G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

We regret that some of the pages in the microfiche
copy of this report may not be up to the proper
legibility standards,even though the best possible

copy was used for preparing the master fiche




ﬂ '72 32 RESTRI CTED

UNIDO/I0D.50

UNITED NATIONS INDUSTRIAL 22 November 1976
DEVELOPMENT ORGANIZATION ORIGINAL: ENGLISH

PROBLEMS AND OPPORTUNITIES IN THE WORLD'S
IRON AND STEEL INDUSTRYI\

Informal background paper
for reference in operational activities. ’J}

prepared by
the Secretariat of UNIDO

_1/ This document has been reproduced without formal editing.

id.76-6410




- 2 -

Contents
prbidlibiditbis

fxplanatory Notee
Foreword

THE WORID*s 1ROM AND STEEL INDISTRY: THE NEED FOR AN
ASSESSMENT

THK 1RON AND STEFL INDUSTRY: 1TS SIGNIFICANCE FOR THE
WOKLD ECONOMY

THF 1ROJ AND STEEL INDUSTRY: A SIMPLIFIED GLOBAL PICTURE
THE IRON AND STEKL INDUSTRY: ITS IMPACT ON DEVELOPMENT
OF ECONOMY AND INDUSTRY

PRESENT SITVATION OF THE WORLD 1RON AND STEEL INDUSTRY
EVOLI'TION AND GROWTH RATES OF THE [RON AND STEEL
INDUSTRY IN THi RECENT PAST

SELWCTED BASIC DATA ON THE WORLD's 1RON AND STEEL
INDUSTRY

GEOGRAPHIC DISTRIHITION OF STEEL PRODVICTION

SOME. OBSERVATIONS ON TRADE

THE FUITURE: PROJECTIONS, FORECASTS AND TARGETS

SIMPLE EXTRAPOLATION OF PRODUCTION AND CONSUMPTION DATA
ANALYS1S AND PROJECTIONS NF CONSUMPTION BASED ON STEEL
INTKNSITY CONSIDERATIONS

ANALYSIS BASED OM INDUSTRIAL PROPUCTION GROWTH
INFORMAL FSTIMATES OF PRODUCTION

BASIC CONSUMPTION PROJECTIONS AND PRODUCTION TARGETS

IMPLICATIONS, PRORLEMS AND OPPORTUNITIES

RAW MATERIALS

SITE FACILITIES, INFRASTRUCTURE AND COMPREKENSIVE
PLANNING FOR 1,5, INSTALLATIONS

ALTFHUATT THI AS T SCALF ar™ PROCESS TR HNOLYVIY
KNOW-HOW, TEFLOLOGY AMD PERSONNEL

CAPYTAL GOONS

F1NANCING

TRADE ASPECTS

ANNEX Table 1

APPENDI X

-3 wn

10
17

17

17
26

32
32

8
40
41

44
41

50
3
53
58
59
61

64




¥ -

Ty

.5, (develared courtriesl:

M e

efararce to "ollarct () indicates "nited Statec dnllars, unless otharwise stated,

Wefarrnne to "tons" (1) indicates metric tons,

‘he murphser 0f thie na-er 1he followine definitions and abbdrevistions were useds

SBee Afrira:
.

Sracn s

1., Ameryca ¢

., Asia H
S,F. Anin e
e Asmin H

AR

VUpRATA rORY TRt

Saroda, AL, feeteatia, Yew ealand, Janan and

Souty Afrira,

~1:1t10d inta Tallowin © res1onal sroups when

anveer.ient s

Cne=taleliar Africn
Arat roard oo

Nertral and Southk America

“evth beia (Afanintan, “angladesh, Pnthan, India, Tran, Nepal,

Parintan, Sr1 lanka)

Goith ast Aeia (mnei, Murma, Cambodia, Indonesia, Laos,

sastern and Joetern raronean countries (inelnding Turkey )

(Aevrelarins rruntries): Countries other than ™, ", defined above, Thev were

"alay-i1, Philipnines, Sinmnore, Thailand, Vietnam)

iart A~1a (Thina, ¥nrra DPH, Korea R, Moncolia)

The term "Fillion" (¥} 1~ nned tn simifr a thousand million,

lene ntherwise specified, all fisures of steel production and consumption refer

raw steel {inmts) emiirvalent,

il pre athamyes cnpey fied, ~tatistical data were taken from:

1)
n)
1)

ited Yation= »*ati1stiral Yearhaol  107:

Varime jeoee a® lingted Matinns Clanthle "mllativ of Statietics

NG Handrook nf Tnternational Trade and Dooelonment Statintir-,

it indicate= millions of tons,

1078




MINT ¥'g activities in the iron and steel sector have covered a wide spectrum:
techniral assistance; organization of symposia, seminare and workshops; preparation of
epecial studies with anaiysie ani forecastr related to the sector as a whole or to some of

its particular aspects.

Technical assistance com)ri~ea .ome 100 individual projects in some 40 countries, in the
periol 136 - 1376, ‘hree Intarregional Symposia, with world wide scope were organized:
Prague - Jeneva i3} Moscow 1465) and Brasilia '1973). A large number of documents have

been prepared ana distributea. The Appendix contains further information on these pointe.

Ihroush these activities Uil % nas maie a substantial contribution to the identification
of problems and opportunities in the iron ana steel sector. [his paper reflects some
relevant tacts ant analvses arisin- from experience gathered so far in the Metallurgical
Industries Sectinn of the Industriai : perations Division " previously, Industrial Technology

“ivimion). It is intenied as an informal backeround paper for reference by UNIDO officers

and experte, in operational activities.
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1. THE WORLD'e IRON AND STEEL INIUSTRY: THE NFED FOR AN ASSESSMENT

Since steel is the main material of construction in a modern economy and since the Dg.C.
have such large needs and capabilities in the I.S. sector 1t ie neceesary to consider the
present situation and perspectives for expansion of the world I.S. induetry in the light of
the new economic and political realities and,on this basis, to promote international co-

operation to ensure that such expansion takes place expeditiouely, effectively and equitably.

For the community of Dg.C. the expansion of the I.S. industry is an economic imperative,
mainly to ratisfy their own demand. For Dd.C. particularly attrsctive opportunities exist
for co-operation with Dg.C. for the establishment of new capacity or for trade., It will be
also necessary for them to develop and/or to gsecure the raw materials supplies needed for

the smooth expansion of their own capacity.

1.1 THE IRON AND STEEL INDUSTRY: ITS SIGNIFICANCE FOR THE WORLD ECONOMY

The significance of the I.S5. industry for the world economy is indiceted by the
following facts:

(a) It produces the most essential material needed in a modern economy at a relatively

low cost.

The products of the I,S, industry in the form of plate, sheet, bars, rods, wire, heavy
and light sections, tubing, etc., are essential for, amcng other uees: production of in-
dustrial equipment, industrial buildings and installations; power, transportation,
communications and water distribution networks; housingj durable consumers! g ods. Some
of its by-products are also important for the operation of subsidiary industries, e.g.:
pig iron, which is needed for cast iron foundries; coke by-products, used in the chemical
industry; slag, used for production of cement, glass wool and aggregate materials. Ths
strength and ease of fabrication of steel, combined with its low cost make it the most
eggential of all materials used in modern industry. Total world production reached 695 Mt
of ingot in 1973. In spite of price fluctuations, specially in the period 1973 - 76, steel
continues to be cheaper than any other metal and, if its strength and durability are taken

into account, cheaper than most other construction materials.

(b) The value of its production in a dynamic economy is a significant part of the GNP,

The gross value of the products and by-products of the I.S. industry corresponds to at
least 2-5 per cent of the GNP in an industrialized economy but may reach 6-8 per cent in
countries where the GNP is growing at a high rate and where the production of sateel is
keeping pace with needs. If one considers the indirect impact of steel production on the
basis of the gross value of all products and structures made from eteel, the corresponding

percentage of GNP might reach values of the order of 20 per cent,

(c) Its operation involves transportation and handling of very large tonnages of raw
materials and products.

The sheer weight of materials and products that have to be handled and transported for
the operation of the world steel industry is huge and makes it highly dependent on infra-




structure. Aoout 3 tons of ore, coking coal, outside scrap, oil and fluxes are needed to
produce one ton of steel, The marketable output can be estimated at roughly one ton per ton
of steel ingot produced. Accordingly, for a country producing 100 Mt of steel per year it
is necessary to secure a yearly input of some 300 Mt of raw materials and an outlet for some

100 Mt of products, by-products and other materials,

(d) 1t is a capital-intensive industry, requiring heavy investments for its establish-

ment and operation,

The I.S. industry is notably capital-intensive, with a specific requirement of $600 -
1200 1/f‘or' each ton per year of new steel ingot production capacity. In addition, in certain
cages, particularly in Dg.C. substantial infrastructure investment has to be made. Accord-
ingly, the establishment in a Dg.C. of an integrated I.S. plant with a capacity of one
million tons per year (of ingots) will require an investment of the order of $ 1 billion.
Additional investment "up-stream", i.e. for supply of the necessary inputs, and "down-
stream”, i.e. for processing of steel into manufactured products, will also have to be taken
into account and may amount to investments of the same order of magnitude. A large portion
of the capital invested in I.S. installations (some 50-707) corresponds to heavy industrial
equipment and heavy industrial construction. The I.S. industry is, thus, a large buyer of

heavy capital goods.

(e) 1t depends greatly on lmaw-how and technology of a multidisciplinary character,

In an industry handling very large amounts of materials and products in large instal-
lations and delivering relatively cheap products to the national and international market,
know-how and technology are decisive particularly to ensure productivity and quality. A
constantly changing pattern of sources, characteristics and prices of raw materials;
changing conditions and requirements regarding the ecological impact of large industrial
installations; new developments regarding the sources and costs of labour and capital; a
changing market picture; all these have made technological development an imperative for
coutinued growth of an efficient 1.S. industry. Specially significant changes in the
technologies of processes and products have taken place in the last two decades with pro-

spects of further radical changes taking place in the next two.

(f) A large share of international trade is directly related to the operation of the
I14Se induetr!-

The international trade in iron ore, pellets, coking coal, semi-finished and finished
steel products involves exchanges of about 700 Mt per year of materials and products worth
about 8 60 billion., Exports or imports of raw materials and products of the I.S. industry
represent important sources of income or, on the other hand, serious drains to the balance

of paymentg of Dd.C., and Dg.C.

1/ Depending on size, technology, location and infrastruoture, and relationship to
previously existing plants and to other related industries.




(g) It generates or activates "up-stream” and, specially '‘down-stream" industries

of great economic impact,

The 1.5, industry, being a heavy consumer of raw materials, refractories, rolling mill
rolls (cast or forged), special heavy equipment and components, ferro-alloys, special
additives, tin (for tin plate), lubricants, etc., is dependent on the operation of important

"yp-stream" :ndustries,

On the other hand, the ready availability of its output is the basis for a diversity
of "down-stream'" industries producing: heavy equipment; agricultural machinery; structures
(buildings, bridges, etc.); ships; automobiles; tractors; industrial and civil con-

gtruction hardware; metal furniture; household appliances and utensils; tools; etc,

(h) 1t is a large scale consuner of energy.

The 1.S. industry uses about 124 of the total world's energy requirements, in terms of
coal, hydrocarbons and electric power. It must be notsd, however, that over one third of the
total "fuel" requirements is not used for its energy value but rather as a "reductant' or
"chemical" needed to react with oxides in the ores, so as to obtain metallic iron (mainly
as '"'pig iron", which is iron containing carbon, silicon and manganese in solution, besides
impurities), Accordingly, the "energy problem" of the I.S. industry is a peculiar one and

requires special treatment,

12 THE 1RON AND STEEL INDUSTRY: A SIMPLIFIED GLOBAL PICTURE

The massive materials flow related to the I.S5. industry is concisely presented in
Figure 1 which refers to 1973 M The overall figures of Table I are a further measure of
the 1,5, industry's size. The following main features of the industry should be noted,
for 1973:

(a) The production of raw steel reached 695 Mt and that of finished products 556 Mt.

(b) The total direct raw materials input amounted to about 1700 Mt; some 600 Mt of

products were transported to markets,

(¢) The total worth of all products and by-products of the industry in 1973 can be
estimated at about $§ 130 billion,

(d) The value of inputs reached $ 60 billion., Thus, the added value in this industry

was $ 70 billion which corresponds to $ 100 per ton of crude steel.

(e) Developing countries with 70 per cent of the world's population, contributed about
29 per cent of world iron ore (or 367 in terms of iron content) but produced only 8 per cent

of the world raw steel while consuming about 14 per cent of world steel products,

(f) Another point to be noted is that the pig iron quantities involved are huge and
indicate that any process designed to replace the conventional blast furnace in the reduction

of ore to metal must be capable of operation on a very large scale,

_1_/ 1973 1s considered, in this paper, on an ad hoc basis, the "last normal year before 1976",
Production was: World = 695; Dg.C. = 55; Dd.C. = 640 Mt
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TABLE

Main inputs, intermediate products and final
products of world I.S. industry (1973) ¥

IMPUTS INTERMED FINAL UNIT
Mt Velue, PRODUCTS ) PRODS VALUE
- MUSE Mt Mt | M US? US#/t
';Iron ore 835 ' 12.500 15
(Pig iron) 494
Coking coal 485 26.700 55
|
'(Coke) €4
!
0il 65 2.000 10
Fluxes 140 2.100 15
1/ 2/ E
Scrap 165~/ 8.250 170~ 5 |
Other consumables] 0 9.000 300
Ftul ingots) 695
Steel products 556 122,300 720
Other ) 50 7.500 150
TOTALS ; 1720 50,550 1723 606 . 129.8C0

1/ Purchased scrap

Z/ Internal process scrap

y DATA plus rough estimates )
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(g) The requirements for coking coal have also reached volumss which create special
problems, considering the very uneven distribution of economic deposits. Unlike iron ore,
good coals are available only in relatively few locations in the 1ourld and must be imported

by most DgeCe

te3. THE 1RON AND STEFL INDUSTRY: 1TS IMPACT ON DEVELOPMENT OF KCONOMY AND INDUSTRY

There is a direct relationship between industrial development and steel production,

as shown by the following facts:

(a) Historically, industrial development has been directly dependent on 1.S. production,
The strongest industrialized economies are found in countries with the largest steel indus-
tries: USA, USSR, Japan, Germany, UK, France, Italy. The efforts to develop th- steel
industry in those countries are well known and were founded cn deliberate planning of on

impeirative need.

(b) The "take off" stage of economic development is characterized by an accelerated
increage in steel consumption per capita. This fact is clearly illustrated by the "steel
intensity curve", shown in Figure 2. The curve, calculated by 1151, shows that as GNP/per
capita increases to about $ 1000 (at 1963 value) the ratio of apparent steel consumption
in kg per dollar of GNP increases markedly, meaning that economic growth becomes increasingly
dependent on steel, The "steel intensity curve" is one way of expressing the fact that the
very early stages of development (least developed countries)are characterized by small need
for steel but as development accelerates s0 do the steel requirements. On the other extreme,
in very advanced "post industrial" societies the relative importance of steel declines and
reaches almost stable level (in terms of steel consumption per capita) since the economy

grows then mainly through other more complex industries and services.

(c) Figure shows some basic indices such s population, steel productign, stsel
imports, GDP, industrial production and ratio of industrial production to GDP a‘functions
of per capita steel consumption. This Figure was prepared by classifying countries irto

7 groups according to their 1973 per capita steel consumption, then adding up the dats and
calculating per capita indices for each group. Figure 3 provides chsracteristic dets and
indices for groups of countries with different steel consumption lsvsls. The following can

be noted:

(i) There are twiilflearly separated groups of countries: Dg.C., whos:
population idistributed at consumption levels below 100 kg/capita,
and Dd.C. whoss population is characteristically concentrated between
the 400 - 800 kg/capita levels.

(ii) Steel production of the group of countries consuming less than 100
kg/capita is extrsmely low and about 35 % of their consumption is
dependent on imports from the group of countries with 400 kg/capita

consumption and above,
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(i11) GDP per capita increases with steel consumption from $ 140, for
the 10 kg/capita group, to more than $ 5000, for the 600 - 800 kg/
capita group.

(iv) Industrial production per capita is only $ 23 for the 10 kg/capita
group but increases by 10 times, for the 50 - 100 kg/capita &roup,
which is algo very low as compared to $ 1200 - 1800, for the
400 - 800 kg/capita group.

(v) The ratio of industrial output to GDP, which is one of the measures
of induptrialization, is characteristioally low for lower consumption
groups and reaches the level of industrialized countries after steel

consunmpticn increases to more than 100 kge

(d) A close relationship between steel consumption and industrial production is
further shown in Figure 4. Although considerable scattering is observed, the graph shows
unmistakably that steel is essential for industrial development. Turning from consumption
to production of steel, it is seen from Figure 5 that most developing countries are not
producing steel in the amount needed for their existing industrial production. Although
there are difficulties to initiate guoh capital intensive industry ae the steel industry in
DgeCoy it is clear that industrialization of developing countries requires the overcoming

of those difficulties.
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>, PHESENT SITUATION OF PHE WORLD LRON abi STEEL INDUSTRY

2.1. EVOLUTION AND GROWIH RATES OF THE L1RON AND aqenl INDUSTRY IN THR RECENT PAGT

The world 1.5. industry has grown stealily over the last quarter of a century and has
supplied essential !ow cost materials to the worll market. This growth was su ported by a
remarkable tecknological developmsnt in every aspect of stesl production. Since there are
many articles and papers on the racent 1evelopment of tschnology 1n this sector, no rsvision
of this area 1s attemptei here and only some statistical production and consumption aspects

are presentei, to outline the broad features of the growth of the sector.

Figure 6 presents in eraphical form the evolution of the world's steel production since
. 1
1945 and the shares of N4 and p.". 1t also iniicates growth rates— for various periois.

It is seen, for example, that the growth of the iniustry in the perind 1966-197% was: 1.3

for the world and 9.° for Dg.0. In the same perind the share of hg.', erew from 7.1 to
1'.5". ‘Tmis last figure f10.5") 1s unusually high because of the sudden drop in world pro-
duction in 1975. Under "normal" coniitiuons the share of Dg.t., in 1379 would have besn about
.54,

Figure 7 illustrates another aspect of the evolution of the industry in Dg.. 1t shows
that although production increassd appreciably, the "cegree of gself-gufficisncy’ remained

practically the same /for Dg.o.).

Figure 8 shows the evolution of irun ore prcluction. It 1s seen that the sha.e of Dg.C.
ie increasing and that it is quite substantial in terms of tonnage. In 1973, in a world total

of 490 4t, the tonnage produced by Dg.(:. rsached 180 Mt and thsir share was 30'2/

2.9, SELECTED BASIC DATA ON THE WORL)'S IRON AND CTERL IHN™ISTRY

A gelsction of basic statistical data on the world's iron and steel industry at 1973 is

pressnted below.

{a) Present production and consumption of steel in rsgions and countries

Table 11 provides selscted data on production and consumption of steel in various regions.
NDetails by country and region are found in Annex Table 1.1t also provides information on net
trade, by comparison of the figures for production and consumption. The production and con-

sumption per capita are also indicatsd.

{b) Production of 'new 1ron"j in Dg. €.

To make steel it is necessary to have metallic iron, in one form or another, to start
with. Ts world's steel production is based on the use of "new iron" (pig iron and "reduced

iron'A/) and scrap.

l/ All the growth rates were calculated by regression analyeis aesuming a constant rate of
growth in the period concerned.

2/ All figures in terms of iron contained in ore.

}/ The expression "new iron" is used to cover all products of the reduction of iron ore.
4/ In thie paper we will frequently uee the expression “reduced iron" to cover all forms of
solid iron-rich products obtained by "direct reduction".

4-——-—#
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TABLE i1

1/

Production and Consumption of Steel by Regions-

}R _ Population Crude St.ool Crude St_ul Per capita
egion Production Consumption (kg)
MWillion ¢ Mt Mt % Prod. Consump
Developing| 2,668 "léi}.a 55.3 | 8.0 | 86.3 12,51 0.7 32,9
S.S.Africa 563.1 6.0 0.4>‘ 0.1 2,40 0.3 1.6 9.1
Arab 1313.6 3.9 0.651 0.1 5.65! 0.8 4.9  42.3
L.America 09,3 7.9 ] 16.40 2.4 | 28.501 3.6| 543 81.0
S.Amia 788.8 0.6 | 7.65 ' 1.1 i 11.44] 1.7 9.7 14.5
S.E.Asia 301.2 7.9 0.87 0.1 | 5.40! 0.8 2.9 17.9
E.Asia 867.8 ??.7! 29.44 4.2 | 36.871 5.3 31,90 42.5
Developed | 1,137 29.f © 639.5 92.0 ;603.7 87.5| 567 i 531
.Europe 199.1 10.4  178.10 l 25.6 E 161,90 | 23.5| 446 406
.Europe 356.9 9.3 178.30 0 25.7 {177.20} 25.7 500 496
.America 212.5 6.1  150.20 | 21.6 | 163.75| 23.7| €46 | 704
Oceania 1€.1 0.4 7.8 1.1 i B8.02| 1.2| 490 . 498
Japan 108.4 2.8 119.3?: 17.2 5 87.181 12.6 1,101 ! 805
ls.africa 1.7 0.6 5.7?\ 0.8 ' s5.64| 0.8] 241 1 7
e, i i
World e& 3,820 695 ‘ ‘_690 182 : 181
i j | -

1/ For detail by countries see AVNEX Table
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Table 11! presents selocted data and estimates on production of "new iron” in Dg.C. and

Dd.C., as well as the estimated consumption of scrap.

1t is seen that the industry still depends almost totally on pig iron for the rsquired
yearly input of '"new iron" although depsncence on 'reduced iron" may rapidly increase in
future. 'New iron" contributes with about 607 of the iron input for world raw steel pro-
duction. For Dg.C. the percentage of 'new iron" as iron input for raw eteel production may

be as high as 807,

f¢) Reserves and production of main raw materials

Table IV presents eelected data on iron ore, coking coal and hydro-carbon reservee and

production. Details by countries and regiona are shown in Annex Table 1, sattached,

Regarding iron ors, the situation is quite favourable to Dg.C. in terms of high quality

ore, reservee and production.

The coking coal reserves of Dg.C. are very limited. Their volume, quality and economics
are generally insufficient or unfavourable. Non-coking coal reserves are much larger but
these coals have, so far, found very limited application in the 1.S5. industry. They havs,

nowever, a xood potential for greater use in the future.

Despite the intense and concertsd efforts taken to cut down coke coneumption for iron
production during the last decades (Figure 2) through technological improvement and innovation
requiremsnts of coking coal are creating special problems to the steel induetry. The problem
arises because the total world reeerves of coking coal are limited as againet the total world
reeerves of coal and 907 of the coking coal reserves exist in relatively few locations of the
world, mainly in Da.C, Developing countries other than China account only for some 2.3 of

the total world reserves, as shown in Table IV.

To help offset the dependence on coking coal intensive efforts are being made towards
the fuller use of non-coking coals: (i) as a reductant, in direct reduction processes,
{11) am "formed coke" in blast furnace iron making and (1ii) through coal waehing and blending
of eemi, non-coking and coking coals for iron smelting. The potential of charcoal as a
reductant ie also the object of attention in Dg.C. since this renewable resource can be the

basis of sizeable iron and ateel production as in the case of Brazil (over 3 Mt/yr).

Another important input ( see Figure 1)is scrap. However, no data on scrap are included
here because they are difficult to obtain for Dg.C. Most of the ecrap used in the I1.S.
industry comes from two sources: internal scrap (generated in I.S. plants in normal opera-
tions) and obsolescence scrap. The first type is a direct function of plant production. The
second type is characterietic of highly industrialized countries and is only available in very
limited quantities in Dg. C., but it can be used for starting a small steel industry, if it is
availabls on s regular basis. Imports of scrap are sometimes possible but are uncertain in
price and availability. In the last three years scrap prices fluctusted widely in inter-

national and in local markets.
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TABLE

111

Production of "New Iron" in 19'[1y (Mt)

Dd.C. Dg.C.
Pig iron 440 5?2
Coke (440) (48)
Charcoal (0.1) (3.8)
"Reduced iron" ? 1
Total "new iron" 442 53
Total consumption of scrap 320 15

Y Data and estimates




TABLE TV
Production and Resources of Raw Materials by Regions g/(in 1973)

Iron Ore Coal Coking | Cruide Petro- Natural oo,
Ticgrion () (1) coal 1”"m(ML2 (1,000 i)

i taeeoty SRR einasns BECLY NN nunnit RRRSaU RORENN Srm
' i ' Prod.}iiesource Hesourceqd T'rod. [Heserve| F . [Heoerve

—-——————— ..__(LL)__. --(UIA:)- J O N e —— s o = -
Quantity
Developine | 176 196,000 973 {1,148,000{ 245,000 59,000 28, 500

1Y
S.S.Africa = 37.2| 22,600 5 14,500 1,000 2,950 al 1,90

Arab C. 2.6 4,780 1 140 (o] 18,400 11,900
L.America 68.61 93,000 12 15, 600 6,000 4,050 2, 30
S.Asia 7.9 1 31,000 80 83,100 14,700 26 9,430 11, 300
S.E.Asia 1.7 5,000 3 1,600 00 2,120 1.070
E.Asia A3T 1 33,150 1,013,00C{ 273, 300 2,030 10

Developed 3119 566,000 7,002,000} «83,0C0 15, 360 41,9C0

W.Europe 54.81 31,960 402,500 136,500 3t 2,390 4,670
. Burope 121.1 | 306,000 4,052,000} 244,500 6,700 20, 100
N . America 83.9 | 225,EC0 2,183,000} 273,000 6,020 16, 150
Oceinia 47.2 | 16,700 112,500 6,C00 rale 990
Japan 0.6 1,500 7,400 4,000 4 15
S.Africa 6.9 4,200 44,300 19,000 -

orld ' 782,0C0 8,150,000 928,C00 74,200

Percentace
26.4 79.4
5.S5.Africa . 4.0
Arab C, . . 51.1
1,.America . . . 5.5
S.Asia 12.1
S.KE.Asia . 2.9
E.Asia 2.7

Developed ; 13.6 17.1 20.6

.Europe 14.7 0.8 3.2
E.Furope °4.7 9. 26.3 16.2 9.0
N.Amcrica 17.1 .7 ?29.4 19.9 B.1
Occania 9.6 0.6 0.6 0.3
lJapan 0.1 0.4 0.0 0.0
S.Africa 1.4 2.0 |o0.0] o0.0

l/ Sub-Sahelian Africa
g/ For details by countries and notes to the Table see Annex Table 1,
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2.3. GEOGRAPHIC DISTRIBUTION OF STEEL PRODUCTION

As already indicated (Figure 8) Dg.C eupply eome 16% of the world's '‘new iron", in
terme of iron content, but produce only some 8% of world steel (1973). In other worde:
2.7 billion people (707 of world population) produce only 8% of world steel, while the other
1.1 billion people in Dd.C. (307 world population) produced about 92% of the world steel in
1973.

The above two points alone indicate a striking disparity between Dd. and Dg.C. in the
1.5. sector. The large difference between Dd. and Dg.C. in this respect is generally

reflected in other indices of production, consumption and standard of living.

Figure 10 indicates in more detail the distribution of steel production in Dg.C. in
different regions and eub-regions. It also indicates the corresponding degrees of self-
sufficiency. It is seen that Dg.C. in all regions have a steel deficit and have to rely on
imports. This is particularly marked in S.S, Africa-}-/in the Arab Community and in S.E. Asia.
The wide difference in the degree of self-sufficiency, in steel, among the regions is quite

marked .

Steel production ie quite unequally distributed among the countries: 20 countries
produce 95" of world eteel. Nine countries alone produce 80" of the total. An even more
etriking difference exiets among individual countries. Production variee from zero tone/
country and zero kg/capita up to about 140 million tons/country and 2,060 kg/capita as eeen

in Annex Table 1 attached,

Practically all Nd.C. have integrated or semi-integrated steel making facilities. Am ng
Dg.C. only 15 have integrated 1.5. plants, most of them quite small, with ano.her 30 having
very small eteel making facilitiee based on ecrap melting. Many of the latter are now

paralyzed or operating irregularly.

The per capita production by regione was indicated in Table II. It can be eeen that
South Asia, S.E. Asia and 5.5. Africl-l-/ahow very low per capita production and consumption

figures. The situation ie particularly critical in S.S. Afrioa, which only produces 1.6 kg

of eteel, per inhabitant, per year. On the other hand, Latin America as a whole seems tu be

in the "take off" stage to industrialization and already has an important and flouriehing

steel induetry.

Ae indicated above, whereas in certain developing countries production and consumption
have attained good levele (in total tonnage, per capita valuee and growth rates) in moet of
them the [.S. induetry is non-existent. Theee countries constitute a epecial group ("2.!.‘2
steel countriee') meriting epecial attention and aseietance to enable them to make a etart at
iron and/or steel production, for rolled products or castinge, even if only in very small
integrated or non-integrated plante. Such plants, ae demonstrated in Dd. and certain Dg.C.

can be technologically and economically viable.

1/ Sub-Sahelian Africa
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Prodiction (yy, ) LImports

30 20 10 0 10

Self- i ) 1 L _] Per capita Population

sufficiency " consumption (million)
17.5 % S.S. Africa 9.1 kg 263.1
11.5 Aradb 42,3} 133, 6
67,0 Latin America 81.0 302.3
66.9 S.Asia 14.5 788,.8
16.1 S.E, Asia 17.9 301,2
19.8 E. Asia 42,5 867.8
64,0 Developing Countries 32.7 2,668

105.8 Developed Countries 526.5 1.137

Pig. 10 Production and import of steel by regions (in 1973)
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2.4. SOME OBSERVATIONS ON TRADE

The world trade in steel rose from 60 Mt in 1965 to about 90 Mt in 1970, 97 Nt in 1972,
and an estimated 110 Mt in 1973, Figure 11 shows the situation regarding imports of stesl by
Dg.C. It is noted that, since 1965, the tonnage imported has grown approximately linearly,
but the total cost of imports have grown much more rapidly due to the ssvere price increase.
In 1974 the total tonnage imported reached 40 Mt at a total cost of $12 billion. Such iaports
of steel by Dg.C. place a heavy burden on their already limited resources of foreign exchange.

Another serious problem is rslated to the extreme price fluctuations in reoent years.
Thus, the price of reinfor.in; bars climbed steadily from $100 per ton in January 1972 to
$122 per ton a year later. By January 1974, the price more than doubled to $280 per ton and
reached $320 per ton in April 1974, although it has fallen again since then. The fluctu-
ations in steel prices, uncertain deliveries and rising freight conts have created serious

problems for the Dg.C. in meeting their growing steel requirements.

On the other hand, Dg.C., are heavy exportiers of iron ore. As shown in Figure 12
S$.S, Africa, Latin America and South Asia are large scale exporters. The Arab countries and

S.E. Asia show very little production, consumption and export.

Iron ore trade was about 265 Mt in 1970, 330 Mt in 1972 and 350 Mt in 1973. The share
of Dg.C. was about 130 Mt in 1970, 150 Mt in 1972, and 170 Mt in 173; or 49%, 45% and 48%

respectively, in iron ore trade.

Prices of riw materials have been quite stable in recent years, as compared to the prices
of steel products and scrap, as shown in Figure 13. However, the trsnds in prices of raw
materials in very recent years indicate considerable increases and are of great concern to the

future development of the steel industry.
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3, THE FUTURE: PROJECTIONS, FORECASTS AND TARGETS

In the 1ight of the present situation of the world's 1.S. industry it is clear that
further expansion of the sector in both Dd. and Dg.C. will be necsssary. Many gtudies and
forecasts have been and are being made on the long tsrm expansion »f the world's I.S. industry.
Most of them, however, do not take fully into account the problems and opportunities of Dg.C.
To identify the order of magnitude of the expansion of the 1.S. industry in Dg.C. and to
assess the resulting implications it is necessary to consider possible projections and
scenarios, for the short and medium term, for Dd. and Dg.C. This is done below, in a

preliminary and tentative way.

For clarity, one should note that it 1s convenient to distinguish various types of
projections:

- extrapolations: direct extension of past data to the future;

- trends: changes noticed in the recent past and foreseeable for the
immediate future, affecting future projections;

- forecasts: predictions of actual performance or evolution based on
careful analysis of present information and data;

- targets: quantitative objectives for planning and action, established
on the basis of careful evaluation of present and future needs and

capabilities,

3.1, SIMPLE EXTRAPOLATiON OF PROIUCTION AND CONSUMPTION DATA

Figure 14 shows data for production and consumption of stesl (for the world and Dg.C.)
as well as simple extrapolations obtainsd by rsgression analysis, asgsuming that constant
rates prevail for the entire period considered. The figure was drawn on the basis of selscted
caloulated data tabulated in Table V,

One should note that the simple extrapolation based on regression analysis givss a
wide range of projected values, in spite of the rather high correlation coefficients
obgerved, if different base periods are considered, Even so, however, the projsctions are
useful to indicate the broad possibilities and magnitudes to be considered on the basis of

past performance.

3.2, ANALYSIS AND PROJECTIONS OF CONSUMPTION BASED ON STEEL INTENSITY CONSIDERATIONS

Dstailed analysis of apparent stsel consumption of 16 sslected countries wsrs carrisd
out by IISI ! and used as a basis for projection of world stsel production., Unfortunately,
the analysis covered only the period up to 1785 and significant scattsring was observsd for
consumption growth of developing countries. It is understood that IISI is now re-examining

their projections in the light of the recsnt economic recession.

Since in view of the Lima Deolaration and Plan of Action UNIDO is particularly inter-
ssted in the potential for expansion of ths I.S. industry of Dd. and Dg.C. until ths year
2000, detailed analysis of steel consumption data was carrisd out using an approach rslated

to the "steel intensity" concept. To start with, Figure 15 was preparsd, bassd on a

1/ 1I8I: Progjsction 85, 1972
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TABLE V

Selected data based on extrapolations at constant rate y

Period of | Anmual Correlation Extrapolation (Mt)
analysis growth coefficient
rate 1985 2000
2/ 66 - 15 4.29 0,94 1,080 2,030
World production -
and consumption 61 75 5.13 0.948 1,210 2,550
5% - 75 5038 0.99 1,250 2,740
66 - 175 9,16 0.98 158 589
Dg.C. production 61 - 19 8430 0.98 143 473
5 ~ 15 9,13 0.96 163 603
Dg.C. consumption 61 =15 8.13 0.99 220 710

y On the basis of standard linear regression analysis over periods
indicated in first column,

2/ 1t is assumed that production equals consumption,
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classification of Dg.C. and Dd.C. according to their per capita consumption.

Fi e 15 was prepared as follows: actual data for yearly rate of growth of consumption
in the period 1969 - 1973 were plotted as a function of consumption per capita. For this
purpose, and to have better statistical significance, all the Dg. and Dd.C. of which steel
consumption figures are known were divided into various groups, according to levels of

per capita consumption in 1971 (mid-year in the period 1969 - 1973).

It can be seen that the growth rate of steel consumption (looeely, one might speak of
"gteel hunger")increases at first and then decreases. DdeCoey characteristically, have lower
steel consumption growth rates since they have already reached high levels of consumption per
capita {which is higher than 300 kg/capita, for most of them). On the other hand, the least
developed countries with practically no industry, have a lcwer rate of growth of steel
demand (lower "hunger of steel")., The highest rates of growth of demand are observed in the
Dg.C. with per capita consumptions between 50-100 kg. These are Dg.C. reaching the "take

of f" stage (Brazil, Mexico, etc.).

It should be expected, thus, that until 2000 a Dg.C. would gradually move (for example)
from class A to class Byand then to class C. Another may move from class B to C and D, etc.
In other words, it can be expected that in the next 25 years the growth of steel consumption
in Dg.Ce, A5 a whole, will not follow a constant rate but will show a variable rate, (or
"moving rate") which will be a composite of the varying rates of all Dg.C. (now mainly in

classes A, B and C).

The above considerations are directly related to and consistent with the "steel intensity
curve" (Figure 2).

On the basis of the considerations made above, the overall growth of consumption can be
calculated with minor adjustments for population growth. However, it is to be noted that
years 1969 to 1973 can be considered as "good years" for the steel industries of developing

countries compared to previous five years or so, as seen in Figure 6o

On the other hand, developed countries have suffered quite a setback from the last half
of 1974 until the present and trends in their steel consumption growth in future years might
be considerably lower than those for the period of 1969 to 1973. Therefore, there is the
possibility that the growth rates shown in Figure 15 cannot be maintained for the future.
Accordingly, two growth rate levels were assumed: a "moderate" growth rate 25¢ smaller for
each group represented in Figure 15; and a "high" growth rate corresponding to the data
shown in Figure 19.

Assuning these two levels of growth rates of consumption, the projections of consumption

shown in Figure 16 were obtained. The lines shown in the graph are not siraight lines but

curves, since they correspond to variable overall growth rates in the period.
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A summary of the results of this consumption growth analysis is presented below, with

the lower figures corresponding to the "moderate" hypothesis for growth,

STEEL CONSUMPTION PROJECTION BASED ON
"MOVING RATE" ANALYSIS (Mt)

14985 2000

DgeCoe 210 - 270 525 - 810
DdeCe 830 - 940 1200 -1460

World 1040 ~1210 1730 -2270

The above projections seem to be much better founded in comparison to simple extra-

poration, but still lead to quite a wide range in the final projections for the year 2000,

3,3, ANALYSiS BASED ON INDUSTRIAL PRODUCT1ON GROWTH

1t has been already shown in Figure 4 that the steel consumption 1s a linear function
of industrial production. Thus, if one assumes a future growth rate of industrial production,
it is possible to forecast the corresponding steel consumption. Figure 1] again shows the
relationship between steel consumption and industrial production, for a larger range of the

variables, In the graph of Figure 17 the aggregnte steel consumption was plotted as a func-

tion of the aggregate industrial production, for each steel consumption group (see

Figure 3). The values for the entire group of Dg.C. (a1l taken together and for the world
are also indicateds A good linear correlation is obtained, showing the interdependence
between industrial and steel production,

It can be argued that developing countries as a whole will actually increase their steel
and industrial productions along the line shown in Figure 17, in the future, since: (a) the
line is the same that developed countries have followed in the past; and, {b) there seems to
be no reason to agsume a drastic change in the dependence of industrial production on steel
consumption within coming 25 years, for Dg.C. However, the same cannot be said for the
developed countries because their dependence on steel is highly likely to decrease, as

already observed in some of the most developed countries.

Therefore, groups G and F which consune 600 - 80C kg and 400 - 600 kg steel per capita
respectively, may depart from the line in such manner that industrial production increases
with lower growth of steel consumption. Thus the projected line, in the future, may bend
congiderably, as shown in the arbitrarily drawn broken line in Figure 17. It should be noted
that the point for "world 1973" (namely § 1,700 billion industrial production and 690 Mt

steel consumption) also falls very well on the straight line,
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world industrial production rose at a steady annual rate of 79 during the 17 years from
1958 to 1975. 1t is, however, anticipated that the rate of growth during the remainder of
the current century will fall considerably. As an exercise, the growth rates of 4.5, 5.0
and 5.57 were assumed for the world industrial production, in the next 25 years. This

assumption leads to the following resulis:

TABLE yIT PROJECTED GROWTHS OF INDUSTR1AL PHODUCTION AND OF STEEL CONSUMPTION -~ YEAR 2000

Assumed Growth World 1lnd. Target for Dg.C.g/ Steel Growth Rate

Rate of World Productigy Ind. Prod. Consump- of Dg.C.'s

Ind, Production in 2000 tion o Ind., Prod.
Dg.C-

4.57 $ 5,450 billion  § 1,360 billion 550 Mt 7.0%

5.0 6,330 1,580 640 Te5

55 7,200 1,800 730 8.0

1/ Base yeir = 1973 (8 1,695 billion)
2/ 257 of the world in accordance with the Lima Target
}/ Graphically obtained estimate based on Figure 17.

The abov: mentioned analysis shows that steel consumption of Dg.C. must reach 550 -
30 Mt by the year of 2000 in order to attain the Lima Target, subject to the assumptions

made for *+' world industrial production growth rates.

3e4. 1NFORMAL ESTIMATES OF PRODUCTION

It should be noted tha: informal forecasts by various sources, on the besis of judicious
consideration, also vary from 1500 Mt to 2000 Mt for world preductien by the ysar 2000, The
data shown below are 1llustrative of such projections.

TABLE VIII INFORNAL FORECASTS

Data Source World Production gm} Share of «Ce
1985 2000 2000

151 tion 8 1

i9$z Projection %1 4,140 (14950) v 590
Je. Miller 1,090 1,550 470
UN1DO Working Croup,

November 1975 1,040 1,750 530

l/ Simple extrapolation from IISI figure, at constant rate,
2/ Assuming Dg.C. will have a 304 share in world I.S, production (rounded).
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The last column of Table VIII was calculated on the basis of a 304 share for Dg.C. in the
steel sector, in the year 2000. This assumption corresponds to the feeling of various
sxperts from Dg.C. that if the overall share of industrial production has to be 257 (Lima
Target), Dg.C. must exceed this share in certain sectorswhere they havs favourable con-
ditions and resources, so as to balance other sectors in which the 259 share would be

difficult to attain (aero-space, electronics, etce)e

1,5, BASIC CONSUMPTION PROJECTIONS AND PROMICTION TARGETS

On the basis of the previous analyses and forecasts one might, as a working hypothesis,
arbitrarily choose two levels of world consumption in the year 2000: an "optimistic" and

a "moderate" one. They are suggested below, together with the possible ranges for Dg.Ce

World DgeCe

Consumption Consumption

High forecast 2000 Mt T700-800 Mt
Moderate forecast 1750 Mt 500-550 Mt

The high forecsst is mainly based on the higher estimates of world production by various
gources and on a rather high con. imption growth rate fcr Dg.C. (see previous sections).
On the other hand, the moderate forecast is mainly based on the middls value estimates of

world production, by various sources, and a moderate growth rate of Dg.C. consumption,

To select a consumption projection as a basis for setting production targets for the
year 2000 it would be necessary to carry out further detailed techno-economic studias.,
However, in a first attempt to quantify production targets and to identify the corresponding

implications, the moderate forecast is tentatively selected, for the following reasons:

(i) Ths recession experienced in the very recent years was the most serious one after
ths war and the steel industry was very much affected, even more than aost other industries,
Full economic recovery may take a few years., Certain expansion plans were shelved, others
ars being rsvised or delayed, Besides, normal structural changes in the world economy,
soological problems and huge raw material and energy requiremsnts will pose special problems

for the growth of the world steel industry.

(1i) The high rate of steel consumption growth by Dg.C., namely 8.1 to 9.6%/year for
the last 10 to 15 years may decrease when the total quantity of steel consumed increases and
imports become more custly. The supply of low priced steel from Dd.C, before the economic
crisis played an important part for ths steady development of corsumption by Dg.C. It is
liksly that world steel prices will be generally higher, from now on, affecting imports and

consumption of stesl by Dg.C. in the short and medium term,

(iii) Production of steel in Dg.C. also has grown at a steady rate (8.3 to 9.2%/year),
and if it continues at such a rate it will reach 470 to 600 Mt in 2000, It sgesms difficult
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for Dg.Cs to exceed the past rate of growth appreciably, in view of the heavy requirements

related to development of inputs and infrastructure.

(iv) The steel consumption forecast of Dg.C. (500 to 550 Mt for the year 2000) implies
industrisl production growth of about 7/ /year (as seen in Table Vi])e The figure of 19
growth rate corresponds to the obgerved Dg.C.'s growth rate of the last 10 to 17 years,
Since appreciable slow down of industrial production of the world is anticipated (from 7‘}'/
year growth rate to 4.5 - 5.57/year) it seems reasonable to assume that the DgeC. will not

exceed the overall 7% growth rate in the next 25 years.

(v) On the other hand the high projection for Dg.C. steel consumption (700 - 800 Mt in
2000) would imply a high import of some 150 - 200 Mt if the production of Dg.C. grows at the

present rate, This would represent a very heavy burden in the balance of trade of Dg.C.

The adoption of the moderate forecast of consumption is also consistent with the

following considerations:

(a) Considerations based on the Lima Target for industrial output - Since the Lima

target for overall industrial output of Dg.Cs is 25% and since there are sectors of industry
where Dg.C. will encounter gserious problems in meeting the target (aero-space, electronic
industry, nuclear energy generation equipment, etc,) it is necessary that in other sectors
DgeCe do considerably better than reach a 257 share, It is here assumed that the 254 value
can more easily be exceeded in the “conventional basic industries" sectors: steel, ferti-
lizers, petrochemicils, etce The consensus of many Dg.C. experts seems to be that a share
of at least 30, of steel production must Le reached by Dg.C. by the year 2000. On the basis
of the forecast of 1750 Wt for world production, one would thus arrive at the value of 530 Mt
for DEeCe,y in 2000,

(b) Per capita considerations - If one considers that an average "ad hoc'" GNP goal of

H 'ISO/capita/year (at 1963 value) by the year 2000 would be a minimum one, it can be seen
from the "steel intensity" curve (F‘iﬂge 2) that the corresponding apparent steel consumption
would be approximately 110 kg/capita. If the world, Dg.C. and Dd.C. populations, by 2000,
are assumed to reach 6,1 billion, 4.6 billion and 1.5 billion people respectively, it is seen
that a consumption target of 110 kg/capita would lead to a figure of 510 Mt, by 2000, for
Dg+Ce

(c) Self sufficiency congiderations - As repeatedly mentioned, imports of steel by
?

Dg.C. are a heavy burden for their limited foreign currency resources and achievement of a
large degree of self sufficiency should be a major target of Dg.C. as a group. Under the
"moderate" forecast, steel consumption of Dg.C. will reach 500 - 550 Mt in 2000 year and
this can be produced within DgeCey if the present rate of production growth of Dg.C. can be

maintained constant until the end of this century, which seems a reasonable assumption,
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Thus, as a "basic projection" for reference in discussions and planning one can assume,

tentatively and arbitrarily, the basic targets for steel production in the year 2000 indicated

in Tatle IX,t is emphasized that the figures shown are no more than suggestions for reference

and discussion. The figures can, nevertheless, be considered as a minimun desirable target

and can serve as a basis to identify the order of magnitude of the problems and opportunities

facing Dde and DgeCe

It is interesting to note that some Dg.Ce have already reached production or consumption

figures close to 100 kg/capita. Examples (in kg/capita):

Consumgtion:

Production:

Saudi Arabia (96kg),
Mexico (95)

Portugal (138)
Mexico (86)

Singapore (91)
Yugoslavia (128)

Brezil (94)
Korea, R (91)
Ireland (155)

Venezuela (103)
Greece (92)

TABLE IX "BASIC PROJECTION® FOR THE YEAR 2000 (RAW STEEL BASE)

Forecast, world production
Targets for Ug.C.:

- production

- share of production

- per capita production

- gelf sufficiency

- Gub/capita (at 1973 value)-l/

- Industrial output/capita (at 1973 value)

- ratio inaustrial output to GUP

1750 Mt/yr

530 At/yr
30

115 kg/yr
100 5
$1000/yr
$350/yr

*

35 -

_1/ Estimated from the data shown in Figure }
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4. TIMPLICATI(NS, FROBLE«S ANL OFFORTUNITIES

A detailed and careful analysis of the implications, prcblems and opportunities arieing
from the facts and projections considered in the previous sections would be essential for

8uidance in planning and decision, by governments and organizations.

In this section no more than a preluminary and limited assessment is attempted,

together with some conclusions and suggestions.

It is useful tn recapitulate briefly the main facts and projections Previously

considered and this is done below.

a) THE MAIN FACTS:

i) Tne imbalance in world I.S. production

In 1973, 0g.C., with 70/ (2.7 billion people) of world population produced
enly about 8 of werla steel (55 Mt).  Dd.C., with 304 of world population
(1.1 billion) produced Y24 of world steel (640 Mt)., Tnis corresponded to
21 kg/capita and 562 kg/capita, respectively, for lg. and Dd.C.

This enormous disparity is directly related to, and representative of, the

huge gap in economic development between the two groups »f countries.

ii) The imbalance in world trade of iron and steel products - Lg.C. are net

wmporters of over 3O Mt of steel per year, which costs tnem over $10 billion
(including freignt, ingurance, etc.). This corresponds to about one third of
their stsel requirements. If one excludes China, the largest producer among
developing countries, the imports of steel are rougnly one half of the requirements
of all other bg.C. together, As a consequence, ug.C. suffer a heavy drain of
foreign exchange to import a basic material which they could produce locally. The
ten billion dollars spent annually on steel imports could very well be used to

cover other much needed imports, from food to capital goods.

iii) The imbalance in the production and trade of capital goous for the [.S. sector-

Dg.C. are tonday almost fully dependent on Dd.C. for the supply of the specialized
equipment and heavy stiructures needed for construction of [.S. plants. Although
China and India have attained a high degree of self-sufficiency, all other bg.C.
depend on supplies of Dd.C. for 70 =100%, of the "hardware" needed for the establigh-

merit or expansion of the steel sector.

iv) Tne imbalance in the availability of specialized "know-how" and technology -

Dg.C. aie almost totally dependent on Dd.C. for the know-how and technology required
for planning, engineering and construction of iron and steel plants. This
dependence could be measured in terms of the outlays for technical services
(feasibility studies, sectoral planning, engineering and design, start-up and
construction) but no specific statistics exist for this specialized "soft ware"
trade. However, it can be estimated that it amounts to about 5 - 86 of total

investment in the sector.
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v) Unequal distribution and limited availability of eesential raw materials -

Good quality iron ore, coking coal and hydrocarbons are distributed rather
unevenly in the world, with Dg.C. naving an advantage regarding hign quality iron
ore ard Ld.C. having an advantage regarding good quality coking coal. Dg.C. now

supply 36,, of the world requirements in "new iron" (contained in ore).

vi) Unequality in the availability of financial resources for [.S. development -

With the exception of a few Lg.C. which have their own adequate means to finance
their 1.S$. induetry expansion, most Dg.C. have to rely on financing from external
gources to cover a large and even predominant ehare f the huge i1nvestments

required for the [.5. sector.

vii) The inexistence of any steel production in the majority of Lg.C. - Of a total

of over 110 Dg.C. only about 45 have established steel production installatione.
Most of these are emall scale and many are non-integrated facilities ( based on

scrap melting). Only 15 Dbg.C. have facilitiee in operation for the reduction of
iron ores and production of primary iron (pig iron or sponge iron). Thus, moet

bg.C. belong to the group of non-producers ("zero eteel countries").

b) THE BASIC FORECASTS AND TARGETS
i) The world I.S. production (and consumption) will likely grow by one billion

tons until tne year 2000 - A "moderate” forecast indicates that the world's [.5.

conswnption may reach some 1/50 Mt by the year 2000,

ii) The Lg.C. iron and steel conswnption should reach some 500 - 550 Mt by the year

2000 - A "moderate" forecast for tne consumption of [.S. products in Dg.C.
indicates that their minimun requiremente would be 500 - 550 Mt/yr by 2000.
Assuming a balanced [.S. trade ( zero net exports - imports) with Dd.C.» this would

require production of the corresponding amount of steel (500 - 550 Mt) in bg.cC.

iii) The expansion of the worlda's I.S. production, between now and 2000, will be

divided almost equally between bd. and Dg.C. The increment of capacity should be,

roughly, 500 - 550 Mt for each of the two groups. The situation is illustrated

very schematically in Figure 18.

The facts summarized above in a) are indicative of an unsatisfactory situation existing
at present. The facts, forecasts and targets suggested above are indicative of the extra-
ordinary magnitude of tne problems and opportunities that Dg. and Dd.C. will face in the

expansion of their [.S. industry in the next quarter of a century.

Thus, for instance, to increase the installed capacity of Dg.C. by some 510 Mt until
2000 (this increase in capacity being the very minimum which could ensure an increase in
jroduction of some 470 Mt), Lg.C. would have to install 102 plants of 5 Mt capacity each,
until 2000. Comparing these figures with the present situation of Dg.C., namely about 30
complexes of which capacity are 0.1 ~ 3 Mt in 15 countries, the magnitude of the effortie
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required become apparent.

On the other hand, a similar increase of capacity in Dd.C., will meet with no less
problems, although some of these may be of quite a different nature than those encountered

by Dg.C.
The neceesary and probable growth of the world's I.S. industry in the next 25 yeare

can be concisely stated as follows: Installation of about 1 billion tons of additional
capacity, requiring a dirsct investment of over US$ 1 trillion% ths growth being about
evenly split between Dd, and Dg.C.

A more detailed picture of ths implications of the facts and forecasts previously
presented can be found in Table X. The Table includes assumed "scenarios" for 1980, 1985
and 2000. It is emphasized here that the estimates presented are based on eome uncertain

aseumptions and should be considered merely as a semi—quantitative basis for reference and

discussion, The Table does convey, howsver, a troad view of the possible profilss of the

1.S. industry at different points in time, in terms of a number of significant parameters.

In the sections below some of the implications of the targets and "scenarios" suggested
before will be triefly considered.

4.1 RAW MATERIALS

Considering the huge quantities involved and the limited number of sources the supply
of raw materials for the worldts I.S. industry will become a critical one in the next
25 years. Mining, bensficiation installations and transportation (specially ports and

shipping) will have to be developed to an unprecedented scale.

a) Iron ore

World consunption of iron ore may reach 1900 Mt Yy 2000, mors than twc times the
present mining capacity. Since development of new large ecale ore mines takes five toc ten
years and requirss large investments for infrastructurs, mine equipment and installations
for ore processing, 1t is clear that this problem alone would merit close study and co-
operation at the international level. It is likely that the dependence of the world I.S.
industry on Dg.C. for iron ore supplies will increase due to ths definite trend towards use
of high grade ore, sinter, or pellets. Traditional sources of low grade iron ore are

playing an increasingly secondary role in view of either exhaustion or higher costs of

production associated with the use of such ores. The fast development of large scale
transoceanic ore shipping in the rscent past has given Dd.C. access to new sources cf better

iron ores, while providing Ug.C. witn a new source of revenue.

The trends, in respect to iron ore, could be summarirzed as follows:
- Higher grads ores;

~ Increasing use of beneficiated ore, specially pellstsg

y This has bsen informally referred to as "the trillion dollar question”
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- Increasing share of Ug.C. in the international market;

- Increasing reliance on large scale transocesanic shipping and specialized
ore-ports;

- Increasing control of Dg.C. over their own ore productionj

- Increaeing efforts for local processing, for greater value added, towards
export of pellets, pre-reduced ore (including "sporgs iren "), "semis"
(billets, slabs, blooms), etc.

The magnitude of the taek of expanding iron ore production to the levels indicated
before can be gauged by the following estimatss:

- It will be neceesary to develop the equivalent of 50 new mines producing
20 Mt/yr each.

- Transoceanic transportation may involvs, hy 2000, the equivalent of 1000 ships
with 100,000 t capacity each.

b) Reductants
It is more appropriate, when discussing the probleme of the world's I[.S. induetry
to talk in terms of the supply of "reductants" rather than in terme of "energy". This ie due
to the fact that the basic first step essential for the operation and expansion of the I.S.

industry is the reduction of iron oxides, an operation which depends on their reaction with

reducing agents. These, in one form or another, pure or in mixtures, are: carbon, carbon
monoxide and hydrogen. While the problem of energy supply can be solved by other means
(hydroelectric generation, nuclear power, solar energy, etc.) there is no substitute for

Cy CO or iy in the reduction of iron oxidee,

Of course, for reduction, steelmaking and rolling energy (ae heat or electricity) ie
also neceesary, and renewed efforts to decreaee energy requirements of [.8. plants must be

made , but the crucial problem remains the one of the "reductants" or reducing agente.

The main reducing agent used in the I.S. industry today is, by far, coke, produced from
mixtures of coking coale. The tight supply and increasing price of coking coal will liksly
continue 1n the future because the reservee are mainly located in Dd.C. and the difficulty in
sxpanding mining. Thus, the critical problem for the I.S. industry, epecially in Dg.C., is
to decrease the dependence on coke (and on the blaet furnace) and/or develop the use of non-
coking coale, liquid hydrocarbons, natural gas and, when feaeible, charcoal. The possible
competitors to the coke operated blast furnace are the so called "direct roduction"y

processes and the charcoal operated blaet furnace.

Accordingly, the main trend of the efforts to decrease the dependence on coke has relied

and will continue to rely mainly on the following measures:

1/ The abbreviation "D.R." is frewuently used.
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1) Heduce coke consumption in conventional blast furnaces, through: careful

control of the operation; charge preparation; use of high grade ores (or
sinter, or pellets); 1injection of carbon rich solids, hydrocarbons and oxygen
at tuyere levsl; increase the use of non-coking coals in the protuction of

coal {mixed witn coking coals).

ii) Develop and/nr apply appropriate L.R. processes, according te lrcal nonirtaions,

rw mpterials ard rsductants avallable (nyarocarbons or non-coking coals).

i11) Where possible, use charcoal operated blast furnaces.

4.2 SITE FPACILITIES, INFRASTRUCTURE AND COMPREMENSI VE PLANNING FOR I,S, INSTALLATIONS
The very large rew capacity to be installed until 2000 in bd, and bg. €. will face

serious difficulties regarding site facilities (extensive, more or less flat areas witn gnod
gso1l-mechanics cnaracteristics; abundant water; proximity or easy communication with deep
water ports; distant from touristic or urban areas). The very fact of their lack of
industrial development plus their much larger area, as a group, place lg.C. 1 a favourable
position in tnis respect.

Indusirial saturation nas lad to unacceptable pnllution levels ir snine areas of d,Cey
limiting tne possibilities for establishmnent of new iron and steel capacity. The cost of
ant1-pollution equipment, wnich might be very high 1n strictly controlled inuustrialized or
urban areas, might be mucn lowsr 1p developing countries wnere areas ex18t whic: can
tolerate nigner levels of pollution of ths "non-destructive" type {non-toxic dust or fumes
for sxample) far from urbar areas. Ths cost of land is also generally much lower 1in lg. than
Da.C. Water rescurces, increasingly scarce in . C. may also dictate establishment of new
capacities in Lg.C. Uncongssted port facilities can also be found in Lg.C. near lurge ore
deposits and minss.

On tne other hand, lower costs related to infrastructure, ready availability of skilled
psrsonnsl and proximity to their own marksts may favour location of new {.5. plants in Dd.t,
to attend to their own udenand, However, tne time is now past when this was practically tae
only viable option. Location of large scale I.S. plants in Dg.C. to supply the international
market (with semi or finisned products) 18 now s distinct practical possibility and is being
increasingly considered.

As prsviously indicated, the transportation ,roblem is a oasic and serious one, Thus,
by 2000, transportation of raw materials and products outside steel plants may reach the
magnitude of 5 billion tons per year, for the world. Exparsion of economic large tonnage
transportation, particularly of transocsanic transport,will be an imperative. m the other
hand, regional co-operation in gharing raw materials and products should be sccelerated in

order to decrease unnscessary long distance transportation as far as possible.

In planning nsw [.8. plants it is specially important to take into account their
relation to their surroundings, not only in terms of infrastructure but also in terms of

other related "up stream” suppliers and "down stream" industries (consuming steel or
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by - roducts of [.$. operations). Figure 1y schematically illustrates the relation of a steel-
works with the requireda infrastructure and with nther related industries. wost of the new
capacity 1n Jeveloping countries 18 to be establisned in "“green" gites wnere most nf these
requirenents are frequently nor—existant and this may add appreciably t inttial 1nvestment.
Tne Fipgure snows, amung otner, the commexirrs with ""up—stream industries" sucn as:

ferro-alloy, refractory, neavy foundry, auavy equipment, machinery, etc. It 1rdicates tne
requirenents of back up electric vower, water and cperating perscrnel. Tne typical main
wdown strean” industries are also indicaten. Witnout a sourd and dynamic growtn of uratrean

and down-stream industries, tne steel industry cannot ~perate satisfsctorily.

The inter—-connexior. witn other industries, tne large investments required and the
mmpact on tne physical, econonic and gncilal environment frequently demand that new I.S.
plants be plarned 1n tne context of a comprenensive irdustrial and econnnic auevelopment plan,
This 18 particularly true 1n the case af Lyrots 1n view of the larger relative 1mpact ard
implicationg of 1ritiatives v the ,S. sector, (wverall natioral planring, with careful

evaluation of prals, resources, methodnlogy ara timing 18 fresuertly engential,

Experience snows that [.S5. production, ever at a small scale, car be a potent activator
of the local economy but 1t also shows that it ca» become a burden if its gettin;; up ard

implicgtions are not carefully evalusted befnrenard and duly taken into account, ©pt imizaticr

of needs ant capabilities can go even furtner 1f carried out regionally ana irterrationally,
as the experience nf the Kuropean [ron and Steel Community indicated. Rer1or.al co—operatior

would seem to be a necessity for greater viability of tue 1.5, sector an lg.C.

4.3. ALTERNATIVES AS TO SCALE AND PROCESS TECHNOLOGY

T™e [.S. plants now in successful operation in Dd. and Dg. C., for production of plain
carbon steels, cover a wide spsctrum in regard to scale and prooesses used. A diversity of
raw materisls and products (and by—produot-) are processed or produced, in a variety of

equipment, at levels reaching over 10 Mt/yr or as low as 20,000 t/yr.
The speotrum of possibilities in uee covers, for example:

- Iron orest low grade oolithic ores with iron as low as 26 - 28 4 and high
phosphorue; hematites with over 60 4 iron; taconitee and itabirites needing

ore dressing; etc.
- Iron oontaining materials for reduction to iron: soreened ores; sinter; pellets.

- High iron oontent materials for stes! making: scrap; pre-reduced ores; eponge iron;

pig iron (liquid or solid).

- Reductants: coksj; non-coking coalsj charcoal; bydrooarbones (1iquid or gaseous);
hydrogen (for special iron powdsr production).
- Rsduotion furnacss: ooke B.F.; charooal B.F.; eleotric reduction furnace; rotary

kilns of various typssj vertiosl retorts of wvarious types; fluidised bed units.

Ic’
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- Steel making furnacee: oxygen converter; open hearth; electric arc furnace; induotion

furnace; Thomas and Beseemer converters; special type furnaces.

- Ingotting: convsntional top and bottom-fed ingot molde; continuous caeting (various
typee).

- Rolling: a wide variety of equipmcnt is available to roll all types of plate, sheet,
eectione, bars, rod and tube products. They vary widely in eigze, degree of automation,

principle of operation, output, etc.

The eelection of process and equipment best fitted to local conditione (such as raw
materials availability, reductants, energy, market situstion, infraetructure, related in-
dustriee, eccnomic situatior, stc.) is of vital importance for the success of newly installed
steelworks. Table XI indicates various alternativs routes which are in actual use today. It
also indicates ths normal rungss for capacity, numbsr of employees, required construction
period and coet. Thsse figures change quite widely depending on local conditions and ehould
be treated as only a rough indication of the soope of applicability of the various prooess

routes.

The Table is self explanatory but the following points seem to be worthy of attention:

- There is a wide variety of processes, equipment and ecale of operations to choose from.

- Small eemi-integrated {steelmaking plus rolling) plants oan be operated on the basis
of morapat ecalse as low as 20,000 t/yr.

- Pig iron can be produced at scales as low ae 5,000 t/yr (for foundries).

- Small integrated plants based on ths charcoal BF can be very euoceeefully operated at
scales as low ae 100,000 t/yr (and even lower, under epecial conditions).

- Certain D.R. processes oan be the basis for fully integrated plants (ore to product)
at scales as low as 100 -150,000 t/yr. Production of sponge for eale is also an

intereeting option for certain Dg.C.

- In certain casee production ie carried out only to the semi-product etage (slab,
floom, billet) which is then ehipped for processing elsewhere in the country or

exported. Certain Dg.C. seem to have good possibilities in this connexion.

It should be noted that for some of ths process route options outlined in Table X1
certain Dg.C. are in a poeition to aesiet other Dg. C. better than Dd.C. would be able to.

This is particularly true for certain D.R. processes and for charcoal based I.S. produotion.

4.4, KNOW-HOW, TECHNOLOGY AND PERSONNEL

Know-how and technology may make the difference bstween suocees and failure in the
expaneion of such a oarital intensive sector ae iron and eteel. Although the basic science
and technologies used today in the I,S. industry have besn eesentially available for a long
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time, the secteor is very sensitive to small improvements cbtained thrcugh long term re-

search and development, or through slcw accumlation of operating oxporionco.l

The main critical areas where know-how is essential in the I.S. industry are: overall
planning and feasibility evalustion; plant design and engineering; equipment deeign and
manufacture; plant construction; process and prcduct development and control; management

of operations.

In all of the above areas Dd.C. have today a decided advantage and the expaneion of
the world's I.S. industry will depend, to a great extent, on their collaboration with Dg.C.

in know-how and teohnology arrangements.

Figure 20 illustrates the many steps required between planning and operaticn along
with a rough estimate of man-power requirements for the construction of large-scale inte-
grated steelworks. Selection of the bes’ site, most appropriate design of plant, moet
economic purchase of equipment and struotures, shortening of construction period and shor-
test possible start-up period are the main criteria for the planning and engineering of

new steelworks.

As indicated in the Figure, establiehment of a steelworke takes a long time and re-

quires a large number of trained personnel. Only long experience and accumulation of

know-~how and technology can develop the planning and engineering capability needed.

At present in the iron and eteel seotor, Dg.C. are almost totally dependent on Dd. C.
for the know-how and technology required for eecticnal planning; plant design, engineering
and construotion; plant cperaticns and management; prccess and product engineering. This
dependence could be measured in terms of the cutlays for techniocal services (feasibility
studies, sectoral planning, engineering and design, start-up and construction) but no
statistice exist for this epecific "soft ware" trade. However, it can be estimated that
it amounts to about 5 - 8 € of total investment in the sector. On the basis of the growth
projected for the I.8, sector of Dg.C. some 35 Mt will have to be established in the decade
1976 - 1985, involving an investment of the order of 85 billion US§. This would correepcnd
tc about 5 billicn US$ cof technical services required by Dg.C. 8Since some of the Dg.C.
have a substantial capability in this broad area {China, India, Bragil, Mexico, Argentina,
etc.) it could be roughly estimated that 80 % of the amount mentioned will have to be spent
abroad, i.e. 4 billion US$ in the decads. Apart from the fact that the outlays in foreign
currency for specialised services imported from Dd.C. will be eubstantial in themselvee, there
is a more important consideration to be kept in mind: the decisions made or implied in the
preparation of feasibility studies or in the engineering of new plant installatione have a

direct bearing on Dg.C. and to a large extent control the choice of procese and equipment.

!/ e 1.S. industry has never had a technological breakthrough comparable to that of the
transistor, for example., The oxygen converter, whioh revclutionised the econcmios of
the industry, had been propcsed cne century agc by TBessemer,
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Thus Dg.C. frequently find themselves burdened with solutions and industirial installations
which are not really the best suited to their oonditions and needs. Murthermore, the depen-
dence on imported know-how restricte the development of local capability, specially regarding
teohnioal services and capital goods production.

Besides the purchase of explicit know-how (technical services mentioned above) Dg.C.
also are importers of large amounts of implicit know-how, i.e, the know-how "built into" the
esquipment they buy abroad for their I.S. plant installations. It can be roughly estimated
that 20 4 of the cost of the plant equipment purchased abroad corresponds to payments for
know~how (designers, mechanical engineers, ekilled technicians and workere etc.). Thus, the
true cost of know-how, both in terms of total requirements and in terms of imp-rted know-how,

would be much higher than the figures quoted for technical services alone.

It is imperative for Dg.C., as a community, or individually, to develop to a maximum
extent possible, their local capability for planning, engine ring, desigm, construction and
start-up of new I1.S, capacities. This will require:r eetablishment of local consulting and
engineering firms or organisations, private or under government eponsorship. A variety of
such firme would be needed in the larger Dg.C., with a certain degree of specialigation in
the various types of eervicee required. In the smaller Dg.C. or in those Dg.C. where indus-
trialigation is taking the first steps possibly a government organisation could be put in
charge of development of local sourcee of know-how in the I.5. sector. It ehould be empha-
sized that know-how is needed even to evaluate, select and purchase know-how from abroad.

It is aleo essential to have a local capability to evaluate and reach decision regarding
planning and inveetment, Apart from incentives and eupport which Dg.C. governmente may wish
to extend to etimulate the establishment of specialized technical services, it is clear that

there is arole room for conetructive international cooperation in this area.

Dg.C. ehould lay special stress on the development of local <ow-how capadility, be-
ginning with the civil worke, then tackling auxiliary faoilities and finally planning and
engineering the main plant, Steelworke always require modernization and plant operatore
are easily adapted for modsrnisation planning. Some of the developing countries already ask
foreign engineering oompanies to use domestic engineering capability as much as possible so
as to tranefer know-how and technology tc local pereonnel. Construotion of steelworks by
"turn-key" contacts with foreign enterprises sometimes results in serious operating diffi-
culties. The maximum use of domeetic human resources and oapability, from the stage of

planning and engineering is the key faotor for successful operation.

Some of the steelworks of Dg.C. are producing today at only a part of their capacity,
inspite of high demand for I.S. products in the local market. In most such cases the laok
of a sufficient number of trained managerial and technical personnel is the main reason for

this, Sinoe, in a oapital intensive industry such as the steel induetry, low utilization of
equipment is the main cause for increased costs, training of managerial and technical verson-
nel is essential.

The number of personnel direotly required for operation varies largely with location and
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plant sise. Por the developing countries the number may reach 6,000 to 10,000 men for a

1 lt/yr. integrated works, with & productivity of the order of 100 - 170 t/mm yr, which is
low. Por a production of 530 Mt in 2,000 some 3 to 5 mill. workers would be necessary, on
this basis, of which some 20 ¢ (equal to 0.6 to 1 million) are to be well trained management
and technical personnel and another 30 € should be at least skilled worksrs. The figures are
indicative of the order of magnitude of the problems to be encountered,

It should be noted that it is necessary to train a considerable part of workers well
before the start—up of the works and even for a long time after that. Fducational and trai-
ning facilities are of highest importance for a smooth operation and must be a permanent

feature of plant aotivities.

Particular attention is needed for the training of maintenance workers and for establish-
ment of a maintenance system which is best fitted to ths varticular local conditions. A stop
in operation of a certain plant department within an integrated works means in many cases &
stop of the works as a whole., Without the back-up of a well established maintenance sysiem

it is impossible to maintain production at a steady and sfficient oace.

In ths ultimate analysis the eritical factor for successful establishment and ooeration
of 1I.S. plants is the availability of local personnel of the highest calibsr. The development
of full local capability for planning, engineering, construction and operation im directly
related to sducation and training, requiring and justifying a special effort at the national

and international levels.

4.5 CAFLTAL GOOLS

Lg.C. are today almost fully dependent on Dd.(. for tne supply of the specialized equip-
ment and hsavy structuree nseded for construction of I.8. plants. Although China and Indi-
pave attained a high degres of self-sufficiency, all other Dg.C. depend on supplies of Ld.C.
for [0 - 100, of the "hardware" needed for the expansion of the steel sector.

Dg.Ce w1ll constitute, i1n tns next 25 years, a market for capital goods (equipment and
structures) of roughly the same size as the market for the same goods in all Dd.C. In any
case, the capacity to be installed in Dg.C. 1in the decade from 1975 to 1985 alone will bs of
the order of Y5 Mt which represent a m:rket for avital ~nods equivalent to 2 - 4 times tne
total capacity installed 1in the largest producers of Western Europe, for example. This
large nsw market for capital goods certainly justifies tnhe expaneion or the establishment

of facilities for production of such goods in the developing countries themselves.

The nbjectives would be justifiable in terms of: savings in foreign excharge; greeter
degree of self-sufficiency and self-reliance; acquisition of critical technological
capabilities; possibilities of designing and building equipment 1o the specifications
appropriate to local conditions; creation of mpecialized jobe and opportunities tor

advancement for local workers.

It is recognized that the production of capital goods requires nighly skilled management

and technical personnel, iowever, on one hand, there is no reason to bslieve that this is
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not possible tn achieve in Dg.C. and, on the other hand, there is really no alternative
since Dg.C. woula be unable to expand their I.S. induetry ir accordance with the Lima
target unlese they have their cwn sources of heavy cspital goods to cover at least

(v = 80" of tneir overall needs. Since various other sectors of the industry and infra-
structure also requires heavy capital gnods, 1t 1e certain that tne market in Dg.C. as a

whnole, more tnan justifies further installation of local production capacity.

Tne steel industry 1s the largest consumer of capital goods. In order to construct
a 1 dt/yr steel works some 0.2 Mt of equipment and heavy structurals have to be used. This
means that 1n order to reach the target previously suggested for dev~2loping countriee,
roughly 100 Mt of heavy capital goods equipped with sophisticated instrumentation will have
to be suppliea within 2% years. [f tne requiremente for modernization and maintenance of
steel plants are taken into account, the figure will 1increase considerably. Since capital
goodg are very expensive and the worid production capacity limited, the creation of new
capacity to produce heavy equipment and structurals locally is f great importance for Lg.C.
Without the creation of such capability, the dependence of Dg.C. on Dd.C. may reach levels

which will become a burden for both sides.

In this connexion, it is worth to mention that some developing countries are applying

the following measures to promote domestic capital goods production capacity:

(i) Promoting the establishment of companies for local production of capital
goods under joint venture arrangements;

(ii) Requiring foreign suppliers tc use a certain percentage of domestic
capital goods even if these are considerably more expensive than imported

goods;

Table XII includee estimates of the expenditures of Dg.C. for capital goode, in the
period 19/6 - 2000, yearly and by quinquennia. The figures are only meant, again, to
provide a basis for discussion of the order of magnitude of problems t- be faced and of
the corresponding action required. The estimate adds up to $265 billion in the 25 years

period, corresponding to about 100 WMt of heavy "custom built" capital goode and structures.

The considerations above clearly point out another fruitful area for internatinnal

c —operation.

4.6 FINANCING

With the exception of a few Dg.C. which have their own adequate means to finance their
1.8. industry expaneion, moet DLg.C. will have to rely on financing frum external sources
tn cover a large and even predominant share of the huge investmenta required in the periode
from now to the year 2000, Reference is made to Table X{I which indicates a preliminary
estimate of new capacity to be added yearly or by quinquennia. In the decade 1976 - 1985
eome 95 Mt will have to come "on stream", meaning that it must be built and put into full
operation. [t should be remembered that in the same decade further investment will have to

be made into installations which will not yet be productive in the decade. Accordingly, it
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TABLE XI1
Capacity Increasee, Investiment and Equipment Requirements 5/
(Rough estimates)
pY; 4/
Product Capacity (Mt) Invest.(billion $) Equipm.a.structu
Year ion {Mt) (billion §)
» Tncrease “Hequirement “Requirement
1973 554 6 Annual'/ Quin, Yearly Quin. Yearly Quin, Yearly
76 7.4 84.0 1 6 3
77 17.6 91.3 7 T 4
78 84.4 99.3 40 8 36 1 20 4
19 91.7 107.9 9 8 4
1980 99.7 17,3 9 8 5
81 108,4 121.8 9 8 5
82 117.8 134,6 9 9 5
83 128,0 | 146, 56 12 50 10 28 5
84 139,2 159.1 13 1 6
1985 151.3 172.9 13 12 1
86 164.5 188,0 15 15 9
87 178.8 |204.3 16 16 9
88 194.3 222.1 89 18 85 17 47 9
89 211,2 241.4 19 18 10
1990 229.6 262.4 19 19 10
91 249.6 27743 19 20 10
92 211,13 301.4 22 21 12
93 294.9 327.7 125 25 119 24 65 13
94 320.5 15641 28 26 14
1995 348.4 387.1 Y 29 16
96 378.8 420.9 33 32 18
97 a11.7 457.4 36 34 19
98 41,5 |497.2  |200 40 190 38 105 21
99 4865 540, 6 44 42 23
2000 528,8 587.6 47 45 24
TOTAL 510 480 26%
1/ Operation ratio 1976 ~ 1980: 85 %

1981 ~ 1990: 87.5 %
1991 ~ 2000tz 90 %

Total investment New inetallation: $1,000 ton
Expansion: $600/ton
1976 ~ 1985: New installation 75 % = $900/ton
1985 ~ 2000: New installation 85 % = $950/ton

Equipment and heavy structure: 55 % of total investment

The figures for a given period correspond strictly to the requirements for the
actusl increase in production in the period considered, No provision has been
made for modernization, maintenance and construction of capacity to coms on
stream in the following period,
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will be necessary to secure financing to cover most of the new capacity to be installed

and operated 1n the decade (it is considered that a part of this has already been secured)
plus the financing of capacity which will still be under construction by 1985. If we
consider only the capacity to be installed and operated the requiremnent will be of the order
of $86 billinn. Of tnis total figure a good share will be, of course, in national curreney,
to be spent locally. Tnis share could be of the order of 0" for the Lg.C. as8 a whole,
taking into consideration that a number of these countries can secure locally part of tne
necessary services, materials of construction and equipment. Of the part of the investment
which will have to be financed in foreign currency some Ug.C. can count on their balance

of trade surpluses. [t is not easy, without further analysis, to arrive at the remairning
share to be financed by the bu.C. but it could be as high as 20,, of overall investment
requirements (or some §1/ billion), or about 45 of overall gonus and services to be

purchased abroad in the pericd {817 billion out of a total of $39 billion).

Table XI11 presents a rough estimate of needs and capabilities in firancing the
expansion of Dg.C. [.S. industry in the future. 1t 18 merely illustrative and intended

to indicate orders of magnitude only.

(ne important problem related to tne huge investements required 1s tne matter of
wprofitability" of the industry. In order t ensure its growth the 1ndustry must make
profits to sustify the investements for further developmert. (n tne other asru, tne steel
intuat~r 18 resprnsible for the stable supply of basic products t the market, at a 1nw.
yprice. Large fluctuations in price of such essential materials as took place in recert
years should be avoided. Furthermore, the steel industry of Lg.C. 1is "weak" as compared
to the giant modern complexes 1n the developed countries. BDecause of smaller scale of
plants and lower utilization ratio of equipment this weakness is likely t- continue for
gome time except for some plants wnich are exceptionally well located. Efforts should be
made to determine the appropriate conditions under which the [.S. industries of Dg.C. may

have its viability and profitability ensured.

4.7. TRAUE ASIECTS

Tne present picture regarding trade, on the basis of a preliminary aralysis has been
presented before (See Section 2.4).

Tne implications regaraing tne future of trade related to the [.3. Sector would require
a detailed analysis wnicn cannot be undertaken here. Studies by UNCTAD are under way and

will likely become available in the near future.

However, for a rough idea of the magnitudes involved, the concise picture presented in
Figure 21 could be useful. Using the basic projections of Section 3.5, the Figure
summarizes the overall net trade for the whole periocd 1976 - 2000. Tne possible accumulated
values of net trade for steel, iron ore, coking coal, hydrocarbons, equipment and

engineering are indicated.
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Net export from Dd,C. Net axport from Np.C,
Steel 920 Mt
184 b$
$ 200/t —

Iron Ore 5,350 Mt

$ 20/t
Coking coal Z/ 1 ot
1,275 Mt 115 b8
$ 90/t J" T

180 b8

. M.._._..._J 0il and gas y
< 1,500 Mt

lhgin.t;ering 74 l

equipment and struct, 153 b8 >
civil and orectinij,._._..__.._-_

— $ 120/t

Total Export Total Export
from Dd,.C, 452 b § 287 bs from Dg.C.
> €
(A - 165 b8)

Total Trade 739 b$

Fig, 21 Trade directly related to steel industry between 1_/
Dd.C. and Dg.C. (1976 - 2,000 scocumulated)

1/ Based on estimates of Table X "Scenario" and current (1976
unit price, Very rough estimate to indicate magnitude of trade,
Assumed 50 % of Dg.C. consumption is to be imported from Dd.C,

Assumed consumption of 100 kg/t-steel and 60 £ of Dd.C,
oonsumption is to be imported from Dg.C,

Refer to Table XI1

R kR
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APPENDIX
UNTTED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

INMJSTRIAL OPERATIONS PIVISTON - METALLURGICAL INDUSTRIES SECTION

LIST OF MAIN PROJECTS, MEETINGS AND DOCUMENTS

1. Technical Assistance Projects
2. Special Studies and Documents
3. Symposia, Seminare and Workehope

4. Papere

1. TECHNICAL ASSISTANCE PROJECTS

Europe and the Middle Fast

Country Project
Greece ~ Expert assistance to fireek iron and steel industry.
Hungary - Introduction of modern maintenance eystem for the

Danube Iron and Steel Works.

Irag - Merchant steel rolling expert.
- Flectric steel making expert.

- Steel market survey, demand and projections expert.

~ Fvaluation of offere for the establishment of semi-
integrated eteel plants and preparation of a feae-
ibility study for the production of sponge iron,

Jordan - Ageistance to steel rolling mill industry.

Kuwait ~ Evaluation of proposals for feasibility study for
iron and steel industrial development.

Romania - Expert on quality control of steel products.
Syrian Arab Republic ~ Assietance in the utilization of steel scrap for local
production,

- Aesietance to the Barada Company in treatment of
special steels.

~ Iron and Steel industry planning.

- Advice on ingtallation and operation of steel rolling
mill,

-~ Iron and steel industry adviser.

Turkey ~ Expert aseistance in planning of a ferro-chromium
project and advise on plant operations,

~ Establiehment of the Marmara Scientific and Industrial
Research Inetitute.

Yugoslavia - Assistance to Metallurgical Institute "Hasan Brkic",
Zenica, in magtering modern technologiss in the iron
and steel industry, covering specialized expertise
such ae:

iron ore beneficiation and .g'glomontion expert;



Country

Yugoslavia
{ continued)

Africa
Arab Revublic of Fxyot

Ghana

Liberia

Libya

Madagaecar

Maghreb

Mali

Project

Expert in vacuum epectrosopic and X-ray
fluorescence analysie of minerals, iron and eteel;

Expert in electron microecopy}

Steel ingot reheating and soaking experti;

Open hearth steelmaking expert;

Steel vacuum degaseing expert;

Roll pass design expert;

Roll pass design expert { commiesioning new eectione)
Stainlees steel rolling sxpert;

Expert in automation of steel production in LD
oxygen converters.

Eastablishment of the Central Metallurgical Reeearch
and Development lnstitute.

Application of modern data eystem to the metallurgical
induetry.

Assistance to the Iron and Steel Company, Helwan,
covering:

Quality control of rolled steel products;

Quality control of longitudinal and spiral welded
eteel pipe;

Expert in the production of etesl rollej

Expert in the production and rolling of special
eteels;

Pilot plant scale investigaticns and trials on
beneficiation, pre-reduction and electric smelter of
the Asswan iron ore.

Pilot plant ecale teets on Bahariya iron ore for the
production of eponge iron.

Preparation of techno—economic feaeibility report for
the lron and Steel Company (Helwan).

Preparation of rehabilitation programme for the steel
plant of the Ghana lnduetrial Holding Corporation.

Aesietance to iron and steel induetry development.

Evaluation of feasibility reports on the esetablishment
of the iron and steel industry.

Pre-feasibility etudy for the creation of a small steel
plant,.

Pre—inveetment study for production of epecial steeles.

Pre-feasibility study of the iron and steel induetry.

Evaluation of technical report for eetabliehing a re-
rolling mill.




Country
Mauritania
Mauritiue
Morocceo

Togo

Uganda

Upper Volta

Regioral

Latin America

Argentina

Bragil

Chils

Colombia

Cuba

Mexico

Project

Pre—feaeibility study of an iron and eteel industry .
Steel production advieer.
Iron ore pelletizing and marketing expert.

Pre—feaeibility report for the establiehment of a re-
rolling mill,

Aseistance to Uganda steel industry and metal products.

Feaegibility etudy for establiehing a eteel bar, rod
and light eection rolling mill.

Aseistance to Industrial Development Centre of Arab
States related to production of special eteels and
ferro-alloys.

Aseistance for the development of Fe ore resources.

Assistance to the steel based induetries.

Steel products marketing adviser.

Steel induetry advieer (rolling).

Expert in subsidiary induetries in an integrated iron
and steel plant.

Standardization and industrial quality in the iron and
eteel industry.

Study of the possibilitiee for the development of
metallurgical industries in the State of Bahia.

Long range etudy on technological innovation and its
implicatione for long-range planning of the iron and
steel industry.

Technical assietance to the iron and eteel induetry
(Preparation of a Master Plan).

Expert on quality control of rolled eteel planis.
Aesistance to the Compania de Acero del Pacifico.

Long range study on the development of the iron and
steel industry of the country.

Lecture couree in the theory and practice of hot and
cold rolling for engineere.

Courses for engineers in physical metallurgy and steel-
making.

Iron and steel industry adviser.

Iron and steel documentation expert.

Iron and Steel Research Centre of Mexico.




Venezuela

Asia and the Far Fast

Burma

India

Indonesia

Iran

Pakistan

Philippines

Project

Expert in the aseessment of tendere for an electrolytic
tinning line.

Industrial cost accountant in ths iron and eteel
induetry.

Expert in quality control of stsel producte.
Flat product rolling mill expert.

Aseistance to SIDERPERU (Fxpertise in steelmaking and
rolling).

Expertise in planning and training in the steel sector
for INDUPERU.

Long range pre-investment study on the iron and steel
industry development.

Laboratory~scale determination of the techno-economic
characteristics of Valentine iron ore deposits.
Techno-economic feasibility for the eatablishment of
a direct reduction mini plant.

Adviser on planning and development of the iron and
eteel industry.

Study on the establishment of iron and steel industry
using local raw materials.

FEstablishment and operation of a Central (reep Testing
Research facility at the National Metallurgical
Laboratory.

Establ ishment of a pilot and dsmonstration plant for
the production of eponge iron using non-coking coal 1in
Andhra Pradeeh.

Assistance in the establishmsnt of a sponge iron plant
in Orisea.

Tests on iron ore deposits from Goa and Myeore for the
production of eponge iron.

Pilot plant ecale inveetigations on vanadiferous
magnetitee for the production of ferro-vanadium.

Consul tancy on ferro-vanadium production.
Establishment of a Welding Research Institute.

Assistance to the Tjilegon Steel Plant.

Pilot plant scale teste on direct reduction of iren
ore by HYL procees for the production of sponge iron.

Feagibility etudy on special steele and ferro alloys.
Iron and steel induetry adviser.

Steel industry adviser,




Country

South Korea

Thailaad

Regional

oW e

Project

Technical assistance for the feasibility of the
sstablishment of an integrated iron and steel plant
in South Korea.

Expert in the quality control of hot-dipped tinplate
production.

Assistance in the sstablishment of an integrated iron
and steel industry.

Steel standardization expert for South East Asian Iron
and Steel Institute.

Regional adviser on tranfsr of technology at ESCAP
{assistance to iron and steel industry in Philippines,
Thailand, South Korea, Singapore, Malaysia, etc.).




2. SPECIAL STUDIES AND DOCUMENTS

1969

UNIDO Monograph No.5

Industrialization of Developing Countries
Problems and Prospects: Iron and Steel
Industry

1974/15
Updated UNIDO Monograph on the
Iron and Steel Industry

Promotion of Technical Co-operation
Among Developing Countries in the
Iron and Steel Industry

015

The Iron and Steel Industry in Developing
Countries -~ A preliminary case study of
the present situation, prospects for
development and international co-operation
(Paper prepared by the Secretariat for the
Second General Conference of UNIDO)

1D/40/5
Sales Publication: E.69.I1,B.39

Vol,. 5
New York, 1969

1 copy available in
UNIDO library

1 copy available in
UNIDO library

1D/B/C.3/35/Rev,1/Add.1
and Appendix




3. SYMPOSIA, SEMINARS AND WORKSHOPS

e e ————————

1963

First Interregional Symposium on the Iron
and Steel Industry, Prague/Geneva

11-26 November 1963, organized by CID
(UNIDO's predecessor organization)

1968

Second Interregional Symposium on the
Iron and Steel Industry

Moscow, 19 September - 9 October 1968

1970

Seminar on Tinplate Production
(Report published in 1971)
Santiago, 9 - 13 November 1970

1972

Preparatory Meeting for Preparation
of Third Interregional Iron and Steel
Symposium, March, Vienna

VM)

Third Interregional Symposium on the
Iron and Steel Industry

Brasilia, 14 - 21 October 1973

v

Follow-up of Third Interregional Symposium
on the Iron and Steel Industry

Vienna, 24 - 27 November 1975

Documentation l/

Proceedings on Symposium

64 working papers (see item 4)

1 photocopy available

at IOD/Metallurgical Industries Section

Report of Symposium

1D/24, Sales No. K.69.11.B.36
New York, 1969

15 working papers (see item 4)

Report of Seminar
ID/WG.73/17
14 working papert (see item 4)

Report of Symposium

1D/139, Sales No. E.74.11.B.15
New York, 1974

117 working papers (see item 4)

Short Descriptive Report, February 1976
Summary of conclusions and recommendations
by experts, December 1975

Summary Report February 1976

y Please note that most of the papers presented to Seminars and Symposia
are out of stock by now. The Proceedings on the 1st Iron and Steel Symposium
and the Report on the Seminar on Tinplate Production are also no longer available,



PAPERS

PAPFRS PRESENTED TO THE FIRST INTERREGIONAL IRON AND STEFL SYMPOSIUM -
PRACUE/GENEVA, 11 - 26 NOVEMBER 1963

CoMM 1

SECT 1

SECT 2

3
ECA 1
HCAFE 1
ECE 1
EcLA 1
ECA 2
ECAF1. 2
RCE 2
ECLA 2

A. 1

Statement by Commissioner Abdel-Rahman

The modern iron and steel industry, by Centre for Industirial
Development

Raw materials and their preparation, prepared for Economic
Commission for kurope

Problems arising from the establishment and development of
the iron and steel industry in developing countries, by
the U.N. Economic Commission for Europe

Raw materials in Africa for iron and steel manufacturing,
by the U.N. Economic Commission for Africa

Availability of raw materials for iron and steel making in
the ECAFE Region, by the U.N. Iiconomic Commission for Asia
and the Far East

Trends in production and consumption of iron and steel making
raw mi terials in Europe and the United States, by the U.N.
Fconomic Commission for Europe

Steel making raw materials in Latin America, general situation,
by U.N. Bconomic Commission for Latin America

The iron and steel industry in Africa

Review of the iron and steel industry in the ECAFE Region,
by U.N. Economic Commission for Asia and the Far East

Present and future trends of production and consumption of
pig iron and crude steel in furope and the United States

The iron and steel industry of Latin America, by U.N.
Fconomic Commission for Latin America

Exploration of the small iron ore deposit, by J. Caorsi
(Uruguay) and G, Bossi (Uruguay)

Ore exploration and exploitation - intermediate scale,
by R. Wasmuht and R. Tschoepke (Fed. Rep. of Germany )

Ore exploration and exploitation on a large scale, by
He Rone (USA)

Standard methods of beneficiation and concentration -
blending, separating, sizing and agglomeration, by
M. Nekatsuyama (Japan)

Pelletizing, by J.E. Astier (France)




é
&
1

10

11

12

13

14

15
16

17

18

19

20

2l

22

23

24

25

Krupp-Renn experience in Czechoslovakia, by J. Mach
(Czechoslovakia) and B. Verner (Czechoslovakia)

Sintering - a general review, by H. Lehmkuhler (Federal
Republic of Germany)

The production of high nuality sinter, by J.k. ‘ireenawalt
(UsA)

Sintering practice on a large scale, by A. Rudkov (USSR)

Sintering practice in continuous strand plants, by G. Brandes
and L.H. Choudhary (Mederal Republic of Germany)

Sintering practice - operating results, by P. Maertens
(Belgium)

Small steel plants - their intluence on developing countries,
by M.N. Dastur (India)

The Canadian steel industry - a pattern of growth, by
d.K. Buck (Canada) and R. B. BElver (Canada)

Crowth pattern of the iron and steel industry in India's
economic development, by B.R. Nijhawsan (India)

Problems of steel plant expansion, by W. Musialek (Foland)

Kconomic considerations for steel plants in developing
countries, by W.T. Hogan (U.S.A.)

The use of non-coking conls for iron-making operations,
by R. Loison (France)

Substitutes for coking coals in the blast furnace, by M. Fine,
J. de Carlo and E. Sheridan (U.S.A.)

Substitutes for coking coals in iron ore reduction, by
HeR. Brown (Australia) and W.R. Hesp {Australia)

Electric energy requirements for steel plants, by
HeW. Lownie, Jr. and R.k. Presnell (U.S.A.)

Electric pig iron smelting, by H. Rekar and J. Staro
(Yugoslavia)

Electric steel meltins, by 5. Scotti (Italy) and F. Grosai
(Argentina)

Electric furnace steel production in Peru, by E. Palacio
(Peru)

Iron ore exploration and exploitation on a large scale -
Liberia, by A, Momolu Massaguoi (Liberia)

Progress in electric amelting furnacea, by F.C., Collin
(Norway)




Bs 1 Technical progress in the production of pig iron in blast
furnaces, by V.G. Voskobojnikov (USSR)

2 Charcoal blast furnace operations, by A. Constantine (Australia)
3 General review of direct reduction processes, by F.M. Wiberg
4 Comparative evaluation of direct reduction processes, by

H. Poblete (Chile)

The SL direct reduction process, by D.J. Haine (Canada)

N

6 The HyL process, by J. Cclada (Mexico) and J. Skelly (USA)

1 The echeverria ore reduction process, by G, Cedarvall
(switzerland)

8 The Strategic-Udy process, by K. Sandbach (USA)

*)

10 Comparison of steel making processes, by the U.N. Economic
Comrimsion for Europe

11 Open hearth steel making with oxygen, by M. Trotta (Italy)
and B. Sommacal (Italy)

12 Oxygen—-lime steelmaking practices, by B, Trentini (France)

13 Problems of quality in steel production, by J. Pearson
(United Kingdom)

14 Steel standards and standardization on country-wide basis,
by B.S. Krishnamachar (India)

15 Steel standards and regional standardization, by F. Aguirre
(Chile) and A. Gomez (Chile)

16 Continuous casting - developments and current installations,
by 1.MsD. Halliday (United Kingdom)

17 Continuous casting - present and future prospects, by E.I.
Astrov (USSR)

18 The continuous casting of round sections, by B. Tarmann
(Austria) and W. Poppmeier (Austris)

19 Technical and economic feasibility planning for a small
iron and steel plant, by I.D. Dick (New Zealand) and
T. Marshall (New Zealand)

20 Project planning and construction - intermediate scale,
by M. Perez (Chile)

21 Project planning and construction - large scale, by M., Gonni
(1taly)

22 Problems involved in development of a steel plant, by

M. Allard (France)

*) No paper appeared as B.9

&




B.23

24

25

26

21

28

-11 =

Regional integration c¢f the steel industry in Latin
America, by F. Aguirre (Chile)

Training of engineers and operatore for new eteel operations
in developing countries, by J.A., Berger (UsA)

The Purofer direct reduction proceee, by Ludwig Von Bogdandy
(Federal Rerublic of Germany)

The Kaldo procees, by F. Johaneeon(Sweden)

The iron and steel induetry of Southern Rhodesia, by
W. Welle (Southern Rhodeeia)

The use of charcoal in blaet furnace operation, by Food
and Agriculture Ovrganization of U.N,

Discuseion Summaries

s 1

[« RN %

-

10
1
12
13
14
15

64.11.B.7

Raw materials and their preparation

Problems arising from the eetabliehment and development
of iron and steel industries in developing countries

Exploration and exploitation of iron ore reeerves
Blaet furnace: operation and developmente
Beneficiation and concentratione

Direct reduction processes

Sinter practice

Developments in and comparieon of eteel meking proceeses
Non-integrated and semi-integrated plant operations
Quality factore and standardization

Improvement or substitution for non-coking coals
Continuous casting

Electricity in the steel induetry

Project planning and construction

Cloeing of Prague Discuseion Sessions

Proceedings of the Inter-Regional Symposium on the
Application of Modern Technical Praotices in the Iron
and Steel Industry to Developing Countries, Prague -
Geneva, November, 1963,
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(v) PAPERS PREPARED FOR SECOND INTERREGIONAL SYMPOSIUM ON THE IRON AND
STEEL INDUSTRY - MOSCOW, 1968

ID/HG.M/l The Lidge expcrimental furnace A. Poos
Belgium
ID/HG.14/2 The effect of regional no-operation on K. Plishtil
the development of the iron and steel A. Penkovsky
industry under the Economic Mutual L. Makh
Assistance Board I. Shibaev
EMAB
ID/HG.M/}' Economic ~sonditions regulating the A. Gomez
growth of Latin American steel Chile
production
3
ID/HG.M./A Ironmaking plant of Chiba Works - its T. Nagai
constructica and rationalization Japan

ID/HG.ld/'Z Processing of metallurgical slags at S. Klemantaski
iron and steel plants United Kingdom

ID/HG.M/B Present status and future of the iron ECA secretariat
and steel industry of African countries

ID/WG.14/9 Present status and future of the iron ECAFE secretariat
and steel industry of the Asian
countries

ID/HG.M/]O Continuous steelmaking M. W. Thring

United Kingdom

lD/HG.ld/ll Water supply, re-use and disposal at G. W. Cook
an integrated iron and steel works in United Kingdom
Great Britain

ID/HG.M/I? Forecasting iron and steel demand in ECA secretariat
developing countries

ID/WG.14/13 Possibilities of developing an iron R. Tietig, Jr.
and steel industry with other than United Kingdom
fully integrated plants

ID/HG.14/14 Control of strip tension in electro- K. T. Lawson
lytic tinning lines United Kingdom

ID/HG.M/IS Research for the iron and steel indus- L. C. Correa da Silva
iry in developing countries, possibil- Brazil
ities for regioral co-cperation

ID/HG.M,/16 Ecoromic advantages of the creation of ECA secrstariat

iro1 and steel plarts for small coun-
tries on a regional basis



1D/WG.14/17

1D/WG.14/18

ID/WG.14/19

ID/WG.14/20

ID/WG.14/21

ID/WG.12/22

[D/WG.14/24

ID/W3.14/25

ID/WG.14/26

ID/WG.14/27

ID/WGc.14/28
ID/WC.14/29
ID/WG.14/30
ID/WG.14/31

ID/WG.14/32

Ib/WG.14/33

- 1) -

Requirements of manpower and qualified
staff in the creation of the iron and
gtoel industry and training of personnel

Pre-investment information for designing
iron and steel plants in the developing
countries

SL/RN direct redusticn process for the
production of sponge iron and its melt-
ing to steel

World production, trade and prices of
iron and steel

Availability of iron ore resources for
iron and steelmaking

Application of low-shaft furnace for
ironmaking with sub-standard raw
materials

Elestric arc furnace steelmking for
developing countries

The IRSID continuous steelmaking
process

Injection of light petroleum naphtha
into iron smelting furnace

Energetics of iron and steel works,
evolution and application to developing
countries

Automation in the iron and steel
industry

Factors affecting steel demand and its
product pattern in developing countries

Demand for steel ana prospects for
regional co-operation in South-east Asia

The supply of steel in developing
countries

Asgistance of the advinced couniries
to develop the iron and steel indus-
tries in developing countries

Standardization of steel and steel
products to facilitate co-ordination
of national, interregional and inter-
national specifications and to promots
trade among different countries

0. Malukha
Czechoslovakia

J. Hlavacek
Czechoslovakia

H. Garbdbe

W. Janke

Federal Republic of ¢
Germany

FCE secretariat

ECE secretariat

A. B.
B. R.
India

T. V.
R. D.
India

Chatter jea
Ni jhawan

S. Ratnam
Lalkaka

P. Vayssiere
J. Rouanet
A. Berthet
C. Roaderer
B. Trentini
France

A. B. Chatterjea
B. R. Nijhawan
India

J. Astier
P. Dancoisne
France

ECE secretariat
ECE secretariat
Nippon Kokan K. K.
Japan

ECE secretariat

M. N.
India

Dastur

B. S.
India

Krishnamachar




ID/WG.14/34

ID/WG.14/35

ID/WG.14/36

ID/WG.14/37

ID/WG.14/38

ID/WG.14/39

ID/WG.14/40

ID/WG.14/41

ID/WG.14/42

ID/WG.14/43
ID/WG.14/44

ID/WC.14/45

I1D/WG.14/46

ID/WG,14/47

ID/WC.14/48

- 14 -

Modern design of blast furnace

New equipment for oxygen steelmaking
plant

Modern equipment for the rolling of
steel

Economic analysis as an instrument of
the management system in metallurgical
production

Modern techno-economic indices and ways
of their attainment in blust furnaces,
steelmaking and rolling mills

Efficiency of mechanization and auto-
mation in the iron and steel industry.
Economic aspects of computer control
of the oxygen steelmaking process

Experience and economic profit of
continuous casting in steel plant

Conversion of open-hearth shops into
basic oxygen furnace shops at Fuji
Iron and Steel Co. Ltd.

Pregsent status and future of the iron
and steel industry of the Latin American
countries

Fconomies of scale in the steel industry

Export-import Bank and its relationship
in the development of an iron and steel
industry

New development in the sector of tube
manufacturing

Steel plant location: A guide for the

developing countrics

The financing of the iron and steel
industry in a developing country:
cage of Spain

the

Determination of the optimum capacity
of the fully integrated iron and steel
plant and its parts

M. Iimori
T. Tsutsumi
Japan

G. Urban

H. Schirmer

Federal Republic of
Germany

M. G. Sendzimir
United States

0. Fiala
Czechoslovakia

W. H. Mieth
Federal Republic of
Germany

ECE secretariat

Y. Kawamoto
Japan

S. Toyoda
H. Nakajima
M. Maeda

E. Hirao

K. Nakajima
Japan

ECLA secretariat

ECLA secretariat

A, C, Cass
United States

J. Mietzner
Federal Republic of
Germany

E. T. Culver
J. Pearce
United States

L. Guereca
Spain

H. R, Mills
B, 5. Soan
United Kingdom




ID/WG.14/49

I1D/WG.14/50

ID/WG.14/52

ID/WG.14/53

ID/WG.14/54

ID/WG.14/55
ID/WG.14/56
ID/WG.14/57
ID/WG.14/58
ID/WG.14/59
ID/WG.14/60

ID/WG.14/61

ID/WG.14/62
ID/WG.14/63

ID/WG.14/64

ID/WG.14/65

ID/WG.14/66

-15 -

Experiences and advantages in employing
preheated cold charge in electric
furnaces and their influence on new
electric steel plant layout

Continuously cast and rolled semi-
finished material for light section
and wire mills in developing countries

Organization and establishment of semi-
integrated steel production plants in
developing countries

Waste gas cleaning systems for large
capacity basic oxygen furnace plant

The value of the technical press in
the development of a steel industry
and its technology

Collection and processing of iron and
steel scrap for iron and stcel industry

Is Latin American steel expensive?

Development plan for the iron and steel
industry in Argentina

Establishment of steel plants in small
developing countries

Modern technology of oxygen-blowing
steelmaking process

Modern equipment for oxygen steelmaking

Possibilities in the development of the
iron and steel industry, other than
fully integrated plants

The iron and steel industry and indus-
trialization of the developing countries

Economics on transporting of raw mate-
rials in large bulk carriers

Fquipment for the continuous casting
of steel for the needs of small-scale
works

Modern light and medium rolling mills
for the production of sections for a
varied market

Review of the activities of the United
Nations in the iron and steel industry
in developing countries

P, Crossi et al.
Italy

B. Tarmann
Austria

M. M. Sherover
Venezuela

A. D. Rowe

H. K. Jaworski
B. A. Basset®
United Kingdom

R. L. Deily
l-ited States

K. N. P. Rao
India

A. Gomez
Chile

F. E. Aldinio
Argentina

P. P. Manikam
Ceylon

F. Wegsoheider
Austria

K. Langer
Austria

G. R. Heffernan
Canada

B. R. Nijhawan
W. T. Hogan
United States
I. Mydlars
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(c) PAPERS PRESENTED TO THE SEMINAR ON TINFLATE PRODUCTION - SANTIAGO,
NOVEMBER 1970

ID/MG,T3/1 Tinplate production in Mexico
by José Castaldi Yuriche, Mexico

ID/MNG.73/2 Application of other than tin material used for coating
of steel 1n packaging
by Gerd Habenicht, Federal Rep. of Germany

IDMG,T3/3 Development of tinplate manufacturing in Japan
by Hidejiro Asano, Japan

IDANG.™3/4 Tinplate quality control in Brazil
by Pedro Silva, Brazil

ID/WG.73/5 Quality control problems in the produrtion of tinplate
in developing countries: hot-dipped
by Kripal Singh, India

ID/WG.73/6 Perepectives for tinplate production and consumption
in developing rountriee (1970-1980)
by William Robertson, United Kingdom

IDNG.TY/T Selection, installation, starting up and operation of
the electrolytic tinning line at "Laminacién de Bandas
en Frio" (LBF, Spain)

ID/MG.73/8 The electrolytic tinning line of the Empresa Nacional
Siderirgica, S.A,, Spain
by Julio Bou Mon, Spain

IDMG, 13/ Tinplate market and marketing in Chile
by Danilo Vucetich, Chile

ID/WG.73/10 Planning, installation, etart-up and operation of
tinplgte linee in Brazil
by Joao Batista Arajjo, Brazil

ID/UG."{}/II Application of tinplate as packaging material
by A.R, Minnicke, Federal Rep. of Germany

ID/MG.TY/12 Application of hot-dipped and electrolytic tinplate
in packaging
by the UINIDO Secretariat

ID/WG.73/15 Production of tinplate in Rourkela steel plant of
Hindustan Steel Limited, India
by Atmaram Bajekal, India

ID/MG,T3/16 The evolution of tinplaie technology
by M, Verdé-Delisle, France
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Product ion of self-fluxing pellets and their blast-furnace
performance
K. Taguchi

Automation and computer control of hot and cold strip mills
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De‘;elopments in coking technology
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The use of linear programming in the optimization of coal blends
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countries
Jo By Astier
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Wean United Incorporated

Changes in ironmaking technology in relation to the availability
of coking coals
E, W, Voice and J, M, Ridgion

Planning and promotion of the use of steal
Chilean Iron and Steel Institute '

Assistance by Nippon Steel to developing countries in
sstablishing their own iron and steel industries
3. Maehara

Development 1n electric stselmaking
Jo. E, Astier and J, Antoine

Plant location and cost aspects of integrated steel plants in
developing countries
M, Sato

Factors affecting the location of iron and steel works at
coastal sites
G, Suzuki and M, Saito

Methods of financing iron and steel industries in developing
countries
K. Miyagi

Developments in blast~furnace practics and design
T, Hasegawa and T. Satoh

The activities of CESSID
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Computerized integrated production control systems
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Participation of developing countries in ths world steel market
G, Andrejevié

Economic, financial and technological considerations in the
choice of mini steel plant technology by deveioping countries
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Council for Mutual Economic Assistance

Co—operative metallurgical research: the Centre de Recherches
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Stage-wise expansion programme of a steel strip mill
S, Nomura and H, Watanabe

Diversification of ensrgy sources for the blast furnmace: the
double injection process
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The direct and indirect effects of an iron and stcel industry
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M, N, Dastur and Company Privatu Limited

Stcel: the evaluation of feasibility studies
M. N, Dastur

Survey of the development of the Spanish iron and steel
industry
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Development of personnel training for the start-up of
Propulsora Siderurgica
M. A, Punte and L. Iperti

Oxygen steelmaking in bottom~blown converters
P. Nilles and M. Boudin

Developments in the iron and steel industry in the ECAFE region
Economic Commission for Asia and the Far East

Changing technology in the 1ight of coking coal availability
M. Conti and R, Sacerdote

Economic and technical comparison between conventional casting
(small and large ingots) and continuous casting
S, Kojima

Factors affecting the evaluation of steel plant feasibility
studies
S, Ruvikun

Pre-investment studies and the role of technical consultancies
in the establishment of iron and steel industries, particularly
in a developing country

V. M, ¢, Raman and K. C. Mohan

Developments in oxygen steelmaking
B. Trentini

Some aspects of small-scale continuous casting plants
E. Takehara and O, Nishimura

Availability, collection and preparation of scrap in developing
countries
E, V. Poubel

Recent developments of the iron and steel industry of the
Soviet Union
L. M, Efimov

La inddstria siderdrgica mexicana
R. Betancourt de Jiménez

The Indonesian iron and steel induatry
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Steel plant design and engineering orgenizationes the
Indian experience
M, N, Dastur and Compary Private Limited
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Mambu Panda
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la eidérurgiec en Tunisie
A. Cheik Khalfaliah

Fxperience of the Arab countries of international co-operation
in the field of iron and steei
A. H, Momtaz and S, Etewa

The establishment and development of the Bulgarian iron and
steel industry
V. E, Iliev

Ectablishment of iron and eteei industriee in the Arab countries
to suit local conditions
S. Y. Ezz

Scale factore in the Italian iron and eteel industry
M, Bucchi
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inddistria siderirgica en Venezuela
A, Rivae

Steeimaking and the environment in developing nations
J. R, Miller ani T, M. Barnes
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L., Neuner

The crganization of induetrial research in a developing countrys
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K. Kapetanovié

Deveiopments in the iron and steel induetry and its markets in
the ECE region eince i960
Bconomic Commiseion for Burope

Deveiopment of the Latin American iron and steei industry in
the period 1960-i97i
Economic Commission for Latin America

The iron and eteei industry in Pakistan
S. 3, Aii

The iron and steei industry in Iraq
Ao M, ¥, Al-Jalil

Multinationai companies in the iron ard eteel industrys the
sxampie of USIMINAS
T, Takahashi

The role of technicai associations in the extension of
international co—operation and know-how
United Nations Induetrial Development Organization

On-site processing of iron ore in developing countries through
the stage of prereduced aggiomeration
J. R, Milier

Choice of hcavy blooming miil versus continuous castings
technicai and economic comparison
B. Misebach and J, Th. Waemuht

Changing technology in the iight of the availabiiity of natural
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A. Chaker
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Quelques considerations sur la possibilité d'installer
une unité sidérurgique au Maroc
A, Fakihani

The Sri Lanka iron and steel industry
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Personnel training for the iron and steel industiry in
the USSR
A, A. Nowozhilova

Progress in blast-fumace production in the USSR
2, I, Nekrasov

The use of oxygen in steel production
L. M, Efimov

la inddstria siderdrgica chilena
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Planning and promotion of the use of steel: comments on the
Brazilian experience
F. J. H. Pegurier

Manufacture of steelmaking and iron-ore mining equipment in
Latin America
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Transfer of know-how in metallurgy to and between Latin American
countries
F. Ibanez

The economy and size of steelmaking units, with particular
reference to the Indian steel industry
A. C, Banerjee and M, B, Silgardo

Technological improvements in mllinrmill. equipr nt
J, Ficat

The steel industry ¢ = Iran
M. Rafi

The National Metallurgical Laboratory of India: a case study
of the development of a research and development institute
V. A, Altekar

Methods of externai financing for iron and steel industries
in developing countries
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The development and operation of the Q-BOP process in the
United States Steel Corporation
A, H. Brisse

Observations on mini-mills
L. Danieli

Fconomic aspects of using a gaseous direct-reduction process
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The stoel outlook and the developing countries
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J. de las Heras

Intcmational co—operation in the planning, financing,
construction and operation of irun and steel plants
Inteinational Bank for Reconstruction and Development

Direct reduction for the developing nation
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The steel industry in Colombia
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The development of the Brazilian iron and etsel industry
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The Institute of Technological Research of Sao Paulo (IPT):
a case study
A. P, de Castro and S, P, P, de Silva

Expaneion of the non-flat rolled-products sector in Brazil:
aspecte relating to economies of scale
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Heavy Engineering Corporation - backbone of India's induetry
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The submerged injection process for improved productivity in
open-hearth furnaces
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Manpower requirements and training for an expanding iron and
steel industry in a developing country
R, P, Billimoria

Assistance by the United Nations to the iron and stesl
industries of the developing countries
United Nations Industrial Development Organization

Some aspects of the technological development of the USSR
iron and eteel industry and techno-economic co-operation
between the Soviet Union and developing countries

P. A, Shiryaev

Changing features of the world iron and stoel industry
S, Tabata

Follow-up report on the UNIDO Workshop on the Creation and
Transfer of Metallurgical Know-How, held at the National
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United Nations Industrial Development Organization

Mini-steel mills and their importance for steel production in
developing countries
D. Ksinsik

Design of the USIBA steel plant in Brazil with a view to the
massive utilization of sponge iron in the charge of the
electric furnacee

L. A, Drieael and B, Lacoste
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A specialty plate producer's expericnce with eontinuous
slab easting
L. I. Mandich and L, Pompa

Static and dynamic methods for the study of factors
inf luencing the choice of location
W, He Mieth

Theory and practice of bottom-blowing oxygen mctallurgy
K+ Brotzmann

Lessons learnt from a lifetime in the steel industry
W, P, Cartwright

The role and evaluation of international technieal
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United Nations Industrial Development Organi:ation

Data processing in the iron and steel industry: the state
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