial uses, 

while in the  19th century the importance of charcoal as a common energy source 

disappeared and it was  replaced by  coal, followed by petroleum.    However,   in 

the iron and steel industry, the period of utilization of charcoal as an energy 

Bjurce lasted considerably longer.     Today it   is  still in the   coal period,  with 

coking coal as the most  important  material.    In spite of the  fact that most other 

energy-using indastries have entered the age  of petroleum, the iron and steel 

industry  is  still relying on coal to a very large extent. 

The  iron and steel  industry is  one of the roost advanced industries, and 

so it is natural to expect that  in the field of energy sources it would adopt 

the most  advanced system.    The reality is contrary to this expectation,  and 

the industry   has always been slow to adopt a new energy source.    The reason 

for the  slow process  of transition in this field is that iron and steelmaking 

requires extremely high-level technology.    Iron and steel production is always 

inherently based on a complex technological system.    Because  of this complexity, 

the change from charcoal to coal  could not be adopted straight away, merely 

because coal became  available. 

Existing blast-furnace technology using coke made from coal is a very large- 

scale process,  resulting from technological achievements accumulated over  100 year 

Such an achievement  cannot simply be discarded and replaced by petroleum as its 

energy source merely because the power cost  of petroleum is less than that of coal 

This is a serious problem that the  industry faces today. 

The fact  that the   industry has been based on well established technology and 

ia forced to maintain the use of  such technology  illustrates the extremely complex 

nature of the technological system  it has built up. 

J 
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The Utilization of Oxygen 

One of the „ajor reasons for the tregue advancement   of the iron and 

stce    •,«„, particularly the technology devest  in ti. past ?^ea,.8 

» the utu^ation of oW„.    ^ development  „ the pure oWn Invert 

2 "a: Prì"OÌPaIly reSPOn0ible '" ,he ^"^ «»»»«« <* -gen 
t ;:r:° hhi8 mer has -eduoed ^ >— <* -* -*» *•««£ 01 une past as the open-hearth furnace »»H  +>,* x> 

«hp 11+il •     +.        , lurnace and the Bessemer and Thomas converters. 
The utilization of oxygen contributed greatly to IOW-H• ,     , e^cdiiy xo lowering process costs in th* 
iron and steel industry. 

With the increased use of or'mn w +h„ ^J    A 
haö + , , KSen *y the lnd«stryf a significant change 
has taken place in the method of oxygen product* «r,      i , 

the production cost of oxygen is aTe^lt    ff \        ^^^ ^CU^ of 

^ °f teCl-0l0^cal achievements of the 

Figure 6 shows that the iron aM steel  industry has entered into the age 

iT:;v;::nization of own*with c• —- - - •- 
Automation 

Automation can be singled out a. a new technologie* feature which al! the 

induces of the „ode• worid are adopting.    Th. iro„ a* »tee! industry i 

characterised by the enormous sise of its production activities and at the 

same time by the increasing reamente in ter», of precision and accuracy. 

« rapidly heeding the industry which applies automation using computers 
most widely. 

Automation i. becoming a central feature of iron and steel technology, and 

has been employed throughout the process sequence of handling and treating 

ra* materials, ironmslcing in the blast furnace, converter steering, and 

«Hi»..    The field in which the use of computers is moat advanced is that 

or rolUng.    The use cf computers is an influential factor in increasing unit 

production per plant.    Today the figure of ,0,000,000 tone is considered to be 

the .ost suitable production scale for iron and steel piante, the reasons for 

year  7 ^  "" "^    " **"" *"** ""• ««•«•S.OOO.OOO tons per 
year and is expanding to 6,000,000 to T,ooo,000 tons, and that the unit production 
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Fig. 6. 

Oxygon consumption by Japaneee Steel Mill« 
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scale of blast furnaces is in excess of 3,000,000 tons per year and  is 

approaching the 4,000,000 tons level.    The expansion in blast-furnace production 

and the increased capacity of rolling facilities are the reasons for the 

remarkable increase in the production of the industry.    These developments are 

largely the results of automation using computers, which ensure steady and 
continuous production activities on a large scale. 

Continuous Casting 

One outstanding technique which has caused great changes in iron and steel 

production processes is continuous casting.    Continuous casting technology 

advanced significantly in the 1960«s and began to be used extensively in the 

WO»..    Continuous casting has had a very significant effect  in improving the 
economic value of small-scale plants based on scrap. 

Continuous casting cannot, however, be employed for all types of product. 

« i. not suitable for the production of rimmed steel, which is demanded for 

most steel and strip products.    In addition, the method is not efficient for 

the production of high-carbon steel materials.    Most       continuous-casting 

facilities are for the production of ordinary carbon steels, principally in 

the production of sections, bars, and plates.   As far as the capacity of these 

facilities is concerned, even the world's largest plate mill does not exceed 

1,000,000 tons per year, and there are not many section or bar mills capable 

of output, of over 1,000,000 tons per year.    Since most existing rolling mills 

are dt.igned to produce 1,000,000 tons, large slabbing mills are not needed, and 

this is why the role of continuous casting is a significant one. 

In electric arc furnace .teelmaking, it is noticeable that large-siae units 

have COM into wide u.e in recent years.    The production capacity of electric 

furnace« i. 500,000 to 1,000,000 ton. per year.    If greater output is required, 

the number of unit. ha. to be increaaed.    If the capacity of a plant  is expanded, 

an increase in scrap supply to meet such an expansion is not easy to obtain. 

In the light of these factors, continuous casting is the most appropriate 

process for a plant based on electric arc furnaces using scrap as raw material. 

Thus, continuous casting is an influential factor in increasing the value of 

non-integrated plants based on scrap as raw material by comparison with integrated 
steel plants. 
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Continuous casting technology is still at the stage of requiring further 

improvement.    When these have been perfected, the role of the non-integrated 

steel plant will become more important, and great attention will have to be 

paid to the supply of scrap in the world, which will become a serious problem 

for the industry. 

Direct Reduction 

It was mentioned earlier that continuous casting is closely related to the 

world supply of scrap and changes in the world market.    With further development 

and expansion of continuous casting technology, a world shortage of scrap will 

present an unavoidable problem for the industry.    There seem to be two ways of 

dealing with this problem:   by promoting the construction of integrated steel 

plants or by inventing a new method of ensuring the supply of a raw material to 

replace scrap.    In the latter respect, attention must be directed to direct 

reduction, which has been and is still being developed as a new technology. 

In comparison with the existing complex iron and steelmaking processes of 

smelting iron ores to produce pig iron in the blast furnace and transforming 

the iron into steel  in the converter, the direct reduotion method consists of 

selecting high-quality iron ores to manufacture reduced iron with reducing 

agents under high-temperature conditions.    The product of the processes is 

sponge iron which is not wholly free from impurities nor completely reduced. 

If such material could be produced at a lower cost than that of pig iron 

production, it would be an extrer.ely advantageous source of iron for small-scale 

plants, such as those based on electric arc steelmaking and continuous casting. 

Thus, it might become possible for each steelmaking plant using continuous 

casting to install ironmaking facilities of its own to meet the material 

requirements arising from expansion of its production capacity.   This would 

ensure a steady supply and make it unnecessary to depend on the unstable supply 

of scrap. 

At present, natural gas is considered to be a useful reducing agent for the 

practical application of direct reduction.    Although direct reduction has not 

been developed to such a degree as to ensure economic production everywhere in 

the world, there is the possibility that this stage will be attained in the 

future.    This is why direct reduction justifies a world-wide attention as a 

future major production process of the industry. 
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Training of PersonriP 1 

There are variouo requirements for successful operations in tv, • 
stee] industry. One of +v,000    • operations m the iron and 

sxry. One of these requirements is related to the fact that +h« 

industry has been operated at a high technological lev,l and thl T 

techno^ ,s to be constant!, introduced and adopted l^^L^T 

Even if 8uch requirement8 a8 re80Urce8| 

aasured, not all iron and 8teel industries are    '     ' "* Ca'ltal are 

in the world Vhi*   •  A-    . compete successfully 

;.:-er,• i—— :• rr -r - 
in the world. advanced technologies 

A characteristic feature of iron and steel techno^ lfl that lt oan be 

711       JT^ "" Wlied at an «—"-l 1-el than the technologies 

LI 1 I e8-    -1' literal attitUde «*"- the *—« -• ~ ste 
industry to achieve its large development in the po.t-.ar period      If th. t»7 , 
developed in other parts of the ,.,IH V,„„     . V technology 

par• ot the world had not been available, it would not have 
»ee„ possible for the Japanese industry to attain the stage    f progre s       ha 

:r::;r ^oouid °ot h• *- -*-*- -—* - — 
effol'TT l lnPr°ïeBe,rt 0f ir0n ~* °teel te0,m01^ r«*ir° »inultaneou, 
effort, in three direction. - training of p.r.onn.1, the introduction of the 

~t advanced technology i» the „orld, and the development of technology within 

he country.   How effort, in these three directions have been successfully carried 

ulÍtT Ín "•"" 7 ^ 8 ^ *»" 5 - «•    - figure, also 
illustrate the flow of specialist, in metallurgy fro. universities into the 

industry each y.ar and the introduction of world technology into Japan. 
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Fig. 7. Foreign Techniques introduced into Japan   Iron and  Steel Industry 
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B^loyed by Iron and st«»i   r^11fîtTy 

  Iron and Steel Industries 

Soienoe Engineering 
] faculty Faculty Total 

power i Man-            ¿ 
power            * 

Man- 
power % 

1956 11 0.6 291           2.6 302 2.5 
1957 19 1.0 317           2.3 336 2.2 
1958 22 1.0 536          3.6 558 3.3 
1959 33 1.4 535          3.5 568 3.2 
1960 48 1.8 719         4.6 767 4.2 
1961 66 2.3 871          5.2 938 4.8 
1962 104 3.7 1»196         6.1 1,200 5.3 
1963 53 1.7 857         4.0 910 3.7 
1964 49 1.5 750         3.1 799 2.9 
1965 41 1.2 747         2.8 788 2.6 
1966 51 1.3 830         2.8 881 2.7 
1967 45 1.2 740         2.3 785 2.4 
1968 51 1.2 756          2.2 807 2.4 
1969 52 1.1 718         1.9 770 2.1 
1970 52 1.0 983         2.3 1,035 2.2 
1971 94 1.6 1,123          2.3 1,217 2.4 

Origin»    "Report on Basic School Statistic»" 
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Japanese Iron and Steel Industry 

Year Case 1,0001 

1957 254 42,620 

1958 242 47,848 

1959 378 61,854 

1960 588 94,888 

1961 601 115,670 

1962 757 114,966 

1963 1,137 135,393 

1964 1,041 155,309 

1965 958 165.645 

1966 1,153 194,354 

1967 1,295 238,700 

1968 ,1|744 314,000 

1969 1,629 368,000 

1970 

   

1,768 433,000 

u   > 

Origin:    "Statistical Handbook of Iron and Steel" 
Eds.  *68 and '72 
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Fig. 8. University Graduate Engineer* and Scientist* 
Employed by Iron and  Steel Industry 
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6.    Financing 

By comparison with other industries,  the iron and steel industry is considered 

capital-intensive.    In Japan the industry has been the object  of large investments,    L} 

along with the electric power industry.    Whether the financing activities are 

conducted steadily or not determine the course of normal growth of the iron and {| y 

steel industry. 

It was fortunate for Japan that the policy of the Government to place emphasis 

on the iron and steel industry was successfully promoted.    The industry received 

large-scale investment in accordance with the economic capacity of the country. 

In considering factors determining the development  of the iron and steel industry, 

it is important to examine how so large an investment was possible in a country 

as poor as post-war Japan, and how such financing routeB were provided. 

The expansion of the Japanese iron and steel industry is intimately bound 

up with the publication of the Economic White Paper, which the Japanese 

Government prepared and circulated carefully and judiciously.    It presented 

a detailed analysis of the economic activities of the country.    The distribution 

of the White Paper among financial and industrial circles    (and particularly 

among those in charge of the iron and steel industry) contributed greatly in 

deepening the knowledge and understanding of the nature of the Japanese economic 

structure.    The value of the publication was such that it received much acclaim 

in various circles.    The availability of this publication meant that whenever 

the iron and steel industry was planning expansion, rationalization, the installa- 

tion of new plants, etc, it could carry out its financial planning within the 

framework of the existing economic capacity of the country.    Rational planning 

by the industry led to understanding and co-operation on the part of bankers, 

financial circles, etc.   Furthermore, the industry could work out its produotion 

on the basis of the actual demand.   Por this reason, financing for the industry 

has been secured without much difficulty and to an adequate extent. 

An examination of the financing of iron and steel industries in other parts 

of the world indicates that this has not always been easy, even in countries with 

a higher level of economy than Japan.    This is due to various unfavourable 

conditions, such as the fact that financing of the iron and steel industry is 

of necessity on a gigantic scale, that the industry cannot expect a* high profit 

ratio, and that the demand for iron and steel is not always a predictable one. 
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Créer une industrie sidérurgique, clef de voûte de l'industrie d'un pays, est 

une entreprise aussi importante que difficile, quel que soit le niveau de civilisation 

technique de ce pays« 

L'augmentation constante de la demande de produits sidérurgiques dans le monde 

inoite les pays industrialisés à développer et à moderniser leur industrie sidérur- 

gique, et les pays en voie de développement à en oréer une, et la carte de la sidé- 

rurgie mondiale ne cesse de se modifier. 

Au cours des 25 dernières années, le Japon a atteint l'un des taux d'expansion 

les plus remarquables du monde, par des méthodes très différentes de oelles qui avaient 

été appliquées avant la Seconde Guerre mondiale. On a constaté dans d'autres pays 

que les facteurs de progrès industriels ont sensiblement changé depuis. Si l'on analyse 

1/ Les opinions exprimées dans le présent document 3ont celles de l'auteur et 
ne reflètent pas nécessairement les vues du Secrétariat de l'ONUDI. 

id.73-5312 
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correctement Id situation nouvelle,   ;t ou'on prenne  ¿es mesures appropriées,   il  est 

posoible  .'e créer ciane diverses  r¿.iono du momie de nouvelles indujtrieu sidérurpiques 

économiquement vicolo j et ca >..Vbl'3¿ de se d'velopper. 

La aidérurïie ejt une  industrie .-. forte  intensité de capital et de main-d'oeuvre. 

¿Ile a derrière elle uns lon^a histoire de   v-veloppornent technologique,  et les 

pro^édôE qu'elle met aujourd'hui  en oauvre sont trèsj complexes.    liais l'innovation 

technique est une loi de 1' ¿volution industrielle moderne,   at une  sta.jiation du progrès 

des tachniques et de leuro r-pplicationa concV.Rinera.it  l1 industrie  aidérursique d'un 

payu à cesser d'être compétitive  cur le plan international. 




