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INTRODUCTION

The Lima Declaration and Plan of Action on Industrial Development
and Co-operation, which was adopted at the Second General Conference of
UNIDO in March 1975 (and subsequently endorsed by the Ceneral Assembly
at its seventh special session) re-asserted that industry was a
dynamic instrument essential to the rapid economic and social growth of
the developing countries, and called for a 25 per cent share for the
developing countries in total world industrial production by the year

2000. (Their present level is 7 per cent.)

The Lima Declaration and Plan of Action instructed UNIDO that
"in order to give concrete content to the process of industrialization
in the developing countries, studies must be undertaken and specific
measures formulated in different sectors of industry, special attention
being given to priority sectors". One of the priority sectors identi-
fied for study was the iron and steel industry, the development and
extent of which e generall; acceptea to be prime indicatcrs

of the level and maturity of a country’s industrialization.

The present draft study represents a concerted attempt to provide
an overview of the opportunities for, and constraints upon, the develop-
ment of the iron and steel industry, which is closely linked with such
other scctors as construction, transportation, agriculture and resource
extraction. Through this study, the newly established International
Centre for Industrial Studies in UNIDO seeks to contribute to an under-
standing of the issues involved: projecticns provide an indication of

the magnitude of growth in the sector, and extend to the year 2000,

The opportunities open to developing countries in their endeavour
to increase their share in world industrial production in this field
are considered, as are implications in terms of the relative positions
of various iron and steel production capacities in the world. Despite
the amount of data collected, however, the study is not intended as a
mere compendium of statistics: rather, it is intended as a decision-
making tocl for persons involved in investing in the iron and steel
industry. Its component chapters treat the factors that must be
considered in any meaningful discussion of the iron and steal industry

and its significance for the future of the developing countries. The
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data have been gathered, sometimes with difficulty, to serve as
illustrative background material essential to the clarification of the
issues discussed and to an understanding of the multifarious factors

involved.

The study attempts to identify the main opportunities fecr the
advancement of the iron and steel industry and tc assess the potential
contribution this sector could made to the attainment of the over-all ‘

industrial production target set in the Lima Declaration. »

Following a summary, the second chapter provides a survey of past
and present iron and steel consumption and production, with future
projections through 1985 and extensions to the year 2000 in variant form
denoting low and high estimates of pcssible consumption. v e olobal basis,
the production patterns are assumed to chift in such @ manner
that the share of the developing countries :ill increase at a rate
higher than that of the develojed countries, Ir. the following
chapter, estimates are given which indicate that the developing countries'
share of steel exports may also increase. Together, the two chapters '
lend substantiation to the hope expressed in the Lima Declaration con-
cerning the attainment by the developing countries of the 25 per cent
share in world industrial production by the year 200C. According to the
growth scenarios, a total of some 1.7 - 1.9 billion tons of steel may be
produced world-wide by the year 200N. Of this, the developing countries
may be expected to produce ' to 29 per cent, a substantial increase over
the 5.1 per cent produced in 1974. This expansicn may include numerous
small plants for the manufacture of such products as reinforcing rods and

large plants,

The subsequent three chanters are devoted tc technological censidera-
tions, resources, and capital requirements in order to precvide decisicn-
makers with information concerning choice of processes, optimum utilization
of resources and financial orders of magnitude. Consideration is also
given to environmental problems, direct reduction of ore and the use of

charcoal as a source of energy.

An initial attempt on the part of UNIDC to point up the implications
of the Lima Declaration and Plan of Action for the iron and steel industry, |
this study is also oriented towards the system of continuing consultations “
called for in the Lima Declaration with a view to facilitating the creation

of new industrial facilities in developing countries.
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It must be borne in mind that the strict time schedule established
for the initiation of the consultations allowed only eight months for
the completion of this study, whereas at least 18 months would have been
more commensurate with the task. The work was facilitated to some degree,
however, by the use of studies carried out in this field by UNIDC in
years past, and the experience accumulated in the course of technical

assistance activities.

In view of the dynamics of change that are constantly occurring in
the technology, trade patterns, geographical location and financing of
the iron and steel industry, it is essential that policy- and decision-
makers recognize that the situation presented in this study may change
when the time arrives for decisions regarding investment and implementation.
Furthermore, regardless of the possible progress set forth in this study
as attainable by developing countries, careful consideration should be
given before implementing decisions to possible gaps between planned and

actual production so as to assure appropriate utilization of capacities.

From the foregoing, it will be obvious that the present draft will
need to be revised and updated on a regular basis. Thus, as a first step,
copies of this draft study are being submitted to Governments and selected
individuals in order to solicit their criticism and comments which will be

incorporated in the revision.

The International Centre for Industrial Studies is indebted to the
following persons for their co~operation in the preparation of this draft
study: John Elliott, Bay Estes, Janos Fath, William Hogan, R. Krishnan,
and Nelson L. Nimerow, and tc the International Iron and Steel Institute,

'.'BEST-Alpine, ITASA and UNCTAD for having supplied information.
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Chapter I

SUMMARY

Yorld steel production and consumption to the year 2000

In this study, global estimates of steel production in 1985 and
alternative growth scenarios o the year 2000 are presented, The 1985
estimate was obtained by elaborating upon projections made by the
International Iron and Stecel Institute at Brussels, In the course
of this elaboration, past trends in production and consumption were
anal: ed, as were subjective Judgements with regard to future rates of
substitution for stecl and competitive products, the severity of the

1975-1976 recession and countr:; plans for future development of the industry.

Estimates for 1985, together with high and low growth scenarios for
the year 2000, arc shoim overleaf. liorld steel production is expected to
reach almost 1.1 billion tons by 1985, The share of the developing countries
in this production should rise from the 1974 fipure of 5.1 per cent to 11.7
per cent (125 million tons),

The ~rovth scenarios developed for the rear 2000 were based on postulated
annual growth rates for world steel production of 3 and 4 per cent
respectively, These scenarios should be interpreted strictly as indications
of possible future srowvth, According to ilternative A (3 per cent) some
1.7 billion tons of steel would be produced in 2000, whereas according to
Alternative B (/,I per cent) this figure would be some 1,9 billion. The
estimated sharc of the develoving countries could ranse from 22 to 25

per cent of world »roduction,

suprlementory investi~ation of historical chanres in the nattern of
industrizl crouvtn ana its iwplications for steel proauction and consumption
vas also carried out. Tne nethodologies applied ucre quantitative, based on

the approaches adorted by other international orsanizations,

Undoubtedly, these estimates 1ill have to be revised as vorld economic

conditions chance. In anticipation thereof, more formal means of forecastin~

-1-/ See International Iron and Steel Instituie, Projection 85, Brussels,
llarch 1972,
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steel p.ouuetion are bein: develored in UNIDO. Oirin~ to tiie strict time
schedule that au to be maintained during the conduct of this study, tie
preliminary results of tre more formal forecast could not be explicitly
incorporated in tie ectimates presentcd. lievertheless, it is concidered
useful to rre. >nt the resultc of tre ruantitative investigations carried
out since they complement come of tne assumptions employed in developin-~
tiie estimates in this report, ana the techini: ues eonstitute one element in

a4 rerc sor.isticated fereccasiin- frame or):.

Jroduction satternc

T.e .or: drav: Leaviir on tie structuralict approach to sectoral

devclo ment and adortc traditionz] structural models to estimate sectorzl -
croti. = ultiunle re-rescion teoini cues vere applied to tie follo.in-

e uationzl fovrmre

ana
. . ?
a2+ bInr+clnl+d (1n oy
!
vhere x to» canitz volue adoew b iron and cteel: v = grosc douectic

4

prouutt per catctur nd I otulution in mil. ons.

cer eanita nceme Do truiitionally conciccere. tie moct important
determinant ~ince ucrnwna for iror ind ~tcel 1o no'n to increase
substantizlly <o incone ri.o0. T a1ctribution of total demend cmon -~
invectment, -overnment conswr tion und rrivate consumption variec --it..
tre level of per cupits income une thus Lo o zimmificant imnact on demand
Jor ‘ron unu cttee:, it recare to cuc iy, the level of rer eapita income tenur
to be cleocelr relateu te t.c reiztive cocts orf lobour and carital: 1t i~ t .ur

indieative ef t:e - reboble ertencion of inductrizl rroduetion intc

ital-

-~ -
— e .

irtencive and com-ien inuustrin. ub-zectors Tuac 13 iron and ctee..

Yhic 1t @ometiou rrocuentiy e lored to oipreoximate tie ~rot.. pat-o cf
menufacturin- wne or 1naustria) cub-ectors, suc. s iron ana stcel. wee,
for exumrlie, ... La © cicrv and ... - r-uin, latterncs of vevelorment, 1050-107¢,
& worle Sun: rczeorc.. rublicotion (London: Oxford Univ, Iresz, 1275;, an
ULicTeas, "Tie . imencion: oi tie .eruired . estructurins of orld c.anufacturing
Output and Tradac in oruer ic cicn tie Liva varget" (7. 185, Zurr.1,, rresentec
to WialL I, irobi, ..o 1070,
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Value —uueu i at factor cect, Tie ucfinition of thc iren anu rteel scetor
iv taken from t:e U "nternitional Ctancard Industrial ¢lassifictior.
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The second structurzl variable incorporated in such an approack is
population, Production of iron and steel is dependent, to some extent,
upon economies of scale. Togetrer itn per carita income, pojulction
provides a means of meacuring the influcnce of market size, and thus the

importance of economies of ccale in iron and steel production, \

The percentage chanre of iron and steel production for a given
percentage change in GDF per capita or population can be derived from the -
regression analysis. The aerivations, vhich conform to the traditional
¢c-ncept of elasticity, are kno'm as groitli and size elasticitics, respectively.
I'or example, a coefficient of ?.15 (see the table below) implies that iron
and steel production increased by about 2 per cent for a 1 per cent increase
in GDP per capita. 4 similar interpretation applies to the population

elasticities.

A summary of the grovth clacticities for iron and steel production at
level of per capita income in selected Jyearc iz showm bclox.ﬁ/ comparison
of elasticitiec for larre countriec (porulations of more than 15 million, -:ith
> those for small countricc (porulations of lesc tian 15 million) reveals

important differences in ;ro-tn patterns.

(GUF per capita)

« 225 .. 50C S ,000
Largse Small Lar-c omall Larpme Cmall
countries countries countries countries countriec countriec
1963 2.15 3.25 1602 2673 1.26 1.72
1966 2.71 4406 1.06 3.60 162/ 1436
1910 2.25 3096 1. G0 "6 10 1.26 1.76
1672 2.15% 3.91 1.05 3.18 1,28 1684
~ource: ULIDO, baseu 'n uata surcliioc by tie Ul _tatisticzl Office.
Grovth elasticities in =mnll countries arc decidedly ..irter than thoce *

in lurge countrice., Tris cerves to demon~trate tic repid recponce of iron and

steel production once the constraining factor of small market cize ic alleviated,

C7 The elasticities are derived frorm tne regressions for the cecond ecuation

uoted on page 3.




As indicated in tic table, the groith elasticities tena to decline at higher
levels of per capita income. However, they exceed unity throughout the income
range shown, This fact suggests that iron and steel is an important growth
sector, regardless of the level of development. Over the period 1960-1973,

each set of elasticities can be seen to have exhibited a similar pattern of
behaviour, reaching a maximum in the latter half of the 1960s and declining in
more recent years, For large countries, the relationship between iron and steel
production and per capita income was remarkably stable over the period investigated,
However, annual fluctuations in the figures for small countries were somewhat
high, These facts are particularly important when regression results are
intended to serve as a guide to the approximation of future growth patterns

in iron and steel produbtion.

Size elasticities are not a significant determinate of iron and steel
production. Unlike per capita income, small increases in population do not
have a substantial impact on production, This characteristic distinguishes the
ircn and steel industiry from consumer goods industries, such as food, textiles
or clothing, where minor population increases stimulate production through
final demand. In invesiment goods i1ndustries, production is responsive to

factors other than consumer demand.

Consumption patterns

As with the production analysis, a cross-section approach tc the study of
steel consumption was adopted. Unlike a time-series approach, this method
enables the researcher to assess the impact of commun factors affecting
consumption patterns in all countries for given years or groups of years, When
the identified relatior-hips between steel consumption and its determining
factors remain stable over a period of time, the statistical results provide

a guide to future conditions.

The basic hypothesis 1s that the per capita steel consumption observed
at a given time in various countriec :1s subject to the same broad set of
factors, such as access to the same types of production technolcgy, similar
price ratios between steel and other goods, and comparable patterns of steel

utilization, Accordin~ io o line of reaconin- anclorous to that descrited




for the production patterns (page 3)y GDP per capita is frequently used as

ti.e measure best reflecting these fariors.

The methodology used in this report to deteraine consumption patterns was
a standard bivariate and multivariate reg.:ssion analysis applied to data given
for 45 countries, The following expressions were selected as an initial attempt
to provide a plausible explanation of the relationship between per capita steel

consumption (c) and GDP per capita (y):

lInc=a+blny
c=a+bilny

ln c a-b/l,-
Inc-=a-"2,-_1In.
Inc=a+blny-d(lny

"

)2

1

where a, b and d are constants, ;’/

These equations were tested for several time periods and sample
stratifications, The results cunfirmed the analytical validity of the approach
and revealed a slight superiority in the performance of the multivariate models
when applied to the total sample, and a clear superiority in that of the
bivariate model where the samples were stratified according to the level of
economic development, Hence, the hypothesis of a common pattern of steel
consumption among different countries can be accepted. As confirmed by detailed
analysis, the level of economic development is an important factor in specifying

the relationship between steel consumption and per capita income,

Further investigation served to reveal how ccnsumption patterns change
over time., In the case of the developed countries, the pattern exhibits a
tendency to rotate clockwise in successive two-year periods from 1950 to 1970,
Time instability was also found in the case of developing countries, but no clear
trend could be detected,

Income elasticities of steel consumption were derived from the regression
equations. Dependiung upon the functional form considered, these elasticities
are constant, or they decreace with either higher levels of per capita steel

consumption or higher levels of per capita income,

Pl These forms have been applied in several instances., See, for example,

FAO, Agricultural Commodities - Projections for 1975 and 1985, Vol,II,
Rome, 1967,




bevelo.ed Levelopin,-

4ll countrier countriec countries
1050-5" 16200 1.061 1.234
19_‘)9"61 1. 8/ 1.002 1.521
1968-7C 1001 CeO77 1.068

.ource: UdT ety bared on dotz mwu lied by tie U tatistieal Crlice

“.c table above nlo ¢ examiler of income elacticitiec for cteel
contunption obtained from re-~re--ions of the c:uation ln ¢ a+ b lny,
b eovntr  Tounin- in cclecion eurc, L8 miqht be curected, inceme
clasticitier for develoriui- nourntriez are penerclly Ligner tian tnose for
aevelored countric, 1,e, mar-inel increacer in income induce larrer
increzrec of rtecl corsumrtion in develenin- eountriec than in develoreca
countricc,. 1n tic case of uevclo-ed countriec, tiie time trend :as found
to reduce in ore eloti 1ties, 2 icenomcnon tiat may be interpretea as

reflectin- 2 tre: : towrar savin- -te.l.

lethods and resultrs of the 1285 ectimate

The Drussels forecast, upon which the present projections :rere
partly baced, war curried out 1r 1971,72 ac o medium-ranze forecast for
1085, vubceruent to t.e forecactin-~ exercise, unusual cyclical
fluetuations oeeurreu, ..Jt ou~. tic ori:anzl foreeast had been based
orn = trinu line wnd cue cocount ‘aw been t.kern of vact cyclical
fluctuations, the eitent of tne 197 -76€ fiuctuziions necescitaten an

ad juctnrent.

i effectin s this wuurtnent, Juture - lanc Tor exrancsion and invectment
in tae iron and rteel indurtrr crere ~iven serious consideration. This inform-
ation wac ceom - lieu on o countr-by-cowntry buvis, often ot the rro;ect level,
Jhiere demaru vrogecticns ol toe rotionnl level tere available  in resrect of
sroect: lannew, tlece ditn s ore coro taken into accownt ac - ell ao any intent-
tioiie to vroduce ¢ vicr Cor o oort or domcutic nmuriets. L&0r ana cote ial cteel

rroducer in il wevelorin~ courtries c:e included. ¢oing to divergent wocumptions



regarding such factors as planned rates of capacity utilization and possible
project delays, some degree of judgement was required in determining the weight
to be given to each plan when making the projections. On the basis of such
exogenous information, the original Brussels forecast of 1,144 millicn tons of

steel to be produced in 1985 was revised to 1,069 million tons, Y

Estimates for LUV

The alternative growth rates for world steel consumption :n the period
1986-2000 cited in this study reflect the fact that, since world production will equal
world consumption in the long term, the same growth rates apply to production.
Levels of world production and consumption thus calculated for the year 2000

are 1,665 million tons (Alternative A) and 1,925 million tons (Alternative B).

~sub-remonal production and concumption groith rates:  1986-200U

Regional and sub-regional totals for production and consumption have been
estimated on the basis of the UNIDO forecast for 1985, Growth rates at regional,
sub-regional and country levels have been assumed for the period 1974-1985 in order

to estimate the pattern of distributicua,

Comparable estimates have been made up to the year 2000, Consumption
rates of 2 to 2.5 per cent are assumed for the developed countries while those

in the developing countries are assumed to be 34 times higher,

Whereas production in the developed countries is assumed to grow at
approximately 2 to 2.5 per cent up to the year 2000, production rates in the
developing countries are expected to increase by 6.7 to 9.4 per cent over the

same period,

i.c 1ron and cteel irade of develouir. - countrien: cotructure,
rrospects and policies

Implications for developing countries

Global trade patterns in the iron and steel industry are determined by

steel consumption trends which in turn are commensurate with the pace of

industrialization, As developing countries enter the early phases of industrial ]




development, their imports of steel and steel-intensive products tend ito
increase rapidly, Over the period 1964-1973 the developing countries' imports
of crude steel rose in value from $1.6 billion t< 5.1 ballion: .f the Lima
target 1s to be attained, 1t has been estimated that the stecl imports of these
countries must increase to a value of 226.2 billion by the year 2000,
Developing country i1mports of semi finished steel products from developed
countries ¢rev from 986,00C tons 1n 1964 to over 5 million tons in 1973, and
the value of indirect steel imports through capital equipment rose from $9

billion to $30 billion from 1967 to 1975,

Steel exported from the developing to the developed countries between
1964 and 197 incrcased 1n value from %10« million to $668 million: three-
guarters of these exports -ere in the form of semi-finished products. Frimary
and 1ntermediate processing of steel 1w being located to an increasing degree
in the developing countries, and it would appear that thic trend will continue
since 1t enjoys wide support among decision-makers in both industrialized and

developing countries,

The total trade in ra. materials, sem1-finished, and finished steel
products of the 50 developing cowstries (from six regions) that supplied
statistical information for this study was largely with developed market
economies which 1n 197 ° providea some 80 per cent of these aeveloping countries’
steel imports and absorbed 60 per cent of their exports. Approximately 10 per
cent of the steel trade flou: of these countries was with the developed countries
with centrally planned economies, .hereac their imports from other developing
countries were less than 10 per cent of their total, their exports to other

developing countries approached ! per cent.

’I‘hé‘ intraregional patterns of steel trade at all levels of processing
seem to suggest that while the dependence of the deveioping countries on steel
imports from the developed countries will certa:nly continue and even increase,
certain of tlie more advanced developing countries are emerging as prominent

intraregional suppliers, for geugraphical and pricing reasons.

”

A significant aspect of trade in the i1r n and steel industry 1c¢ that

contrary io the pricing behaviour of most commodities, :lcre price stabilaty




increasec vith every cta,e of processiny, costs in the iron and steel industry
fluctuate most at the top ratner thun at the bottom of the processing
ladder, Lhereas the cost per ton of heavy steel plate increased from

.88 1n 1966 to .40 1n 1974, or comc 4% per cent, tte prices of iron ore
in, for example, lndia and Brazil rose by only 1< aud 60 per cent
respectively over tie same period (1ndia: <685 to .7.85% per ton; Brazil:
«9¢30 to . 14,90 per ton;, Tne .ain explanation for thir is thiat iron ore
export pricos are set 1in lon~term contracts hile ti.ose of intermediate
and finisheu cteel product: are cubject to the cyclical variationc of the
orld steel market a1t "on-t:e-cpot" purchases and open baraining. On
tiie other hand, the f.o.b. Irice of coal, a resource that it concentrated
largely 1n the developed countries, effectively “oubled, from $11.15 to

«7¢.10 per ton, in tiie period 1904-197

Barrier: to trade

Among the chiet! obstacles to intcrnational trade in i1ron and steel
are tariffs, non-tariff barriers and 12l transport costs, liost
developed countries ~urrently levy tariffs of 6-1C rer cent on intermediate
and i1ni-led 1ron and cirel ' ~oduct: v the tariffs escalatin .ith the level
ol proceusin. 1nvolved. 46 ever, for moct developing countries these
tariffs are co:fset by 1ilie Generalize: system of I'references, hich provides
dutyv-free accese [or their i1ron and steel products, but is subject to

arbitrary and complex uota restrictions,

In accordance :1t! the Lomé wonvention, the Luropean Lconomic Community
rrants duty-free privileres to 46 developing countries on all tueir industrial

and primary exports to 1ts member states,

Non-tar11y barriers include such ad noc restrictions as import licenges,
exchance controls, cus omg duties, . ell ac patents and trademarks., Their
impact variec from case to casey, but they must be talien into account by

deve.orin- countrics contidering the export of steel to developed arkets,

Transportation cost: revent a ma jor obstacle to prospective steel

exporters in developins countries since they can reduce or eliminate

vhatever advantame their exports may enjoy 1n the markets of the develcped




world. uscalating ocean frei~ht rates rresent a strong incentive to

intrarecional tradc among tie developing countries.

Tre internationwi market

The internztional cteel market is uvased on intergovernmental
negotiations and a;reementc, and the industry is usually arranged in a
monopolictic or ol.rmopoli.-tic manner at the national level. These
acreement:: nay encompanc:  voluntary impert ana export cuotas; market-
cnarins arrantements for cuuatitier and tyvec of productc traded; pfuide-
line: for inve:tmont and v .cciulization jolicies; and "gentlemen's agree-

mentc” concernia- pricirn- -oliciec,

4 develojing countr; cnterings the international steel market, be it
¢ ai exporter or importer, muct tcke into account tie trade constraints

und arrangenent alreaa: in ¢ eration.

vecunclogm oi cteel-mokin-

m

{.e wvariour “rocer. i 1nvolved in steel-making are described in
thic study it a vie to «<ttemrtin~ to zscess rac material, energy and

cayital reruirement:.

Given that tie introducticn of o nc cteel :rocesr ‘rom conceution
to ‘ide-scale commerc.al applicatinon often takes as lons as a decade, only
processes that are currently in commercial use or under develooment should
be includcu in an; 2rcercment ¢f cteel production tecrnoloy ur to the

rear 1985,

lron-nuing

Iron biast “urncce. in tie iart t o decades, tie iron blast furnace - the

TrincocaloLren rowwction rocerc - nil under-one ma, or imorovements and
STOT. enornour .t oIn Sine, ~Atroutt tre jracticael scale for blast furnace
uwre roncer Crom oL,5 ol.ion te toyroximately 3.5 million tons of hot metal

per fwrnuce, larce :atc roted cteel piunts suve furnaces it capccities of
Tyvle to 10,000 tonr o1 ot ettl jer ALy le€e o5 miillion to & million tonc
ner ear, Bl=:t fwrnuce orerations in tie comins tihrec uecuuer zre cxpected
to tollo: reveral ma-or trendo:

(a, -ecuction of coite cute by Tuel -n-ection. . here colte 1c expencive or
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supplies are limited, the coke rate can be reduced by :nijectins fuels into
the tuyerec and hot gases into the stack. By 10¢5, coke consumed during
normal operation chould be ecuivalent to the lovest level currently
attainable, i.e. pertaps 350 kg per ton of rig iron, ith an auxiliary
tuyere-injected fuel consumption of 100 kg (ecuivalent, per ton., Total
enersy concumrtion should therefore be about 3.1 G cal per ton of pig

iren, diminishing after 1935, ith the injection of uczes into the stack,

to :.0 G cal mer ton; -1th coke consumption beins reduced to poussibly

25C kg per ton of pig iron. here cupplies of reasonally mood coking coals
are available up to the end of the present century, coke ratec can be
expected of 475 to 525 kg and the ecuivalent in injected fuels of 25 to

50 kg per ton of pig iron, i.e. a total of 3.7 G cal per ton of pig iron.
(v, Zubctitution of form coke for metallurmical coke. “.here coal not
cuitable for cokins but suitable for converzion to form coke . in adecuate
suprly, it vill probably become the principal fuel used in blast furnaces
ith a corresponding drop in the use of injected fuels. Thir material will
most likely be commercially available within tne next five years.

(¢) Cubstitution of charcoal for coke. DProvided that it is in abundant
supnly, charcoal can be ured ac a blast furnacc fuel. altnour Lizli.ly reactive,
it 15 aot strong enours to vitistand the abrasion ¢y the cnarze in a standard-
leight furnace; it can, ho.ever, be uced :oct cat.sfactorily in smaller
furnaces. lien this form of substitution i: nade, offorertaticn ro~ramme:

should be introduced in tne intercct of environmentil concervation.

birect reduction. Irocescer emplored to reduce iron ore to colid metallic

iron - otrer than the iron blust furnace - are called "direct reduction”
yrocesses. Depending on the procertes used, seversl cof “licw Love found
industrial apnlication, the end-products zre =ren-e 1iron, metallized iron ore,

reduced pellets, direct reduced iron ctc,

Direct reduction processec are ~enerzlly clucscified wccoruing to the
reductant and fuel employed. wnile mas 13 uced as the fuel and reductant
in the shaft furnace, gas retort system and fluidized bed, colid fuels are
used in the rotary kiln and in the retort system of the same name. It is
to be noted that all direct reduction processes enjoying larre-scale commercial

application utilize gan, primarily reformed natural ras, oo bot: fuel and

reductant.
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Processes employing various types of solid fuel have been in
use for several years, albeit on a modest scale. The present capacity
of direct reduction systems tends to be small, at the most that of a -
small blast furnace. Where production capacity of more than 0.6 million
tons per year is required, several direct reduction units will be necessary.
In 1975, only 1.5 per cent of the world's pig iron was produced using direct
reduction processes. This notwithstanding, in 1976 no less than 50 new
plants vere under construction or being planmed, 20 of which should be
operational by 1980. Most of these mew plants are larger than those
existing at present. Some 5 per cemt (30 million toms) of the world's
pig iron in 1980, and possibly 8 per cent by 1985, will be produced by

these new capacities,

Steel-making

The principal processes by which common steels, such as carbon and
low-alloy, are produced on an industrial scale are: the basic oxygen type
of furnace (LD/BOF or OBM/Q-BOP); the Basic Bessemer; the electric arc
furnace; and the open-hearth furnace. The primoipal raw materials from
which the steel is made are pig iren (hot or cold), irom and stesl scrap, and

direct reduced iron.

Basic oxygen furnaces. Current advances in steel-making attributable to these

furnaces are: decreased heat times; improved slag oomtrol and lining life;
improved furnace control; better furnace charging methods; and improved
facilities for collecting and utilizing waste gases. Although the

OBM/Q—BOP process was developed several years after the LD/BOF process, it
offers only limited advantages and is not expected to replace the LD/BOF process
to the same extent that the latter process replaced the open-hearth and Basic

Bessemer furnaces in the years between 1950 and 1965,

Basic Bessemer process. This is reasonably well suited to the production of

many steels of commercial quality. Although it has fallen into disuse, its
operation is simple and inexpensive and may still be oonsidered for the
refining of hot metal vith a high phosphorus content (1.5 - 2 per cent).




Open-nearth furnaccs, The principal disadvantares of these are the

Ligh cost of the plant and refractories. A further constraint is the
nign degree of labour recuired for crerating the furnace, thich is other:i:e

very flexible in termc of =ize, ra- materialc and fuels.

zlectric furnace. Tne princijpal clectrically powered furnace employed in

the production of steel 15 the arc lurnace - hicl operates on a three-pnase -
slternatings current., .everal methodr for meltin- direct reduced iron nhave

been devclored, lioever, the conventional electric arc furnace is not

ideally suited to meltin~ dircetly reduced materialc, especially those

containin,s more than £ per cent mangue, ac this leads to the formation of

¢ large volume of slag.

vastins orerationc. Tio typer are nov in reneral use: +traditional ingot

casting ured extensively in large and small steel plants, and continuous
casting wmich ic currently used in approximately 10 per cent of all steel

psroduced in the United States and approximately 20 per cent in Japan,

The continuous castin:* process can be expected to spread further,
on eccount of 1ts savings in energy and its high yvield compared uith

conventional ingot custing.

c.enging technoloxical jatternc.  lbespite tioe difficulty of lorecasting

ike cvolution of individual steel-makines procescer lmo n today, certair

trends arc identified in this ctudy:

(a) Tic decline of the Bezseer and Thorac procc.tes, to some .H
rer cent of orld steel rroduction in 19075 5
(b .~ decreace 1n oren-rcarth steel-makin~, altnous. tic rrocess
it otill used in steel ‘lants in various vartc of tre orla
( 0.2 rer cent oi t.c orld steel sroduction in 1975,
(c, Tre nurcnomencl suread of bacic oxyren furnaces since tne mid-1950c,
accountin~ for SC.¢ rer cent of crude steel production in 1074,
(d; an 1ncrease in electric furnace nrocessing, vhich has more thran
doubleu from 7 ver cent in 195C to 1649 rer cent of steel «

nroduction 1n 1975,

Considerin~ all t..e vteel-maiiing projects under construction and in

rreparation, it can be anticipated that the use of basic oxygen furnaces

©ill increase to nearly 7C rer cent of crude by 1985,




In the light of expandins use of direct reduction and the trend
tovards transforming primary eneryy (includin/ nuclcar energy ) into
electricity, tic electric furnace will be used tou an 1ncreasin:~ derrece
in iorld steel-makins (about U per cent in 1964, and & per cent in
2000) at thLe cxpence ot the open-hearth procecc in particular, hich will
probably decline to 10 jer cent of vorld stecl production in 1985 ana

to 2 per cent by tue year 000,

hercan the bacic oy en [urnace 111 rave aciieved 1t nifiest osiare
in worid steel ,roduction by 1:6H, 1t 10 expected to decline subucruently

to 60 per cent of orld ;roduction in tne reriod 1986-2000,

Levels of inte ruation. In ;lanmnge the 1ron and cteel industry, t:ae choices

to be made wre not toiely iinkied to the tecnnology of 1ron and steel-making
rocesses, cincc concideration o.ould also be mven to tie level of interaticn
|

of tiie variour rnrocenin - st ec.

secordin - to the traditional cleneirfication, an intesrated -lant  ould
carry out all operations rom the jroduction of ;i 1ron usins iron oreo
and coal to ti.e rrouuction of finished rroduct:. Hon-1nte~ratea cteel
vlantc need not huve smeltins furnacec; +tney could rely on steel rerar ac

th. princivnal ra material.

in t..c pact, in o seriow of troiin - 1ron and stec! wenane 1ta consecuent
lo. escrap availability, tire conctruction of interratcu teel ;lunt: 1t
cokins facilitieu & con :dered necencar, Vouzy, O every tre airect
reduction rrocec: offers wn zltevotive to totil derendence on vera: suiplies
and, if combincd it. ciectric arc jurnace. e continuou. ~coting, otiers
wznotrer ror-uibitit, o "nteratin~ iron- wnd cteel-nzliin in one - loat. it
ic to be expectea tiuty oo re wurdr sroceaiinty tirc nzan coot, o rice relationsiayce
in iron- and steel-makiin 11l be determined by tre lar e comilcover 1tr 10-2C

rmillion ton cup ity

caall anu mewium-cizeu units 11l otill be able to ok oliiciently

vith suprlies of locel ncrar or reuurcu orc. Yroreooroxite it te vlrcets,
re. roterial one encrT couve o, o olt oo toers nbiiit to reccone Clexabls

to vrecatie reruirenenitc, coulu overcore t.e cot cavintic e enioyec bl oree-

scile rlanto,




The design and manufacture of steel plani ecuipment

Lbteel plant ecurpment 1r manufactured by & lar;se number of enterprises
operatinys as 1ndependent firms, or as ascociates of major steel -making
COmpanl1€s., The development of local spare parts manufacturing capacity
1S & comylex irocern, It can be assumed that the average annual requirement
of spare paric ranges from 2,400 tons to 3,200 tons per million tons of
production capacit,, depending on the age of equipment and standard of
malntenance. Local manufacture of spares may help obviate production
delayc and reduce import bille ac ~ell as promote the development of local

engineering skill and manufacturing capabilities.

In developing local steel plant engineering and production capabilities,
priority should logically be given to light- and medium-weight rolling
mills and firishins line ecuipment. In building up a steel plant

manufacturing industry:

(a; ~ desigm and engineerin company can be formed to cpecialize
in the purchase and develorment of ccuipment designs;
(b anuficturing comnamies producings ~imilar ecuipment could expand
and restructure tneir ormanization to meet local recuirements:
{c) ~ ne comran could be set u; to manufacture eruipment and spare

parte.

The devim and manufacture o steel plant ecuipment 111 of necessity
lead to « stren-t: ening of the heavy ensineerings sector, In a sector such
a: tne heavy cajital foodec inductry, tre ap;ropriate balance of en/ineering,

jroduction and marketins capability can only be assessed in the long term.

_nvirome ntal mana,sment

The iron and steel industry 1s responsible for the production of
gaseous, licuid, and solid contaminants. The gaseous contaminants from
large plants include sulphur and mitrogen oxides, ammonia, and carbon
oxides, as vell as particulates such as iron, silica, and )imestone. The
ligquid contaminants include tars, oils, phenols, cyanides, ammonia, heavy
metals, low pH, and suspended solids, Solid wastes are largely raw

material fines, such as carbon, iron, silica, and limestone.




~ott contaminants in tie con.entional -rocecrs orimirate 1n tune
reparation of ray lron, 1.¢. 1n cokc ovenc, cinterinc~ ana I lletizlnr,
and blast fwnuce ojerit;ons, The coke ovens contribute mo.t cf tue
~ cuemicai contuminant. :ile ti¢ other unite cenerate tne solid matter.
In addition, tre finichan, operations in hot -forming and cald-rolling ;-1ve
of f metaln, weidry, and 011 w  ell ac iron scale, .lile poer ;lante

exude oxides of culphur and nitropen,

Gaseous contaminants can be controlled by baghouse filters, cyclone
Separators, elecroctatie ~recipaitators, and both solid unu 11cuid
scrubber: . Licuid cont.zianante can be removed by neutralization,
sedimentation unu lotation e ell ac by concentration and re-use.

In certain instance., biolo-ica] treatment 1+ reruivred. Colid :actes
are settled 1n or riitereu ocut o ~crabber and jrocene  ater actec;
tie can alio be refined fro- blart furnace und bacic oxy, ¢n furnace
clar. Lo rositic ste,r nuve been taken on an 1international ccale

to reduce noise levels or irevent aestrnetic contamination.

as a lant become: "environment conctciouc" 1t tends to convert more
and more of itc air ana @ ater contaminant: into solid - o tes -i.ich in
turn become onc of it: mie or concernc, 1t 15 very important to thre
economcs of t.e 1nduntry to recover and re-use as mucl. of these solids
as poccible, Tiie re-use of solids found in mill-scale, blast furnace dust,
sinter plant dust, slagy lime dust, scrap and scarfing pouder 1s recommended
for reasons of economics as ell as rollution abatement. All tne particulate
4 solidc recoverea - .1t the exception of sla~ - can be incor-.orated 1in
cinter miw, rellet-abain y tolle-maliins, ind ovder metollur TLCLl i'ne
bluot furnuce Sl cun be re—u eu notie rraauction of cenenty arnsuiation,
builu:n - materiaic, ane Loore-ltes Jor roau buildain;, Stnie oxyen furnace
clas 10 alvo valucble for bot! 1tn 1ron ana roletivels - rnocphorus
content, ire 1ron can be recliulneu for ro-ue tntio 1oty cile the

('S remainins pLosporus  can be uced as a fertiligzer,
Tie magor procecs c:.ancet chich reduce environmental pollution are:

- (a, ury instead of : et ruenching of coke;
(b Hpdroenloric neid inrtead of sulpiuric acid rieklin-:

(c; ~ircet reauction inrteau o blirt furnzce met. oas,
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The environmental consecuences of steel production at a given site
should be studied and evaluated prior to approval of the project. Environ-
mental ruality guidelires should be established during plant design and
construction 5o as to prevent excesc environmental contamination, The
site of a steel mill must be selected carefully to ensure that there is
ample air and ater for dilution,and land to serve as a buffer zone and
receptacle for residual unusable solids. In iron and steel production
some environmental depgradation is almost inevitable, but the degree of
degradation snould not exceed the minimum standards acceptable to the
local community and government, nor should it be arbitrarily set by the
industrial plant, Furthermore, care should be taken to ensurc that the
clecan air and .ater at present abundant in many developing oountries are
not sruandcred through indiscriminate use as waste receptors. In general,
ctricter environmental controls should be exercised in iron and steel
nlants constructed in the developed countries, since heavy industrialization
in thece countrics no longer permits the use of the natural environment as

an cffluent receptacle.

Aalr and ‘ater pollution control costs can be expressed either as a
nercenta e of production costs or in dollars per ton of product. In the
first instance, the factor ::1ill be 1 to 2 per cent, in the second &2 - 5
per ton of steel produced. These costs are sufficiently low to be spent
by plantc in developing and developed countries alike. They chould be
absorbed in the price of the steel and prassed on to the consumer. These
costs may be reduced still further in future by establishing integrated
industrial complexes containing steel mills and such auxiliary industries
as fertilizer and agro-industrial plants, Though the production of iron
and stcel results in the discharre of numerous contaminants, it need not be
constrained by environmental factors since control technology is kno:m and
abatement costs are relatively insigmificant in relation to other production

costse.

Plantc should be located vrimarily but not solely in developing countries
on minimum-cost cites, preferably in intesrated industrial complexes so thot
both production and environmentzl coctc can be minimized through the utiliz-
ation or rec-cycling ¢f actec. tonsiderable rescarch and pilot experiment-
ation is necessury in order to optimizec ticse industrial complexes (:hich

may contain o different mix of industrics for each site). llierever possible,
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cteel products should be manufactured using direct reduction, electric
arc furnaces and continuous casting secuences, thereby minimizing

environmental damage.

Resourccs
AL oAt

In concidering tne recources necessary for the development of
the iron and steel industry, resource evailability and geographical
distribution are of parwscunt importance. These factors are considered
here as they relate to energy resources, mineral reserves and
scrap availability. An attempt hac been nade to aszes: the procpects
of an increasea share 1in :roduction for individual countries, in terms of
resource availability. It 15 hoped that tne assessment uill assist in tre
decision-making process regarding the establishment of production capability,
concomitant u.ith the aims of these countries in terms of their desire for

import substitution, export tarrets and self-sufficie. cy.

iiowever, availebility of recourcec is not the only factor vital to
tte development of an iron and steel industry., Some countries have
achieved a successful development record in this sector ‘ithout tle
advantarecs of domestic mineral or eénergy resources;  ith trained manpover,
accuired technological skillcs and financial creditibility, they have been
able to rroduce and export, llevertheless, it is considerably easier for a

country having its oim resourcez to enter tie production field,

=17ht majgor raramcterc nave veen identified -rith respect to ener;y and
mineral recourcec, Four of ti.em relate to energy - total coal, naturgl
gas, rotential oil and Lydro-el:ctric enerzy; and four relate to ra
matericls or are combineu fuel ond reductants - cokinz coal, ferrouc ore,

cnarcoalyand mansancie ore,

It can be ceen that the mout sirmificant nindrance to tne ectablichment
of steel production facilitiec in tie developing countries is tie lack of
coliin~ coal. This lack 1ll, to come extent, limit the technolories tnat
can be utilized in the uesired over-all expansion pattern, but it =111
not nececsarily preclude develorment by individual countriec; in 1970,

over 5C per cent of crude steel 'ag rroduced by countriec hich imported

<5 rer cent ef ticir fuel recuirementc for ener;y alone, -ucn & ide choice
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of production options existc that, given marketing, technolosical and
financial ability, fcu developing countries exist in which the industry
cannot be developed, The direct reduction process, in particular, offers

opportunitiez for the establisnment of steel industries in developing countries.

It has been nossible to identify those developing countries which, in
the sense of kno'm mineral and energy reserves, are in a favourable position
to establish an iron and steel industry, and to designate them favourar.le
(1hen they have five of the eight parameters mentioned above, less
favourable (three parameterc), or least favourable (less than tnree

parametcrs),

1t 1s emphasized, however, that this assessment has been made in the
light of knoim resources only, and must be concidered in this respect.
PPurthermore, the concept of five favourable parameters does not necessarily
imply that all resources for any particular production route exist: some
countries in this caterory may need to import ccoential resources in order .
to complement those exicting., Again, otler countriec, classified as less
“avourable, may have an abundance of one or more resources vhich, taken in
conjunction ".ith otlier factors, such a. proximity to markets, may iarrant

further concideration by decision-makers.

Tie most sigmificant conclusion to be dra'm from these fiqures is that
vhile tne developing countries have a dominant share of world resources of gas,
oil and hydro-electric energy potential, and a good share of ores, they suffer
a lack of coal, particularly coking coal, It vould appear, therefore, that
for many developing countries the electric furnace method, utilizing both
scrap and directly reduced iron, offers the most favourable development
possibility; this method has the added advantages of flexibility of size

and lo.er plant costs.

In the blast furnace methnod, the substitution of charcoal for coke is
an acceptable and fully feasible technology. Its utilization vill call for
an early decision ith respect to forest establishment, ho:ever, in order “
tnat sufficient supplies can be ensured by long~term harvesting and replanting
strategies. The paramount importance of preserving environmental balance in

the developing countries may limit the utilization of charcoal, if programmes

for adecuatc repl nting are not given rriority.







Ad:inic- ckilled Semi- and
Ingineers Technicians trative i—l———— unskilled Total
vorkers
vorkers ——— uyorkers
T°:il2ggga“d 60,000 150,000 210,000 640,000 970,000 2,000,000
Averase arnual
demand, 1975- 1,800 4,500 7,000 19,500 28,000 61,000
1985
Average annual
demand, 1986- 2,800 7,000 11,000 36,000 43,000 93,000

2000

vapital requirements

veplacements and nei investments: their order of magnitude

It ic expected tlat ne iron and steel nroduction facilities uith a
total capacity of 380 .illion tons ‘4111 be added to the orld's steel-
makins capacity over the periud 1075-1985 itk a rossible further 765
million to 1,080 .a1llion tons bein:- added over tic period 1986-2000, In

e t-'c eriodc cited above, replacement of existings capacities +ill most
srobably be of the order of 24C million and 45C .1llion tonc respectively.
The developing countries' share in these ne production capacities and
replacements '.:o_uld be 115 million tonc (1975-1985, and ;39 million tons
(1986-2000). & The ectimated averagse annual expansion of production 1s

sho'm in tle table beloi, in millions of tons:

1975-1985 A 1986-200C
Develoring veveloping
l.ﬁ‘ld total countries 3/ orld total countries 3/

lie: capacity 38 10.9 51_729/ 19,6
lteplacement 24 0.6 30 560

y China not included.

L7} 51 million tonc :ould involve an increase in investment of 37 per cent,
72 million tons an increace of 89 rer cent.,

o

Although several production variantis are presentea 1n unapter il, oniy
one steel production capacity variant is examined here, corresponding
to the production by the year 2000 of 378 million tons :ith a plant
utilization factor of 85 per cent.

|
i




The 38 million tons additional annual capacity estimated for the
period 1975-1985 is very close to the precsent level of investment in iron
and steel plants. Bottlenecks may occur in certain regions or countriec

oing to infrastructural shortcomings or lack of skilled lcbour.

Calculating average capital costs

Nev steel-making capacities of the magnitude of 35-40 million tons
annually are currently under construction. Hoever, as these are based
on contracts agreed upon in various years and under \idely differing
conditions, their capital coct can only be approximately indicated. Ior
the purposes of this study, an average price of (600 per ton has been taken.

The rationale for the assumption of this figure was:

(a)  The capital cost figure selected is based on installed capacity of
crude steel-making; it would have been higher had it been calculated en
the basis of the expected operating rate of 75-95 per cent capacity.

(v The expansion of cteel-making Ccapacities involves investment in both
ne: and existing plants (green-field investments and rourd -outs ). The

capital cost figure cuoted for iron and steel mills covers:

- liills of different si1ze, hence at different points on the capital
costs degression curve;

— liills using different production methods, such as blast furnace and
basic oxygen furnace; direct reduction and electric furnace; and
scrap melting:

- liills rith rollins nd finishing facilities, greatly varyin- 1n
terms of cize and ecuipment.

(c) Using agpresate data relatin- to the current decade, tice ¢-i1tal coct
have been elaborated separately for nrlants usin~ blast and bacic ox:en furnuce
(648 per ton of capacity) and thcse using direct reduction and electric
furnace technicues (I :02 per ton of capacity . I'or the latter, i cteel-
making capacity of 0.5 million tons .ac ascumed ac vag o direct reduction
capacity tu meet 70 per cent of the metallic recuirementc of the electric
furnace.

(4, l"or developing countriec unable to afford the plants describeu above,
smallcr steel-making capacities of 200-.00 tong i-er day cuan be achieved
throuzh the inctallation of an integrated plant using direct reduction and

electric furnace methodc, or tirousr the expension of exiustins re-rollin,.
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or scrap-melting plants.

Given appropriate bar, rod and section-rolling facilities, the
capacity of these inbegrated mills using direct reduction and electric
furnace methods may be ae high as 0.5 million tons, while the investment N
costt may be as lo. as $180 per ton of steel-making capacity. Depending
on tr.e iroduct mix, operation may be deemed economic at an annual production
level of 20,000 - 400,000 tons. apital cost degression in respect of
bot!; di.ect reduction and electric furnace methods it considered lou at

level: above 500,000 tons per year.

(e) :'ollin~ and finishing facilities have an anpreciable effect upon
cajital costs, though the exact extent thereof i1 often only vaguely
defined 1n investment figures published. The capital costs usually vary
betireen 90 and . 00 per ton, but they may be much higher, deperding on

the ci1ze ¢f the operation and its ena-product. in this area, the economies
of rcale arc rarticularly important.

(f, T.e anufacture f "rounds", cuch as 1ire rod, concrete reinforcing
bars and light and medium structurals, uvhich account for more than half

of tne cteal consumed in the developing countries, is deemed economic at

un annual production level of more than 100,000 tons. The i1nvestment needed
in o merchant bar mill 1s of the order of .70 per ion of capacity. An
efficient level for the manufacture of most flat-rolled products is in

the rane of 1-: million tons.

(¢, In vie: of the capital cost degression of tne rolling and finishing
capacity as . ell as the local demand for steel, the priority given by
uevelorins countries to self-sufficiency in non-flat products 'ould appear
logical. It mi~ht be economically desirable for these countries to export
continuous-cast slabs, billets and bloom until such time as demand (1-
rillion tons) for flat productc justifies the installation of rolling and
finicrans facilities, The capital cozst fipures are certainly influenced

by the fact that, 1n the developing countries, rolling and finishing

-
operations are assumed to be less diverzified, and manufacture 15 more
oriented to ards non-flat products.
(n) In the case of mills using blast and basic oxygen furnaces, tne fixed s

assetc account for 68.9 per cent of total capital costc, ihereas in the case
of millc uein;y direct reduction and electric furnace methods, they account

for 74.5 per cent. I'roject implementation and pre-operating expenses !




account for 9.6 per cent of total capital costs in the case of the first
mills and 8.2 per cent in tha:t of the second mills. In respect of the mills
using blast and basic oxygen furnace methods, the infrastructural

investment estimates given in the study were based on experience gained

in projects executed in lLatin Auverica and Furope, uhereas the infra-
structural investment figure quoted for the mill using direct reduction

and electric furnace methods is a pro-rata estimate,

(1) The vorking capite recuired for a mill using blast and basic

oxygen furnace methods 'as based on experience feined in Latin America, vhile
that of the mill usine direct reduction and electric furnace methods was
ascuned to be much lo er,

(1) Investments necessary for the extraction and beneficiation of iron ore
may amount to 100 per ton (including pellet plant), and those for coal
mining L s0-40 per ton, or even more. These investment costs are not included
in the average carital costs per ton of steel cited in the report: hovever,
they @ ould have to be taken into consideration if mining operations rere
carried out locally or if the level of past export earnings .ere to be
maintained.

(k) lio attemrt nac been made to estimate price escalation in tie long
term. llovever, this must be taken into consideration, srould specific
national studies on financin~ be made. F'or example, steel plant ecuipment
vent up some 80 rer cent in price ir the period 1965-1975, thile building-
and construction costc increased by an even greater amount in many jparts of
tre orld,

(1 Interert payments may account for an additional 442 per ton in tie
case of tic capital coctr estimated for a rlant using blast and bucic
oxyren furnace nmethodc, and an additional .10 per ton in tnosc |lants
usin direct reduction and electric furnace metiodr. ffovever, tiieone
additional costr icve not been considereu i1n this study.

(- “lLe rrorortion or foreirm to local co;itel 18 of ma jor importance

to steel rrojects in the developins countrics. This proportion differc

in recnect of the various fixeu assets, sucr as plant and spares, transport,

construction and civil engineering works, On an average, this proportion
micrt be 60:40,
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Capital recuirements, 1975-2000

The estimated capital expenditure involved in replacing and

expandings iron- and steel-making facilities are:

(Billions of dollars, 1975)

Per vear, 1975-1984 Per ycar, 1986-2000
- . Developing - LDeveloping
_dant ~orld countries -orld countries
A B
variants
.enlaced Te? 0.2 2.0 9.0 0.9
:IJ\Ta.nded 6.4 008 9.7 15.1 261
IIC'..' 11.8 .2 14.4 1800 8._3
Total 5.4 0.2 3361 4201 110
Cranu tote ,
period 54,0 67.0 296.5 631.5 169.5

Assuming thaty on an averse, 40 per cent of the capital costs -rould
bc met from local currency, come $3.7 billion and .6.8 billion foreign
excliange 'ould be recuired annually in tre respective periods, INurther
ascuming that, on an average, 5C ner cent of thece amounts :ould be
financed tarou s medium- and long-term loans, foreirm recources recuired to
finance tie cteel inductry in the developing countries (not including China)
ould be of the order of .2 billion in the period 1975-1985, and 4 billion
in ti.e reriod 1986-2000.

AL & comparison, referencc is made to trne flo- of financial resources
from =clected aeveloned countries r to develorins countrics and multi-

lateral institutions 'hici. amounted to .26,8 billion in 1974 and an estimated

r australia, Austria, Belgiun, Canada, Denmark, Finland, France, Germany
(Fed. Rep.), Italy, Japan, letherlands, llei: Zealand, Horvay, Sveden,
Sitzerland, United Kingdom and United States.
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$37.5 billion in 1975, and comprised both official amd private net
disbursements. 8 The sharp increase from 1974 to 1975 was linked with
the rise in private export credits from $2.5 billion to $6.2 billion,

In determining the total capital expemditure, consideration should
be given to the cost of establishing or adapting the infrastructure:
these costs, hovever, have not been entered into in depth in the study,

oving to their high degree of variance.

§/ vorld Bank Annual lieport 1976, table 3, p. 100,

]
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Chapter 1J

WOHLD STEEL PRODUCTION AND CONSUMPTION TO THE YEAR 2000

A, FORECAST TO 1985 AND 2000

In this chapter, steel nroduction and consumption are projected to the -
year 1985, and alternative growth variants are given for the year 2000. In
addition to the specific approach adopted in this study, various other fore-
casting methods are discussed. Steel production and consumption projections
are presented for economic groups and geographical regions. Of the significant
determinant factors, particular consideration was given to long-term production
and consumption trends and t¢ new steel capacities planne?l in specific countries.
Also presented are the results of a gquantitative investigation into historical
steel production and consumption patterns Owing to the strict schedule for
this study, the preliminary quantitative findings could not be incorporated in
the projection, though the methodoiogy used may serve as an input to the

development of a more sophisticated projection procedure.

Patterns in steel production

Steel-making has long been regarded as the traditional foundation for the
development of heavy industry. Historically, the industry’s growth rate has
tended to be rapid during the early or formative phase, only to decline or
become negative in later periods of development, The long-term growth pattern
L of the iro- and steel sector usually provides a clear demarcation between the
industry’s early and mature phases of development. Consequently, growth rates
for iron and steel production differ widely between countries where the industry

is in its mature phase and those where steel production has only recently started.

The steel industry has gradually spread from traditional European centres
t o other developed countries and, in recent decades, to developing countries.
The global share of the traditi onal steel producers has generally decreased -
while world totals have increased. For example, in the period 1936-1938,
Western Europe and North America accounted for over 70 per cent of crude steel
production, and the USSR, with over 14 per cent of world output, was also a
prominent producer. By way of contrast, Japan accounted for less than 5 per

cent of world production, while the developing countries' share amounted to

only 1 per cerﬂ:.1

1/ Stahl und .sen, © [ 7Uouj, Number U, p. 568.
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Since 1945, the geographical pattern of steel production has undergone
major changes which reflect the type of long-term growth pattern described
above. In 1974, the developing countries' share in world steel production was
5.1 per cent (as against 1.6 per cent in 1955), while Japan's share increased
from 3.5 per cent to 16.5 per cent over the same pe:‘iod.2 This consistent
pattern constitutes a useful, although by no meuns infallible, guide to the
future scenario of world production. Thus far, the production pattern has been
roughly similar from one country to another, a characteristic which also lends

itself to forecasting exercises.

Forecasting future development

In planning future steel production capacity for a plant, country, or
group of countries, the first step must be to make projections for the markets
the new capacity will serve.é/ These projections should be made in terms of
specific steel products such as plates, bars, structurals, wire, sheets and !
piping. In planning for a specific plant, attention to product detail is
essential (exact grades and sizes). For national or sub~regional planning,
however, product detail need not be so precise. The planning can be carried out
on the basis of expected total steel consumption, which is usually expressed
in terms of raw steel equivalents (i.e. the consumption of steel products
divided by a factor of 0.7 or a little higher).

In the case of the present study, it was found impractical to attempt
forecasts in terms of brorad product categories. Detailed product information
will be necessary for planning at project or national levels. The method
normally employed for a study of this nature is the sectoral approach, according
to which future production is forecast for specific steel~consuming industries
such as construction, machinery, automobiles and shipbuilding, often in relation
to the estimated gross national product. Steel consumpti on factors, generally
based on past experience, are established for each consuming industry, whence

envisioned steel requirements can be derived.

g/ See Table 1. (Numbered tables are to be found at the end of this Chapter.)

}/ This study distinguishes between projecti ons of demand and consumption
on the basis of the model employed in the projection exercise. Ideally,
a projection of demand is preferable toc one of consumpti on, and where the
model uses income and/or price variables, the result are referred to as a
demand forecast. In those cases where the model is a simple extrapolation
of previous consumption trends, the results are described as projected or
expected consumption.
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Unfortunately, however, this method, although generally considered to be
highly effective, supplying as it does the type of product detail describea
above, is also the most time-consuming, requiring voluminous data inputs -
particularly when it is applied to more than one country. And it often happens
that the required date are not available, especially from developing countries.
Thus, for planning at the project level, the method is extremely useful, but

it is beyond the scope of a broad study such as the present one.

In developing the model upon which the forecasts given in this study are
based, projections by the International Iron and Steel Institute (IISI),
Brussels, were taken as the starting point. The IISI projections, in turn, are
based on the steel-intensity method, which relates steel intensity - defined
as steel consumption per unit of gross national product (GNP) or gross domestic
product (GDP) - to GNP per capita. By combining steel-intensity factors with
forecasts of population and GNP levels, it is possible to arrive at projections
of steel consumption for countries, groups of countries, and the entire world.
The figures were adjusted to reflect developments that have taken place in the
industry since the original IISI forecasts were carried out in 1971-1972 and
projected on the basis of expected growth potential in the developing countries,
together with complementary information derived from national development plans.
Other inputs included the information gathered by UNIDO in the course of its

technical assistance activities over the past decade.

The economic fluctuations that occurred between 1972 and 1976 were taken
into account, as was information that was not available to the original IISI
forecasters. Among the non~quantitative factors considered in the revision,
planned expansion and investment in the iron and steel industry were accorded
particular importance. This information was compiled on a country-by-country
basis, often at the project level. National demand projections were alsc con-
sidered, as were production estimates and the intention to produce for both
domestic and/or foreign markets. As the information from various sources re-
garding planned rates of capacity and possibilities of project delays diverged
somewhat, it had to be analysed in the light of past experience to determine
its worth as an input to the projections, it being remembered that the estab-

lishment of iron and steel complexes can take up to ten years.

g/ 77D - Forecasting “teel Consumption, Paris, 1974, IISI - Projection 85,

Brussels, 1972, World steel demand for 1985 is projected according to
the Brussels methad,
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Two world growth paths, corresponding to growth rates of 3 and 4 per
cent of world steel production and consumption, were assumed for the period
1985-2000. Available information on planned expansion and historical patterns
of consumption and production, growth rates for the variocus economic groups and

geographical regions have been used.

The fundamental assumption is that the global growth rate of production/
consumption will drop from the levels achieved in 1955-74 to 3.8 per cent in
1975-85, to settle between the 3 per cent low and 4 per cent high indicated
above, Both growth rates were considered in relation to country groupings,
consideration being taken of percentage changes in world production and consump-
tion. Per capita consumption and production figures were used to test the
impact of the various growth rates on the level of steel consumption and pro-

duction. One production variant was elaborated on a country and sub-regional

basis (Africa, Asia and Latin America for the years 1985 to 2000). The re-

sults are considered alternative scenarios, on the basis of which a quantita-
tive assessment can be made of various growth expectations and their impact on
resource consumption and capital requirements. In this context, special consi~
deration was given to the views expressed in the Lima Declaration and Plan of

Action.

Consumption and production in 1985

In its original forecast, IISI estimated that 1,144 million tons of steel
would be produced in 1385. Though the forecast was carried out in full aware-
ness of the pattern of previous cyclical fluctuations, the subsequent boom of
1973-74, and the suddenness and severity of the 1975-76 recession, made a slight
reduction necessary. This recession was equivalent to the elimination of all or
part of one year's growth from the long-range picture. Thus, the original

forecasts constituted an over-estimate of the order of 10 per cent.

It is far more difficult to evaluate the possible extent of future changes
i1 the price and availability of the various inputs for steel production. In
the long term, this will probably be somewhat negative for steel consumption,
but not markedly so.

With respect to the substitution of materials such as aluminium, plastics
and concrete for steel, the easiest and most logical substitutions may have
already taken place, and these are fully reflected in the data for past periocds
upon which future projections are based. The rate of substitution is likely to
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be lower in the future, hence substitute materials may find increasingly less
application. Purthermore, although the costs of other materials relative to
steel have been low for many years, this trend now seems to be declining and
may even reverse. The plastics and aluminium industries may have reached
maturity and their rate of technological advance is slowing dowr and becoming

more comparable to that of the steel industry.

In the light of the above, a slight reduction in the IISI forecast of
1,144 million tons for 1985 might appear justified. According to the methodology
used in the present study, some 1,069 million tons of steel production/consumption
are expected for 1985, corresponding to a 3.8 per cent annual growth rate in
world steel demand between 1974 and 1985. The growth rates of steel consump-
tion and production in the different groups of countries would be the following:

Assumed growth rates of steel consumption and production, 1974-1985
(Per cent)

Consumption Production

Western Europe
EEC
Other Western Europe
Eastern Europe (excluding USSR)
USSR
North America
Usa
Canada
Oceania
Japan

.
.
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World Total

Source: UNIDO estimates.
a/ Not including China.

5/ While the present study was under preparation, IISI published a prelimi-
nary corrected estimate for 1985 of 1,058 million tons. (Discussion paper:
"Some economic aspects"”, Annex 3, IISI, Annual Meeting and Conference,
10-13 October 1976.) The reason given is different, however. The de-
crease is derived from the better yield of steel-makins connected with
the spread of continuous casting. This means that TISI has de facto not
changed its consumpti'n forecast for 1985 for the time being.
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In general, the share of the developed countries in world steel con-
sumption will probably continue to decrease, although some countries are
expected to maintain, or slightly increase, their particular levels. The
share of the developing countries will probably reach 15.9 per cent in 1985
(compared with 10.5 per cent in 1974). 1In 1985, steel consumption per capita
will be of the order of 700 kg in the developed countries, a level that compares
with consumption in the United States and Japan in 1974.§/ The geographical
pattern of world steel consumption for 1985 (Figure 1) demonstrates the
substantial percentage increases forecast for the developing countries in the
three geographical regions. Consumption per capita projected for Latin
America in 1985 is expected to be roughly comparable with the levels achieved
in Eastern Burope in the mid-1950s, wherea:s the per capita figures for
developing countries in the other two regions would be considerably lower tnan

recent levels in the developed countries.

In view of the probable production pattern in 1985, the major net steel
exporters (EEC and Japan) are not expected to expand their share in total
world exports beyond the present levels. At the same time, the present im—
balance between production and consumption common to developing countries
vill probably be redressed. In 1985, rroduction in both developed and developing
countries vill be largely determined by existing capacities as :ell ac by those
investment projects currently under preparatior or in the course of execution.
Except for ''estern Europe (not including the EEC) and Eastern rurope, the
developed countries' share in :orld production vill probably decrease in the
period 1974-1985. It 1s estimated that production in ‘the developing countries
©ill represent 11.7 per cent of uorld total in 1985. §/ The increases in the
shares of each of the three developing regions are showm in Figure 2, together
with corresponding shifte in the shares of the developed market and centrally

planned ec nomies.,

It is not expected that the dev loping countriec ill be able to expand
their steel capacities so as to match their estimated consumption requirements
of 170 million tonc in 1985. Even an ambitious annual growth rate of 12

per cent cannot result in production greater than 125 million tons by

IQ

See Table 4.

e

Ibid,

Ig

See Table 1,
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1985,2/wh1ch means that the net import of crude steel equivalents will
probably exceed 40 million tons of steel in that year. Compared with the
38.1 million tons imported in 1974, this quantity seems to offer no absolute
improvement in terms of the developing countries' steel deficit.

Figure 1. Geographical pattern of world steel consumption
(Per cent shares) :

N
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Fastem Europe and USSR &\\\\\\\\\\\\\\\\\\\\\\\»\\\\\
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Oceania
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[ Jigss 1974 - )

2/ A more detailed analysis of the development potentials of sub-regions
and countries are given later in the Annex to this Chapter.

-
]
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Qrowth of steel consumption and production, developed countries, 1985-2000

The growth paths of 3 and 4 per cent for world steel production and
consumption are shown in Tables 5 and 6. These postulated growth rates
compare with rates of approximately S per cent in 1955-1974, and an assumed
rate of 3.8 per cent for the period 1975-1985.22

- Pigure 2. Geographical pattern of world steel production
(Per cent shares)
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10/ see Table, page 32.
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Steel consumption and production growth rates:

devel oped countries

(Per cent)
Consumption Production
1955-74 4.7 4.9
1965-74 4.4 4.6
1975-85 (expected) 3.0 2.8
1986-2000 (hypothetical)
Growth Growth
Variant Variant
Ia 1.5 Al 1.8
Ib 2.0 A2 1.5
II a 2.0 B1 3.1
IT b 2.5 B2 2.6

Source: Tables 1, 2, 5, and 6.

Postulated growth rates in the developed countries for the period
1986-2000 are shown in the table above. Consumption growth rates of 2 per
cent or below are roughly equivalent to those achieved by the United States
during the period 1955-1974. By way of contrast, the USSR, Eastern Europe,
and the EEC countries have enjoyed a growth rate more than double that of
the United States during the past two decades, while Japan's growth rate was
7-9 times that of the United States during the same period. On the basis of
these historical trends, an average growth rate of 2 per cent was thought
reasonable, although a rate of 2.5 per cent cannot be excluded.

As for the possible pattern of steel production in the developed
countries, indicative growth rates were assumed of roughly the same magnitude
as those adopted for steel consumption (see table above). Variation in
growth rates among developed countries was not consi lered and,
of this study, the same rate of growth was assumed for each sub-group.n

Thown below are the consumption/production ratios for all developed
countries in the period 1955-1974 together with hypothesized results for 1985

for the purposes

and 2000, which were derived using the assumptiors indi cated aboves

11/ See Table 6.
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Per cent
1955 95.3
1960 95.4
1970 95.3
1974 93.1
1985 94.6
2000 At -=1nb 97.2
B2-1Ib 94.4

S ——————

Source: Tables 1, 2, 5 and 6.

One alternative (Production variant Al and consumption variant Ib) for
2000 would result ir a narrower margin for net steel exports, whereas
opportunities for additional exports would be greater in the case of the
second alternative (B2-ITb). Since similar growth rates were used for each
sub~group of developed countries, the expected net export or import per-

formance of the groups remained unchanged.

In the light of these assumptions, projected steel production in the
developed countries would range from a low of 1,142 million tons (variant
Al) to a high of 1,373 million tons (variant Bl) in the year 2000. : co~ef.4ly,
the developed countries' share in world steel production may irop from the
82 per cent prcjected for 1985 to €9-71 per cent by 2000.

Additional insights into future consumption patterns may be gained by
examining trends in consumption per capita. The results of this examination
provide further justification for the assumed steel consumption growth rates
in the developed countries. As mentioned before, steel consumptior per capita
in the United States and Japan amounted to almost 700 kg in 1974. TIn the
United States it has exceeded 600 kg for most years in the past two decades
(see Table 4), reaching a high of 680 kg in 1974. The consumption pattern in
Japan is distinctly different, however, ranging from 206 kg in 1960 to 695 kg
in 1974. 1In the long run, per capita cor.sumption levels of 900 kg or more are
not inconceivable. In fact, such a figure will probably be indicative of

average steel consumption in most developed countries by the year 2000.

If the assumed steel consumption growth rates of 2.0 and 2.5 per cent are
applied to present per capita data for developed countries, other than the
United States and Japan, hypothetical levels are obtained which are roughly




comparable with levels at present achieved in those two countries. Consumption
levels in the centrally planned ecoromies are expected to exceed the benchmark
figure of 700 kg per capita by some 17-34 per cent, Owing to a slow rate of
population growth, centrally planned economies in Eastern Europe may reach
higher levels of steel consu ption per capita than the USSH by the year 2000,
although growt! rates for total consumption may be lower. Thus, the per
capita consumptior figures implied by tre assumed growth rates would appear

to fall into an acceptable range in light of present consumption patterns.

Growth of steel consumption and production, developing
countries, 1985-2000

Consurption is assumed to increase 2-4 times faster in the developing
countries than in the developed crurtries over the period 1985-2000. Annual
consumption and production growth rates for the developing countries are

shown below | in . er cent :

Consumption Production

1955-1974 8.3 11.8

1965-1974 9.9 9.2

1975=1985 7.8 12.0
1986-2000 aro.te Gro i
variant variant

I a 7.1 Al 7.7

Ib 5.8 A2 8.3

IT 2 9.4 B1 7.8

II o 8.3 B2 9.4

Sources Tables 1, 2, 5 and 6.

Several factors are implicit ir the assumed growth rates for the
developing regions. First, since most of these countries are still at a
stage where steel intensity (steel consumption as a proportion of GNP)
should continue to increase, the assumed steel consumption rates will
probably exceed the corresponding GDP growth rates. Secondly, Africa can
be expected to maintain higher growth rates than the other two developing
regions, rainly as a consequence of the initially small base upon which
future growth is measured. Thirdly, the growth rates for Asia and Latin
America are expected to be approximately equal.



With regard to steel production, the assumed ;rowth rates range from
7.7 to 9.4 per cent for the developing countries. As shown in the table below,
the scenario calls for a production increase in excess of 200 per cent between
1974 and 1985. A similar proportionate increase would have to occur between
1986 and 2000. According to these scenarios, the dewveloping countries' share
in steel production would range from 22.7 to 25.0 per cent, while their share

in world steel consumption could vary from 23.7 to 34.0 per cent.

Steel production and consumption in developing countries, 1974-2000

Production Consumpticn
Millions Percentage iillions Percentage
of tons share in of tons share in
world total world total
1974 36.1 5.1 74.2 10.5
1985 125.0 11.7 170.0 15.9
00 Low  (A) 378.0 22.7 395.0 23.7
‘ Kigh (2) 481.0 25.0 655.0 34.C

Source: Tables 1, 2, 5 and 6.

Despite such impressive rates of growth, production is not likely to prove
adequate to satisfy steel demand in the developing countries as a whole ir the
year 2000. The historical and hypothesized trends in the production/consumption
ratio between 1955 and 2000 derived from the various growth scenarios are shown

belows

Per cent
1955 26.2
1960 42.7
1965 51.6
1970 59.4
1974 48.7
1985 73.5
2000 Al-Tb 95.7
A2-Ia 87.8
Bl-ITb 68.8
B2-IIa 73.4

Source: Tables 1, 2, 5 and 6.
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In the course of industrialization, steel consuming sectors have tended
to grow faster than the domestic steel-making capacities. However, i1 the
developing countries, some exceptions to this general relationship between

consumption and production may be expected. A number of developing countries

-
in Asia, Africa, Latin America and the Middle East are amply endowed with

both natural and financial resources, favourable geographical locations and

linited local steel consumption. These countries have the potential to .

develop into significant net exporters, provided that they can ovtain access
to foreign marcets. Assuming that the main factor influencing production
levels up to the year 2000 will be consumption in the developing countries
themselves, an expanded role may be anticipated for these countries as steel
exporters.

The indices for per capita steel consumption derived from the growth
scenarios are shown below. By 2000, consumption per capita v_.ll have increased

substantially regardless of the growth scenario considered.

(1974 = 100)
1282 2000
Low (A) High (B)
Africa 132 274 389
Asia 169 279 397
Latin America 177 273 391

Source: Table 4.

Steel consumption per capita was calculated for only two alternatives.

The resultant averages for the developing countries correspond approximately
to the per capita steel consumption levels of countries in Western Europe
(excluding EEC) in 1955 and 1960 (109 and 145 kg respectively). Figures

for Latin America relating to 2000 would appear to correspond to average
levels achieved in Western Europe in the 1960s, while the level of consumption
in Asia would be comparable with those achieved in Western Europe (excludi-g
EEC) and Japan in 1955. The higher growth rates estimated for Africa in this

period would not affect its lag i» per capita consumption relative to the other

developi ng regicns.




Sub-regional distribution of steel~making capacities in Africa, Asia
and Latin America, 1985-2000

The cteel-making capacity required to achieve the production levels
elaborated for 1985 and 2000 provides a basis for the estimation of
capital requirement, The possible sub-regional distribution of steel-
making capacities using available information on present plans, projects
and intentions contributed to the develcpment of the scenarios presented

above.

The capacity estimates for 1985 are mostly based on project information
and national development plans. Necessary lead-times, celays in implementation,
amoiguous definitions of capacity, and other uncertainties may limit the value
of such an approach. This information, however, was used as a starting point
to the identification of possible development paths.-l—z/

Project schedules, expected capacities, national development plans and
regional estimates were not explicitly or automatically incorporated into the
work. In any event, the time-horizon of this study e:ceeds the limits of
governmental or project plannirg. The information was used to indicate future
capacity distribution, at regional and sub-regional levels. It is a tentative
assessment reflecting hypotheses and is not intended to be an explicit
indication of government or corporate thinking. The assessment was made on
Lt basyn of':
(a) Information o.:
— Preparatory and construction stages of raw steel-making projects;
— National development plans;
= Government intentions and priorities.

(b) Performance avalysis:

—~ Coeparison of production capacity targets with average steel
censumptinr in 19072-1974, and known growth rates;

—~ Comparison of productior capacity targets with previous pro-
duction performance and capczity utilization.

(¢} %xamination of determinant factors:

- Availability of financial resources;

~ Availability of energy and raw materialsj

- Geveral infrastructure, in physical and human terms.
(d) TInternational contexts

-~ Bxport markets;

12’ A coun*ry-by—courtry sumrry of the salient features of these plans is
provided in the An-ex to this Chapter.




- Comparison with other estimates from regional and international
sources;

- Comparison of steel consumption per capita and production levels
with fipures from other countries or resions.
The sub-regi-nal classification used in the tables is purely geographical

and does not correspond to any political or economic grour\ings.13 Though
the sub-groups are incidental in this sense, the geographic proximity of
neighbouring countries may lead to various forms of co-operation and comple-
mentarity in the establishment of production capacities within a sub-region,
owing to the high transport costs and economies of scale characteristic of
the iron and steel industry. Such complementarity can be established both
in the primary production of steel, and in the stages of forming and shaping

primary steel into a variety of finished products.

In some cases, the sub-regional or national development potentials are
of interregional significance, as indicated by developments in North Africa,
the Niddle East, East Asia, and Latin America. Such projects or plans are
the outcome of a favourable combination of financial and natural resources.
The raw steel-making capacities of Africa, Asia and Latin America in the
years 1965-2000 are summarized below. (For sub-regional distribution, .cc
Tables 7, 8 and J.)

(*illion tons)

e w1 mm 200
1.0

Africa 0.4 16.5 58.0
Asia 10.0 20.0 66.5 198.0
Latin America 10,0 22.0 70.3 190.0

20.4 43.0 153.3 446.0

Source: Tables 7, d and 9.
a/ Estimates, based on 80 per cent .perating rate.

b/ Estimates, based on 35 per cent operatin- rate.

In order to attain the expected capacity of 153.3 million tors by 1985,
11 million tons of new steel capacity must be installed anrually. For the
developing countries, this annual growth should double in the period 19n6-
2C00, to reach 446.0 million tonm of steel-making capacity by the end of the

century.

1}/ This ~rouping of countries corresponds to the one used by the Population
Division, Department of Economic and Jocial Affairs of the United Nations
Secretariat in "Selected World Democ~raphic Indicatorc by courtriec, 1)7(-
2000". ESA/P/M p. Yo, 28 Hav 197 .
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Zteel-mcliing capacity is defined ws the rroduction of cruuc or

rav steel, 'ich has not yet been rolled, anu is usuxlly in tie

in~ots, blooms, billets, or slabs.

Y -

iorm Of

An avnreciable proportion of invect-

ment in the steel industry is made in millin~y linishing, and procecies

net necccsarils interrated with rauv steei-makiny cuch as production of

nitos, raeots, bars, ancles or shapes,

In t.is Ciapter, reference 1z

not mae to investment in these fields, nor iz it reofleeted in tne tuble

beioy, re ordless vhether they are attached to primary steel-naliin-

1]
o ecrations or carried out separatcly.

Expansion of raw steel-making capacities, developing regions: 1965-20005/
(Millions of tons)
1965=-75 1976-85 1986-2000

Africa, growth in period 0.6 15.5 41.5

Average annual growth 0.06¢ 1.6 2.8
Asia, growth in period 10.0 46.5 131.5

Average annual growth 1.0 4.7 8.8
Latin America, growth in period 12.0 48.0 120.0

Average annual growth 1.2 4.8 #.0
All developing countries, growth in

period 22.6 110.0 293.0

Average annual growth 2.3 11.0 19,5

Source: Tables 7, 8 and 9.

a/ For replacement costs not included

in this table,

see ¢ hapter VI.
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Tre rate of operation indicates the productioi level in relation to
full capacity. At a recional levelya 90 per cert rate of operation is
considered favourable., Ouing to the difficulty of bringing newly installed
capacities fully on stream, operational rates may vary from 75 to 90 per
cent in developing rerions uith a high rate of investrient in new steel
plantse In sore circumstances, however, the rates of operation may be
louver, I'urtrhermore, market conditions as well as the continuity of supply
oi' coal, colie, clectricity, oil and ore influence the rate of operation.
The production levels indicated below may be considered feasible in the

developins countries by 1985 and 2000,

Operating and production levels in raw
steel-making, developing countries

1985 2000

Operating rate

Per cent 80 90 80 85 40
Production level

Killions of tons 123 138 357 379 401

Tre dynamics of steel-making capabilities

In the present context, steel-making capabilities are discussed in
terns of a resion'c or country's production capacity, and expressed in
per capita terms, accordingly, the steel-making capabilities of countries
and rccions may be defined in such relative terms as low (up to 100 ko per

carita), medium (101-400 k¢ per capita), and high (over 400 kg per capita).

In 1975, 21l cub-resions, crcept Sastern Asia (101 %¢ per capita), fell
into the loi caterory. The range of per capita capabilities was cuite
varied, hovever., i'or example, five African and tuo Asian sub-regions had
steel-makin; capabilities of no more than 15 kg per capita, vhereas the -

iiiddle Lest and Turkey as vell as various Latin American sub-regions uere

te be found among the higher sub-groups within the low category.
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By 1985, Eastern Asia, South-llest Asia, and the three Latin
American sub-regions may have reached the medium level. lNone of the
Asian sub-reions is expected to remain at the lowest level, while both
Horth and ‘‘est Afriea may move to higher sub-groups within the lou

cate~ory.

By 2000, the southern sub-region of Latin Ameriea is expected to have
achieved production capabilities exceeding 400 kg per capita, while lNorth
afriea, Dast and South West Asia as well as the two other Latin American
sub-sroups will nave attained medium production eapability (101-400 kg per
capita). lialf of the sub-regions, however, will probably still remain

in the lou produetion cutegory, thoush within the higher sub-groups thereof.

Long-term trends in world steel consumption and production

In addition to the data presented earlier on the planned cxpansion
of the stcel industry, eareful attention was given to long-term trends in
vorld stecl consumption and production while developing the scenarios
discussed above, The results of this analysis served as inputs for the
cssunptions regarding growth rates at the ¢lobal, regional and sub-re,7ionul

levels,

The implicit assumption maintained throughout this Chapter has becen
that vorld steel consumption uwill in the long-term coincide with production,
For the short term, it has been generally assumed that the relationship
betiicen steel consumption and production will vary,but systematically.
Firures 3 and 4 shou the pattern of steel consumption and production in scveral
countrie. , resions and economic groupings. A comparison of the consumption
and oroduction paths offers a clear indication of trade patterns and shifts

from net cxporter to net importer status in certain eases.

Betueen 1955 and 1974, the EEC and Japan consistently maintainred
sirmificant trade surpluses. In 1974, for example, Japan exported over
35 per cent of its total production, while the EEC figure was in excess of
18 per cent. As showm in Figure 3, the United States shifted from net steel
exporter status to that of net steel importer over the same period,

In many other developed countries, the general trend has been for stecl
production to keep pace with the increase in domestic demand. In the cace
of the eentrally planned economies, their share in both world produetion
and eonsumption has risen in the past two decades, reaching 26 per ecent in
1974.
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With regard to the developing countries, the gains in steel production
nzve not substantially altered the fact that this economic group has relied
heavily on steel imports. Production increased from 16.4 million tons in
1965 to 36.1 million tons ir 1974. Simultaneously, steel consumption rose
from 31.8 million tons to 74.2 million tons.

#*ith regard to per capita levels of steel consumptiom, anticipated
levels for 1985 and 2000 have been discussed earlier. Historically,
ctcel consumption per capita almost doubled in the developed countries
betueen 1955 and 1974, increasing from 279 to 549 kg per capita. By
vy of contrast, the corresponding figures for the developing countries
vere only 5 per cent of the average achieved in the developed countries
ir 1955 and 6.9 per cent in 1974, In absolute terms, the rmap between
tr.c developed and developing countries was larger in 1974 than it had been
t.io decades earlier, The general distribution of steel consumption per
canita indicates that more than 60 per cent of the world's pooulation
werreved levels of 50 iy or less, and 42 per cent of world population

only achieved levels of 30 kg or less in 1974, 14

In -cneral, per capita steel consumption is thousht to be a particularly
useiul indicator of economic development and the stage of industrialization.
Donriucrable empuusis vas attached to per capita trends in the course of
developing the assumptions presented in the various growth scenarios.
Certain qualifications, however, should be added with regard to the
interpretation of per capita figures. One limitation arises from the
fact that different quantities of steel are expressed in terms of a
common physical unit, and variation in the steel quantity across countries
can mean that this unit of measure is sometimes distorted. Furthermore,
technical orosress can lead to a lower use of steel per unit of out put
in many ingustries, and this trend may not be reflected in per capita
{1iurec,. Bearins these points in mind, per capita consumption fimares
hove been utilized in the present study for purposes of verifyin;- some of tic

trends implied in the growth scenarios at the national and resionzl levelcg,

Zi:c main determinants of steel consumption

Tne pattern of steel demand in o developec market econoryy iu illustrated
b Mirure 5 on the basis of steel consumption statistics for the United

1

‘insdor, ! spproximately T4.3 per cent of the steel was allocated to tic

o sce Toble £,

_/ lron and Steel Industry, Annual Statistics for tiic Unitec .inucs,

.. 3_0'10




- 49 -

Figure 5. Distribution of steel consumption according
to the main sectors of the economy

MINING

GAS, ELECTRICITY, .
water 1-2 74

ConETRUCTION

MANUFACTURING 743 7o

TRANSPORT

Source: Iron and Steel Industry, Annual Statistics for the United
Kingdom, pp. 63-64.
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ranufacturing: industries, 8.4 per cent to construction, and 2.5 per cent
to mining, For purposes of the present study, this type of relationship
as thowrht to be rouchly indieative of steel consumption patterns in

most developed countries,

Tiic manufecturing industry is the predominant steel consumer: o
small incerease in the size of the manufacturing sector can lead to a
dispronortionately larfer increase in the demand of steel, This
rclationsiir betiveen steel demand and the growth of manufacturing is
liizely to be even more exasgerated in the developing countries, and an

anclysic is ,dven later in this Chapter.,

The specific steel intensity of the various sectors may change in
time owing to the following factors: steel consumers'! better use of
steel; impr.vement in the cuzlity of steel; neu substitutes for steel

appear and old ones improve.
i ’

In the medium term, patterns of steel consumption and production arc
¢etermined by the variations in over—-all industrial and cconomie activi
recvltin s in steel cycles some four years in duration. The last cycle endeu
"1iL t.c deep recession in the third cuarter of 1975+ These fluctuations
arc linled with the fact that steel demand is a derived demand 'hich depend:

on the outsut in voerious steel-consuming sectors of the econory .

B.  QUANTITATIVE ANALYSIS, 1950-1973

The methodolo;z for a.na.lxsigg iron and steel production

The steel sector plays a prominent role in the industrial development

of most countries, Its importance is a natural consecuence of typieal
cihanres in the pattern of agrre~ate demand which occur in the course of
economic development or growth. Creation of the necessary infrastructure
(in construction and tronsportation, for example) usually accompanies, or
even precedes, a country's industrial development., The demand for steel
prroducts increases substantially and is a pruminent feature of over-—all
incustrial recuirements in tie initial phase. 4t Tirst, ;Towth in denana
is often satisfied through imports, and it is not unusual, thereforc, for

tiie steel industry to be one of the first industries to receive government

encoura~enent throush import substitu*tion pro,rames.




In more advanced phases of development, the demand for steel pfoducts
continues to grow as countries begin to manufacture for expvort and produce
intermediate industrial supplies and/or capital goods for the demestic
market. Although its relative importance varies systematically with levels
‘of development attained, the iron and steel sector remains a major
contributor to over-all growth throughout most of the development proceczse.

The fact that the steel inlustry has alvaye erhibiieu a marked tendency to rcllo:
a growth pattern closely related to the level of indusirialization has

influenced the choir-~ of methodology used in this study.

The methodology adopted draus heavily on the structuralist approach
to sectoral development [1-, 2, _6_7, -Lé/ in which it is presumed ithat the
sectoral production patiterm ig larzely a function of differences in
countries! levels cf income. Universal factors, involvirg boin supply and
demand, are thouznt tc contribute to Systematic variations in the growth
pattern of steel production as over-all development tzkes place, These
factors can be summarized as follows:

(a) Similar variation in the corposition of demand For consuner and

investment goods with rising per capita income;
(b) Availability of similar production technologies;
(c) Similar patterns of resource allccation among indusiry, asriculture

and services as per capitz income increases,

The two versions of the structural mcdel employed in the indusirial

context are:

A: Inx =2+ blny +clnk
and
B: Inx =a+blay+cinl+d (lny)?

where x = per capita value added by iron z1.d steel ;.?J/ ¥y = gross domestic

product (CDP) per capita; and N = population in millicnc.

Cross domestic produci per capita serves as an over-all index of
development: it is thourht to be a major determinate of ihe demand pattern
for steel over %timcs The distribution of total demond among investnent,

government consumpticn and private consumption changes with the level of

Value added at factor cost in 1970 dollars uns used, The definiticr eof
the irorn anu steel sector conforms to that used in the U Internctionzl
Standami 1lrcustrial Classificaticn (ISIC 371).

_1_6/ References, page 74.
1/
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per capita income and thus has a significant impact on the demand for
steel, lith regcurd to supply, the level of per capita income tendco
to be closcly related to the relative couts of labour and capital inputs;
it is thus indicative of the production croitth path in capital-intensive

sectors, such as iron and steel,

The secona independent variable, population, allous for the effect .
of economies of scale, Together with per capita income, it provides
a means of neasur.ns the influence of market size and the ir portznce of

. 18
economies of scale tc the iron and steel sector.—-/

The equations cited above ere calculated for 40 - 50 ccuniri es,lg/
using annual data on value added by the iron and stcel sector durin; the
period 1960-1973.  The regreszicns were calculated for the totzl country
sample and for the follouwing sub-groups: developing countries; developed
market economies; larze countries; and srmall countries, The latter tuo
groups vhich are frecuently found in studies of structural chanse are det-
ermined according to their populations; large countries being defined as
those :rith a population of at least 15 million in 1965, and small countries
as those vith a population of less than 15 million.‘?o Examining the date
in this fashion wrevides additional insight into the relationship between
growth of the iron and steel sector, domestic merket size ana economies
of scale,

Structural models such as this are not intended to yield normative

conclusions. The resuits indicate average or "normal" growth paths for

the iron and steel sector; they refer to what can be anticipated on the

18/ A third variable is traditionally incliuded (lny)2 for statistical
reasons, The typical growth path for steel production is tidely
believed to be non-linear. In order to tesi wniformity in the growt: |
paths of diffcrent couniries, the log quadratic term 1s employed to |
take account of possible non-linearities. [1-, pPs 143-145 and 2, pe 395_.:/' .

The number of countries varied from year to year according to the data
available,

19/

20/ This distinction is largely arbitrary, and the results are not substantially .
altered, even if a dividing line of 10 or 20 million is used. lowever, in
order to provide results comparable with previous studies ﬁ and _-_3_7, a
dividing line of 15 million vas chosen.
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basis of information avaiizble, For projection purroses, the roith
paths of countries with the exrected income and population levels

provicde a useful referonce point.g—v

Groirth rnaths for :tecl nroducticn

On tke basis of data for 1973, Figures 6 ana 7 illustrate the srovth
paths of stecl product:on :in resnpect of couniries arranzed according to
economic grouping (deveioped market economies and davelopins countriss) and
size. They summirize ihe rerrescion results, arn reiate he averace Srovth
path for iron and steel to increasec in per capiic income. The growth
path is defired in terms of value added, which is exoressed as a percentage

of GDP.

Figure 6 shows ircn and steel producticn for developed martket
economies and developing countries. This grouping is roushly ecuivilent
to dividing countries according to their levels of per ~capita inccme, The
groinh paths arec deroted by unbroken lines, rew dats are available for the
$600--1,000 per capita inceme range (broken line), and the curves for this
range, therefore, should be resarded only as tentative, in developed market
economies, vzliue a2dded by iren and steel reaches z maqarum of about *,5 oer
cent of GUP at a per capita income level of ©24000, vherezrter it declines.-a—g-/
In the developing cecuntries, steel productior increases steadily tirousnout
the 5200-600 income range. Conparison of the tuo curves leads to i
conclusion that during the veriod of transition Trom 400 to +1,000 cer
capita iucome, srorth in this sector accelerates relative to averae GDP
grovine More precise cefinition of this vorticn of +th2 curve ic hamnereu

by the lack of datu.

In Figure 7, sro:th patic for large and =mall countries in tre <30C-7,500
GDP per capita ranre are showm. Once again, a portion of the intersedicte
income range should be regarded as tentative for tne reasons -iven above. Zoth

grovth paths, houvever, are trincaied at income levels uhere isciated countricc

_2_1_/ By the same token, the structurzl models are not intended to provide purely
mechanical projections, To make a justified estimate of out~ut, cneciric
information on the country's econonic, institutional ana other pertincrt
characterictics muct be taken into accouni, =nd these are only partly
reflected in the cxplenatory varisbles used 1n tais study.

&2_/ The tendency to decline at uish levels of income is duey ot least 3in pari,
to chanses in the co ntries' over-ail ecoror:c structure,  The share oo
gervices in Gol' inereaces rapidly at thesze levels, As a reasulty the pore-
entage of GUP rnccounted fovr by totil munuracturin  ard by oindivi Do
sectors decltes sinee tieir roitl ratac vo not azucelly naten tand of

corvices in thic inocomc ran~c,

-

iy ~
WL oul
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Figure 6. Orowth path of steel production
Per cent —& ) . E :
of GDP by economic grouping, 1973.
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have been e:ccluded.-‘?}/ Thus, the extremities of the curves may be

regarded &s reasonable indications of the growth paths.

Figure 7 demonstrates the extent teo vhich market size and econonies

of scale influence production growth in iron and steel. A% lower income
levels, market sizc apparently delays the decicion to expand domestic steel
production, thus forcing the cmaller countrics to rely apon cteel inports
to a large exterti. Once per capita income rcaches 2600, the share of
iron and steel in UDP tends to increase charply. Once per cepita incore
exceeds $800, the rclative importance of the sectcr becomes greater in
small countries than in large. There is also egvidence thal at inter-
mediate levels cof per capita income (S600-30C) couniriec begin to export

certain basic sztecl vroducts. .

The regression results

Using the two structural equations cited cbove, the average percentage .
change in iron and steel production can be estimated on ine basis of a
percentage change in one of the exrlanatory variebles. In Bguation 4, for
example, a value of 1.23 for the cocfficient b implies that, on averaze, sieel
production increases by 1.3 per cent for & one per cent increase in GDP per
capita.24 These derivations conform to the traditional economic concent of
elasticity.gﬁ/ In the case of CDI' per capita, the figure derived is known
as a growth elasticity wnile, for population, it is described os a size
elasticity.

for selected

3
o
o
&
5]

The table on page 57 summarizes the elasiicity osiim
time pericds in each country grouping. Average clasticities aave huen
estimated for five-year periods during both the 1nitiel ard terminal phoses
of the timo period under study. Thic practice (lnourn as pooling cf cross

-

sectionzl or annual data) has been wdopted because average patierns tased on

23/ For cxample, the growth path drawm for larce countries does not tzlie into

account +he Unitod States which hzd a GDP per canita of over 5,000 in
1973, since no other data uecre aveilable in thic rance. 4 sinilor cutoff
point was applied to isolated countries below the L300 per cauvita evel
in 1973,

The relatiouchip vetuween GDF per capita and steel produstion is sligshily
different feor Louation B, The concept applied in this section 15 deifinca
in more detazl in the description of the ictle on pace 57.

3

Formally, the elasticity of x cn y is defined as:

&

E (x,y) = percenta-c chan~c in 3t = axf/v -y - 34X
. L
perceniu e cran,e in oy A\ WIS bs t W}
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data for several ycars are generally more suitable indicators than

equations relating to a single year.26

Comparison of the summary results for developed market economies and
developing countrics provides an approximate indication of the influence the
stage of development may have on iron and steel production. The growth
elasticities are considerably larger than the size elasticities, which .
suggests that marginal gains in per capita income, unlike marginal increases
in population, lead to significant increases in steel production. Grouth
in per capita incomec stimulates steel production more in the developing
countries than in the developed countries. In the develoning countries,
growth elasticities excced a value of 2.0, vhich indicates that steel
production would increase by over 2 per cent for a 1 per cent increase in
GDP per capita. In the developed market economies, grouwth elasticities
have declined, in recent years, to less than unity. It can reasonably
be expected, therefore, that, in the coming decade, the iron and steel
sector will become more important than hitherto for countries with lower
or mediwn income levels, while the converse will hold true for more

developed countries,

Dividing the country sample according to size also results in tio
diatinctly different sets of elasticity estimates. The sector’s production
is considerably more responsive to marginal increases in GDP per capitz or
population in small countries than it is in large. This difference
emphasizes the important role played by economies of scale and mar:et size

in growth of the iron and sieel sector.

In the table on page57, the growth elasticities for Equation B are not
identical with the re~vezsion coefficients, since the equation contains two

variables involving GDP, Using the definition of elasticity (E = X . l) the

followin; formula is derived: vy o=
1nx=a.+b1rw+c1nll+d(lny)2; ax =bx+ 2d x lny and -
d Y y

By =b+aly

Accordiny to the formule, the crowth elasticity will vary with the cocsumed level

of GDP per capita. Size elasticities are identical with the regression

gé/ The resultc for consecutive years may be tested to determine vhether the
cocfficients in each case have the same characteristics. Wrore no bacic
difference in annual results is revealed by these homogeneity tests, the
data for different years are pooled [f, pPp. 163-169 and ;”,7.
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coefficients for both ecuations and, therefore, simiiar celeulotions

were not required,

Summary of <roith and size elasticities, celected e

2rg
Developed market Developing Large countries Small countries
econonries countries:
Groirth Size Growth Size Grouth Size Gro:th Size

Ecuation &

1960-1964  1.28 0.23 2.0}  0.57 1.48 0,21  1.96 0.49
1966 1.14 0.21 2,35  0.75 1.3% C.18 2.1 0.52
1962-1973  0.98 0.20 2.42  0.63 1.31 0.05  1.86 .70
Teovation B
/
1960-1964  1.72% 0.26 1.4 0.66 1,52 0.42 2,07 0.59
1966 1.6 0.24 2.3 0.75 1.45 0.40  2.49 0.60
1969-1973  1.75% 0.25 1.90%  0.69 1.47 0.28  2.28 0.86
Sources ‘zbles 12-15,

ﬁ/ Calculated for a GDP per capita of 2800.
y Calculated for a GDP per capita of $6GO.

A further indication of the externt to which these cornsiderations
influence the sector's grovth path is to be found in Figure 7, On an
average, the growti constraints impoced by ecencnies of scale and small
market size are not fully overcome until the country reaches a GDP per cacita
of $800. The iron and steel industry is a relatively important centridutor
to the economic growih of large countries with a per capits income rane
of $300-80C wnile, in small cowitries, its relziive importcrce is usually
delayed until a later growin phase, when per capita incomes range tetucen
$800 and 31,400,

Equation B shous hou the growth elasticiity for steel chanres with small
increases in GDP per capita. As per capita inceme ranges from below £100
(the lcest developed countries) to over $5,000 (tne Cnited Statcs), the
growth clasticity declines from a vzlue of 3.5 to approximately 0.8, "hig
fact underlines the potential significance o ine iron and steel industiy Tor

economic growvth in the developing ccuntries.

A sunmary of the regression ecuations empleyed in this zstudy are shoeim

in Tables 12-15. In ract, more than 100 ecuations were snlevicicd for the

PR ROL Py
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two structural models, the four country croupin-es and the 1d-year time
period, All the results could not be reproduced in this study. An
indication of the trends obscrved in the complete sot of regressions is

given later in this Chepter

In general, both structural equations perform satisfactorily in terms
of explaining historical changes in production in the iren and stcel sector, b
In the case of larre countries, over 90 per cent of the variation in
production (identified by the coefficient of determination, R2) can be
explained by the ecuations, The proportion of explicable variance is

lowver for the crall country resressions (70-80 ver cent uhich sus-ests
13} \ -

(1 hag

el

that factors other than CDP and population nzy influence preducticn, althou
to a lesser extent. The regression results for both developir: countries

and developed merket cconomies are similar to those for small countries.
I

The regression coefficients for large countries are stable and shou
little chans» over time, esnecially in the case of Zcuation A, vhercas
those for small countries shou a doimward trerd over iime. Thug, the
equatiois would appear to give a more reliable indication of Tuture irends
in respect ol larje countries than of smeile A further important criterion
governing the use of the equations is the standard error estimate, in which
lower values are preferrcd, Hlere too the cquations performed vest in

respect of large countries.

Use of the method

The methodolcy described abeve provides some insisht into steel
production patterns in the course of ecoromic developnent and srourth;
its possible applications are discussed helov, Althoush scome of the resulis
are promising, it must be borac in mind that they are only oreliminary
indications. Conziderably more investigation would be required to determirc
the validity and the implications of using the s*ructural nodels to anticipate -

future production patterns.

One means of testing a modelts capacity to anticipate future raerth -
is to make hypothctical projections on the basis of historical data. Ucing
the present model and Zouction B, hypethetical projections were made for 1972
on the basis of data for 1963, The result: fer irdividual cortries and
the projccted stecl production in 1972 as a percentace of the actunl) steel

production recorded for that year are given below. (Table 16 rives the
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hypothetical projection results for cach country.)

Distribution of hirnothetical cteel projections

Projected production as percentare of actual nroduction
J I ) 9 It
(By nurver of countries)

Under-estimation Over-a2stimation
(Per cent) (Per cent)
50-75 75~90 a0-95 95-105 105-110 110-125 125--150
Unad justed 4 3 - 2 2 2 3
method
Adjusted 2 3 - 4 2 2 3
method

Two alternative assumptions weve tested. The first procedure was
1o assume that the grouth path calculated on the basis of Tigures for 1963
would accurately reflect changes in steel production up to 1972, In the
table abeve this is termed the unaljusted methed. The second vrocedure
was to zssume that each country's relative deviation from the average growth
path (as determired by the 1963 data) would ke reduced over time. In
other words, when stcel production either exceeded or lagged behind the
1963 average, the proportionazte discrepancy would decline over time and
the country would tend to merge with the averace grovth path in later years.
This technicue is based on the use cf tiae residuals “rom ithe 1963 regression,
the residuals being the difference betizen a countryts actual and expecied
steel producticn in 1963 and consecuently a measure of the extent to vhich
that country deviates frem the growth vath. Fer example, a po:itive residuzl
indicates that stcel produsiicn cxceeded the averaze for that year, the
statistical assumption being that the absolute value ¢f the 1963 residual
did not change over the projection period, The residual, therefore, would

be seen to decline in relation to the grouins oviput.

Other assumptions have been examined elcewhere, but considerably morc
work would be required to deterimine the technique best suited Yo projectins
steel production and to identify different techriques applicablie to different
countries [Z, pr. 32—327. On the basis of the recults shown in the taole
above, the adjusted method irouid zeem to perrorm slignitly better than the
unad justed one. Using the adjusted method, cover half of the country project-

ions were within + 25 per cent of actual preduction, while slightly lecs than



half the country projections were within the same ranse when the unad justed
method was useds Similor results were obtained when the calculitions uere

carried out for 25 small countries.

As stressed carlier, the estimated growth patterns are resarded as
average or normal paths; {hey are not indicative of the performance to
be expected in any given country, In the case of projections; this vould
imply that the structural model couwld be used to project steel ovroduction
for a number of countries in any onc gTOUD, In a group sample, country
peculiarities reflecting differences in resource endovments or development
policies would not have the same impact as they would in individual country

projections,

Accordingly, a cecond set of hypothetical rrcjecticns wucre developed
to verify further ihe structural model's capacity to rroject stzcl zreduction
in groups of countries. vhere the growth path of individual countries icnds
to approach the average for the Jroup, projections on this baszis would be
more reliable than those for specific countries. Hypothetical projections
made for both the larze and small country sroups ugsing regrecsion equations

for 1963 and Equation B are showm velou:

Iypothetical stecl prejoctionc for lar~e and small countrias, 1963-1972

(Projected as percentaze of actual group averacc)

. a, . .
Simple ;~roup ?.vcrah-ejv Total vaiue added over total
0P our
. b
Ronul ati orr~/

Large Small Larca ) Small
Unad justed method 99.0 82.8 125.0 85.4
Ad justed methed 101.3 102.4 103.9 100.6

Source: UIIDO, based on data supplied by tie U Statistical Office.

a . . . .

—/ The simple averaze for actual production in larre ard small countries was
calculated by averaging per capita steel production for the total nw:ber
of countries in each rroup.

P/ The averase was determined by dividing total value addcd in the iron and
steel sector Sor the countries included by total population ef the sume

&roup,
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For purpoces of comparison with the individual country projections,
the same equational form and time period was employeds  Variouz methods
of calculating the ;roup averares for actual production in 1972 are available,
and twe different averages were tected in this reporive Both the unadjusted
and ad justed projections provided very encourazing recultc, The prelininary
tests support the supposition that siructwrel models may constitute an
element in actual projections, particularly in those for groups of countries

of the carme size and/or income levels.

Consumption vatierns in iron and zteel

As in the case of the sroduction enalysis, a cross-scctienal approcch
has been adopted to the study of steel consumpiicn, Unlike a time series
approach, thic method permits the resecarcher to identi{y the impact of
common factors affecting consumpiion patterns in all couniries for Ziven
years or groupc oI years, Uhen ihe identified relationchips hetireen steel
consumption and its determinant facters remain stable over time, the

statistical results provide a reasonable guide to future conditions.

The assurptions

The basic hypothesis is that per capita steel congumption as observed
at a given %time in different countiries is subject to the zame set of breadly
similar factors, such as access to the same types of production technolosy,
similar ratios be‘iuieen the price of steel and oiher goodsy and similar ratternc
of steel utilization.

-

Owing to the cermion influence of these universal factors, it may be
expected that, all thinzs being ecusl, countries will terd to display
similar patterns of ctecl consimpticn. 1In reality, hovever, 21 ithinss are
not equal: countries differ in mony resvects and these national idiogyncracies
are likely to inlluence tne universal factor:z devermining the steel consumption
patterns. Tor the purnoses of this study, hovever, it has beer assumed that
the ohly relevant differcnce betueen countries is their level of econoric
development.  Consequently, it may be argued that countries enjorings the zome
level of developnent tend 4o have the same per capita level of cteel conzumrtion
ory in other wemis, that dilferences in per capita levels of steel concumption
among couniriec are atiributable solely to diTferences in levels of econoric

developrient,
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On the bacis of this hypothesis, a statistical relationship may be
sought to fit the general function (e) = f(y), where (c), the variable o
be explained (the dependent variable in the regrescion ecquationz), is
per capita steel coasumption, and (y), the "explanatory" wvariuble (the
independent variable in the regrecsion ecquations,, is the level of

economic develop.ent.

As a first step towards estimating this function, the variables have
to be defined in statistically measurable terms. The measwre used for
(c) is tre apparent consumption of steel equivalents cypressed in kilogrammes
per capita.= Following a line of reasoning analogous to that described for
the production models, GDP per capita has been chosen as the measure best
reflecting the level of economic develorment (y). Data for both (c) amd
(y) are aveilable onj/'jea.rly basis throughout the 1950-1970 period and for

o

45 market economies,=

The next step in tle estimation procedure is to specify the form of
the functional ralationship to be investigeted., Ideally, the matieratical
statement of the fuvnction should transnit c¢ither empirical or theoreticel
knovledge about the relationship betiecen per capita steel consumption and
GDP per capiva. However, very little is knowm about the linkase between the
tv}o variables, exceot that the consumpticn of steel generally increases in
relation to economic development, Hence the researcher is not able to
select the form of relationship on the basis of a vriori assumptionc. In
such cases, the usual recourse is 1o ascertain the most appropriate type of
function through empirical cxperiments. The follcuwing five ecuations have

been selected in an initial attempt to provide a plausible expression of the

_2_’{/ Apparent consumption is defincd as domestic production plus imports less
exports. Tor a more detailed definition of apparent consumption and
steel equivaleats, see United lations IZconomic Cemmission for Eurooe, -
Steel, & 2/R-1.

_2§/ See United Nations Economic Commission for Lurope, op. ¢it., Mdd,. 1
(Appcndi::) Table II, »pe 3-4s The 45 countries are: Dcveloped countries:
Canada, United States, Austria, Belgium, Denmark, Finland, France, Germany
(Fed. Rep.), Crcece, Ireland, Itzly, Luxerbours, Netherlands, lormay,
Portugl, Spain, Sueden, Ciritzeriand, United Kingdon, Yujoslavia,
Australia, illev Zealand, Japan, Isrnel, South Africa. Develonings couniries:
Turkey, India, Xorea (Rep. ofs, Pakistzn, Philippines, Zoypt, Iran, Irca,

Alperia, lorocco, Liberia, Tunisia, Argentina, Brazil, Chile, Colombia,
Ecuador, llexico, Venezuela, Peru, and Uruguay.
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relationship between (¢) and (y)-22/

c Inec=a+blny

D c=a+blny

E Ine = a - bfy

P lne=a-bfy-diny

G lnc=a.+‘r>ln;,r—d.(lny)2

where (a), (b) and (d) are eonstants.

A partieular hypothesis about the elastieity of eonsumption per capita in
relaticn to CDP per capita is implieit in eacn ¢f these .unctions (cee table
on the next page). It is importan: to note thet the charactoristies stated
in the table are vaelid only when the eoeffieionts of the variables in the
five equations for ¢ = £ (y) exhibit the expected sisms.

Elasticity is defined in the context of the consumption anal-rsis as

-AC/G here 8
‘c,y A3‘75 ere

this approaeh differs from the production approach of this report not only

¢ and 8y are differentials. 1% should be noted that

in the choice of variabies involved in the definition of elasticity, but
also by viritue of the fact that in this case the variables are measured in

real terms as opposed to the value terms used in the production approach,

In BEquation C, a constant positive value of Ec,y is assumed throughout
the domair of positive (DP per eapita, This assumption obviously contradieis
the intuitive belief that ithe ratio between the relative chang . .7 (c)
and (y) is likely to decrease, at ieasi in the upper range of GDP per
capita. However, if intuition is eorreet, ihe analytieal verformance of
the equation should prove relatively poor, ai least when tested in respect

of developed eountries.

Implieit in the four equations deseribed below is that the elastieity
coeffieient, €, decreases with the rise of (y). It is thus expeeted that
at higher levels of {y), larger inerements of {(y) vill be necessary to

produce a given decrease of £,

In Equation D, it is assumed that the decline in Ec v is propcrtional

to the rise in (c¢). In other words, it is assumed that the proportion by
?

vhich (e) ehanges in response to small ehanges in (y) depends upon the level

_22/ These forms have becn applied in several instances. Seey for exomdle,
FAO, Agricuitural Commoditiss-Projcctions for 1975 and 1035, vel, II,

Rome 19407,




} E—
. . \J L
~ |
A
]
3 -— - (p 2)/a = £ ut 1> ut p 2-q pe/(t-q) = £ uy <€ ut p 2-q ma\@ r4 Lo 2- Lurpz-a
' P p/q = £ 1>p - (£/q) (L +9)/a =% t<p-—(£/a) ma\p 4 2K/ ? - (£/a)
0 q<k Q=& q>£ mh\n 2 Nh\pl £/q
0 Q<o Q=09 Q>0 go/aze 22/ °/q
0=q Lrq L =q I<q 0 o] q
©osayov0ddds £ ,
wynz Jo 3TWr] 0 =3 1>3 L =3 <3 (3) W (3) 3 3

uotjoumz L3310138e1q

8UUTY X370T386T0 oy3 JO BOT35TI030F VYD




- 65 -

of per capita steel consumption.y For lou levels of (c) - nore

precisely, as lon: as c<b - the declining elasticity is greater then 1.

When ¢>b, the value of € falls belou 1y but remains pocitive, Actually,

the function nust be positive for the set of all non-nersetive real numbers
comprised in this Jomain. This means that no saturation of steel consumption
is admitted; hovever high a level of (c), a rise in (y) vould still mean

an additional increase in (c).

Ecquation E displays 4he same analytical properties as Equation C,
except that it relates the decline in ¢ to GDP per capite, rather than

to steel consunption per canita.

Both Equations F and G are distinct from the above ecuations in that
they admit nesative elasticities. In the case of Lquation F, elasticity
equals 0 as (y) reaches a level determined by the parameters b and d
(y = v/d). At this level of (y)y the per capita consumpiion of steel ig
maximum; when (y) becomes sreater than b/d, any increase in income per capita
deternines a decrcase in stecel consuriptio..s  The negetive elasticity,

however, cannot fall irdefinitely, it must find a2 limit at d,

In the case of Eguation G, the elasticity is nerztive for _)f)eb/Zd;

its nezative valuc tends touards infinity as y approsches infinity,

Since, according to historical data per capita steel consumption is
actually growing in all countrics, the saturation point will evidently not
be reached in tle near future. Therefore, the analytical validity of
equations that imply a level of saturation folloired by a decrease in
steel consumption per capita is highly rypotheticzl,. Corsccuently, even
if an empirical testing of Zcuations F and G proves to be larzely sztisfactory,
the reader should not be precipitous in concluding that the estimated pattern of

steel consumption is leading to future saturation,
P f

The resuits

The five equations were tested for: all countries; developed countries;
and for developing countries - in several time periods between 1950 and 1970.
The results obtained for the pools of years 1950-52, 1959-61, 1963-70 are sho.m
in Table 17,

30/ A similar hypothesis is used in Guiducci, G., "iiddle-ran~e forecazt of
steel conswaption in OICD countries® int Torecastin- steal consumniion,
cross-section and time-serics opproucihios, CUUH, Paris (1074.
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o
All countries. In this case, the coefficients of determination (R®) are

fairly high and (y) is found to be a cignificant explanatory varicble of
the model ¢ = £(y). On thece grounds, the hypothesis of a tyvical crosu-—
country pattern in the relationship betueen (c) and (y) can be accepted.
(The small t ratios found for the variables of Equations I' and G are due to
the high collincarity between the terms in (y); thercfore, they do not

necessarily place the sigmificance of (y) in doubt,)

Judging oy the R2, Equations D and L appear to be siightly less
appropriate aznalytical instrumentc than Equations C, F and G, Th refore,
the idea that the elasticity of steel consuwption varies in proportion to
the level of actual consumption or the level of development would not scem
quite as jusvified as the less direct relations implied in the other

equations.,

The R2 of regression D is not comparable with those obtained for the other
regressions because in this particular case the dependent variable is the
antilogerithm of 1ln c, Since the variance of ¢ is larger than the variance
of 1n ¢, it might be expected thet, other things beins 2qual, the I{Z vould be
larger for regression D than for the others. Ilowever, since the Rz vas
actually lower, it may be assumed that Equation D does not perform as well as
the others,

The regression of Dquation F reveals an unexpected sign for the coelficient
(d)s This means that instead of having & maximum at a positive value of
(y), eiven by y = b/d, it has a minimum at a negative value of (y)y civen
by y = b/—d. In other words, the estimated equation rejects the iypothesic
of saturation implied in Zcuation F. The estinmated results differ fron

the anticipated characteristics stated in Row 5 of the taole on pasge 64 as

follous:
Elasticity funetion f'(€) f"(E) E>1 €= 1 £<1 £ -0 Linit of €
£ when y
approachess=
b+d - 2 B4+d oy by bed<tl y=b g
y y2 y3 y 1 ¥ -d

The regression of Nauation G shows the expected sirms and thus the

fitted function muct pass throuzh a maximum at some nositive volue of ()

Houvever, the velue of (y) at which the fitted curve reaches its maximunm




- 67 -

extends so far that the existence of a maximum cannot bo nmeaningfully

integrated in the analysis,

It vould thus appecar that the superiority of fit obtuined by Ecuations
F and G over D and E is not due to the saturation hypothesis supposedly
implicit in the curves of F and G. It is due rather to the fact that
these two curves fit the observations in a segment along~ vhich the rate
of change in steel consumption varies relatively litt o (tie segment
aprroxzimating a straight line)., This is not a fe turc o’ curves D and
B, uhich implies that at low levels of CDP per capitc, tie chanrte in the
growth rate of (c) is rclatively rapid.

If Equations D and E are disearded, three curvece (C, F and ¢) are left
to represent the pattern of relationship betueen (c) =nd (y). These eurves
have a very similar R2; actually, when econsiderins tle sements fitted to
the obscervations, they are even similar in shapee. Therecrore, the slopes
of the elasticity functions derived from the three curves zre also very
similar (a zero rate of change in Equation C, and a relatively low rate of

change in F and G).

Thus, it may be tentatively concluded that in the pattern of all
countries a linear, or close-to-linear, form ean be used to approximate
the actual relationship betueen per capita steel consumption and CDP per
capita (Figure 8 ), the corollary being that the elasticity of ver capita
steel consumption to GDP per capita is either constant or slowly deelining.
(or course, this conclusion is subject to many limitations. Among the
most fundamental of them is that, owing to the lack of a firm theorétical
basis, it is impossible to ignore the possibility of the zorrelations found
betvueen the variables being spurious. Furthermore, cven if one is
convinced that it is not spurious, one must still admit tiuat other modecls
not tested in this report might display a better image of the actual

relationship. )

Examples of steel consumption levels and elasticity values corrcsponding
to selected CDP per capita values are shown in the table on page 69.
In examining the table, attention should be focused on the figures given for

Equations C, F, ard G, which perform best in this analiysis. According to

these figures, the typical steel consumption pattern ranges from 30 to 800 kg




- 68 -

f Fig. 8  Steel consumption, all countries (1968-70)
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per capita as GDP per capita rises from $225 to £3,000 (1963)., Within
this range, the consumption of steel is clastic in relation to GDP
per capita (a function is elastic vhen |€}> 1.) Actually, the lovect

level at vhich steel consumption becomes ineclastic is $3,200 (Equation G),

Estimated steel consumpniion and elasticity values accordinz
to selected levels of CDP per capita, sample of all countries,

1968-197C

Level of GDP per capita Steel consumotion Elasticity value
(dollars 1963) (kg per capita) )
Equation C 225 31 1.26
800 154 1.26
1,000 204 1.26
3,000 814 1.26
Equation D 225 -91 2011
800 266 ' 0.72
1,090 310 0.62
3,000 518 0.37
Ecuation E 225 49 1.97
800 171 0.55
' 1,000 225 0.44
3,000 302 0.15
Ecuation F 225 3 1.31
800 156 1.24
1,000 205 1.24
) 3,000 790 1.22
Equetion C | 225 3 1.37
¢ "~ 800 162 1.22
1,000 211 1.14
3,000 743 1,08
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The results presented in the table relate to all countriec, It is
conceivable, hoiiever, that steel consumption potierns are influenced by
group factors vhich convey the influence of the "universal factors" in o ~
specific way within given groups of countries, thus meking it rececsary
to split the sample and to estimcte separate patierns for sub--rours.
For instance, all countries have access to the same technoloyy, but the
techniques adopted by countries with relatively abundant labour are likely
to differ form those adopted by countries vith relatively cbundant capital.
Similarly, all countriez have access to internationzl mariiets, but coun-
tries pursuing prctectionist policies wrill tend %o import (and exnort )

less than free-trade countries,

For the purpose of constituting two samplec, the 45 countriec discussed
earlier vere arranged in two groups: Group A conprising 2 developed
. .. . . 1
countriec, ard Group B comprising 21 developing couniries. The patterns

for both groups were found to differ significantly from ile cormon pattern,

Develored countries. In this case, sub—division of the sample reduced

the standord error of estimate, thus increasing the statistical accuracy of
Equations C, E, F and Gy but increasing the standard error of estimate of D.
The coefficients of determination (R2) vJere reduced in all casec except
Equation . Thus, with the exception of this ecuation, Group A fails o
satisly the assumptions underlying the runctional form as closely as the
sample comprising all countries. Ecquations F and G periorm test in terms

of analytical poier and statistical accuracy. According io these Ecuations,
the 1968-1970 steel consumption pattern in developed countries increased
from approximately 260 to 610 kg per carita as GDP per canita rose rrom
$1,000 to $3,000 (see table below and Figure 9).

}1/ Countries are classified as developed or developing according to
standard United Nations practice. The raticrale underlying the
principle of siratification is that the structural differences i
between developed and develeping countries cannot be fully
reflected oy a cardinal measure such as GDP per capita. an
ordinal arrangement which takes into account the multiplicity of
differences betueen developing and developed countries may tend
to reveal the existence ol "group factsrs" otherwise ignored by
the common pattern.

-
b
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Estimnted steel consumntion and elonticit "'”]'I“:.r} arcorcin~ 1o anlected
levels o. il nor Coyityy venple ol develorot comLrien RIS,

Level of 00D =nr canit- cteel concumntion Blugticitr value

(dollers 19G3) (kg per capita)
Equation F 1,000 260 1,011
2,000 468 0.723
3,000 €13 0.628
Equation G 1,000 258 " 1,066
2,000 477 0.703
3,060 606 0.491

Cormured vith the sample of 211 countries, the nain effect of Groun A

.on..the elasticity of steel consumntion in relation te ODu ver capits is

thal the value of € decliines muct more ropidly ZBcuation P, For example,
becomes inelastic at 31 +065 ver capita and Equaticn C at £1,135.

In the common patuern, however, tac lovest level cf inelesticity w2z found

to be more than +3,00C. Thuz, omong developed countries vhose CDP ver ecapite
levels are higner ihan %141C0, two countries differin; by 1 per cent in

GDP per capitz would be exrected to differ by less than 1 per cent in steel

consumption per capite.

The above considerations in respeet of Group A are res itricted to ine
period 1968-1970, 2 comparicon of the resultis obtained in different periods
reveals the existicnce of a <ine effect which causes tae patiern to retate
cowmter-clockuise rrom 195C 46 1970. 1his “ime efiect is dermonstratea Ty
the Tact that the coasumption of steel nredicted ot a COP per cepita level
of $2,00C varied Iron 224 kg in 155052 to 468 kg in 1968-70 in Bquation I,

and from 361 to /7 Iy for the same time periods rer Iquation C.

Develonin~ couniries. 1In this case, splitiing tte cample results in

a lover R2 for 211 rerressions, and in a lover standard error of crtimate
only for Squations ¢ and D, In other words, tho resrussion ecuations are
both less appropriate and less accurate when aplied to the data of develiop-
ing countrics. The "begt® emuations are €, I" ana G. Concumption and elns-
ticity values nredicted by these Scuations are shoim on rage 74. In

this table the pottorn of steel consumntion in doevelopine countries cevers
1 N -

an cpprozimate rence o 11 - 100 kg per capita as GOF per copiln increascen

fren S10C Yo (000 (u2e Firsure 10},
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Steel consumntion, develeoping countiries
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Estimates steel concunntion and elasticity values accordin~ to seles
levels of Lol per capita, sanple oi acvelopin- countries, 1960-157

JU
C

Levels of CLD ver conita  Steel consumntion Llosticity value
{dollars 1961 (kg per capita

Equation C 100 12 1.068
225 15 1.068

113 1.068

BEquation F 100 1 1.448
225 19 0.850

800 100 0,787

Equation G 100 11 1,347
225 15 0.731

800 96 0.340

As mentioned before, the elasticity values of develoning countries
are found to be lover than those of developed countries. Thus, a change
in GDF per capita in a developinz country would be associated vith a araller
change in per capitu steel consumption than it would in a ueveloped country.
This is hardly surprising vhean onerecalls that in developing countries (DP
is less dependent upon industry than in developed countrias. Similar to
Group A, the pattern in developing countrics is very sensitive to time,

although no clear ‘rend can be ascribed to the shict.

In conclusion, it may be said that the analysic reveals the relevance
of sample stratification to the study of the relatienchip betireen steel con-
sumption and GDP. The relatively lou 32 rfound in the zsub-semples sugrest,
however, thai more appropriate functional forms showld be employed in this
context. It would also appear essential to introduce time=shift variables
that would account for the quite significant time-effects fowl in Groups

A and B.
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Table 12. Summary of regression results for
large countries, selecied years

Bpation 3 L e ¢ HEET £k
1960 A -8.90 1.54 0.20 0.53 0.92 71.45
(11.90)%  (1.32)
B -20.73 5.04 ,  0.43 -0.27 0.47 0.94 62.29
(3.08) (2.50) (2.14)
1963 L -8.05 1,42,  0.20 0.47 0.92 75.87 .
(12.31)"  (1.44)
B -16.64 3.92 0.37 -0.19 0.45 0.93 56.94
(2.43) (2.16)  (1.56)
1966 A -7.60 1.36 0.18 0.43 0.93 87.96
(13.26)°  (1.46)
' B -17.36 4.14 ,  0.40  -0.21 0.40 0.95  13.79
{ (2. 99) (2.56) (2.01)
1970 A -6.85 1.33 0.06 0.42 0.93 86.11
. (13.05)"  (0.51)
B ~17.28 4.23 0.28 -0.21 0.8 0.95 70,08
(2.76) (1.75) (1.90)
{
: 1960-1964 A -8.50 (215 432) (g) g:) 0.48 0.9t 321,65
B -19.19 4.60 0.2 , -0.24 , 0.42 o.§3 276.12
(6.65)"  (5.22)" (4.12)"
1969-1973 A -6.69 (21 ] ?; ) (8'85) 0.40 0.92  375.88
7.4 . 1
. B -16.80 4.09 0.28 -0.20 , 0.36 0.94  319.97

’

(.97  (3.64)°  (4a.01)"

* Source: UNIDO, based on data supplied by the UN Statistical Office.

Hote: T-values are shown in parentheses., An asterisk denctes statistical significance
at a confidence level of 99 per cent.
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Table 13. Summary of regression results for small countriecs
e s 2 s g Bemmem o
1960 A -9.66 1.69 0.40 0.99 0.70 18.44
(6.06) (1.50)
B -18.39 3.30 0.51 -0.29 1.03 0.70 11.53
(0.21) (1.04) (0.50)
1963 A -12.7 1.98 0.48 1.09 0.81 42,50.
(8.95)  (1.45)
B -28.59 6.85 0.57 -0, 37 0.98 0.82 29.70
(1.77)  (.m)  (1.26)
1966 F i -13.81 2.11 0.52 1.12 0.78 37.22
(8.22) (1.32)
B -30,95 10.32 0.60 -0.561 1.07 0.82 28.29
(2.17)  (1.59)  (1.73)
1970 4 -12.42 1.88 % 0.45 0.92 0.82 53.51
(10.21) (2.29)
B -33.79 8.24 0.81 -0.47 0.87 0.84 40.72
(2.42) (2.87)  (1.871)
1960-1964 A -12.61 1.96 0.49 0.97 0.80 171.75
(18.06)  (2.97)
B -27.72 6.61 0.59 -0.35 0.94 0.80 123.43
(3.55) (3.60)  (2.50)
1969-1973 A -12.47 1.86 % 0.70 , 0,92 0.81 208.24
(20.09)"  (4.93)
B -34.77 8.45 - 0.86 « —0.48 * 0.8% 0.83 163.75
{4.99) (6.1€) (3.89)
Source: UNIDO, based cn data supplied by the UN Statistical Office.
Note: T-values are in parentheses. An asterisk denotes statistical significarce at a

confidence level of 99 per cent.
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Table 14. Summary of regression results for
developing countries, selected years

. Standard error 2 s
E_u__atlon g E 4 2 Sstimate — i
1960 A ~11.52 1.82 0.41 1.07 0.57 7.19
(3.79)"  (1.61)
B -42.65 12.61 0.51 -0.94 1.02 0.65 €.C6
(1.74)  (2.20) (1.49)
1963 A -13.82 2.13,  0.61 0.91 0.71 7.48
(5.528)"  (3.70)"
B -17.33 3.34 0.63 , -0.10 0.94 0.7 10.86
(0.51)  (3.23)"  (0.19)
1966 A ~-15.69 (g 22) (g gg), 1.09 0.70 17.42
B -16.73 2.71 0.75 , =-0.03 1.13 0.70 10.85
(0.38) (3.23)"  (0.05)
1970 A -13,87 (2 ;g) (3 g;) 0.88 0.70 20.50
B -27.47 6.65 0.67 , -0.8 0.89 0.7 13.61
(1.19)  (3.91)"  (0.81)
1960-1964 i -13.17 ‘o f g%) (g 27) 0.89 0.66 77.11
!
B -29.48 7.66 0.66  -0.49 0.88 0.68  55.07
(2.83) (1.65) (2.09)
1969-1973 A -13.91 (1-.:;) (g gg 0.85 0.70  111.13
4 )
" B -24.88 5.76 0.68 -0.30 0.84 0.71 76.33

(2.61)  (9.31)"  (1.65)

"Source: UNIDO, based on data supplied by the UN Statistical Office.

Yote: T-values are nhown in parentheses. An asterisk denotes statistical
significance at a confidence level of 99 per cent,
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Table 15. Summary of regressicn results for
developed market economies, selected years
B s > e g Zemamens g
1960 A -7072 1.36* 0025 0071 0n63 16076
(5.25) (1.91)
B -40, 38 10.63 0.30 -0.66 0.70 0.67 12.44
(1.63) (2.30)  (1.42)
1963 A -6.89 1.25 , 0.22 0.72 0.57 12.80
(a.58) (1.71)
B -27.99 7.13 c.2YH -0.41 0.72 0.58 8.59
(0.98)  (1.84)  (0.81)
1966 A -5.95 1.14 0.21 0.62 0.60 14.21
(4.66)  (1.90)
B -26.50 6.75 0.24 ~-0.38 0.62 0.62 9.61
(1.05) (2.04)  (0.87)
1970 4 -5.07 1.03 0.21 0.61 0.54 11.07
(3.99) (1.89)
B -31.62 8.14 0.24 -0.43 0.61 0.56 7.68
(1.11)  (2.06)  (0.97)
1960-1964 A -7.08 1.28 0.23 0.68 0.59 77.90
(11.24)"  (4.18) ,
B -31.15 8.03 0.26 , -0.47 0.67 0.61 56.06
(2.82)  (4.718)  (2.37)
1969-1973 A -4.66 0.98 0.20 , 0.59 0.51 54.09
(6.76) (4.32)
B -31.05 8.01 0.24 , -0.47 0.58 0.53 39.27
(2.61) (4.82)  (2.30)
Source: UNIDO, based on data supplied by the UN Statistical Office.
Note: T-values are shown in parentheses,

at & confidence lcvel of 99 per cent,

An asterisk denotes statistical significance
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Table 16. Hwvpothetical projections of steel

production for larege countries, 1972

Country Projected production Actual nroductioni/
unad jusied ad justed
Argentina 77 78
Braczil 133 106
Canada 109 99
Colombia 112 145
France T2 119
Germany (Fed. Rep.) 69 106
India 83 132
Italy 101 81
Japan 19 ' 88
Korea (Rep. of) 147 103
Mexico 145 104
South Africa 58 99
Spain 66 51
Turkey 98 52
Urited Kingdom 114 122
United States 110 TR

Source: UNIDC calculations

g/ For 2 description of the assumptions employed in the two sets of
projections, see p. of the text.
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Annex to Chapier IT

STEEL PRODUCTION CAPACITIES IN THE DEVELOFING COUNTRITS
OF AFRICA, ASTA ANT [ATIN AI-TEI?I(‘,Al/

(An approximative azsessment)

AFRICA, 1965-1985
North Arfrica

The North African region (comprising Algeriz, Zgypt, Libya,
Mauritania, Morocco, Sudan ard Tunisia) is the only area on the African
continent where significant 'steel-maxing capacities are in aperation
apart from Rhodesia ana South Africa. The actual production level is=
modest: 0.8 million tons in 1575. Given favourable conditions, however, .
a steei-making caracity of 12 million tons may be in opesraticn about ihe
middle of the 1980s. If 75 per cent of this capacity is utilized, 10.5
million tons of steel by 1985 may be a realizable figure.

Algeria

A major portion of North Africa's steel projects is in construction or
under consideration in Algeria, which ccuntry may well beceme the biggest
steel-producer in the region by 1985, with a2 capacity of 4.5 miilion tons,
some of it for export. Annual steel censumption in ihis country reached
1 million tons in 1972-1974, as compared with 232,000 tons per year in
1965-1967. It ic estimated that production will be in excess of 2 miilion
tons by 1980. For 1990, a figure of 12 million *ons is forecast. The 4.5
million ton capacity to be imstalled by 1385 is an intermediate vrojeciion

made on the basis cf existing planis, projects an? long-term expectations.

Egypt
In Egyrt, average anmal steel consumptior rose from 791,000 tonec in
1965-1967 to 973,000 tona in 1972-1974., Capacity expansion in Helwan and

other areas is for a projected 3.5 million tonz per year oy 1285,

j_/ This Anrex should be vread in conjunction with the data given in the pre-
ceding iables, in particular Tabies 7, 8, ¢ and 10, as well as Annex
Figure 1. Except where rererences are given, the data previded have
been derived freom infeoremation matnered in tae courr< of UNIDC activities
in the iron and s*cel ccetor.




Libya

Arc furnaces with continuous caster capacity of 21,000 tons per
year will be in vperation in Lidbya from 1976 ornwards. The annual average
of steel consumption reached 555,000 tens in 1972-1974. The coasial steel
plant at Misurata is envisaged to have an initial capacitly of 0.5-1.0
million tons by 1985. Part cf this production will be for export. One of
the significant fzatures of the project is heravy infrastructural facilities
created, such as a port, a power station, a water desalinaticen facility and

& gas pipelire.

Mauritaria

The Aradb Company for Metallurgical Industries, a joint Mauritania-
Kuwait concern, is to establish a 1 million tons/year steel complex at
Nouadhibou. As the local market is rather limited, this project is

export-oriented.

Morocco

Morocco has established a national steel company, known as SONASID

(Société Nationale Sidérurgique). According to the current development

programme, a 1 million tons/year integrated mill will oe in overation at
Nador in 1979. Annual steel consumption reached 392,000 tons in the years

1972-1974.

Sudan

The Sudan possesses high-grade iron ore deposits in its coastal
regions but no steel-making nroject has yet been undertaken, with the
exception of a mill to produce concretc reinfcrcing rods and sectiong,

using imported billets.

Tunisia

The 97,000 tons/year capacity of the integrated steel works at
El-Fulladh is expected to be raised to 200,000 by 1977. S+teel consumption
was 302,000 tons per year in 1972-1574. In 1973, a letter of intert to
get up a 1 million tons/year direct reducticn plani was signed, but according
to some reports the projected capacity of the plant has been raised to 1.5
million tons/yea.r. Tt is envisagcd that an electric furnace with 0.5 million

tons capacity may oc added to the direct reducticn facility.




Vest Africa

In West Africa (taken to include Benin, the Cape Verde Islands,
Gambia, Ghana, Guinea, Ouinea Bissau, Ivory Coact, Liberia, Mali,
Niger, Nigeria, Senegal, Sierra leone, Togo, and Upper Volta), fore-
casts of steel production in 1985 are based mainly on the development
of the Nigerian integrated steel mill at Ajaoluta, which will actually
be the prevailing sieel producing caracity in this sub-region. The
existing plant consisic of electric arc furnaces (capacity 24,000 tons
per year), ingot casting and a rod mill., It is also reportedly planned
to establish an integrated iron and stecl plant using the sporge ircn-
electric furnace rcute. Steel consumption is expected to increase from
0.7 million tons anrual average in 1972-1974 to 3.5 million tons by 1980.-2/

Bast Africa

The main potential steel producers among the developing countries of
this sub-region (taken to include Burundi, Comoro Islands, Ethiopia,
Kenya, Madagascar, Malawi, Mauritius, Mozambique, Reunion, Rwanda, Somalia,
Rhodesia, Uganda, Tanzania, and Zambia) are Tanzania and Zambia, where
several steel projects are under preparation or beirg implemented. Uganda
produced 15,000 tons of steel in 1975, but information regarding expansion
plans is not available.

Tanzania

Plans contemplate the buildirng of an integrated iron and steel mill
based on domestic ore and coal reserves with production scheduled to begin
in 1980. According to the report of a World Bank mission (March 1975),
demand by 1979 will reach an estimated 200,000 tcns/year, of which about
120,000 tons will be in the form of primary materials, The report mentioned
that owing to the financial problems and unceriainties associated with the

demand projections, the estimate is a fairly brecad one.

Zambia

The steel mill at Chisasa, in Zambia's north-western province, is
being supplied by a German steel company with direct reduction facilities,

electric furnaces, wirc and rod mill, power supply, workshop and other

_2/ Third Nationa! Pevelepment Plan, 1975-1070 0 ~p, 186-187,
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ancillary equipment. It is estimated that by 1980, the production capacity
of the mill will reach 250,000 tons per year, a figure well in excess of

local demand: the project is thus export-oriented.

Central Africa

The forecast ¢f steel production for this sub-region (Angola, Central
African Republic, Chad, Congo, Equatorial Guinea, Cabon, Cameroonm, and
Zaire) is mainly vased on Zaire's gsteel develortment programme for this
period. The Zaire National Executive Council has signed an agreement with
an Italian group which will assist the steel mill run by the Société
Nationale de Sidérurgie at Maliku during the first ten years of cperation.
The capacity of the mill is expected to rise %o 250,000 tons per year, the

annual capacity in the first of two phases being 120,000 tons.

Southern Africa

In this sub-region (comprising Botswana, Lesotho, Namibia, Republic
of South Africa and Swazilani) the only steel producer is the Republic
of South Africa whose steel irdustry started in 1911. Steel production
is reportedly planned to increase from 6.8 million tons in 1975 to 13.3
million tons in 1984. However, as certain major projects have been

postponed recently, an eventual decline in growth can be expected.

PROSPECTS FOR 2000

North Africa

Additional steel production capacity of 25 million tons may be
expected to be set up between 1985 and 2000, some 28 per cent of this
increase possibly being located in Algeria.

By the year 2000, Mauritania, Morocco and Tunisia may be expected
to double their 1965 steel production. The average per capita production
capacity should bring this region tc the urper level of the "medium" group

of steel-producing countries shown in Table 10.
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West Africa

More than half the projected steel-making capacity of this region
will probably be established in Nigeria. In view of the large population
of the country, however, the expected producticn capacity of 5 million
tons per year (38 kg per capita) is rather on the low side. Some other
countries in the region, such as Ghana or Liberia, may consider setting
up major facilities, although in the case of Liberia, the main pre-

occupation will be to ensure stable foreign markets.

Past Africa

Countries such as Kenya, Tanzania, Uganda and Zambia, which may
have established steel-making facilities in 1985, are expected to strengthen
their position. Ethiopia is envisaged to initiate steel production in the
period 1985-2000. On the whole, the sub-region will have a relatively
modest steel-making capability in 2000.

Central Africa

Considering the availatility of ore and coal, together with other
economic aspects, significant developments can be expected in Zaire, which
might establish more than two thirds of the steel-making capacity expected.
The sub-region may attain a level of 68 kg steel production per capita
thus placing it in the upper level of the "low" group of steel-producing

countries.

Southern Africa

With the exception of the Republic of South Africa, no new major steel
facilities are envisaged in this sub-region.
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ASIA, 1965-1985

East Asia

‘ This sub-region (comprising Hong Kong, Democratic People’s Republic
of Korea, Republic of Korea and Mongolia) represents the highest steel
production per capita in the whole region. The Democratic People's
Republic of Korea produced 3.5 million tons of steel in 1975. Its steel
consumption was 2.8 million tons per anmum in 1972 and 1973, and 3.4
million tons in 1974. Steel production capacity is planned tc reach 12
million tons within the new six-year planning period, 1977-1982. However,
in view of the long implementation periods of steel projects, only 9

million tons steel-making capacity has been accounted for in the izble.

The Republic of Korea produced 2 million tons of steel in 1975 at
the Pohang Steel Mills. By 1979 additional facilities may bring that
figure up to 5.5 million tons. A second steel mill in the Naktong River
estuary region is planned for completion in 1982, its initial annual
production capacity being 7 million tons. Construction has since been
postponed and the Government has decided to reconsider project plans at the
end of 1977 or the beginning of 1978. Steel consumption increased from
591,000 tons in 1965-1967 to 3 million tons in 1972-1974 (4.1 million tons
in 1974).

South Fast Asia

This sub-region, comprising Burma, Indonesia, Laos, Malzysia,
Philippines, Portuguese Timor, Singapore, Thailand and Viet-¥am, is the
least developed in Asia in terms of steel production per capita (4 kg
in 1975 compared to 101 kg for rast Asia). Steel consumption averaged
4.8 million tons in 1972-1974. At a growth - ite of 8 per cent, which
might be a very conservative estimate, it may increase to 11.2 million
tons by 1985. At their meeting in September 1975 steel experts in the
ASEAN group estimated a 10 per cent growth rate up to 1985, by which
time the production capaci*ies installed would hardly meet half the

calculated demand.3

3/ Far Eastern Economic Review, 26 March 1976,
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In Indonesia, steel cons.mption cverzgrd 0.9 milliew toms 1in 1972-1974.
The abundance of natural gas combined with the country's proximity to large
deposits of high-grade iron ore appear io justi.y large-ccale investment in
the iron and steel industry. A wide variety of steel projects are under
consideration, and the Krakatau steel complex may be expected to produce

as much as 1 million tons of steel in 1979.

In Malaysia, local steel consumption wasz 646,000 tons per year in
1972-1974. The cast coast of the Malaysian peninsule is being considered
as the site for a new steel plant with an initial capacity of 0.% million

tons.

In the Philippines, annual steel consumption totalled 1.1 million tons
in 1972-1974. The country has drafted a regional ASEAN steel project
envisaging an investment of $1.6 billion and tre production of 2.5-3.0
million tons of slabs, blooms, billets and plates. In the initial stage,
iron ore would be imported from Australia, India and other countries prior
to gradual replacement by domestic ore. The plant may be built in tvo
stages: the first (a capacity of 1.0-1.5 million tons of raw stecl por
year) is scheduled to start in 1982, the second (an zdditional capacity

of 1.5 million tons) is expected to be operational 2-3 years later.

Stecl demand in Singapore is expected to increase rapidly from the
level of 1.2 miliion tons per anmm registered in 1972-1974. No inte-

grated plant is reportedly under consideration at present.

In Thailand, annual steel consumption averaged (.9 million tons in
1972-1974. Aboui 40 semi~integrated steel-making plants were in operation
in the early 1970s, with a total capacity of 550,000 tons. Almost 80 per
cent of the steel was used in construction, predominantly as reinforcing
bars and rods.4 A steel-making capacity of 1.2 million tons has been
forecast for 1985.

Middle South Asia

This sub-region (comprising Afghanistar, Bangladesh, Bhutan, India,
Iran, Nepal, Pakistar and Sri ianka) has the larges: population in Azia.
India and Iran are the main steel producers, with Iran leading as far as

pteel productiorn rer capita is concerned.

4/ SEASI guarterly, April 1973, p.1t.
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In Afghanistan, reports indicate that steel plant with a capacity of

1 million tons per year is likely to be built with Iranian help.

In Bangladesh, the Chittagong plant, has a rated capacity of 25,000
tons. Raw material shortages may restrict utilization of capacity. It
is to be expected that reconstruction and modernization will tak: place

in the latter part of the period.

Steel production in India fluctuated around 6.5 million tons for some
years before 7.1 million tons were produced in 1974, and 8.0 million tons
in 1975. According to a statement by the Indian Minister of Steel and
Mines in May 1976, it was indicated +hat a capaci*y utilization factor of
over 84 per cent was being achieved (compared with 65-73 per cent for
many years previous) and a higher factor of 94 per cent was being aimed
at by 1980. The low capacity utilization factor was attributed to
irregularitics and difficulties agsociaied with energy supply as well as

t0 labour and management problems.

Domestic demand for finished mild gteel is estimated to reach some 10

million tens by 1978/1979. Steel consumption in India increased from 6.9

million tons in 1965-1967 to 8.6 million tons in 1972-1974. According to the

official "Selected Output Projections" of the Fifth Five-Year Flan
(1974-1979), steel production is expected to rise tc 20.5 million tons in

1985-1986. ’

Iran emerged as a steel-producing country in 1973 when the
Isfahan works started production. Consumption recse from 1.0 million
tons in 1965-1967 to an average 2.5 million tons in 1972-1974. According
to estimates, consumption may rise to 12 million tons by 1983. Government
plans call for expansions to match the increase in national demend and to
export steel, especially to the Persian Gulf countries. The two large
state-owned steel companies may increase their production capacities to
3.5 million tons each by the early 1980s and up to a total of 9-10 million
tons by 1985. The implementation of the Covernment plans may be influenced
by start-up periods required as well as by the priority given to steel

projects in the future.
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In Pakistan, if the Pipri plant of the Pakistan Steel Milis were
to develop according to schedule it would reach full-scale operaticn
by 1978, with a targeted prcduction of 1 million tons per year. Additional
steel production capacity is envisaged afier 1980, Tt ies expected that
iron ore and coal for the Fipri plant will be imported from lustralia.
Contacts have alsc been established with other ore-exporting couniries,
including Mauritania and Swaziland. Steel consumption reached 0.4 million

tons per year in 1972-1974.

South West Asia

This sub-regior, comprising Cyprus, Iraq, Jordan, Kuwait, Lebanon,
Saudi Arabia, Syria, Turkey, Yemen, and People’s Democratic Republic of
Yemen, is expected te achieve a nigh rate of growth in steel production.
The steel consumption of the sub-region reached 2.6 nillion tons in the
years 1965-1967 and 6.1 ir 1972-1374.

In Irac, steel consumption increased from 284,C00 tons ir 1965-1967
to 985,000 tons in 1972-1974. The installation of electric furnaces is
reportedly planned to provide a capacity of 1.0 million tons by 1981.

In Saudi Arabia, the Petromar prcject was originally planned in the
eastern region of the country with an initial production target of 1 million
tons of steel per year, whereafter it would gradually increase to 10 million
tons per year. However, cwing to uncertainties, only the initial capacity
is now being considered for completion by 1985. Changes in planning are
probable. Steel consumption in the years 1972-1574 totalled 0.8 miilion

tons.

In Syria, the construction of a mini-steel works hac reportedly been
commissioned with an ammual capacity cf 120,000 tons, which, according to

plans may rise to 600,00C tons.

In Turkey, steel consumption reached 1.9 millicn tons per anmum in
1972-1974. Majur capacity additions are under implementation and two new
"greenfield" projects are in the preparatory stage, The country’'s steel—
making capacity thus may reach approximately 5 million tons by 1980, and
7 million tons by 1985.

Abu Dhabi and Qatar are reported to be examining the erecticn of
1 million *ons and 350,000 tons of direct reduction capacity, recpectively.
Sponge iron wculd be used locally tc produce raw sticel. (Abu Dhabvi and

Qatar are included under "Other ceuntrica® in Tabie 8.)
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PROSPECTS FOR 2000
[ : East Asia2

The relative steel-making capability of the Democratic People's Hepublic of
Korea and the Republic of Korea is much higher than that of any other sub-region .
or country in Asia. However, a sloving dovm in the rate of growth is expected in

the period 1985-2000. By 2000, the per capita steel production camcity may reach 387 kg.

{ South East Asia

An internationally significant increase in steel-making may take -
place in this area during 1985-2000. The five ASEAN couniries could boost
their steel production capacities to more than 20 million tons, even though

this would still meet less than half of their estimated demand in 2000.

A significant difference beiween local consumption and local steel-

' making capability was reported in 1975 - 24 kg per capita steel consumption
as against 6 kg steel production per capita. According to egtimates made
in 1975 by ASEaXN sieel experts, steel demand may reach 61 kg per capita

in 1985, as compared with only 16 kg per capita production.

According to an earlier forecast prepared by the SEA Iron and Steel
Institute,6 steel demand was to reach 11.2 million tons in 1985, i.e.
p 38 kg steel consumption per capita. The expectation for 2000 was 35.7 million
tons of steel consumption, i.e. 82 kg per capita. In view of the conserva-
tive nature of the SEA Iron and Steel Institute forecast, steel consumption
per capita has been estimated at 100 kg while demand would reach43.8 million
tons in 2000. Some 56 per cent of demand js expected to te met by regional
production, the balance being supplied largely by Australia and Japan.
Whereas the five ASEAN countries alone were expected to have steel-making

capacities of 26 million tons, the sub-region would have 33 million tons,

thanks to steel industry development in other countries in the area.

Yot including Chnina.

South Fast Asia Iron and Steel Institute, "Study of the Trend of
Production and Concumption of Iron and Steel", November 1975
(mimeographed) .

& &
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Middle South Asia

In India, per capita steel production rose from 4.50 kg to 13 kg in
the decade 1955-1965, but no comparable rise in capacity took place
during the subsequent decade. By 1985, it is expected that a second sub-
gtantial increase will have taken place, bringing steel production capacity

per capita to 26 kg in that year.

Further expansion of steel-making capacity in Tndia will be largely
a matter of capital allocation, since the human and technical resources,
including plant design capabilities, are already available. in the early
1990s, a third decisive step is expected to be taken to expend steel
facilities in the country, and indications are that steel demand may rise
to 50 million tons (47 kg per capita). Such a deveiopment might justify
the consideration of 53 million tons of steel producing capacity. Houever,
if India becomes a major net exporter of steel, a figure closer to 60 rmillion

tons would appear justified.

In Iran significant development of the steel industry is expected
although an eventual decrease in oil revenue might retard the implementation
of some of the country's steel orojects. Three variants of per caepita steel
production capacity {300, 350 and 400 kg) have been calculated corresponding
%o production levels of 20, 2% and 26 million tons of cteel. The lowest is

deemed most probable.

In Afghanistan, it is assumed that the 1 million tons of steel-making
capacity now under consideration will become operational in the same

period.

South West Asia

In Turkey production capacity is expected to jncreagse +o 20 millien tons
of steel (25 kg/capita gteel-making capacity) . The Arab countries 1in this
gub-region contain a population of 95.4 miilion and 15 million tons of raw
steel production capacity. The sub-region with 207 kg per capita would be

close to the North African sub-regional group attaining 191 kg per capita.

Iron-making in the Arab countries will ve largely btased on the direct
redudtion process. In Kuwait, ihe Gulf States, and to a large extent,
Saudi. Arabia, production will be export-oriented, wherveas in Irag arnd Syria

it will most likely supply lceal netal-fabricating and engineering inductriees.
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LATIN AMERICA, 1965-1985

A steel production capacity of 70 millioxn tons might be achieved
by 1985. This capacity figure is rather on the low side, compared with
earlier estimates such as those made by ILAF‘A,l which indicated a

projected production capacity of 87.3 million tons.

The estimated growth rate of steel production in Latin America from
1965-1985 ig comparable with that of Spain (1.2 million tons in 1955, and
11.1 million tons in 1975) and Japan (9.5 million tons in 1955, and
102.2 million tons in 1975) a decade earlier.

For the purposes of this Annex, Latin America has been divided into

the following sub-regions: Caribbean and Central America, Tropical South
America and Temperate South America. In spite of significant discrepancies
in levels of steel production among the couniries within each sub-resion,
these three groups of countries were rather close as far as steel production
per capita at the sub-regional level in 1975 was concerned. Lach sub-region
| contains one major steel producer: Mexico in the Caribbean and Central

America; Argentina in Temperate South America; and Brazil in Tropical

South America. The future development of these leading steel producers

will have a decisive effect zpon the respeciive sub-regions. It should

] also be noted that Venezuela is becoming an imporiant steel producere

The Caribbean and Central America

Of the countries in this sub-region (Barbados, Cuba, Dominican Republic,
Guadeloupe, Haiti, Jamaica, Martirique, byerto Rico, Trinidad and Tobago,
Windward Islands, other Caribbean islands, Costa Rica, El Salvador,
Guatemala, Honduras, Mexico, Nicaragua and Panama), Cuba produced 240,000
tons of steel in 1975 and production is expected at least to double by

198s5.

Mexico, which imported 50 per cent of its steel consumption require-—
ments 20 years ago, aims to become gelf-sufficiert in steel in the near

future. In 1972-1974, annual consumption totalled 5.3 million tons, and

1/  1ISI, Anmal Conference, October 1975, Mex‘co City, Report of
Proceedings, pp. 42-43.

-
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production 4.8 million tons. The installed steel-making capacity was
expected to reach 9.9 million tons by the end of 1976, and to be in the
neighbourhood of sorme 12.3 million tons by 1980, following the start-up
of the second rhase of Las 'I‘ruchas.8 If the constraints already
identified can be overcome, the ingtalled steel production capacity
might be between 16 and 18 million tons by 1985.

In Trinidad and Tobago, preparatory work has started on a2 %220 million
iren and steel complex that will utilize the country's plentiful hydrocarbon
resources. Government will be the main shareholder, with several inter-
national companies holding minority shares. When completed in mid-1979
the venture is expected to produce 1.2 million tons of steel billeis a

year. The bulk of the produc~tion will be exported to Holland and Janan.

Tropical South America

Brazil plays a leading role in steel production, noi only in the sub-
region (which comprises Bolivia, Brazil, Colombia, Ecuador, Guyana, Paraguay,
Peru, Surinam, and Venezuela), but also ir Latin America as a whole. Steel
consumprtion in Brazil averaged 10 million tons in 1972-1974. Since steel
production was 7.7 miliion tons per year, the steel deficit of 2.3 million
tons had to be met through imports. Despite efforts to increase steel
production, the deficit may be 8.6 million tons by 1980, with an expected
demand of 22.4 million tons of ingots compared with a preduction of 13.8
L million tons. The deficit may be even larger by 1985. Installed steel

production capacity was 9.3 million tons in 1975 and may increace to at
least 25 million tons by 1985. Additions to existing capacities and new
greenfield projects would seem to substantiate this figure, despite its
aprarent lowness, The growth rate of steel consumption, which excceded
13 per cent for many years, and other local conditicns conducive to steel-

. making, bode well for the further accelerated development of the steel
industry.

In Colombia, anmal steel consumption averaged 0.7 million tons in
1972-1974, 50 per cent of which was met through local production. Domestic

coking coal reseirves have been estimated at 2.3 billion metric tons: the

_8/ B, Trillo, The Steel Industry in Mexico, IISI, Ninth Annual Conference,
Mexico City, 13-15 Cctober, 1975, Rcoort of Preceedings, p.77.

2/ Fred VWoods de lacerdar, "Outlook of the Brazilian Steel Industry", IISI,
Ninth Annual Cenference, Mexico City, 13-15 Cctober, 175, Preceeding n.hO
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deposits are siid t. he of high quality with a low sulphur content. The

stecl works % VYa. el 10 will e cyranded o produce 1 million tons of

steel ingots in 1, and a ;reenfield plant is also plarned.

In Ecuador, « 40C,C00 ten -apacity steel plant using direct reduction .
is scheduled to start [ rodnctier in 1970, full capacity being envisaged
for 1985,

.

In Peru, tic prosent slesi-indictry aeved opment programme aims at
gradually mcetings nationad stecl desand, and ceif-sufficiency in steel is
envisaged for 1070, Averace anrual steel cencumption is 0.7 million tons
(1974: 0.9 millien 4ornt, comrarnd with lecal production of 0.4 million
tons. The prosromme which alee awms 2t previding an export surplus of
gemi-finishe! and forrcned oter . oenducts, comprises two major projects b
which arc ewpecton *c rerews: the apnual steel production capacity of
the couniry tc¢ o mitiicw ‘ona by ine orst of the 1980s. SIDERPLERU, the
state-owred ircn ard i cerroration, ig planning to expand its steel-mill .

at Chimbote to a civacit s e "o miilien lons by 1085. The second project

ir two ia oo oS a cteel mill at Nazca nn the southern

is the establicnno

coast of Peiu. o circt stace coovides tor a proeduction level of 2 million

tons of liguid o'« for twice as much. According to

soeeerd gt
1 TN i [, -
AL T Laret

preliminar;y
in 1988,

Venezuela har decidsd to devete considerable funds derived from its

0il revenue to 1vrvon cteel nroducticn. Steel consumption totalled

(1974: 2.7 million tons), and
1.0 =, i.ion tens in the same period. Steel

SIDOR, the national steel

2.3 million o e i 1701974

LT,

producticn wag «licont. o abaowe

consumpticn couwia vone < owititicn tong by 1975,

company, is planrin, 1o 1acrense produaction capacity to S million tons by

1980. RBeing situutcd or tre barss of the river Orinoco, the SIDOR steel

mill is favcurabiv ler2ted in teormg
future steel exsor-ts., Irn addition,

from the Gurt ixvoro-clociric dam on

of accessitility to coke imports and
it enjoys the supply of cheap energy

the river Caroni. The planned Zulia

gteel mill is sti'! bein- dicbated, the stecl production capacity target
of which has becen rei at 10 million tons by the mid-1980s.
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‘femperate South America

Of the countries in this sub-region (comprising Argentina, Chile and
Uruguay), Argentina has a large stezl industry. In 1973, a national plan
was formulated in order tc define the development programme for this
industry. At present, there are two integrated cteel mills in Argentina,
which produced 2.4 million tons of steel in 1974, accounting for 58 per
cent of the countiry's steel consumption which in that year reached 4.2
million tons of raw steel. 1In 1974-1975, the Government decreed that a
third integrated steel mill be set up near Bahia Blanca, involving an
estimated investment of $2.7 billion. The mill is planned to start
producing raw steel in the early 1980s, the initial capacity being 3.8

million tons per year and rising eventually to 8 million tons.

In Chile, the one integrated steel mill in operation produced 0.5
million tons in 1975. Corsumption averaged 0.7 million tons in 1972-1974,
and the capacity of the existing steel mill may be doubled during this
decade. Furthermore, plans are under government review for the estab-

} lishment of ano.her steel mill with an initial anmual capacity of 1 million

tons.
PROSPECTS FOR 2000

Caribbean and Central America

Steel production in lexico will have a decisive influence on
production levels in the Caribbean and Ceniral America. Population is
expected to grow at a rate of more than 3 per cent per year in the period
1985-2000. Bearing in mind that the per capita steel production capacity
in Mexico has been estimated at 217 kg in 1985, analysis has shown that
steel production per capita will likely be 300 kg, and steel-making
capacity 46 million tons by 2000: the total steel-making capacity of the

sub-region is estimated at 51 million tons.

Tropical South America ‘

Steel production in thig sub-region will, to a large extent, be

determined by that of Brazil, which country is expected to attain a nteel “

production capacity per capita of 283 kg, i.e. 75 million tons in 2000.
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This target figurc includer 35 million tons of new capacity at an annual

rate of increment of 2.3 million tons.

Venezuela will become the sub-region's second leading steel-maker.
It may attain a steel production level of 18 million tons in 2000, i.e.
847 kg production per capita. This per capita producticn level
corresponds io that of highly industrialised countries, such as Sﬁeden
in the 1970s. I* is expected that a major part of the steel produced will
be exported. In Peru, production capacity is estimated at 9 million tons,

which figure would appear rather conservative.

Although expected to expand their steel production in this period,
both Colombia and Tcuador will still be in the lower category of steel

producers.

The sub-region is expected 1o attain a capacity of 3114 kg per capita
steel production in 2000 which would place it among the leaders in the

middle category of the world steel producers.

Temperate South America

Argentina is expected to attain a capacity of 669 kg per capita steel
production, i.e. 22 million tons in 2000. It is thus anticipated that
this country might become an important exporter both of steel and

engineering producis.

By 2000, Chile is expected to more than treble its 1985 steel facilities

and steel development will also take place in Uruguay. This sub~region would

be the only sub-region in the developing regions with a steel production

capacity per capita surpassing 400 kg (557 kg/ca.pita.) .
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THE IxCH AT LTaonh TADE O DEVELOFING COUNTRIES: .

STIUCTU D, PaGoliuTs AlD POLICTES Y

Introduction and main colicy conclucions

In view of the target set in the Lima Declaration of increasing the
developing countriec' unare in total w.orld industrial production to at
least 25 per cent by the year 2000, efforts to expand the iron and steel
sector acsume greit importence ouing to 1ts leading role in the develop-
ment procesc. Tois implier tue need for considerable restructuring
and change in tne compuiation of trade in irom and steel over the next

quarter of a century. )

Table 1 swmmzrizes the iren wnd steel +yade situation for a sample
of 50 developin,~ courtries in 1973 Exrorts from these develcping countries
to the developed countries amounted to only 31,423 million, whereas those
from developed to developing countries amounted to 56,013 million, Similarly,
large imbalancec exist in exporis of ccal and ccke (a steel input) as vell
as of machinery ani transport ecuipment whick have a high steel content.
The burden caused by these foreign exchange expenditures can only be reconciled

y if the vorld-wide secteral restructuring implicat in the Lima target is realized.

1/ This section is adapted from a preliminary report prepared by the UHNCTAD
scoreturiot on bae irwie smplicutions of restructuring tue world iron ard
gteel industrr, in cemnlicnee writh resolutions adopted at the cecend .
General Couference of UNILO in llarch 1975 end at UHCTAD IV in Hay 15706,

2 s
-/ Developed country exports of coal and coke amounted to 5149 million and
those of -wcrines and trancport ecuipment to 530,688 million, wnereas the ~

reverse tlow of coal und ceke was only ¢8 million (data for machinery and
transport coudpment not available).
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Table 1. Structure of the iron and steel trade of developing

countries, by processing stage, 1973
($ millions)

Stage of Ore and Semi- Finished Total
processing concentrates manufactures manufactures

Exports by
source and
destination

From developing

to developed 719 529 175 1,423
From developing

to developing 20 246 60 326
From developed

to developing 4 5,274 73% 6,013

Net developing
country exporis T15 ~4,T45 -560 -4,590

Source: Data supplied by 50 developing countries (see Table 2).

The table also shows that the exports of developing countries are
mainly compoced of ore and concentrates and semi-manufactures, whereas
the reverse flow from developed countries consists of semi-manufactures
and finished manufactures., While the developed countries will continue
a8 major suppliers of finished manufactures, achievement of the Lima target
implies a shift in the product composition of developing country exports
from ore and concentrates to semi-manufactures and greater import substitution

in semi-manufactures.

Furthermore, the small amount of trade among the developing countries
themselves as compared with trade with developed countries is apparent. If
the Lima target is to be attained, the share of trade among the developing
countries in their total iron and steel trade must increase for a number
of reasons: general instability of export and import prices of higher
order processed iron and steel in developed countries; tariff, non-tariff
and transport cost barricrs to trade; restrictive business practices and
cartel policies resulting from the monopolistic/oligopolistic market
structure in those countries; and most importantly, because of the opportunitics
for restructuring iron and steel trade patterns in favour of the developing

countries whose steel production, consumption and concomitant trade are
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expected to grow dynamically over the nexi 25 years. These shifts in
the trade patterns towards increased intra- and interregional trade on
the part of the developing countries, in the face of competition from
developed countries, can occur, only if immediate steps are taken by
the developing countries to create a stable co-cperative environment

conducive to such trade among themselves.

Developing country trade flows il 1973

This section provides an analysis of developing country trade flows
in iron and steel production on the basis of data at four levels of
aggregation (total value of iron and steel trade: raw materials: semi-
manufactures: and finished manufactures) for 50 developing countries in
1973. While trade data for only one year in respect of these countries
may not conclusively identify the trade patterns of the developing countries,
they will, for most cases, provide an indicative picture of the trade patverns
likely to continue. Having discussed over-all trade flows in the preceding

gection, focus here is placed on intraregional and interregional trade.

As shown in Table 2, exports from developing countries to other
developing countries were valued at some 8326 m:llion in 1973 or 16 per
cent of their total exporis to the worid. The bulk of ihis trade originated
in Latin America (32 per cent), Asia (52 per cent) and the Middle East (9
per cent),

N

Exports from North Africa were distributed as follows: intraregionally
$2.2 million or 84 per cent of total exports, wiith exports to the Middle
East amounting to %0.31 million (10 per cent). Exports to ciher countries

in the African region ("Other Africa" in Table 2) accounted for only $138,000.

Total exports of iron and steel products from "Other Africa" were
somewhat less than those for North Africa. Intraregional exports amounted
to $3.4 million or 89 per cent of total exports while interregicnal exports
valued at $341,000 or 9 per cent went to North Africa with the remainder

distributed among the other regions.

Latin America is one of the three most active trading regions in
iron and steei products, Asia and the Middle East being the other tiwo,
Total exports from Latin America to other developing countries amounted to
$105.0 million or about 15 per cent of its over-all exports to the world.
Exports from lLatin America were primarily interregioral (297.5 million or

93 per cent ), the remsining exports going to other regional groupings listad
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in Table 2t "Other Developing" (Yugoslavia), Asia, Middle East and "Other
Africa". This constitutes a sound basis for the possible expansion of

trade with these areas in the future,

The total exports of iron and steel products from the Middle East to

developing countries amounted to $30.4 million or a 9 per cent share in
total exports of all developing countries. As in other regicns already

considered, interregional trade dominated, with exports to other regions

amounting to $16.6 million (55 per cent), of which 25 per sent uent to .isia and

17 per cent to North Africa.

The share of Asia in total developing country exports was roughly
half of the total trade of the developing countries among themselves: its
exports amounted to 3169 million (52 per cent)., Intraregional trade was
also marked in Asia and exports amounted to $119.5 million (71 per cent).
The interregional exporis from Asia were to Middle East (17+2 milliocn or .
10 per cent); Latin imerica ($22.4 million or 13 per cent); Other Africa
(8$7.4 million or 4 per cent); North Africa ($2.4 million).

Iron and steel products valued at $15.2 million were exported tc all
other developing countries from the regional grouping "Other Developing"
(Yugoslavia). Its relative share in total developing country trade in
iron and steel products amounted to 5 per cent. Since this clascsification
is not based on geographic considerations, it is not surprising that no
intraregional trade is carried out. The bulk of this region's trade in
the year under consideration was, therefore, interregional: North Africa
$7.2 million or A7 per cent; the Middle East, $4.3 million or 28 per cent;
and Asia, 83,5 millicn or 23 per cent,

Trade data alone camnot accurately reflect levels of development in
iron and steel fabrication, particularly those of vertical integrated
production capebilities, They do, however, provide an indication of the
relative dependence and sbility of the developing countries in world markets
for iron and steel. The data presented here provide, for the first time,

a global insight into iron and steel trade both within and between regions.
These trade flows among and within developing countries have shown that,
relatively speaking, a large amount of intraregional trade goes on in iron

and steel products, and a surprising amount of interregional trade. This

pattern is most notable in the geographically distant countries in Africa,




i Svm——
- . ]
- - 121 - - - 60€ %2 - - - - 2Z 1€vée 22 3v-dotaAsp I3y’
- - - - - - - - - - - - - - eTuwesol
- 269 ot (24643 - - - - - - - - Wiz oLl eTSY
- - 69y - - - - - - - - - 69¥ - 19ed SIPPM
- G - 2ee - - 0gs ‘w1 681 %0¢ - - - - ogs 1 o701 Al voTIONY
- - 62 - - - - - - - - - 62 - |OTIJY I9Y30
- - - - - - - - - - 1 - b1 - |OTIJY YIJON
- L£946 Gelte 14741 - - 6ge’9t  681%¢ - - LAl 22 g29%6T  p61%6z =TXmod Furdorared
- 148} 260 %9¢ S - - LLttzt - L16 - ofT*1 - alzloy 61L 82TI31MOS 3STTETOO0S
- - geelerT  clzf¢ - - 669%GET €8 124% 24 - - - 0€G%2e GG O FOYIC
6 - - - - - €65%6 - - e - - 209 144 viid
s - ele*t 94 - - 26%2lt €1t 6v<loyr b1 66546 8 L6t ot omd
o? - 009 ¢t L1e% - - 6LTgTC  L61 g6gtor GeC 6664 ] 6gcl6lys 9wl OFNG
oz G06 %9 222*0RT 68949 v2 - 113%29¢  Tt0l'%22 o6y ‘otz 9f2 vzo'g 33 065°19L  066%¢ PTIOM
8231eJljU3adOUCO pue B3I

' - - 912 WSS % oot 6T 60E 4 lg 1T Got e - 12649 IACR 665 4ot FurdoTaasp I

..w - - - - - o - - - ol - - - - eTURs0(

! (51943 goltt olv*s1T  18%%0T 2941 816411 661% €184 €€ gpatL 1 0€9 %€ crgizer vy tevt bl
392 L8 1241 091 [a<10h ¢ 889 ‘te 112 €€ LT 166 2614 gav oy 96¢ ‘o€ ise3 2IPPIN
1% 40C 4G €98 4T 096 4% 26 ge6'e 4913 el i z 90141 0 6 22o*oz1  ozotler eotzauy
9¢€2 - voftl 1 806 Tt 288 1 104 241 a50t¢ 21 44 lg6 s 091 % eOTIFY YW
fottl - a5¢ ‘2 L 59046 Le1 (&5 2z e 201 zoe ' vo1c 91Tlt glete BOTIJY YRION
6£2461 6Ge'9 92C %91 10T*P11 19€ ‘c€ 80 %09 Ls0%GoT  ogeeest Gzglc 898461 £19% 006431 161%92€  GP1°ghE sstayumoo Jutrdolana(
2G9th1t  Lloteat 137044 769 et AR 6gzicee GoL*6T IASIA ot 28T %S 56L%6 FAS AL €2L%61  10G*C63 sarajumoo 3sTTETOOC
181%e  €hl'ee oLz acZtlevtt  gev'y gegleas A6°192  porieve Gy 68y trer 9€5 42 avees 186%699  Gl9fLGC WA IoUH
lcetet ateed 1Tty 9p 45¢ §uG G468 (9 AR [ {1 1L1 vk 67 2Ta4C G3240¢ 086 tone Va3
PA3:00 CHENNA 64 gy s61%%L Lectact frefcr  GIztlev TELGET 261496 coetear  geeteet et Cocterg 2050ES Tt 937
STASICeh (NG (Chde ey TETYCE aeattrlfT plnter B ESTAL 75 S el (PR L SR ECL AL S i) T8¢ (RS ety ColamI bt L1ptaTcds "
AL S A ey oo bl D Bl 1A AR G SR SGCMT 0 ToEAe STOMCASST TaTfele wTtelS = o (RTINS (S AN AL F1aom

75978 tUe UOJT 1Rt °w
six0dxy sqxoduT spIndxy syzodwT sq1cdxy sqgoduT sqxodxg siaoduy sixodxz zqzcedn] zracdxy tqaodu’ sqz0dxy sqaodu] Burssancad jo  Aris O
2uzdoTsaaq JIsu BISY 438 T STrLTH netgagy Pucdorsan’ A BOTIJY I3UT BOla T Waedul, TEYCT $5aTaiuNOD P it

(sam1TeT jO SPUERSMOLL’

Autsseooldd jo advls Ay

TCTZT 1T S30npodd 13035 TUE U It Ut apedy Ad3Ut o SutdciaAs; °7 314wl
LET




Frdoraas

Toy0

PAT AT I00

At on S e g ur oymiTe depgy guddr FTive TRAIBS $egemn sy rroomaaT < g b foim REVSTEIE BELTES SRR § S Ch e BRI AN LIRS PR Tavo forocy el
egpTon pW sInU fETIVU eGy-qeu SEaP TRHUT JOU SCSTYRD SdTE bgg put (£ ond Ssundar S3%nl 5na01r SraJrisnggs poaustuvo fodhorist. oLdrt puw UaMy
! i - AR P R G oo s
ta37m SgrTea fdTaiE v Cooh tgqesiz v rairtd doTuSIBATUT tgpder puv SRl 19937 pUT UCdT Sowrey forwrtad Zeysc o puw zq08ut SigeupdRL-CdIag THuy L0 T temecaaag buodr JTg ¥
.sosv. TTR 4T pundssda i £rsdTius jov Moy marp fdodEa puUT 320 UT $57 RS BT JC DIRIEU RITTUTT B4Y O lLMElAE *TUATIYNOU Surdoraas. | £ roarrace! ves oo

- - o ! ey w7 - (4 - o - (34 T4 TN AurdoTeAap JI8uIC

- - - < - - - - - - - - eTURID
Tr¢ RIS I et L R . S sLR 3 1
i ¢ ey gutat e : AT i LT BARAs oC 3wl SRR
v o st : 66t s G o ¢ £oonIaLy
) - [ - g 1 L IR N L RV ¢ TRTI)Y Lk

- et vy 4T 4 2 - t IV e oo by EL T S
[Th P e ¢ W 8 L S 0 c-¢ -4 SRILIEN , [RRS YA
13 Vet . - . B ot B "

. BN b LR i Cat e . M 3 e A o FLNT ST UT D STV T
m‘v. el vww.‘p e . cazt B N . [ T . 1 IR IS R PR
XMA!.,‘ L R R . e e LI gt -8 N R [ - A-ﬂv ]

. 1T gt PR ot 8T iy S S B [ Fostl vl [EZLRER co% Rt
[ R Els sl SRR AN ce L Lrrd o LT ey DMK
[ > i BRI Listr o p-rt . 1 R Ut T L7 S vty b LA
! ﬂ.ﬂ FLESIA S IR REIE S
' - - i eTe 5C LD - ot v - Ll Lt srrdoraa FE
T apet I 108 - ot v ey
T Toeter R G A ! T [ 1o STRDTIA
T - snltoz =) 3G T - v T aowy
ol - A °e [ T fr € s - nOTAFY I U
Ciaty - £96 4T €l - M TRt a i il ; SOTLFY LN
¢siet EER LT goater ERAE pt aer sovdgqunes FandueTanon
A L1 wLIATLT Che 0T cpa M ot ML A serggunoc suinnaed
arets LEtTT G CT e : v e ene A O N FREELE]
TiR4T ralte, Dot Goutzl et et A3
AT et ot RIPLIN ALY L. ¢ 7 . Y 032
£he trt 15Tt ML AR L R G Lt s PR TR —
S AN 8 sors et RGN SRt vt [ PRy PR PR T bve . BrTIOw
ﬂ)?..h_ E A TR S|
cide dxg cqandw” sqzcdxg ziodxy zyaodut gz odxy RE (3 ) o axodxd sjzoduT oLaodxg BRI e Steodxd B2 TS | 2 gusocad Ju oadeis £
EeR &3 sud <TPFTR volgawy Jiusdoyan S LTIIY dI34% “aTIFY 1340 Tmiel SIJUNOD pUN. UL TS




- 118 -

Asia and Latin America. Whatever the commercial and other bases for these
t¢rade links may be, they should be further explcited and expanded to pronote

the industrialization goals implicit in the Lima target.

Leveloping country trade in iron and steel products

In contrast to the price behaviour of most commodities where the

largest fluctuations occur at the raw material stage and become smaller

at more advanced stages of proceasing, iron ore prices tend to follow the
reverse pattern, i.e, they are quite stable in comparison with the higher
order of processed steel products. For example, the prices of interediate
steel products (merchant bars, heavy sections, heavy plutes and cold-reduced
gheet) vary much more through time than do, for examyle, the export prices
of iron ore from Brazil and India. This oscillation is most obvious in
+he case of heavy plates, the prices of which fluctuated during the period
1966-1975 from 888 to $402 per ton (457 per cent). By contrast, prices

of iron ore in Brazil and India varied only slightly from 86.85 to 87.75
per ton in the case of India (13 per cent) and from $9.20 to $14.90 per

ton in the case of Brazil (60 per cent).

The explanation for these disparities is to be found in the way in
which prices are established in these two markets. Traditionally, iron
ore is scld after negotiations between buyer and seller who agree to
quantities and prices for the coming year. This method is still used,
though mainly by established mining companies whose ore has long been on
the market. However, contracts for longer pericds are customary in the
mining ventures which came into operation during the 1950s. In order to
reise the capital investiment required to start mining, owners have to
guarantee markets for a long time ahead, at least up to the break-even
point, Such long-tem contracts, entered into as a guarantee for
investment, may run to a considerable length of time: 8ome have been

concluded for a period of 40 years.

The steel market in developed countries is highly cyclical, more 80
than the economies themselves, This cyclical activity is due to the
effect not only of frequent excess capacity arising out of fluctuating
stocks of steel products maintained by both steel producers and steel

conguming industries, but also of the pronounced accelerator/multiplier
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interaction on this sector. Thia leads to volatile steel prices compared

with the more stable iron ore prices.

Developing country exports of iron ore have almost doubled from some
80 million tons in 1968 to 148 million tons in 1973, Given the relative
price stability and the rising volume of exports, export earningse have
become important to ore-producing countries, and thereby make the trade--of {
for diverting this ¢ : to domestic use an important consideration for
planning domestic steel production capacity. For ore-abundant countries,
like Brazil, the cost is not serious, but for others 1% could be, 1f they
had to rely on steel exports to the developed countries in order to warrani
domestic production at efficient levels. The dec:sion to move downstream
into steel production must, therefore, take inio consideration the trage-ofIs
between stable export earnirgs and prices at the 1ron ore and pellet
level, on the one hand, and the relatively unstable earnings and prices
that will be encountered, on thne other hand, if exports of steel are
dependent on developed couniry markets, The development among developing
countries of sizble long-term trade links for iron and steel products may
belp to avoid risks resulting from fluctuations of the steel market in

developed countries,

Despite the successful development of the direct—reduction,/electric
furnace method to produce sponge iron, and then steel, using natural gas
and/or gasified fuel oil, great quantities of coking coal are still required
in the blast furnace to produce iron on a large scale. Therefore, with
the exception of those developing countries that have plentiful resources
of natural gas, most steel production in the develo»ing countries Wwill be
dependent on imports of coking coal. In centrast io mosti trading config-
urations betwsen developed and developing countriee, 1t is developed countries,
by and large, which have abundant coal resources and arc, therefore, the

> major exporters of coal and coke., The volume of developing countries’

imports of these products shows a gradual upward trend over the period
1964-1973 with imporis amounting to more than five miilion tons (of both
types) in the latter year. Perhaps more imporiant, however, has been the
growing value of these imports which reflects the rising price of coal and

the concomitant rise in foreign exchange expenditure on the part of tne
developing countries over ihe period. The f.c.b. umt value of coking cozl per

ton has virtually doubled from $22.24 per ton in 1964 to £42.01 per ton in




1973. When transportation costs are added to these prices, the high foreign

exchange costs of iron and steel resulting {iom this one input become apparcat

and must be considered in the planning equation. ’

Developing country imporis of ingots and other primary fo.ws of iron
and steel from developed countries have risen from a low of 986,000 tons
in 1964 to over 5 million tons in 1973, which reflects the growing steel
consumption and import intensities of the developing countries over this
ten-year period, These trade flows also provide some indication of the
scope for using import--substitution policies in this sector by the developing

countries,

while the developing countries have demonsirated an incr 5ing ability
to export iron and steel products (SITC 67), rising from a low base of only
$103 million in 1964 to $668 million in 1973 (more than six-—fold), their
imports of similar products have increased from $1.6 billion in 1954 to )
$5.1 billion in 1973 (more than three-fold), Although generalized, these
statistics provide some insight into the prospects which exist for trade
in iron and steel productis among the developing countries., Increased steel-
making capacity on the part of the developing countiries should reduce
imports of many specific iron and steel items from the developed countries

via import substitution.

Despite the prospects of growing import substitution in iron and
steel products by the developing countries, their dependence on importis
of capital equipment for manufacturing, construction and infrastructure
in general will continue to lncrease as the industrialization process
continues. The developing countries' indirect imporis of steel in the
form of machinery and iransportation equipment have risen from £9 billion
in 1967 to $30.1 billion in 1973 (334 per cent), This trend can be expectea
to continue in the future 1in most developing courtries, since 1impori
substitution of these 1tems can only occur at a much higher level of
jndustrialization, However, the more advanced of the developing countries
may be able to tap this high growth market by cxporting higher order steel -

products to lesser advanced developing countries.

Foreign exchange cavings resulting from import substitution

The installation of iron and steel-making capaciiies by developlng
countrie will yield some forcign exchange savings as locally produced

iron and steel products are substituted for imperts of similar goods.



However, the savings are not zutomat.c, particuvlarly during the initial
start-up and "learning" period, nor are they "one for one" in that the
value of an item formally imported is a measure of the foreign exchange
saved. The amount of capital costs to be btorne in foreign currency terms
is an important variable that must be taken into consideration in any
exchange saving equation., These costs are a function of the degree of
industrialization in the developing country in question, Thus, initially
the foreign exchange component of the total expenditures will be very
high as most machinery and other items have to be imported. Once
industrialization is well under way, hovever, the proportion of equirment
that can be pragigc locally will rise.

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

limestone, ges, and hydro-electric power.

Table 3 sets out the foreign exchange benefits accruing from steel
production in a blast furnace/basic oxygen system plant as computed for
four "typical" cases, although a wider range of possibilities does exist.
As can be seen, savings range from 3161 to $196 per ton depending on ihe
various assumptions used. The foreign exchange benefits are likely to

be much the same with the direct reduction/electrice furnace technology.

Implications cf the Lima target for developing country imports

of iron and steel products from developed countries

As mentioned previously, the Lima industrial production rarget underscores
the paramount importance of the iron and steel sector which contributes most
significantly to the development process., In view of the relationship
between stecl consumption and level of CDP per capita, it follows thai iron
and stcel consumption and production in the developing countries will have
to expand enormously over the next 25 years. This dynamic growth will have
to be accompanied by increased international trade in iron and steel products.
Not only will this irade volume grow as the Lima target is approached, but

the structure and composition of trading puiterns will also shift. These
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shifts will not take place solely at the expense of the developed countries
currently dominating iron and steel trade, however; as the developing
countries begin to trade more 1n semi-marnufactured iron and steel products
among themselves, exporis from the developed countries will shift more
towards plant, equipment and technological know-how for the new steel
industries, as well as the host of complementary capital equipment required

for expanding infrastructure, construction ana other emergent manufacturing

sectors in the developing countries.

It would be expected that, as the levels of economic development 1n
the developing countries improve, 1imports of iron and steel products would

initially grow at a rapid raie and then at a somewhat slower rate as their

economies approach industrial maturity. A curve fitted to observations of
steel imports of 88 developing countries from 20 developed countries 1in
relation to a share of the developing countries’ respective GDPs follows the
anticipated pattern, thus underscoring both the anticipated growth in inter-
national trade in iron and steel products as per capita GDP rises, and the
growth that must occur in imports by developing countries of complementary
goods and services from the developed countries. The plotted cobservations

are estimates derived from the following regression equation?

1973 steel imports (SITC 67) = f (vopulation, per capita GDP)

ln Ms = 1n BO + 1In B1 Pop + ln B‘, PCGDP

RD = .61 1.34+ 0.868  + 0.81
(T test values ) (1.7 (2.8 (1.7)

This also demonstrates that growth of i1ron and steel imports expressed
as a percentage of GDP will affect most developing countries which, at present,
are passing through the earlier phases of the industrialization cycle. The
iron and steel import elasticity for developing countries is estimated to be
0.81 which implies that, for every one per cent 1ncrease in GDP per capita,
imports of iron and steel products should increase by eight tenths of one
per cent. Relating this to the results of another study,l/ and given that
the Lima target in respect of world production of semi-manufactured and
manufactured goods will materialize, that population will continue to grow
at an annual rate of 2.9 per cent, and that the annual GDP growth rate of 7.)
required to meet the Lima target by 2000 will be attained, imporis of iron
and steel products are likely to grow at an approximate annual rate of 5.2
per cent, In constant 1973 value temms, and taking that year's figures for
developing country imports of 1ron and steel products of 5.1 billion (SITC 57)
as a base, together with the annual growth rate given above, imports of 1ron
and steel products from developed countries could attaina value of approx-

imately ®26.2 billion, or a 14 per cent increase 1in vaiue by t. year 2000,

17 UNCTAD document 1D/1%5/Suppl. 1, p. 3, p. 5. These growth rates imply
that the per capita growth rate 1s '.0 per cent.




Tariff and non-tariff barricrs to the exrort of iron and cteel
product: by developins countries

Developing countries contemplating the expanszion and/or development

of their iron and steel exportc to developed country markets neced to take
into account the trade obctacles generated by tariffs and non-tariff
barriers (NTBs). As might be expected, the tariffs increace with the

stage of processing, e.ge. from rau material inputs through semi-manufactures
to finished manufactures. This pyramid effect is shoim in Table 4, wvhich
provides data on the tariffs levied on iron and cteel products in the
European Economic Community (I1JIC), Japan and the United States; taken
together these account for over 90 per cent of devcloped country imports

of semi-manufactured and manufactured producte from the developing countries.
The tariffs of the United States display the most escalation throush the
three stages of procescing. On average, the tariffs for the couniries
covered in Table 4 vary from duty-free at the rau materials level, to 6.7
per cent for intermediate scmi-manufactures and to 10.2 per cent for
finished mznufactures. Dcveloping countries planning to gain access for
their exports of processed steel products to developed country markets should
4ake into account the effect that this escalated tariff profile may have on
their competitive position, particularly on their exports of finished

products.

Table 4. Averace nominal tariffc on celected iron and steel products
by stace of rrocecsinr:  =.C (10727; Jaren (1972);
United Stotes (15740
{per cent)

Stage of processing EIC Japan United States

Rav materials 0.0 0.0 0.0
Semi-manufactures 6.6 1.4 6.2
Finished manufactures 8.7 9.9 12.2

Source: UNCTAD calculations.

Vhen examining the tarrif structure, it is aitso imperative to note
the existence of preferential tariff regimes which affect current znd
potential exports of iron and cteel products from developing countries,.

Tuo major preference systems should be considered: the Cenerzlized System
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of Prefecrences (CSP’), and the Special Preferences offcred by the ELC
to 46 developing countries in Africa, the Caribbean and Asia under the

Lomé Convention.

The GSP schemes of most countrics givirg prefercnees provide for
» duty-frec treatment of those iron and steel products included in the

product coverame of the schemc. The product coverage of the schemes

in the IC, Japan and the United Statcs provide for moct of the devcloping

countries' exports of thesc products. Unile most of the GOP schemes in
operation are "open-cnded", i.e., not subjcct to a priori cquantitative
restrictions, the schemes in the EEC, Japan and the United States contain
cquotas under wnich the combined impertcs of the developing countries arc
accorded duty-free itrcaiment up to a predetcrminca cuota lcvel; all imports
in excess of this level are subject to the full Most Favourcd liation (HFN}
duties,. In the ZXC and Japan, the schemcs alse contain "roximun country

3 amounts'" undcr hich imports from individual berneficiaries no longer enjoy
preferential +{rcatment once a predetermincd share of the over-all cuota

has been attained. These restrictions are, however, applied on a year-to-

year bazic so that all countries nave ecual access to the riotas at the
start of the nec': year. The cusntitative restricticns embodicd in the
United States scheme are knoim as "competitive need critcria'. If a
single beneficiary's imports (or group of bencficiaries aligned in a

[ customs union, frece trade zrea etc.) of a singlc item cxceed 25 million
or 50 per cent of total United States imports of that item, the bencliciary
is permancntly denicd preferential %reatment on the item in question

(unless re-granted after presidential approval).

These restrictionc vhich cause uncertainiy, in addition to a2 number of
product exclusions, stringent "rules of origin" cualifying goods for
prefcrential trcaiment, as :ell as discriminatory bereficiary lists, male
it nececsary for cach developing couniry to apprisc itcelf of its eligibility
under each separate GSP scheme and in respect oi each iron and steel item it
» wishes to export. Thc indeterminate duration of the GSP and cossiple eihanges

in thc administrative rules affecting its operation should also be censidercd.

|
|
In addition to the GSP, the other moct iricrtant cpecial preferential 1

scheme is that of the ZEC in respect of 46 developing countries in the




African,

caribbean, and Pacific region (ACP)., Thece countries primarily

represent the acsociation of African and lalagusy States, members of the

Yaound é Convention and 2 number of Commonwealth members., Under the

WEEC-ACP Convention of Lomé", the 46 member states are accorded duty-free

preferential treatment on all industrial and primary products in chapters

25-99 of the Brusscls Tariff Nomenclature. It is importent to note that

this accord affects 21 out of tne €9 developins couniries identified as the

jeast developed. As distinct from tne G5P, the Lom¢ Convention zlso treais

all ACP member-states as one area in lerms of qualifying their exports ror

rules—of-origin purposes. Thus, by virtuc of this "cumulative treatment”

clause, the avenue for co-operative industrializatior efforis is opened

and allous member-cstates to cpecialize and combine inputs for duty-free

export to the Co

The "Tokyo Round" of lultilateral Tariff Negotiations (i) is

currently being neld under the auspices of the Ceneral Agreement on

Tariffs and Trade {GATT).  As in the past, the negotiutions centre on

the reduction of oMl customs tariffs. For the first time, the removal

reduction of non-tariff barriers (NTBs) are being negotiated
and/or redu & nes '

Existing tariff varriers and the GSP should be considered jointly

pecause any reductions in the %ariffs on products now covered by tne GS?

will erode the existing preferential marmins currently enjoyed by the

developing countries, vhile deep tariff cuts by the ITN in respect of

those products not now included in the GSP, nor ever likely to be, are

jn the interesis of the developing countries. ‘hatever strategy the

developing countries adopt with regard to the liTil, the folloving censideraticns

should apgply:

(a)

(®)
(e)

(a)

(e)

increaced security of the GSP should be encured, i.e. it should
become a binding commitment, and its duration shoula be extended
beyond the initial ten-year period;

Preferences should be ap:lied in a non-discriminatory monner to all
developing countries;

The tar.f{f marsing from preferencns should be preserved to the
extent possible -;ithin t'e context of the GATT;

‘here this has not alrc:'y been done, GSP rates should be reduced to

Existing limtations o prefercntial imports (1ariff cuctas,
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ceilings, maximum country amounts, compeiitive need criteria)

should be removed;

Products not included nor likely %o be included in the GSP should
be subject to deeper than average tariff cuts, which should be
implemented in advance in favour of developing countries;

Maximum attention should te devoted to the elimination of
escalated tariffs or the pyramiding of tariffs as the scale

of processing escalates.

The tariff regimes, and the rationale underlying the ir present structure,
currently in force in the developing countries should be scrutinized and re-
evaluated in the light of the present industrialization and trade expansion
goals. It may be necessary to make significant changes in these regimes 1o
accommodate these plans, particularly as regards the iron and steel sector
and the growth of the manufacturing sector. Tariff reform which enhances
the profitability of the domestic production of jron and steel and capital
goods could overcome the existing constraints on growth in the manufactures
sector.

Co-ordination of tariff reform efforts between develcping countries
should also be attempted. In this regard, maximum attention chould ve
devoted to designing a tariff regime to take into account the complemen-
tarity which exisis amorg developing countries, and particularly among those
at different stages of industrialization. On a broader front, consideration
ghould be given to formulating preferential tariff schemes among the
developing countries at the sub-regional and interregional levels.

In addition to tariffs there exists an additional set of obstables
to trade in iron and steel; these are the generally ad hoc restrictions
referred to as non-tariff barriers (NTBs). They are broadly defined as
any measures other than tariffs which restrict imports; they include import
licences, exchangze controls, quotas, import surcharges, valuation procedursas,
documentation requirements, and customs fees ard deposits. Table 5 provides
a list of NIBs affecting exports of iron and steel products to several
developing country markets. They are divided into four groups: (i) foreign
trade policies; (ii) administrative practices; (iii) internal policy
and regulations; and (iv) private practices. The table indicates that
steel imports by the ten major steel-trading couniries are subject to 31
of 39 NTBs in at least one cf those develcped countries, and that eight of

these practices are in effect in all of the developed countries.
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Unlike tariffs, it is very difficult to cuartify ITBs in order to
estimate the degrece of trade restrictiveness they cause. Important
steel restrictions s such as licensing, cxchange controls, prejudiee
in governmcnt procurement practices, anti-dwnping lavs, administrative
practices, non-econcmic internal polieies and some restrietive business
practices, cannot be transformcd into tarift ecuivalents. Some NTBg in
certain developed countries can, howcver, be cuantified by estimating
their ad valorem tariff ecuivalenis: cquotas; 'vcluntary" export restraints;
domectie biased purchasing; import surcharges; various forms of export
subsidies, sueh as direct payments, credit financing, penzlties, and tax
rebates; prior deposzit recuirements; doeument costs; custems fees;
various forms of domestic subsidies, such as direct payments, internal
tax rebates and input subsidies; indirect taxes and freight-rate discrim-

ination.

Using appropriate elasticities in conjunction with these quantifiable
NTBs, it has been estimatedy that for 1968 (1969 for the United States)
steel imports excluded by 'TBs imposed by these develored countries amounted
to about $1.7 billion, with the United States alone accounting for more than
$1 billion,. The small number of HTBs amenable to such cuantificatiocn in
relation to the total number of barriers erected indicates that this may

represent only a minimum figure.

Some developed countries have recently imposed legislation recuiring
the steel industry to install various pollution controls, These enviroen-
mental measures have the reverse effect of an NTB in that they could lead to
increases in the domestic priee of iron and steel products after the costs
of the pollution control ecuipment have been absorbed by the firms. This
could lead to an increase in the importation of iron and steel products
from developing countries vhich do not imcose such eontrcls. Any increase
in imports uill, however, depend on the extent of the increased cest of
producing tliese products and their initial competitive position vis-d-visg
import prices. It has been estimated that the average annual tctal direct
and indirect costs of environmental control us a percentage of the value
of shipments amounts to 1.364 per cent for the iron and steel industry in

the United States. Based on varicus assumptions, this could lead to an

&

See Table 5, cource.

]
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average anrual increase in exports of these products by the developing
countries to the United States ranging from 2.7 per cent to 5.5 per cent

over the period 1973-1977. .
Because of the agd _hoc manner in which NTBs are imposed, the political

motivotions prompting their introduction, and the difficulties associated
with their measurement, it will be very difficult to negotiate effectively .
the elimination or reduction of the NTBs in the Multilateral Tariff

Negotiations, Neverthclesc, the developing countries should mount and

maintain continuous pressure in international fora for the removal or
reduction of NTBs cn specific products of interest to them. It

therefore behoves the developing countries to take into account both these
NTBs and tariffs :hen considering the export of iron and steel products to

developed countries.

Transport costs as a barrier to developing country exports
of iron and stee.

Transportatiun costs insofar as they affect iron and steel producis
are a third major factor to be considered by develoring countries vhen
planning the future patterns of trade in this sector, since ocean
transportation costs, in particular, can reduce vhatever competitive

advantage their exports would otherwise have in developed country markets.

Conventional analysis of international trade flows typically ignore
or play down the importance of iransportation costs. This is justifiahle
only if transportation costs are cmall as compared with other barriers io
trade. Hovever, it has becen estimated that in 1965 0ECD imports of metal
manufactures (the nighest order of processing and therefore the moct indicative
measure for the purposes of structiural considerations) from all sources
displayed nominal nrotection by tariffs and transportation costs of 8 an
12 per cent respectivelywé/ This may hamper the efforts of developing

countries located relatively far from main markets in their efforts to

5/ meTAD document TD/B/C.2/150/Add. 1./Rev.1, Tables 13 and 14.

é/ J. M. Finger and A. J. Yeats, "Effective Protection by Transportation Cocts ‘
and Tariffs: A Comparison of Magnitudes®, The fuarterly Journal of Dcononics,

Vol. XC, February 197¢t.
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pursue higher orders of processing in iron and steel for export purposes.
Thus, it may behove the developing countries to pursue efforts aimed at

the development of national (possibly regionai or sub-regional) shippers'’
organizations or such bodies in order to facilitate their access 1o

developed country markets and strengthen their effective consultation and
negotiation powers with shipping conferences or carriers, as well as prepare
the way for the anticipated trade in iron and steel products among developing
countries,

Ocean freight-rates for iron and steel products are primarily determined
by steamship conference agreements since these products are usually shipped
by regular cargo services. Steel rates are generally levied by the coir
ferences on a per ton basis. From the point of view of exporters, a major
feature of this conference system is the lack of price-competition among
carriers, which may allow ocean freight-rates to rise higher than they
would in a more competitive situation. Such practices as deferred rebates
or other loyalty arrangements reduce the flexibility of exporters to exercise
choice when indeperdent carriers are available.

The degree of discrimination in ocean freight-rates may also be related
to the market strength of the users of the shipping services. With few
exceptions, if any, the developing countries are small users of shipping
services for higher-order processed steel products: they are therefore
“oaptive" clients from the point of view of the conferences, and subject

to arny rates these impose.

Organization of the international iron and steel market:
a barrier to developing country exrvorts

The struciure of steel markets at the national level can be characterized
either as monopolistic (public or private) or oligopolistic. The extent of
monopoly power associated with these structures depends on several factors,
such as: whether *he industry (a) is nationalized; (b) is a government-
sanctioned privately owned monopoly; (c) has government financial parti-
cipation and/or control; (d) is vertically integrated; (e) has domestic
production capacity .xceeding domestic demand levels; (f) faces competition
from imports; and (g) indulges in cartel-type practices, at domestic and/or
wider international levels.

Most of the steel-producing sectors established or planned in developing

countries are state-owned or controlled enterprises with natural or state-endowed
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monopoly characteristics.  Although the scale of operations is sometimes
large relative to the current domestic demand for iron and steel products,
domestic demand can, in many cases, bc satisfied only in certain products.
Both these situat.ons recuire participation in inte.national trade: in
the first case, there is a need 1o seck export markets as a vent for
excess capacity; and, in the cecond case, there is a need to import

jron and steel products to meet dcmand, especially ihat for specialized

products.

In those developed countries uvhere a monopoly does exist, national
domestic cartels are usually present on either a de facto or a de jure
basis. National cartels are overt or covert agreements by its mewbers to
restrain domestic competition through market sharing, the maintenance of a
uniform pricing policy, the determination of guidelines for members'
jnvestment and specialization policies, the setving of production cuotas,

and the like.

"Joluntary" export restraints have reinforced the export cartel
arrangements of steel-exporting countries. "Pure" export cartels affect
only competition in foreign markets, ~hile the "mixed" ones affect
competition in bcth forcign and domestic markets. A further distinction

is that national ecxport cartels involve exporters from scveral countries.

Since 1953 the principal steel producing groups in the EEC have
operated under vhat is knowm as the "Brussels Entente". In essence,
this is a central convention of national federations of steel manufacturers
which organizes the export of cteel to thirdcountries. The main function
of the Ententc is to overate a minimum-price system uhereby all prices are
based on Antuerp. Houcver, on occasion the Entente has also operated

export cuotas.

Japanese lau permits the establishment of cxport cartels. As far as
iron and steel products are concerned, four cartcls govern export tradc:
for vire rod, steel products, iron and stecl products, and tube and pipe
fittings of mulleable cast iron. Additional cartels exict for scmi-
manufactured and manufactured articles of steel (c.g. construction steel,
seiing machines, automotive componcnts and accecsories, machine tools,

bicycles, and tablevare). 48 Japanes firms are involved in the four
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cartels mentioned above, two of uhich export to the entire vorld market,

the remaining two being oriented towards selected areas. The restrictions
imposed by these cartels include the setting of minimum prices and sales

quantities,

Purely national export cartels can be authorized in the United States,
though none currently exist involving the iron and stecl industry. Anti-
trust Jegal vrocecedings have, however, been initiated :rith respect to

metal-rolling mills and rolling-mill machinery.l/

The uniqueness of the iron and steel sector helps to explain iis
present market structure, as vell as the harmonized market practices
it employs. Given these realities, imports, vhich constitute tne principal
source of potential competition, are restrained by various measures of the
cartel variety, ac iell as by government-sanctioned trade policies. It ho
been noted that thile NFN tariff rates have, in general, been gradually
reduced over the years, the escalated tariff structure s3till hinders the
effortc of developing countries to export higher orders of procecssed steel
products, despite the GSP.  The selective lists of products and the quanti-
tative restrictions of the GSP uith respect to iron and steel exports have
also been noted, as have the non-tariff barriers in the form of "orderly
marketing arrangements" and restrictive business practices embodied in
the export cartelizatio. of the international steel market. Yhen all
these factors are taken together, the prospects for an active and grouing
exporting role by the developing countries in developed country markets
do not appear bright. This is not to suggest that, given the present
situation, no room exists for growuth in developing country trade, but
excessive reliance on exports to these markets, particularly as a vent
for the exccss capacity of new plants, vhich arises prior to the maturation
of domestic demand, could prove to be hazardous in the light of the rcalities

of the existing market.

In their capacity as traditional net exporters of iron and steel products
to the developing countries, the developed countries are likely to maintain
their foothold in developing country markets, ecpecially vhere their trans-—
national affiliatec are participating in the development of the iron and steel

industry. In addition, the possibility exists for subsidiaries and affiliates

J/ In 1952, a consenl judgement tas entered recuiring the cancellation or
modification of thece agreements.
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of transnational corporations to participate in international cartel
arrangements, organized by treir parent organizations, the objectives

of which may be to maintain existing trade patterns in iron and steel,
rather than facilitate the evolution of new patterns involving ;reater
participation by developing countries, It will take a cubstantial
effort by the developing countries to overcome the inertia resulting from

these traditional establiched commercial ties.

The steel-producing and -—consuming developing countrics may zain
some insights into hou best to expand trade in ithis sector among themselves
by closely scrutinizing the practices of their counterparts in the developed
countries. Steel production and trade should be rationalized, but not
only from the narro: national peint of view.  ¥With or uwithout regional
participation in formal integration scheres, new marticipatory initiatives
require priority attention. One of the first priorities should be aimed
at improving existing, and creating neu, intergovernmental machinery and
institutions in order to harmonize better the national and common interests
) of the developing countries :rith respect to this sector. Close attention
should be paid to the establishkment of conplementary agreements bet:een
those develoring countries :sith export capacity and those with import
recuirements. Such agreements might include industrial co-operation
at the enterprise level betuecen developing country steel producers;
international sub-contracting, vhich contributes not only to the generation
f of employment, but also to the creation of skills, the iransfer of technology,
and the development of entrepreneurial capacity; Jjoint ventures among
developing countries; and changes in import barriers, tvhether preferential

or non-discriminatory, designed to augment the measures mentioned above.
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TECHNOLOCY OF STEEL-MAKTNG

Chojice of processes

The processes by which iron ore and scrap are converted into steel
have undergone tremendous technological changes within the past two decades.
However, as the time required to bring a new process from conception to
wide-scale commercial use often covers many years, only processes that
have reached the level of commercial application and those now at an
advanced state of development and likely to be in full use before 1990
are considered in this Chapter. The processes considered here are those

that are applicable to the production of ordinary steels, but comments are

included where appropriate on the direction that technological change may

take in relation to the production of steel in the last decade of the

present century.
The choice of processes is influenced strongly by:

(a) The cost and availability of iron ore and steel scrap;
(b) The cost and availability of coking and steam coal, oil,
natural gas, electricity, charcoal, and other fuels;

(¢) The cost and availability of capital for the purchase and
construction of facilities;
The availability of trained operative and technical staff
(these requirements increasing with the size of the plant
and the sophistication of the products made);

(e) Transportation facilities available to move the large
tonnages cf raw materials involved;

(f) Environmental considerations, principally the disposal
of water and waste rock from mining, and slags from

smelting and refining operations.

Of the many different steel production processes employed in the past,
only a limited number have survived in the face of competitive forces. It
is these processes mainly that must be considered when discussing the
development of steel industries in various ccuntries. However, sight must
not be lost of the possibility that one or two processes which have become
obsolete in highly industrialized countries may be suitable for calling

back into service elsewhere.
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The processes covered are bused on the beneficiation and agglomeration
of iron ores, the reduction and smelting of ores and agglomerates, the
melting and refining of raw steel, the casting and solidification of raw
steels and the hot and cold processing of raw steel into commercially
usable forms and products. To relate the technological considerations to
other parts of this study, the raw material, fuel and electrical needs of
each process are discussed briefly. An intimate relationship exists
between the scale of demand for steel, the nature and size of the production
facilities, the types of fuels and the supply of electricity that influence

the choice of an economically feasible production facility.

The processes that would be considered ir planning steel production
are discussed in the seguence in which they are normally employed. It
should be recognized, however, that the production facilities in any given

case need not necessarily include all elements of the technological base.

Iron ore processing and agglomeration

In the pi'oductiOn of iron ani steel from iron ores, it is economically
advantageous if the ore contains a high percentage of iron, low percentages
of oxide impurities and low percentages of the so-called "tramp elements"
(copper, tin, lead, etc.). The physical character of the ore is of great
importance, influencing as it does the operating efficiency, energy require-

ments and production cazacity of the reduction and smelting units employed.

Beneficiation

Ores that contain €)-65 per cent iron are considered excellent quality.
The presence of oxides suvzh as silica, alumina and titania (the gangue in an
ore) at levels of up io € per cent is acceptable, but higher levels zre
undesirable, except in spesial cases. Phosplherus and sulphur content
normally should also be ve'y low. The tramp elements should be less than a
few tenths per cent each, ginerally, but in ores for an integrated steel
plant (e.g. one producing a wide variety of steels from iron ore and using
coal as the primary t‘uel), « mcentrations of these elements must not be
greater than appreximately 0 %0 per cent, if serious contamination of the
steel products is to be avoicid. The elements arsenic and antimony should
prormally be less thar 0.02 per cent each. By using an oxidizing roast, it
is possible to remove sulphur ::d arsenic from the ore. This cperation is

expensive, however.




In many cases, large tonniges of commercially useble ores can be

extracted from low-grade deposits, provided means can be found to reduce

the gangue content and remove moisture and cther vclatile consii tuents

80 as to obtain a product contairing at least 55 per cent iron and less

than 8 per cent gangue. At the same time, steps can be taken to improve

the physical properties of the ore so that it may be smelted more efficiently.
In the language of the industry, the raw ore may be "beneficiated" to
improve its chemnical and physical characteristics. Virtually without
exception, it is more economical to remove the gangue consiituents in an

ore prior to the smelting or reduction stages, ratner than later in the
processing sequence because of the large increase in the use of energy
needed for the removal of these materials in smeltirg and meliing operations.
Usually, it is necessary to crush and grind an ore to a fine size before it

can be beneficiated.

Aggl omeration

Often, the iron ore from a high-grade deposit is initially in the form
of coarse material that can be crushed and screened 10 2 diameter of 1-3
centimetres, and this may be used directly by the steel plant. The fine
fraction of the ore may be stockpiled for later use. With increased extrac—
tion of ore from the depcsit, the amount of ore thai is too fine to use
directly increases. Also, it is probable that lower-grade areas of the
deposit will have to e developed and mined at a later stage. These low-
grade ores would have to be oveneficiated through ore or more of the methods

outlined aocve.

Although fine-grained iron ores and concentrates can be utilized in
the production of steerl, and systems employing the fluidized-bed concept
for the reduction of iron ores operate successfully on ores in the aprroximate
size range 0.1-1.0 mm, most processes foir iron ore reduction and smelting
encounter serious difficulties when fire ores and concentrates are used.
Throughput is lower, energy consumption is generally much higher, and losces
of iron from the system in the forms of dust and wasie are exceedingly high.
To counter this, cre and concentrate agglomeration processes are employed.
These processes may [cature high temperatures, a3 in sintering, pelletizing
and hot pressing, or cold-setting bonding agenis, such as hydraulic cementis
or lime. It is often of advantage in subsequent processing steps if fluxes
such as lime have been incorporated into the material at the agglomeration

stage.




Sintering has progressed from its early auxiliary status to a funda-
mental role in ore preparation, i.c. in the improvement of metallurgical
qualities. Sinterir.g facilities are usually located adjacent to where
the sinter is to be used. These facilities offer a useful means of dis-
posing of dusts and roll scale produced by other operations in the steel

plant.

The large-scale industrial application of pelletizing commenced in the
1950s. It developed as a method complementary to sintering, for the treating
of concentrates too fine grained to be sintered in the usual way. The bene-
fits derived from pelletizing, when correctly applied are: uniform lump-
size, strength, good reducibility, high iron content, and uniform chemical

composition.

The pelletizing plant is usually located near the mine and ore con-
centrator. The primary reasons for this are: (a) the economical size of a
concentrator-pelletizing plant is one that produces many miilions of tons
of product per year, and a facility may supply several steel plants at
different locations; and (b) shipment of the very fine concentrates over
long distances leads to a serious loss of the material and to contamination
of the environment by the material, which is readily air-borne when dry.
Modern pelletizing techniques have led to the installaiion of additional
capital equipment rear many mines, improving their general efficiency. 1In
ore-exporting countries, high-capacity pelletizing plants may be located in
large ports, where ore concentrates and fine ores arrive from various sources
Ore-importing countries often prefer to build pelletizing plants at the ports
of arrival. Pelletizing plants can also advantageously be built at iron- and
steel-works equipped with sintering facilities, thus making full use of both

methods of agglomeration.

Lron-making

Over 95 per cent of the iron ores and agglomerates produced in the
world are smelied to produce pig iron, which in turn is the major metallic
material used in steel-making. Virtually all of the 650 million tons of pig
iron consumed in the world in 1975 were produced by the iron blast furnace;

only a few million tcns were produced by electric furnace smelting operations

(chiefly in Norway and Verezuela). As a rule, pig iron from the blast furnace

is used in the liquid form (hot metal) directly in steel-making operations.

A small fraction is cast into pigs for use by the foundry industry and as

charge material for steel-making furnaces.




- 139 -

Iron blast furnace

The iron blast furnace has long been the principal means employed for
the reduction of iron ores and agglomerates. The prccess has undergone
major improvements in the last two decades, however, and furnaces have

grown enormously in size.

The modern blast furnace is designed to produce crude liquid iron
(hot metal) for the manufacture of steel having a composition of approxi-
mately 4.2 per cent carbon, 0.5-1.2 per cent manganese, 0.4-1.2 per cent
gilicon, less than 0.05 per cent sulphur, and a 1svel of phosphorus that
is determined by the composition of the ore or agglomerates being smelted.
For typical taconite-type pellets, the phosphorus content of the liquid
jron may be less than 0.05 per cent, for {+he usual iron ores it may be as
high as 0.4 per cert, and for ores very high in phcsphorus (such as are
found in northern Europe) it may contain as much as 1.9 per cen: phosphorus.
The furnace is also employed to produce relatively small quantities of
merchant pig irons (for sale outside the producing plant) predominantly
for use by the foundry industry. These products usually contain more
silicon (1-3 per cent) and possibly more manganese and phosphorus than

{s the case for pig iron used in steel-making.

FPurnace size

Furnaces with interval volumes of 4,000 cubic metres are not uanusual
today; indeed, some are being tuilt witn volumes of up to 5,000 cubic
metres. These furnaces can smelt as much as 19,000 tons of ore to produce

12,000 tons of hot metal per day.

The size of blast furnace chosen for a given steel plant will be
influenced by the demand for liquid iron for steel-making. Although &
single large unit producing 3 million tons of hot metal per year might
provide a certain supply of iron at a relatively low apparent unit cost,
the use of two smaller units with individual capacities of 1.6-1.8 million
tons might in fact provide the hot metal at a lower cver-all cost to the
steel works. The reason for this is that when the supply comes from just
one furnace, the loss of production of not metal wren that furnace closes
down for repairs and relining, or because of sudden outages, shuts down all
the steel-making operaticns. On the other hand, the loss in production would

be only approximately 4C per cent if one of the two smaller blast furrnaces

-~
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were out of commission. The practical scale for the use of a blast furnace
ranges from 0.5 willion to approximately 3.5 million tons of hot metal per
furnace. The current trend in large integrated steel plants is to install
furnaces with capacities of 7,000-12,000 tons of hot metal per day, e.g.
2.5 million to 4 million tons of product per year.

Size is only one of the factors that influence efficiency in blast
furnace operations. The main areas of improvement in plant and operational
technology, as well as their impact on productivity and fuel and coke rate,
introduced in Japan during the last two decades, are illustrated in Figure 1.

Prends in productivity, fuel rate and coke rate

A8 illustrated in Figure 1, the average coke consumption per ton of
pig iron produced has been dropping rapidly in recent years in Japan. It
is currently at its lowest point. In 1972, the average values by country
ranged from approximately 625 kg/tOn of pig iron in the United States to
450 kg/ton in Japan. The average for all countries in that year was approxi-
mately 585 kg/ton. As indicated above, the coke rate is influenced to some
degree by the amount of fuels that are injected into the tuyeres. The rate
of injection of natural gas does not exceed 70 m3 n/tOn (0.65 G cal); fuel
oil at 40-60 kg/ton (0.4-0.6 G cal), but it may be as high as 90-120 kg/ton
0.9-1.2 G cal) in some furnaces, and oil injection of 130 kg/ton (3.7 G cal)
has been reported. Practices for the injection of a mixture of these fuels
and an emulsion of oil and water have been developed successfully. The
effect of the injection of these fuels on the coke rate varies a great deal
with the fuel, the furnace and the type of operation. One kilogramme of
oil replaces 1.0-1.4 kg coke, the higher rate being approximately equivalent
on the basis of energy. With gas, the replacement ratio is 1.0:1.2 and it
is 1.0:0.9 for coal.

The praotice of injecting other fuels into the tuyeres to reduce coke
oonsumption will continue to expand in areas where supplies of gas and oil
are available, and the net effect will be to decrease the cost of energy in
blast furnaces. On the other hand, in regions where coal for coking purposes
is plentiful, the practice may not be economical ard, in addition, if coke
oonsumption is decreased the steel works is deprived of the oil, tar and
gas that are produced in the coking operation.
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Productivity (metric tons/day/ m)
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The injection of gases' jnto the stack of a blast furnace is a highly
sophisticated operation which may lend itself to situations where gas is
plentiful and coke is scarce and expensive. Further, the use of gas in
this manner may place the blast furnace in closer competition with direct
reduction systems. The method may be used extensively after 1985, as coals
suitable for coking become scarcer. Tts use will require a well-trained

and skilled work force and a strong supporting technical staff.

Oxygen gas can also be used in some circumstances to increase the pro-
duction of a furnace and to reduce the coke rate. Enrichment of the air
blast by the addition of 2-5 per cent oxygen gas by volume is often employed.
This brings the oxygen content of the blast to 23-25 per cent.

Three major trends are expected to be followed in blast furnace opera-
tions in the next three decades. In areas where coke is expensive, the
trend will be to reduce the coke rate as far as possible by the injection
of fuels into the tuyeres and hot gasses into the stack. By 1985, it is
expected that coke consumption in normal operations will be at its lowest
level thus far, perhaps 350 kg/ton of pig iron and an auxiliary fuel con-
sumption for fuyere injection of 10C xg (equivalent)/per ton. The total
energy consumption would be approximately 3.1 G cal/ton pig iron. Gas
injection will be used beyond 1985; however, even though coke consumption
may be reduced to 250 kg/ton pig iron, the increased use of auxiliary fuels
will probably keep total energy consumption at approximately 3 G cal per ton
pig iron.

The second trend will be followed in regions having adequate supplies of
coals which are not suitable for coking, but which can be converted to a new
ty. * coke called "form—coke". It is probable that this will be the prin-
cipal fuel in the blast furnace, the use of injected fuels being limited.
Form-coke will not become available on a large scale for at least five years.
Coke rates in the range of 450-500 kg/ton pig iron, and the use of an
equivalent of 25-50 kg coke per ton of pig iron as injected fuel, appear to
be feasible (3.5 G cal/ton pig iron total).

The third pattern will bde followed where supplies of reasonably good
coking coals are available to thc end of the century. Coke rates of 475-525
kg and the equivalent in injected fuels of 25-50 kg coke per ton of pig iren
can be expected (e.g. a total of 3.7 G cal/ton pig iron).
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To sum up, the following forecast coke rate for Japan in 1985, in the

context of expecied blast furnace operational characteristics, might be

* regarded as indicative of future trends elsewhere:
y Mean volume of blast furnace (m3) 3,050.0
Coke rate (kg pig iron/ metric ton) 400.0
011 injection (kg pig iron/metric ton) 80.0
Fuel rate (kg pig iron/metric ton) 480.0
Blast temperature (°C) 1,250.0
Blast humidity (9/¥m) 10.0
0, enrichment (per cent) 2.5 -
Top pressure (9/cm?) 1,650.0
Sinter ratio } (per cent) { 82.0
Pellet ratio )
Coke ash (per cent) 12.0

Source: Toshio Tkeshima, "Reduction of coke rate and new
coking processes using ncn—coking coal", paper
submitted to the TISI Conference, Tokyo, 1976.

Thus, in 1985, a reduced coke rate will be expected as a result of:
inoreasing 0il injectior (+ 28 kg); raising the blast temperature (+ 14C°C);
L reducing humdaity (- 5 g/Nm3); and increasing top pressure (+ 650 g/sq. om.).
The lowest coke rate in Japan is expected t0 be 350 kg.

Charcoal

As, in certain regions of the world, abundant supplies of charcoal can

be obtained, it should not be overlooked as a blast furnace fuel. It is
s highly reactive, but it is not strong and cannot withstand the abrasion of
the charge in a furnace of the usual height. Nevertheless, it can be used

very satisfactorily in a shorter, smaller furnace. Ii may, therefore, be

possible to operate a small furnace with a capacity of 400-500 tons/day

jron in regions where charcoal is available. With a well-prepared burden

of sinter or pellets, a coke rate of 750 kg/ton iron should be possibdle.

Such a furnace would need stoves capable of heating the blast up to 1,100°C,
but the suxiliary parts of the system would be relatively simple tc construct

and operate. Except in unusual circumstances, the cost would rot be very high.
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Because charcoal is low in ash and sulphur, the sulphur content of the pig
{ron should be easily controlled. When this form of fuel is used, however,
afforestation programmes should te introduced in the interests of environ-

mental conservation.

Slag

The principal by-products from blast furnace operations are slag and
blast furnace gas. Slag is produced at a rate ranging from 50 to 175 I:g/ton
hot metal. The first figure results from the use of low-grade ores and
coke that is high in ash, and the second from the use of very high-grade
ores, coke that is low in ush, and extensive use of natural gas or oil
injection in the tuyeres. Values in the range of 200-250 kg slag per ton
of hot metal are usual in modern operations. Blast furmace slag can be
used for land-fill, railroad ballast and raw material for cement manufacture,
if the composition is controlled properly.

Blast furnace gas

Blast furnace gas is generally of low quality and its generation in
conventicnal practice is in the range of 1,800-2,400 maN/ ton metal when
producing pig iron for steel-making. The calorific value of the gas riges
and the volume declines with the use of oxygen in the blast. The yield of
gas declines roughly in proportion to the total of fuels, coke, 0il and gas
consumed in the furnace, the ratio of gas irn coke equivalent being approvi-
mately 3.5-3.7 m3N/kg. It is seldom economical to transport the gas long
di stances because of its low calorific power; hence it should usually bve
used directly in or in the near vicinity of the steel plant. If pre-heated
and enriched with coke oven gas, it can be used as a general fuel. As
approximately one third of the gas yield is used within the blast furrace
plants, the net output of gas for other uses is approximately 1l.1-1.4 G

cal/ton pig iron.

Electric smelting

The electric smeliing furnace is used fo. producing pig iron and hot
metal only where electric cnergy is cheap and abundant (e.g. in Norway and
eastern Venezuela). The heat necessary for the smelting is provided by
current passing from the electrodes through the charge. Energy and fuel

requirements are reclatively high, being approximately 1,800-2,400 kih
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electricity and 350 kg coke per ton of metal produced. However, the
electrical requirements can be considerably reauced by pre-heating and pre-

reducing the iron oxides in the charge.

The metallic product of eleciric smelting is liquid pig iron, which is
very similar to the product of the iron blast furnace. The slag is similar
in many respects to that of the blast furnace, and the amount is determined
dir-.¢ly by the gangue content of the ore feed and the ash in the coke.
The extra electrical energy required per 1 per cent increase irn gangue in
the ore and 1 per cent ash in the coke is approximately 75 kh and 35 kWh
per ton of pig iron, respectively. Accordingly, it is particularly advan-
tageous to use high-quality ores and low-ash coke in electric smelting

operations.

Direct reduciion

Processes employed to reduce iron ore to solid metallic iron other than
the iron blast furnace are called "direct reduction" processes. The end-
product is called by various names, such as "sponge iron", "metallized iron
ore", "reduced pelleis', and "direct reduced iron'*. The grey, metallic,
sponge-1like matter produced by early processes was called sponge iron
because ¢f its appearance. In this Chapter, all forms of the product of

direct reduction processes are called direct reduced iron.

A number of direct reduction processes have reached the stage of
industrial use, and several have been in use successfully for a number of
Years. The processes may be classified according to the general classes of
reductant and fuel employed (gas or solii fuel), and by the nature of the
reduction system. The shaft furnace, gas-retort system and fluicized bed
employ gas as the fuel and reductant. The rotary kiln and the solid fuel-
returt system employ solid fuels. However, all of the direct reduction
processes that have reached general commercial use, employ gas as the fuel

and reductant.

Natural gas is the principal type of zas employed, but it must be
reformed (i.e. converted to hydrogen and carbon monoxide) before it is
suitable for use. In addition, it should contain very little sulphur.
Fortunately, desulrhurization and reforming of natural gas can be accomplished
by systems that have been in use for years, systems that are incorporated

readily as stages in direct reduction operations. Coke oven gas can bo used
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also, and some of the more volatile of the petroleum products (such as
naphtha can be converted to gas and used. The supply and demand for
natural gas and these premium liquid fuels in many parts of the world,
however, are so high that tlcse commodities may not be available on a
large enough scale for direct reduction processes, or they may be too
expensive. On the other hand, in regions having large supplies of natural
gas and petroleum~based liquid fuvels, use of these direct reduction pro-
cesses may be practical. Even in these regions, however, it must be borne
in mind that such fuels may become too costly for this purpose by 1930

or 2000 because of the demands for their use in transportation, the food-

producing industries and so forth.

In principle, it is possible to gasify coals and to use the gas pro-
duced for direct reduction. However, the cost of such gas, based on its
energy content and world prices for ordinary coals, would be approximately
twice the cost of oil on the international markets. In addition, the
capital cost for gasifying the coal, when added to a gaseous direct reduc-
tion process, results approxinately in a doubling of the capital cost of
the reduction system. Scme technical problems exist also that have not
been fully resolved. Thus, except in very unusual circumstances, it would
not be feasible to install a gaseous direct reduction process for gas

derived from coal.

Solid reductant processes utilizing the rotary kiln or the retort-type
system have met with varied success in different countries. Although they
have not reached the advanced stages of large-scale commercial exploita-
tion, these processes can be considered for use on a production scale in

the rangecof from 50 to several thousand tons of metallic product per day.

The capacity of most direct reduction systems ranges from a few hundred
to a few thousand tons per day. Thus, in practical terms, their maxiemm
capacity is that of a small blast farnace. If a plant with a capacity of
over 0.6 million tons of product per year is required, it should be built

to contain two or more such systems.

The iron product from a direct reduction plant is generally suitable
for use as the charge for steel-making in an electric arc furnace, and it
could be used ir an open hearth furnace. It is also suitable as an alternative
to scrap in the various types of oxygen steel-making furnaces; however, the

principal metallic source for thece furnaces is iiquid pig iron. Wwirect
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reduction iron can also be utilized by the foundry industry as the charge

to electric arc melting furnaces and cupolas.

The gangue constituents in direct reduction iron products should be
limited in order to avoid the generati on of large amounts of slag in the
steel-making furnaces. The ores or concentrates being processed should
therefore be low in gangue, i.e. silica and alumina. The total of these two
constituents optimally should be less than 3 per cent. If the total is
over 6 per cent, serious penalties may be expected in terms of energy |

consurption and operating conditions in the melting furnace.

With an installed capacity of some 6 million tons and more than 20
plants in operation all over the world, the direct reduction process
accounted for 1.5 per cent of total world pig iron production in 1975.
Purther and rapid growth is expected. Fifty new plants were reported under
construction or in planning in 1976; 20 of these, larger in average size
than existing ones, are to be operational by 1980. In that year, the total
installed direct reduction capacity may therefore be more than 30 million
tons, representing 5 per cent of total world pig iron production. Expected
growth in production between 1580 and 1985 could increase tris share to 8
per cent. A hypothetical 20 per cent share in iron-making would require
direct reduction capacities of 200-240 million tons by the year 2000, de-
pending on the total new iron requirement of steel-making by that time.

Retort system (eas)

This process employs four retorts in which four batches of ore in the
form of pellels or lump raw ore are processed simultaneously. The ore in
each retort is processed through a four-step cycle: pre-heating of the raw
ore; reduction; cooling and carburization; and discharging and recharging.
Thus, one reactor is in each step at any given time. FEach step requires
slightly less than three hours for completion. The reformed gas first
passes down through a batch of reduced ore in order to be carburized and
cooled. With the installation of heat recovery systems, the energy require-
ment for the process has been brought down to 3.2-3.3 G cal per ton of
product.

Fluidized bed sysiem (gzas)

In this process, a siream of gas passes up through a bed of fine particu-

lates and agitates them so that the bed has many of the characteristics of a




fluid. A hot reducing gas passing through the bed of fine iron ore con-
centrates (less than2mwn) reduces the ore while the bed is kept ina
"flujdized state".

The hot, fine metallic product from a fluid bed production system
can be charged directly into a steel-making furnace in order to save heat
and avoid briquetting, which may be troublesome. However, the problems of

handling and storing this reactive product have not yet been solved.

The consumption of energy in a fluidized bed system is a little greater
than it is in the other gaseous reduction systems because of the energy
consumed in fluidizing the beds. Approximately 3.4-3.7 G cal are required

per ton of product.

Rotary kiln (solid fuel)

In this process, the ore and solid reductant are introduced at the
upper end of a long, inclined, refractory-lined cylinder that rotates about

its long axis.

The fuel requirement is approximately 5 7 cal per ton of direct reduc-
tion iron (i.e. one ton of low-rank coal or lignite), with no recovery of
the thermal or chemical energy in the waste gases. Since only the fixed
carbon in the coal is effective as a reductant, the direct energy consumption

in the kiln may possibly be reduced to below 3.3 G cal.

In recent years, several plants have been built employing the rotary
kiln as the reduction system. The capacities of the units range from 20,000
to 400,000 tons of direct reduction iron per year. The largest is approxi-
mately 100 metres long and five metres in diameter. Thus, with the most
recent advances incorporated into the design, it apparently is feasible to
operate units with annual capacities of as little as 20,000 tons, and as
much as 500,000 to 600,000 tons. It should be possible to operate smaller
kilns on char obtained from wood and other organic materials. Such chars
are highly reactive, however, as is the char produced from the fixed carbon

of low-rank coals and lignites.

The process has been employed to produce high—quality metallic iron from
which powdered iron is made. By its nature, it is suited to relatively small-

scale operations (less than 30,000 tons per year). However, it can be adapted

to a wide range of ores, and it is suitable for the production of direct re-

duction iron which, in turn, could be used as raw material for the small-scale




production of steel in electric or open hearth furnaces. Its use would be
practical in areas where labour is abundant and supplies of char from coal,
lignite or organic materials are available. Approximately 300 kg of char
would be required per ton of direct reduction iron product. The kiln is
heated by burning directly a readily available fuel such as coal, oil, gas
or wood. Some of the heat could be supplied by burning the gases evolved

from reacti ons taking place in the kiln.

Steel-making

There are four principal processes by which the common types of steel
(carborx and low-allcy) are produced on an industrial scale today. These
are: the basic oxygen furnace (LD/BOF or OBM/Q-ROP); the Basic Bessemer;
the electric arc furnace; and the oper hearth furnace. The principal raw
materials used are hot or cold pig iron, iron and steel scrap, and direct

reduction iron.

The fluxing agents, necessary for the formation of the slag, are
limestone and burnt lime. Some fluorspar may also be used. Small quantities
of iron ore or agglomerates may be needed, and a supply of gaseous oxyger is
also required with some cperations. The prircipal alloying agent is ferro-
manganese, and relatively small amounte of ferrochromium, nickel andé molyb-
denun are needed if some of the more common low-alloy steels are to te pro-
duced. The processes differ {0 some degree In the proporticns of pig iron,
scrap and direct reduction iron used in the charge. They also differ in the
sources of energy required. In producing the common types of st2el, approxi-
mately 6 kg of ferromanganese (containing 75 per cent manganese) are required.
The type of furnace to be employed is determined principally by local factors,
which in turn determine such matters as the availability of scrap and the
feasibility of producing pig iron or direct reduction iron. The availability
of fuel and electricity is also important, as is the technical infrastructure
in the community, which may determine whether supplies of oxygen and sources
of reasonably good—quality refractories are available. One of the mcst
important factors is the expected level of demand for the steel products,

which determines the size of the steel-making unit.

Oxygen steel-making processes

A steel-making shop usually has two vessels in order that c¢ne can be

gerviced and repaired while the other is in operation. Also, with carefuily
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controlled operations, one vessel can be tapped and charged while the other

is being blown, following which operations are reversed. In this way, a

shop equipped with two furnaces can produce well over 50 heats per day. A Q

modern shop with two 50-ton vessels can be expected to produce 800,000 tcns

of -~aw steel a year, while a shop with two 300-ton vessels can produce over

4 million tons per year. It is important that the shop be equipped with .
high—capacity equipment for charging the furnaces and handling the ladles

of liquid steel. The buildings should be tall to accommodate bins above p
the level of the furnace from which ore, limestone and fluorspar can be ‘

charged toc the furnace.

The normal charge to the furnace ccnsisis of approximately 0.8 tons
of liquid pig iron, 0.3 tons of scrap and 75 kilogrammes of burnt lime per

ton of raw liquid steel to be produced.

Recent advances in steel-making using the basic oxygen furnace zre: .
(a) decreased heat times; '(b) improved control ef the slag, which also |
improves lining life (some linings are now lasting to over 6,000 heats, as J
compared with the more conventional life of 800-1,200); (c) improved means
for controlling the furnaces; (d) better means for charging the furnaces;

and (e) development of facilities for collecting and utilizing the waste gases.

This type of furnace requires less energy than others for its operationm.
Approximately 75 kWh of electricity are required per ton of raw steel, for
the operation of cranes and equipmeni to charge and tilt the furrace and for
the production of oxygen. Only some 0.2 G cal of fuel, in the form of oil,
natural gas or coke oven gas per ton of raw steel is required to dry and
heat the ladles and the refractory lining of the vessel. If the waste gases
are collected and utilized, approximately 0.5 G cal of energy can be re-
covered. Facilities for this, however, are expensive reclative to the
value of the heat recovered. Except for the electricity required and with
the usual furnace and facilities, the heat recovered from the system in
the form of steam compensates for the fuel used for auxiliary purpeses in

the shop.

The OBM/Q-BOP type of furnace is similar in many respects to the LD/BOF
furnace. The important difference is that the oxygen for refining is injected
into the metal bath through special nozzles, or tuyeres, that are installed
in the bottom of the vessel, and no oxygen lance ia needed. The ratio of

scrap to hot metal in the charge, and the yield of raw steel fron ihe charge,

are both a few per cent higher than they are for the LD/BOF system.




- 151 -

The OBM/Q-BOP process was developed a number of years after the LD/BOF

process was invented (1949). However, it has advantages over the older
process only in somewhat limited conditions, and it is not expected to

replace the LD/BOF process in the same way that that process replaced the

open hearth and Basic Bessemer furnaces in the years between 1950 and 1965.

Basic Bessemer process

The Basic Bessemer process is reasonably well suited to using hot metal

with a high phosphorus content (1.5-2 per cent) for the production of many
steels of commercial quality such as concrete reinforcing bars, light
structural products, and hot rolled sheets and light plates. The process
has fallen into disuse for three principal reasons: (a) The supplies of
iron ore of high quality have replaced those ores that were high in phos=
phorus and which were smelted to produce hot metal suitable for the Basic
Bessemer furnace. In addition, processing methods have been developed by
which the phosphorus can be removed from the Basic Bessemer ores; (b) Phos-
] phate fertilizers were obtained from Basic Bessemer slags, However, fer-

P tilizers from this source are not competitive with those produced frem
phosphate rock; (c) For many uses, Basic Bessemer steel is not competitive

with steels produced by other modern methods.

Despite these disadvantages, the Basic Bessemer process may still be

considered for use in refining high-phosphorus hot metal The process is

. simple, inexpensive to operate, small in scale, and has a very short heat
time.

Open hearth process

The open hearth furnace is a reverberatory type furnace .hat has a
shallow dish-like hearth on which the charge of iron and steel scrap, pig
’ iron, iron ore and limestone is placed. The furnace is able to operate on a
charge that can range from essentially all scrap to 21l pig iron, and the
pig iron can be either liquid or solid. Where no liquid pig iron is available,

the charge is all cold scrap and pig iron; however, in integrated plants

where there are supplies of scrap and liquid *‘ron, the charge will range

from 30 per cent hot metal and 70 per cent scrap to the reverse ratio. This ,
flexibility is one of the major advantages of the process. Although the

acid version of the process is used now in only a few locations, it is most

often employed for the production of high-quality forgings from a charge con-

sisting principally of carefully selected scrap and a little cold pig iron. |
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The open hearth process is very flexible with regard to size, raw
materials required and fuels that can be used. A small (100 ton/heat)
furnace that melts scrap can produce 60,000-100,000 tons of steel a year. .
On the other hand, a large modern shop with ten 500-ton furnaces operating
on a mixture of hot metal and scrap can produce 2 million tons annually.
The energy requirement for fuel per ton of steel ranges from 1.5 to 0.9 G °

cal per ton of steel. Approximately, 38 kWh electrical energy is required

per ton of steel for running auxiliary equipment and for the production of
oxygen.

The principal disadvantages of the open hearth are the high capital
cost of the plant and the high cost of refractories. In addition, the

large labour input required for operating the furnace is 2 disadvantage

where labour is scarce or expensive.

Electric furnace process

The principal elecirically powered furnace employed for the productioa
of steel is the arc furnace which operates on three-phase alternating current.

The coreless induction furnace is used to a minor extent.

The usual charge tc the furnace is iron and steel scrap. Direct
reduced iron materials are finding greater use with increased production of
that material. Liquid pig iron is used only rarely because problems arise
from the amounts of carbon and silicon that rust be oxidized. Large quantities
of carbon monoxide gas and slag are formed, both of which complicate the opera-
tion of the furnace.

In recent years, the electric arc furnace has become ihe principal process
employed where scrap and direct reduction iron are the main raw materials
available. One ton of good—quality scrap is required to make one ton of raw
steel. The yield on direct reduction iron depends on the percentage metalli- .
gation and the gangue content of the charge material. At 3 per cent gangue
in the raw ore and 95 per cent metallization, 1.10 tons of direct reduction
iron are required to produce one ton of steel. If metallization is 85 per -

cent, approximately 1.16 tons are needed.

The time required to make a heat of steel depends to a significant degree |
on the size of the transformer installed with the furnace. Many furnaces now

have a power of 400 kVA per ton of steel capacity, and the newer high-powered

furnaces may have over 550 kVA per ton. With the newer furnaces, heat times
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of less than 1.5 hours for producing carbon steels are not unusual. With

the older furnaces, heat times of 4~5 hours are common.

Several practices have been developed for the melting of direct reduc-
tion iron. It has been found advantageous not to use more than approximately
65 per cent of the material in the charge, if the balance consists of scrap.
Some operators like to follow the same practice with direct reduction iron
in the charge that they follow when melting an all-scrap charge. Others
prefer it if 211 of the scrap and approximately half of the direct reduction
jron to be used in the furnace ig charged at the beginning of the heat.

After the initial charge is melted down, the balance of the iron is fed
continuously. The operation of the furnace is carefully balanced by pro-
viding energy, lime and the direct reduction iron at carefully controlled
rates. This practice is well suited to the melting of direct reduced pellets.
It is generally considered, however, that <he design of the conventional
electric arc furnace is not ideal for the melting of direct reduced materials,
especially those containing over 4 per cent gangue and which result in the
formation of a large volume of slag. Purther advances in furnace design

are expected.

Elentric furnaces for steel-making range in size from 5 to 500 tons
per heat. Furnaces with capacities in the 50-100 ton range are well suited
as melting units for use with a direct reduction plant. The larger furnaces
are commonly used for producing carbon steels from scrap where the output of
raw sieel may be in the range of 600,000-1.5 million tons per year. The
total consumpiion of electrical energy for producing carbon steels from
scrap may be as low as 475 kWh per ton of raw steel. A more typical figure,
however, is 550 k¥k per ton. when 50-60 per cent direct reduction jron is
used in the charge, the balance being scrap, energy consumption will be 630-

650 kWh per ton of raw steel.

Casting operations

Liquid raw steel mst be solidified under well-controlled conditions
if the resulting steel is to have a good surface and be free of internal
defects. An important consideration in the choice of metnods for producing
the solidified steel is to avoid loss of some of the steel as scrapy the

objective being to octain a high yield of blooms or slabs from the liquid

steel.




Two types of casting operations are now in gcneral use. The first,

the traditional method, is ingot casting, which is uced exiensively in

both large and small steel plants. The second is continuous casting,

which has been under development for many ycars. (Currently, only scome

10 per nent of all steel made in the United States is continuously cast,

the figure for Japan being approximately 20 per cent.) The method is

used most extensively where merchant and structural sections are produced
by the electric furnace, particularly non-integrated steel producers that
utilize scrap and direct reduction iron. In these operations, the advantage
of a high yield of finished steel from raw steel reduces the capital outlay

for steel~making facilities.

In continuous casting, the consumpiion of energy per ton of cast product
is approximately 20 kWh of electrical energy and 0.44 G cal of miscellaneous
fuels. The comparable figures for ingot casting are 2 ¥Wh and 0.03 G cal
respectively. It is to be‘recognized that the difference is more than offzet
by the energy requirements for primary rolling of ingots, a step which is

not required when prcducing strand cast products.

The continuous casiing procesc can be expected tc expznd because of the
savings in energy it offers and its higher yield compared with conventional

ingot casting.

Changing technological patterns of steel-making

Despite the difficulty of forecasting the evolution of individual steel-

making processes known today, certair trends are ideniified in this study:

(a) The decline of the Bessemer and Thomas processes, to some
1.5 per cent of world steel production in 1975;

(b) A decrease in open-hearth steel-making, alithough the process
is still used in steel plants in various parts of the world
(30.8 per cent of the world sieel production in 1975);

(c) The phencmenal spread of basic oxygen furraces since the mid-
1950s, accounting for 5C.8 per cent of crude steel production
in 19753

(d) An increase in electric furnace processing, which has more
than doubled from 7 per cent in 1950 to 16.2 per cent of steel

production in 1975.

World steel production by these furnace itypec hazs increased from 187.6

million tons in 1950 to €50 million tons in 1975 (T2ble 1}, Cansidering all
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the steel-making projects under construction and in preparation, it can be
anticipated that the use of basic oxygen furnaces will increase {0 ncarly

70 per cent of crude by 1985.

I the light of the expanding use of direct reduction and the trend
towards transforming primary energy {including nuclear energy) into elec-
tricity, the electric furnace will be used to an increasing degree in world
steel-making (about 20 per cent in 1985, and 38 per cent in 2000) at the
expense of the open hearth process in particular, which will probably decline
to 10 per cent of world steel production in 1985 ana to 2 per cent by the

year 2000.

Vhereas the besic oxygen furnace will probably hzve achieved its highest
gshare in world steel production by 1985, it is expected to decline subse-
quently to 60 per cent of world production in the period 1986-2000. (These
indications, though corresponding to expectaed trends, are, however, hypc-

thetical and provisional, and must be regarded in this light)

Rolling and finishing

A wide variety of rolling mills are employed to convert ingots and
continuously cast bars into finished products. The type of roiling operztions
and the plant facilities required are designed to manufacture steel products

of precisely controlled shapes and physical properties,

Primary mills

Ingots must undergo "primary" reiuction in a primary, or roughing, mi.ll
where the steel is kneaded or worked todtain a cross section close to ithat
of the finished product. Steel destined for merchant and structural products
is rolled into iniermediate sections called blooms. That desiineu for plate,
hot rolled sheet, and cold rolled sheet products is rolled into slabs.
Primary mills are not needed for continucusly cast steels tecause of the
nature of the internal siructure and because of the smaller cross sectiorns

that are possible.

The energy requirements for primary mills are approximately 25 kWh and
0.44 G cal per ton of steel produced. The yield from ingots of steel blooms
and slabs will range from 75 to 95 per cent, depending on the product. This
compares with ihe yield from liquid raw steel of continuously cast products

ready for rolling of 30 to 98 per cent,



The forecast demand for crude steel will doubtless be influenced by

the expansion of the continucus casting process, which permits better yields.

Earlier production forecasts for crude steel, therefore, mignt decrease on
a global basis by about 6.6 per cent (70 million tons) oy 1985.1'/

It is anticipated that continuous casting will be used much more exten-
sively in fuilure steel-producing facilities. However, the advantage of con-
tinuous casting (the omission of the primary mills) is offset to some degree

by the need for very clese control of the operations.

Merchant mills

Merchant mills may range from high-capacity, fully automated units, to
simple rolling operations invelving manual labcur. The choice of mill depends
on the type of product and the rolling capacity required. A second re-heating
and rolling may be necessary to obtain the desired cross section. The average
energy requirement is 65 kWh and 0.58 G cal of miscellaneous fuels per ton of
finished product. The yield from blooms or strand cast bars is usually quite
‘high (95-98 per cent).

Structural products

Light structural products, such as angles, bars and small beams are
produced in a manner very similar to that discussed in the previous paragraph.
The production of heavier structural sections, such as H-oeams, large channels,
and piling bars, requires larger and heavier mills. The throughput of these
mlls is proportionately higher, owing to the cross-section of products which
{nclude railway tracks and accessories and tube blanks.

As mills marufacturing medium and heavy structural products usually have
a relatively high capacity - more than 200,000 tons per year - proportionately
large markets are necessary to justify iheir installation. Furthermore, such
mills should be adequately equipped with a wide range of rolls and roll sitands

go that a broad spectrum of products can be offered.

Average energy consumption when producing structural products from bloouws
{8 estimated at 42 kWh of eleciricity and 0.58 G cal of miscellaneous fuels.

The average product yield from blooms is approximately 95 per cent.

"Some Economic Aspects", by James Driscoil, Managing Director, British
Steel Corporation, Annual Meeiing of the Internatiosal Tron and Steel
Institute in Osaka, October 1976, p. 5.
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Hot rolled flat products

This producti category includes flats, skelp for small welded pipe and .
tubing, hot rolled bands, and light and heavy plates. Narrow products, such
as flats and skelp can be produced on merchant mills. Hot rolled bands and
light-weight plates are usually produced on the hot mills used to roll .
products for subsequent cold rolling. Wide and heavy plates are usually

produced on specially designed plate producing mills.

Where annual demand for hot roll ed sheets awnd platcs reaches several
million tons, the modern continuous hot mill is used. The mill which is
extremely expensive and has an enormous capacity, includes a conditioning
yard where slats are inspected and surface defects remcved. Several large
heating furnaces are required to provide the mill with an adequate suppi

-

of properly heated slabs.

Hot-rolled flat products have many different applications, such as: all
types of cold-rolled sheet products; all but the largest sizes of welded

pipej formed and welded siructural members; frames and bodies for trucks

and roiling-stcck. Though subject to variation, erergy requirements in
plate production are similar to those quoted for hot mill operations: 105

kh and 0.70 G cal of miscellareous fuels per ton of product,

Small-scale hot-rollings operations

L Modern methods and equipment for processing steels into various hot-
rolled prodvcts have been developed prirncipally to minimize the number of
man~hours required for all operations, to increase ihe rate of production,
and to improve the product in terms of metallurgical quality and configura~
tional control. Where relatively small quantities of gimple producis arc
required, equally simple equipment and processing methods can be used. When
these simple methods are used, however, the man-hours and energy consumption
per ton of product are relatively high. These disadvantages may be offcet
if low-cost labour is in abuncant supply. Within limits, it is possible to
use simple heating and rolling equipment for the production of such items
as concrete reinforcing bars, smail structural sections, small flats and
fence posts from small ingots obtained by melting local scrap. It is also |
possible to obi2in shese products direct by re-rolling certain types of

scrap steel. For example, rails can be re-rolled in the course of which

scrappcd rail is heated and slit longitudinally to obtain three drscrete
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pieces (head, flange and web) which are tnen rolled into various simple
shapes. Discarded railrcad car axles can also bLe re-rclled. Heavy cheets
and plates taken from discarded structures and vessels can be cut by

shears or torch for use .n re-~rolling operatiors. By ihis means, relatively

small tonnages of steel for local use can be obtained.

Cold~rolied flat preoducts

Cold-rolled flats are required in the manufacture of most iypes of
steel containers, autcmobile bodies, household appliarces, light-weight
equipment, such as farm machinery, and roofing anrd siding for dwellings
and other buildings. The racilities and equipment for converting hoi-
rolled coils or sheets into cold-rolled products are not only greatly varied,

but very costly.

Relatively simple facilities may be erployed irn the small-scale maru-
facture of a limited range of cold-rolled products. Small hot-rolled sheets
can be pickled and then rolled on a simple reversing mill, whereafter they
can be hand-dipped for hot-galvanizing or hot-tinring, or used directly as
“black plate". Small-scale production does not offer as goed a control of
shape, thickness, and physical and mechanical properties as dces the use of
highly mechanized and automated facilities; nevertheless, the products can
be satisfaciorily used for a number of purposes. One major disadvantage of
hand hot-dipped tin plate is that the tin coating is relatively heavy, thus
making the product very costly.

Cold mill operations involving a rumber of processing steps consume an
estimated 270 kWh of electrical energy and 0.83 G cal of miscellaneous fuels
per ton of finished product. In small-scale hand cperations, energy consump-
tion would be similar to that estimated for the mamufacture of merchant

products.

Various levels of integration in steel-naking

In planning the iron and steel irdustry, the choices to be made are not
solely linked to the major processing stages, such as agglomeration, iron-
making, steel-making, rolling and finishing. Consideration must also be
glven to the level uf integration of the subsequent stapes. According to the
traditional classification, an irtegrateu plant would carry out all operations

from the prcduction of pig iron using iron ores znd coal tc the mnufacture




of finished products. Non-integrated steel plants need not have smelti
ng

furnaces; they could rcly on steel scrap as the principal raw materisl

In the past, in a period of growing iron and steel demand with con

sequent low scrap availability, the constructicn of integrategd Steel plant
3 ants

Today, however, the
direct reduction procees offers an alternative to total dependence opn

with coking facililies was considered necessary,

scrap supplies and, if combined with electric orc furnaces and continuoy
S~
casting, offerz another possibility of integratirnz iron— and steel-maki
: > -making
in one plant.

Traditional integrated planis require an enormoi: amount of capital
= ’

complex technology and large production scales in orde. 44 operate effy

or the -ore recent direct
reduction eleciric furnace continuous casting/rolling

ciently. Non-integrated scrap/electric furnaces,
5YyS:.ins, need less
capital and the scalex of production can also be much lower AB world
steel demand continues to grow, however, it will be necessar

Y o btujla

integrated steel mills in various parts of the world, as .ell .- eatablish

small and medjum-scale plants using scrap and/or reduced ores.

As indicated earlier, there is a irend towards increasing the 11t
capacity of sintering plants, blast furnaces, converters and rollirz 4i1i-
ties and combining them into huge integrated industries. The use “f cc aters
is an important factor in increasing unit production and ensuring precisi 1
and accuracy.

As regards vrocessing, the main international cost/'pri,ce relationchips
will be determined by the large complexes with 10-20 million tons capaciw .
Most of these are established in traditional steel-making couniries of Europe,
the United States, the USSR and Japan, but their numbers are increasing also
in Brazil, [lexdce, North Africa, China, India, Worth and South Koreca and
other developing countries. However, small and medium-sized units will s§ill
be able to work efficiently provided there is a geod local scrap or reduced
ore and energy supply, they are close to the consumers, or they can offer

products responding to specific market requirements.

The design and manufacture of steel plant equipment

Steel plant ecuirment and structural materials

The manufacture of steel plant equipment forms part of the indusvtrial

machinery sector, wnich comprises a large number of marufaciurers cperating

A
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either as independent engineering firms or in association with ma jor steel-
making companies. The design and engineering groups are very often part of,
or dependent on, the steel or equipment manufacturers.

The traditional steel-making countries, and to an increasing degree
Brazil, China, India, and Mexicq carry out their own engineering and manu-
facturing work, as well as that of other clients. '

It is a generally accepted rule of thumb that plant machinery is
equivalent to one-tenth of the installed production capacity; excluding
the weight of structural materials needed. A more specific estimate is
given below (in metric tons):

Million tons of capacity

Gas route plants
Equi pment 45,500 85,500 160,000
Structurals 20,000 35,000 60, 000
Blast furnace route
Equipment 220,000 400,000
Structurals 175,000 320, 000

Source: "Steel production in the Arab world by the year 2000 with particular
reference to capital equipment", M.M. Luther, Chairman, Projects and
Equiprent Corporation of India, New Delhi, June 1976, Annexes IIT
and IV.

Indigenous supply of spare parts

The development of engineering capabilities might well begin with the
production of spare parts to meet local demand, which can be assumed to be
of the order of 2,400-3,200 tons per million ton capacity, depending on the
age of the equipment and the maintenance standards.2 In order to be able
to identify national technological constraints on manufacturing facilities,
careful assessment should be made of the distributi on of spare parts in terms

of their component raw materials (iron, steel and non~ferrous castings,

g/ "Scope of Manufacture of Steel Plant Equipment in Mexico", Volumes I-III,
by Ch. L. Sengupta, UNIDO expert, assisted by UNIDO-NAFINSA Team, Mexico
City, May 1976, Volume IT, XII-5-6.
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forgings, and structural steel) and their weight requirements. Particular
attention should pe pzid to facilities for the manufacture of medium and
heavy spares. In Mexico, for example, medium an. heavy spares account for
as much as 70 per cent of total expenditure or spares, even though in
quantitative terms they are relatively small.

The development of a spare parts manufacturing capability is of neces—

sity a complex process, governed by such factors as the following:-y

Uncertain quality of indigenous suppliesu;
-~ Lack of interest on the part of local indusiries in producing

custom-made spares with 1litile prospect of reueat orders;

Government tariff and custcms pclicies pertaining to imports;

—~ Price of locally manufactured spare paris as compared with

that of imported spares;

Reluctance of steel plant management to try locally manufactured B :

spares insteac of original spare parts from abraad;

- Availability of foreism exchange.

In addition to workshops attached to individual plants, a central work- .
shop might produce important spares and asserclies cormaon 30 all steel plants,
such as mill spindles, table frames, rope and breke drums for cranes, and roll

housings.

Developing local ensinecring and production capabilities

In developing local engincerins and production capabilities, priority
should oe ziven io light and medium-weight equipment for rolling millc and
finishing lines. The incorporation of heavy capital rolling eguipmert, 3such
as mills for blooms, slabs, and wide hot and cold strip, in initial stages
of development is not recommended, owing to ihe need for addi tional heavy

manufacturing equipment for casting, forging and machining. .

The light and medium-weight equipment may include mills for billets,

bars, wire rods, ligh%t structurals, merchants, transfer and cooling beds,

coilers, shears, and saws. Finishing lines may include straighteners, saws,
shears, as well as tundlers for structurals, bars and rods. Rolling mill
equipment includes repetitive items such as mill stands, coolirg beds, roller

tables, coilers, coil conveyors and siraighteners.

—

_3/ See 3engupta, op. cit., Volume IT, XII-3.
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The development of a steel plant manufacturing industry can ensue along

one of three main lines, depending on the circumstances:

(a) A design and engineering company can be formed to specialize
in the purchase and development of equipment designs. Standard
components and assemblies can be bought from other suppliers,
while existing foundries, forges and equipment factories within
the country can manufacture other parts. The design and engineering
company which would be instrumental in promoiing the establi shment
of facilities for heavier and more sophisticated types of equip~
ment, would need a competent inspection department, a strong ieam
for construction supervision and commissioning, a warehcuse -
facility with cranage, and a medium-sized assembly shop for
testing, checking, and rectification;

(b) Manufacturing companies producing similar equipment cculd expand
and restructure their organization to meet local requirements;

(¢) A new plant could be set up to manufacture equipment and spare

parts.

In prepari.g contracts for steel plant construction, consideration

i gshould be given to the inclusion of a heavy fabricating and machining workshop.
In the course of the actual construction, a substantial part of the equipment
could be manufactured i~ the workshop, utilizing mainly the contractor's
superviscory skills and local labour. Upon completion of the plant, the
workshop could be operated by an appropriate organization as a separate
entity to provide a national heavy engineering facility. This procedure
might ensure the availability of an experienced and trained indigenous labcur
force and of the tools that would permit locally made steel to be consumed in
the manufacture of a large proportion of the capital equipment and spare

part needs of the national industrialization programme.

Case study

Greater participation in the steel capital goods market is foreseen
for developing countries that have steel-making capacity. Long-term plans
to0 invest in their own steel industry might enhance this development. These
are typical of the considerations that led to the foundation in India in

1958 of the Heavy Engireering Corporation at Ranchi. The Corporation was'to
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function as the centre of gravity for the heavy metallurgical industry",
servicing steel works located within a radius of 800 km.4

Production commenced in 1963, with an installed capacity of 80,000 s
metric tons of heavy machinery, as follows:

Coke oven and by-product equipment 7,700

Blast furnace equipment 5,500

Steel-making equipment 7,000

Crushing and grinding equipment 3,150

Crane equipment 6,570

Rolling mill equipment 34,500

Spare parts for metallurgical equipment 1,080

Mining equipment 880 )
Excavators 4,950

Press forging equipment 1,360

Heavy o0il-drilling rigs 5,500

Miscellaneous heavy machine parts and assemblies 1,810

Some 25,000 tons of structura.s per year were used. A foundry and
forge plant with an annual capacity of 31,750 metric tons of grey-iron
castings, 37,112 metric tons of steel castings, and 26,529 metric tons of
forging was set up to meet, first of all, the needs of the company, but in
addition supplies of heavier ranges of castings and forgings required by
a number of public and private sector units in India. In due course,
presses with capacities of 1,000, 1,650, 2,650, and 6,000 metric tons
were added to the plant.

The third unit of tne company is a plant for the manufacture of 10,000
metric tons per year of heavy machine tools such as radial drilling machines,

horizontal boring machines, centre lathes and double-column planing machines.

The company's design office, the largest such unit in India, is engaged
in the developnent of designs for the metallurgical industry and other stra~-
tegic sectors such as cement, fertilizer, chemicals, and oil. It has 17

bureaux and 330 designers.

S.C. Hadera, "Heavy Engineering Corporation Back-bone of India's Industry",
submi tted to the Third International Symposium on the Iron and Steel
Industry, Bresilia, 14-21 October 1973.
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The Indian example illustrates the impact of steel-making on heavy
engineering, which once started, cannot be restricted to the serving of
only one industrial branch. As regards size, smaller countries may find
other scales of operation worth aiming at. Even in India, only one third
of the production capacityé/ could be utilized up to the early 1970s., In
a sector such as heavy capital goods, the appropriate balance of engineering,
production and marketing capability can be assessed only in the course cof

time.

Environmental management

Types of pollution

The iron and steel industry produces gaseous, liquid and solid con-
taminants. The gaseous contaminants include sulphur and nitrogen oxides,
ammonia, and carbonoxides and particulates such as iron, sili ca, and lime-
stone. The liquid contaminants are tars, oils, phenols, cyanides, ammonia,
heavy metal ions, low pH, suspended solids, and some BOD (Biochemical Oxygen
Demand - a measure of the biologically degradable portion of the waste loading).
The sclid contaminarts are largely fines of the raw materials such as carbon,
iron, silica, and limestone. Az a plant becomes "environment conscious", it
tends to convert more and more of its gaseous and liquid contaminants to
Bolid wastes, which then become one of its major concerns. The sources and
types of major contaminants in this industry are given in Figure 2. Specific
quantities and concentrations of each contaminant in waste water are shown in
Table 2.

If contaminants produced at source in iron- and steel-making plants are
scrubbed into liquid wastes or trapped in solid wastes, the principal air
pollution will emanate from the coke plant. Treatment of these contaminants
i8s becoming more common, however; many of them are being converted, reduced
in concentraticn, or eliminated altogether.

The following table shows the usual emission levels of gases and solid

’

particles from ccke plants:6

2/ Op. cit. P 23.

§/ I. Codd, "Pollution Control and the Iron and Steel Industry", Third Inter-
regional Symposium on the Iron and Steel industry, Brasilia, Brazil,
14-21 October 1973.




Kg/ton dry coke

Coal and coke dust 2.0

Coke oven gas 0.73‘/

SO2 0.63

st 0.12

Phenols 0.1}
Aromatics 0.21
HCN 0.07

NH3 0.14

Pyridine bases 0.02

g./ Approximately 0.4 per cent of total gas make:
300 m3/ton coke.

Other air contaminants may be released from power-plant, lime-kiln, or
sintering operations Power plant contaminants consist largely of SOx, while
contaminants from the kiln and sintering are mainly particulate (with the
addition of SOx in the case of sintering). The amount of SOx in the stack
gases from each of these operations depends largely upon the sulphur content
of the fuel used.

Sources of pollution

In conventional processing, most contaminants originate in the coke-
oven or in sintering, pelletizing and blast-furnace operations. Coke ovens
generate most of the chemical contaminants, while the other operations generate
the solid matter. The finishing operations of hot-forming and cold-rolling
add pollutants in the form of metals, acids, oil and iron-scale. Power plants

add oxides of sulphur and nitrogen.

Some 2.5 tons of raw material (coal, iron ore, scrap, limestone) are
needed to produce one ton of liquid steel. One ton of raw material becomnes
liquid steel, 0.335 ton becomes slag, leaving 1.115 tons of residual gaseous,

liquid and solid wastes.

If all of these wastes (with the exception of those from the coke=-plant)
are converted to solid, it can be seen that the production of one ton of

liquid steel resulte in the production of 0.923 tons of solid contaminants.
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Table 2. Waste-water contaminants from a typical iron and steel mill

Contaminant Blast Steel Hot-~ Cold-rolling,
furnace manufactur forming including
acid pickling

(Gallons per ton of product)

.- ———

Total waste- 3,000 5,700 4,000 1,500
water (2,200 ex- '

cluding

cooling

water)

(Pounds per ton of product)
0.02 | -
0009 -
0.25 -

BOD5 -

Suspended 55

solids

0il

Acidity

Iron

Chloride

804

Total Cr

Totalv'

PO

4
Zinc
Tin

C. Wm. Rice Corporation for the U.S. Envirommental Protection Agerncy:
"Industrial profile study on blast furnaces and basic steel products";
Contract W. 68-01-0006 (1971,.




Unless all of this waste is returned to the furnaces as scrap, addi-
tional quantities of contaminants will be generated in the course of
finishing the steel. At least 50 per cent (and usually 75 per cent) of this

golid matter is iron.

Pollution control

Even though the technology for effective removal of most contaminants
from effluent exists, their complete removal at plant level is costly. The
decision to invest in pollution control in a steel mill, therefore, depends
upon both the physical and economic limitations of the plant. The modern
steel mill is even more affected by these limitationz than ofther indusiries
because of the great volumes of gaseous, liquid and solid wastes eniailed

in its operation.

Baghouse filters, cyclone separators, electrostatic precipitators, and
both s0lid and liquid scrubbers are used to control pollution. Water con-
taminants are removed through neutralization, sedimentation, flotation and
concentration. Sometimes biological treatment is required to reduce BCD.
So0lid wastes are settled or filtered out of scrubber and plant process
water wastes as well as refined from both vlast furnace and BOF slag. The
ferrous portions of the solids are re-used in the furnaces while the slags
may be sold for use in other industries. No really positive steps have
been taken at the international level to reduce noise or aesthetic contamina-

tion.

The United States Environmental Protection Agency has suggested the
following treatment technology:

Production process Treatment

Coke Cooling water recirculation; dilution of siill waste
with cooling water system blow-down; biological oxi-
dation of combined still waste »low~down stream

Iron manufacturing Polyelectrolytes, classification, sludge thickener,
vacuum filtration of thickener under-flow, cooling
and recycle

Steel manufacturing Thickener

Hot-forming Scale pit and oil flotation skimming

Cold-finishing pickle
rinse water

Cold-rolling Chemical coagulation and dissolved air flotation

Neutralization and settling

“iudies

1/ United States “nvironmental Protection Arency, "The Inducirial Hagstes
Programme:s Sunmmary Repori on the Iron and Steel Tndustry' (SIC 3312),
19 January 1972.




It maintains that by utilizing this technology, the effluent levels

shown in Table 3 can be achieved for each of the five major processes.

Table 3. Achievable waste-water effluent loads

(pounds per ton of product, i.e. coal coked,
hot metal produced or steel undergcing
finishing, in addition to suspended solids)

N ] Y4 1 d
BOD.. Cr Phenol Susperded 0il an

Acidit;
5 sclids grease vy

Coke 0.060 0.110
Pig iron 0,018 0.004

Steel-
mamufacturing

Hot-forming -

Pickle rinse 2.500
water

Cold-rolling -

Galvanizing

These results can be attained in new plants,where it is possible to

treat each mi1ll waste separately, in the most effective manner. In clder,

integrated iron and steel mills where it is no longer either technically or
economically practical to treat the liquid waste-water from each operation
individually, it may be segregated into three different categories:
Total mill effluent (except pickling liquors and coke plant effluent);
Pickling liquors;

Coke plant waste-waters.

In the "total mill" category, once the separation has been made, effluent
can be treated by setiling the scale in large retention pits followed by sand
filtration to remove the major portion of the oils. If, however, the pro-
portion of emlsified oil to total oil is high, chemical treatment to "crack”
the oil emulsion will be required. Pickling liquor wastes can be used to

crack the emulsions. The o0il recovered from the total effluent should be used
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as auxiliary fuel in the blast furnace or power plant boilers; the scale
recovered from the pit should be returned to the blast furnace feed. Palm
oil effluents can be used again as a lubricant in the cold-rolling mill and

as a source of fatty acids for various industries.

In the second category, if sulphuric acid is used for pickling, it is
best treated by concentration techniques involving either evaporation or sol-
vent extraction with subsequent re-use of the ferrous sulphate and residuzl .
sulphuric acid. However, pickling with hydrochloric acid is recommended
whenever possible tince the acid can be recovered and re-used more easily

by roasting into iron oxide and hydrochloric acid.

Coke plant wastes are left over from the ammonia still and light oil
decanter following extraction of the major part of the ammonia, tars and
oils. Some residual quantities of both ammonia and light oil remain, however,
as well as phenols, cyanide and chlorides. These are treated best bty bio-
logical oxidation, preferably in a nearby municipal sewage treatment plant,
or by carbon adsorption or chemical oxidation. The use of one of these three
processes, after ammonia and tar removal and in conjunction with recycling
for cooling and quenching, can help to avoid water nollution. Tars removed
from the decanters may be burned in the furnaces, and the ammonia may be
sold for the production of fertilizer using ammonia or ammonium sulphate.
Coke oven gas, after removal of ammonia and tars, may be re-used as fuel in
the blast furnace.

Dust is controlled best by good house-keeping practices. Coke oven

emissions are eliminated by closed operations and wet scrubbers.

Stack gases containing SOx and st can be desulphurized with an efficiency
of 70-90 per cent by spraying with a suspension of either limestone or ma.-
nesium sulphite. For removing the particulate matter from these gases or
from primary dust emissions collected in plant, multicyclones, electrostatic
precipitators, fabric filters, or scrubbers can be used. The selection of the
proper treatment unit for particulate matter depends primarily upon the average
size of particle to be removed and the desired removal efficiency, as well as

upon economics, Space, and equipment availability.

In steel-making, the fines in the gaseous emissions are concentrated by
electrostatic precipitation in a dry condition. Final scrubbters are recommended -
especially on electric arc furnaces, which produce a large amount of dust -

whenever final emissions must be maintained at less than 65 mgs/m3.
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Most of the contaminants of an iron and steel mill are solids, and
it is very important to the economy of the industry to recover and recycle
as much of these as possible. The re-use of the solids found in millscale,
blast furnace dust, sinter plant dust, slag, lime dust, scrap and scarfing
powder is recommended for reasons of economy as much as for pollution reduc-
tion. The particulates recovered - with the exception of slag - can be
incorrorated in the sinter mix, in pellet and coke making, and in powder
metallurgicals. Blast furnace slag can be used in the production of cement,
insulation of building materials, and in making aggregutes for roai-building.
BOF slag is valuable for its iron as well as its relatively high phosphorus
content, The iron can be reclaimed and used again iu the plant while the

phosphorus content can be used as a fertilizer input.

New processes that result in less environmental pollution are:
- Dry (instead of wet) quenching of coke; '
- Hydrochloric acid (instead of sulphuric acid) pickling;

- Direct reduction of iron ore (instead of coking and blast furnace).

Cost of controlling pollution

Gaseous and liquid pollution control costs may be expressed either as a
percentage of production costs or in terms of dollars per ton of product. In
the first instance, the factor will be 1 to 2 per ceni, i.. the second 32-35 per
ton of steel produced. These costs are sufficiently low to be spent by plants
in developing and deveioped countries alike. They may be abosrted in the
price of the steel and passed on to the consumer. Costs may be reduced still
further in future by establishing integrated industrial complexes containing
steel mills and such auxiliary industries as fertilizer, cement and other

oonstruction operatiors.

Assessment of environmental impact

Environmental impact statements

An environmental impact statement is a clear-cut assessment of the effect
on the environment of a contemplated new devel opmert, in this instance the
construction of an iron and steel mill, the expansion of an existing one, or
a change in production techniques. An unbiased arnd expert 2ssessment will

reveal to all concerned the potential effect cf the developrent on the people,




air, water, and land in the immediate area. If it is seen that the effect

will be too severe, one of the following alternatives - or a combination

of them - may be considered:

- Modification of the proposed production plang

- Installation of proper pollution controls;

- Relocation in an area where the environmental consequences would
be less severe;

-~ Acceptance of life in an environment of poorer quality and modi-

fication of life style to accommodate plant production.

Regardless of the final decision, the impact statement, in pointing out
the effects and providing the alternatives, is of utmost value. Regulations
to protect the environment should be enacted and enforced in the area sur-
rounding the mill in order to ensure a minimum degree of protection. For
healthful uncontaminated air, for example, the atmosphere might be maintained
at less .han 0.03ppm CO, 0.002ppm SO

particulates.

2! and 60 micrograms per cubic metre of

Pollution during construction and operation

Certain non-recurrent operations during the construction of the mill
affect the envirorment. Noise and dust are the two most annoying. If it
is seen that these problems are going to continue during sctual plant opera—
tion, they should be taken into account at the onset of the project. When
the plant is in actual production, the environmental guidelines established
must be maintained by the plant personnel. The plant manager must ensure that

his production techniques inciude appropriate environmental controls.

Plant location

From the environmental standpoint, iron and steel mills should be located
wherever the air, water and land can assimilate with lit+le or no environ-
mental damage the contaminants normally discharged by the plant. Some damage
{8 almost inevitable, but the degree should be a measure of ihe will of the
local population and the government of the area, and not that of the industrial
plant. It is not to be expected that all communities and governments will
demonstrate the same will to preserve the environment to the same degree.
However, communities and governments in all parts of the world should safeguard

the environment for mankind as a whole by establishing and maintaining minimum

standards of pollution control.




Although the opinicn is sometimes expressed that developing countries

are reluctant to devote scarce funds to pollution control, experience has
shown that it is wiser to incorporate environmental conservation controls s
at the very outset rather than to adopt remedial action at inordinate cost

at a later stage.

Steel production sites should be compared on a total production cost
basis. Here, environmental control costs may play a significant role in
the final decision, since all other costs may be of a ~imilar order of
magnitude. This is especially true in small countries where costs of land,
franSportati011, power and labour costs are comparable thrcughout the country.
Ideally, production facilities should be located on large, relatively clean -
watercourses which are not used for other municipal purposes, where the pre-
vailing wind is strong, upward and away from any habitation and where great

areas of land are available for slag or other solid wast: disposal.

Over-all effects of environmental controls

Despite the current trend, especially in developed countries, towards
direct reduction of iron ore, its value to the industry is not significant
in environmental and economic terms. Admittedly, environmental contaminants
and hence costs are less with direct reduction than with the conventional
coke oven, blast furrace and BOF steel-making processes. However, total
environmental costs in the corventional production cf steel account for such
a small percentage of plant production costs {2 per cent) that even if
environmental control costs were to be halved, the benefit gained would
hardly suffice to justify changing production plans solely to protect the

environment.

Since production costs are largely governed by raw material, labour,
and transportatior. costs rather than environmental costs, the production
of iron and steel in developing countries using conventional methods would
appear acceptahle. Owing to the relatively low ~ost of environmental control,
production costs should always include complete environmential control in both .
developing and developed countries. Whenever ocssible, direct reduction of
iron ore, electric arc steel-making furnace and continuous-casting methods
of steel production {billets only) should be considered, since less environ—

mental damage is incurred.
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This is best achieved under the following conditions:

(a) Steel pillets, rather than slabs or blooms are the desired
end-product;

(b) Sponge iron from direct reduction can serve as a partial
gubstitute when scrap for the BOF is scarce;

(o) Production flexibility is desired;

(d) A developing country starts its domestic steel production
with relatively low consumptions

(e) The environment is capable of absorbing the great amounts
of small particulates which may originate from the electric

erc furnace in spite of scrubber conirols.

Conclusions and recommendations

The production of iron and steel need not be unduly constrained by
environmental factors since the control technology is known and abatement
oosts are relat.vely insignificant in comparison with other production costs.
Plants should be located primarily on sites which permit minimization of all
production costs, including environmental control costs. These production
costs may also be minimized by locating plants in integrated industrial
complexes. Considerable research, evaluation and pilot experimentation are
necessary, however, in order to optimize these complexes (which may contein
a different mix of industries for each site). Wherever possible, steel
products should be manufactured using direct reduction, electric arc furraces

and continuous casting sequences, thereby minimizing environmental damage.




Chapter vV

RESOURCES

The geographical distribution of the major natural resources essential to
steel production will be central determinants in the future development of the .
global iron and steel trade. Four of these resources relate 1o energy - total
coal, natural gas, oil, and hydro—elec‘bricenerggl/— and the others relate to
raw materials or are combined fuel and reductants - iron ore, coking coal,
charcoal, and manganese ore - as well as fluxes, Identified reserves of the
major resources and their geographical apporiionment are shown in Pigure 1
and Table 3. It has been possible to identify those developing countries
which, in the sense of known mineral and energy reserves, are in a favourable
position to establish an iron and steel industry. Figure 2, derived from Tables
4, 5 and §, identifies those developing countries where the availability of .
resources may be designated favourable (five resources present), less favourable

(three resources), or least favourable (less than three resources).

It must be emphasized that this assessment has been made in the light of
nown reserves only. It is likely, however, that future exploration 1ill

reveal more resource deposits in the developing countries.
Iron ore

Global reserves of iron ore are estimated at approximately 700 billion

tons, with positively identified deposiis tota:ling 250 billion tons. Future

exploration will undoubtedly lead to a revisiwi of this figure as large

reserves are expected to be found in previously unexplored areas of Africa,

Asia, Australia, and Latin America. In any event, known iron-ore resources in

Brazil, Canada, Sweden, the United States and USSR suffice for several decades

at lea.st.?‘ .
Recent estimates from a variety of expert sources indicate that the

developing countries possess at least 210 billion %ons of iron ore, or over

30 per cent of total world resources (see Figure .1 and table below). .

!./ Total energy recuirements (by source) for the iron and steel industry for
the period 1985-2000 are shovm in Table 1, %otal energy consumpiion for ihe
same period being shown in Table 2. All numbered tables are at the end. of
this Chapter.

_2/ Commodity Data Summaries 1974. Mining and Minerals Policy, page 81.
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Calculated iron-ore reserves in selected Jdevelopins countries

Percentage of Billions of

world total tone

Africa 40 2

Algeria 1.6

Angola 142

Gabon 1.2

Libya 3.5

Zaire 5.0
Asia 8.6

China 31.0

India 21.5
Latin America 17.6

Bolivia 40.0

Brazil 12.0

It should be stressed once again that in the course of future
exploration, particularly in the developing countries, far greater
iron ore resources than are accounted for at present will be found.

M_A_nggese ore

Land-based deposits of this ore, the manganese content of which
generally ranges from 25 to 50 per cent, are currerntly estimated at
3 billion tonrs and are more than adequate to meet expected world
demand for the rest of the century. Furthermore, extensive ocean-
floor deposits have been identified, particularly in the Pacific.
More than 40 per cent of known reserves, or some 1.2 billion tons,
are located in the developing countries:
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Calculated manganese reserves in selected developing countries

S
Percentage of Billions Millions
world total of tons of tons
Africa 20.0 0.6
Gabon 450.0
Morocco 50.0
Asia 5.0 0.14
China 20.0
India 100.0
Latin America 15.0 0.45
Argentina 100.0
Bolivia 20.0
Brazil 250.0
Chile : 22.0
Peru 54.0

Coal/ooking coal

In 1973 world coal reserves were estimated at 8,143 billion tons,
of which only 429 billion tons (5 per cent) were suitable for coking.
The developing countries possess only 5.2 per cent (22 billion tons)
of known coking coal reserves, which, however, are very unevenly
distributed:

(a) Only three countries, China, India and Colombia,
account for some 98 per cent of the total coking
coal reserves of the developing countries;

(b) Some 89 per cent of the developing countries!’
coking coal reserves are concentrated in Asia:
China, India, Iran, Korea (Democratic People's
Republic), Korea (Republic of), liongolia,
the Philippines, Taiwan, and Vietnam;

(¢) With the exception of South Africa and Rhodesia,
no other African country is known to possess
reserves of coking coal;

() only five Latin American countries, Brazil, Chile,
Colombia, Mexico and Peru, possess significant
reserves of coking coal;

(e) No developing country in Ocecania has any identified
coking coal reserves,




- 179 -

The known reserves of the developing countries might well be
larger than currently estimated: future evnloration might disclose
new coking coal deposits in other developing countries, nowever
there can be no doubt that at present the lack of this resource will
prove a serious handicap to many prospeciive ircn and steel producers
in developing couniries. The requisite imports will contirue to be a

gerious drain on foreign exchange reserves in the developing countries. .

0il

Nearly 80 per cent of known world oil reserves, estimated at some
75 billion tons in 1973, are located in developing countries, scme 60
‘per cent being accounted for by the 13 member states of the Organization
of Petroleum Exporting Countries (OPEC): Algeria, Ecuador, Gabon,
Indonesia, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, the
United Arab Emirates and Venezuela. Several other developing ccuntries,
such as Argentina, Chile, China,and Mexico, have significant oil reserves
and large-scale prospecting is at present being carried out in a mumber

of other developing countries.

After the substantial rise in the coke price in 1970, oil was used
in blast furnaces. The consumption of 0il per ton of steel production
had been on the increase in many countries during the 1960s, despite a
drop in the United States owing to a reduction in steel manufaciure

using the open-hearth process.

The extent to which fuel oil will be used in steel-making operationa
in the future, will largely depend on the evolution of the relative
costs of coking ccal, gas, and 0il. However, it must be stresced that

oil cannot totally replace coking coal in blast furnaces, and the toial energy

requirement per ton of steel changes very little irrespective of the fuel

used.

Natural gas

In 1973 the total world reserves of natural gas were estimated at
nearly 63 billion :n3, of which some 46 per cent were located in

developing countries. (See Figure 1.)
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Natural gas is mainly used in direct reduction processes. In 1969,
patural gas p:ovided 18 per cent of the energy nceds of <ihe sieel industry
in the United States, and in the USSR it reached a 23 per cent share in
1972. In steel works in Furcpe, the proportion of natural gas used has
been much smaller, averaging about 5-6 per cent of energy requirements,
while the steel industry in Japan does not have a tradition of using
patural gas. The basic reason for these fluctuations in the use of this
energy resource is that gas must be available at a lower price on site
than other fuels, since coal-fired direct redﬁction or blast furnace

methods are still cheaper than gas-fired direct reduction.

Another source of energy in developing countries is the natural gas
which is currenmtly flaring at the rate of over 175 Lillion m3 per year,
and which represents more potential mWs than the total steam power plant
capacity of all the developing countries. Less than one per cent of
this wasted energy, i.e. 1.5 billion m3
4o fuel the production of 3 million tons of steel. In fact, the total

amount of gas currently flared could be used to fuel over 80 per cent

of ratural gas, would suffice

of the planned steel capacity in the developing countries by the year 2000.

Electricity

The use of clectricity to produce iron and steel throv;ghout the
world is constantly increasing, climbing from 7.2 per cent in 1950 to
17.4 per cent in 1974. Shown below is the percentage of elecirically
produced total iron and steel output in selected major steel-producing
courtries in the period 1965-1973:

1255 19713
France 9.0 10.6
Germany (Federal Republic) 8.5 19.9
Italy 37.4 39.9
United States 10.5 18.2

The use of electricity will continue to increase as specific eleciric

epergy requirements per ton of steel gradually decline.
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Potential gmo-electric resources
Some 1,425 GW or 63 per cent of the world's total potential hydro-

electric resources are located in the developing countries, only
4.1 per cent of which however, are being developed at a realistic
average maximum flow capacity (fav). At present, the developing
countries account for only 20 per cent of total hydro-electric energy
output, and mich of their future energy requirements could be covered

by the exploitation of water resources which have not yet been utilized.

Africa possesses nearly 20 per cent of the world's hydro-electric
resources, but produces only 2.3 per cent of the world's hydro-electric
energy. Half of the hydro—electric energy generated in Africa comes
from three dams: the Aswan dam on the Nile in Egypt, the Akoganito dam
on the Volta river in Ghana, and the Karidba dam on the Zambezi river,
which demarcates Zambia and Rhodesia.

Nearly half of Africa's potertial hydro-electric resources are
located in Central Africa, but only 5 per cent of these have been
exploited. The Congo river in Zaire alone has an estimated potential
of 32,000 mW, and this would represent the largest concentrated source
of hydro—-electric power in the world. Hydro-eleciric resources in
East Africa represent 30 per cent of the continent's potential, an
amount roughly equal to the total hydro~electric resources of Europe,
whereas in North Afri:a resources represent only 4 per cent of total
African hydro-electric potential.

Latin America, which has 14.5 per cent of the world's hydro-electric
potential, has already harnessed 4.8 per cent thereof, thus surpassing
the other developing country regions in this respect. Unfortunately
however, some 65 per cent of Latin America's potential is represented
by the Amazon, the world's largest river by a factor of five, which
flows mostly through unpopulated and inaccessible jungle areas.
Consequently, most hydro-electric development in this region has taken
place in the Parana river basin in southern Brazil, the Orinoco basin
in Venezuela, the Magdalena basin in Colombia, and on other smaller
rivers running off the western slopes of the Andes in Ecuador and Peru.




Asia has the largest potential of all, 28.3 per cent of total

world hydro-electric resources and a potential of some 640,000 mW,

of which only 4.3 per cent has been developed. The rivers draining
the Tibetan plateau represent the bulk of Asia's total hydro-electric
potentiel, 78 per cent of which is located in the following five

countries:

Per cent
China 50
India 10
Burma 8
Indonesia
Pakistan

The potential of Oceania, which has not yet been tapped, is less
than 1 per cent of the world total. Most of it is represented by the
rivers which carry the heavy rainfall from the central plateau of

Papua New Guinea down to the sea.

Much of the development of these hydro-electric resources
described above is limited by a variety of climatic and meographical
constraints. It is worthy of note, however, that, assuming a specific
energy consumption per ton of steel of 550 kWh in 1985 and 400 kWh in
2000, and using scrap re-cycling methods, less than 5 per cent of the
potential represented by the developing countries’ untapped hydro-
electric resources would provide enough energy to meet steel production

targets established subgequent to the Lima Declaration.

Charcoal

The use of charcoal as a furnace fuel is certainly worthy of
consideration in countries rich in tropical forests and lacking in
coal. Argentina, Brazil, India,and Malaysia have long used charcoal
in iron smelting, and certain African countries, such as Ghana and
Kenya, are reportedly increasing the utilization of their forests for
charcoal production on an experimental scale. Charcoal is technically
suitable as a furnace fuel, and fuel consumption (0.7 tons per ton of
iron) is less than in the case of coke. The main difficulty with
charcoal is obtaining supplies adequate to sustain economically




feasible levels of production: a 25,000-30,000 hectare eucalyptus

plantation would be needed to sustain a blast furnace operation with
an annual output of 100,000 tons of pig iron. Estimates of growth
stocks in the forests of the developing countries vary, but it is
generally considered that these countries possess some 30 per cent
of world forest reserves. This would provide many of them with a
sufficient source of charcoal for significant local production of
pig iron using small blast furnaces. Care, however, must be taken

that the ecological balance is not impaired.

In the blast furnace method, the substitution of charcoal for
coke is an acceptable and fully feasible technology. Its utilization
will call for an early decision with respect to forest establishment,
however, in order that sufficient supplies can be ensured by long-
term harvesting and replanting strategies. The paramount importance
of preserving envirommental balance in the developing countries may
1imit the utilization of charcoal, if programmes for adequate
replanting are not given priority.

Scrap

The three basic sources of scrap are: revert or mill-generated

scrap; industrial scrap; and obsolete metal.

Revert or mill-generated scrap is produced as raw steel and
processed into semi-finished and finished products. In conventional
processes, cropping and trimming results in a scrapping of some 15 per
cent of raw steel input from the ingot to the semi-finished stage.
Continuous casting can reduce this loss to 5 per cent. Scrap losses
between the stages of raw steel and finished product can average
nearly 30 per cent of the raw steel input. This revert scrap, the
properties of which are well known, produced as it is on the premises,

may be re—cycled to satisfy scrap requirements.

Industrial scrap is generated by other specialized industrial
mamufacturing sectors in the course of producing finished goods.
In industrialized coumtries, scrap losses of this kind are estimated
at 30 per cent in the automotive industry, 20 per cent in the appliances
industry and 15 per cent in the heavy machinery industry. Steel mills
generally pay good prices for industrial scrap, and its availability

can be forecast on the basis of fluctuations in economic activity.
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Obsolete metal is obtained by re-cycling discarded industrial
products with a high iron and steel content, such as motor vehicles,
heavy machinery and appliances, as well as metal structures or forms
from demolished buildings or bridges. These sources provide the majority
of scrap consumed by the steel industry throughout the world: such sources
are obviously most readily available in those countries with the longest
history of industrialization. In the past, some industrialized countries
have exported large quantities of obsolete metal. These exports will
decrease, however, as domestic demand for scrap grows in the industrialized
countries, a number of which are also increasing their electric furnace
steel-making capacities. A contirmuation of these trends will reduce the
amount of obsolete metal available to the developing countries.

Future scrap requirements will depend on the relative popularity of
the three major steel-making processesif At present, over 50 per cent of
world steel output is produced by means of a variation of the basic oxygen
process, in which the amount of scrap in the charge varies from up to
28 per cert in many plants in Europe and the United States to 7-10 per
cent in some ¢f the newly built mills in Japan. About 30 per cent of
world steel production is made in open-hearth furnaces, which can take a
complete cold metal charge of 100 per cent scrap, or an 80 per cent hot
metal charge with 20 per cent scrap. On an average, scrap would consti-
tute 45-5C per cent of the charge in the open-hearth method.

The thivrd conventional steel-making method based on scrap consumption
is the electrac furnace which is finding increasing use. World per-
centages of steel made by this method rose from 11 per cent in 1960 to
174 in 1974. 8Since this method, with very few exceptions, requires a
100 per cent scrap charge, an increasing global demand for scrap can be
predicted, with obvious concomitant escalations in the price of scrap,
irrespective of source.

In the future, most steel will be produced by the basic oxygen
process (which requires less scrap than the open-hearth processes):
an estimated 70 per cent by 1985, and 57 per cent by 2000. However,
the increase in electric furnace capacity to an estimated 20 per cent
of global output in 1985 and 41 per cent in 2000 will more than com—
pensate the decline of the open hearth. Satisfying the scrap demand
of the steel indusiry, and particularly its growing electric furnace

3/ Table 7. Forecast distribution of steel processes, 1974-2000.
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sector, will become increasingly difficult. The following estimates of
future scrap requirements have been made based on the likely amounts of
steel to be produced by the available processzes, the optimal technology
of scrap use, and the possible supply of sponge iron as a substitute for
scrap.

Future scrap demand in millions of tons

Global Developing countries
1985 150 - 650 110
2000 965 - 1,200 270 - 340

These figures could well be exceeded as 465 million tons of scrap were

consumed throughout the world in 471, a rccord year.

By all estimates, scrap prices will remain high; particularly, if
scrap has to be imported when global demand for steel is high. The
international benchmark is the price of No. 1 Heavy Melting steel scrap
f.o.b. United States ports, which is subject to considerable fluctuation
as indicated below:

$ per ton
Average 1972 35
April 1974 132
December 1974 83
Current 1976 75-80
1980 estimates 135-140

World scrap prices have tended to follow or exceed the above prices;
in 1974, when raw steel output reached 710 million tons, the USCi succeeded
in selling its scrap at prices that at times exceeded - 200 per ton.
Developing countries will naturally consume domestic scrap before
resorting to imports, but in planning future capacities they must take
into account that steel-making facilities, once installed, must be
on-going. The locally available scrap supply might seem ample at first,
but, in reality, it only suffices for a year or two of production,
proving insufficient thereafter, and necessitating costly imports of
SCTap.
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Sponge iron as a substitute metallic source will hardly replace scrap
before 1985. Global sponge iron capacity was of the order of 10 million
tons in 1974, and almost wholly captive, the sponge iron being totally
consumed in the steel-making process of its manufacturers. FPacilities
representing another 10 million tons capacity are under construction or
active consideration in the Federal Republic of Germany, Saudi Arabia,
the United States, and elsewhere. These amounts, from these plants,
however, could only replace but a sma!l fraction of the scrap, the demand
for which may conceivably be as high as 500 million tons in 1980. Even
if, as some predict, sponge iron production reached the 50-60 million-ton
level in 1985, it could still only compensate some 10-20 per cent of the
scrap demand in that year. It is clear that until well beyond 1985 sponge

iron will serve as a supplement to, and not a substitute for, scrap.

Scrap in the developing countries is obviously limited since most
developing countries, by definition, are only now beginning to establish
the industrial plant to mamufacture capital goods with a high steel
content., As the manufacturing sectcrs of these countries expand, more
industrial scrap will be locally available; however, this process will
not transpire overnight. If they have not already done so, developing
countries might set about systematizing the aseessment and collection of
their local metallic scrap supplies: a measure vital to any country
contemplating electric furnace steel -making.

Atomic ener, teel-maki

The application of atomic energy to steel production would involve
the use of a reactor to generate both electricity and the hot reducing
gas needed in the direct reduction process. Two methods are considered
feasible:

(a) Using the heat from a high-temperature, gas-cooled reactor
to re-form hydrocarbon gas for the direct reduction of
iron ore, the 1,600°F + temperature being indirectly
supplied by the hot helium from +he reactor. The direct
reduction sponge iron thus obtained would be refined to
steel in an electric furnace powered by heat from the reactor.

(b) Using reactor heat to obtain hydrogen (by splitting water)
which is then used for the direct reduction of iron ore
obviating the use of fossil fuel.
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The overriding problem is to design a safe, long-life catalytic
reformer that oan be heated by hot helium gas from the reactor. Among
the countries now active in developing this technology are: Germany
(Pederal Republic of), Japan, Switzerland, the United States, and the
USSR.

In the Federal Republic of Germany, research on high-temperature
gas~cooled reactors has long been unier way at the Jlilich nuclear research
plant in co-operation with General Atomic of San Diego and the Government
of Switzerland. The main lines of development are directed towards
miclear coal gasification and direct reduction.

In Japan, the drawingboard design of a 50 mW multi-purpose high-
temperature gas-cooled reactor (1,000°C) has been completed by the
Japan Atomic Energy Research Institute which is also testing materials
(o.g. hastelloy) for reactor comstruction. An in-pile gas loop is
being built at Oarai. Other work is being carried out by the Agency of
Industrial Science and Technology on a basic design for a pilot steel
plant for completion in 1978. The key components of this plant will be
& steam reformer and a heat exchanger.

In Switgzerland, the Confederate Institute for Reaclior Research is
studying the application of high-temperature gas-cocled reactor process
heat to steel-making as well as to zinc and aluminium production.

In the United States, the Energy Research and Development Administration
is reportedly planning a crash development programme for high-—temperature
gas-cooled reactors which could be used in the steel as well as other
indusiries. General Atomic of San Diego has built 1,000°F steam-producing
reactors and is now studying the construction of high-temperature gas-
cooled reactore capable of achieving the 1,6000F 4 necessary to produce
steel. Leading United States steel companies and the American Iron and
Steel Institute are also studying the employment of high-temperature gas-
cooled reactors.

In the USSR, the Atomic Energy Institute (1. v. Kurchatov) is
studying the use of nmuclear reactors to provide electric energy and
process heat in the metallurgical industries.

A mumber of other agencies are studying muclear steel-making under
the aegis of the Furopean Nuclear Steelmaking Club, established in 1973.
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These incJude: British Steel Corporation, United Kingdom; Centre
de Recheyches Metallurgiques, Belgium; Institut de Recherches de la

Siderurgie Francaise, France; and Centro Sperimentale Metallurgico, Italy.
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World total: 8,100 billion tons

NATURAL GAS

World total: 83,000 billion nm*

POT. HYD. RES.

World total: 2,281 GW

IRON ORE

Worid total: 889 billion tons

Developing
Countries 48.8 %

Africa 108 %

Asia 31.3%

Latin
America 3.7%

Develeping
Countries 82.7 %

Africa 19.1%
Asia 28.3%
Latin

America 145%
Oceania 08%

Developing
Countries 30.4 %

Africa 4.2 %
Asia 86%
Latin

America 17.6%

Percontage of world resouress:

Figure 1. Distribution of resources of raw material for the iron and steel industry
Develop! COKING COAL Developing
TOTAL COAL Courtries 14.6 % e Countries 5.2%
Atrica 0.7% Africa 00%
Asia 135% Asia 46%
Latin *
America 0.4% Latin

America 06%

Werld total: 430 billion tons

OolL Developing
Countries 79.0 %

Africa 10.3 %
Asia 63.3 %

Latin
America 5.4%

Worlid total: 74 billion tons

GROWING STOCKS IN FORESTS

Davaloping
Countries 30.2%
f Africa 12%
Asia 82%
Latin

America 208%

World total: 400 billion m*

MANGANESE ORE

Davaloping
Countrias 40.2°

Africa 204 %
Asia 47 %

Latin
Amernca 151%

World totsl: 3 billion tons

Develeping countries
Developed countries D
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Chapter VI
CAPITAI, REQUIRVFMINTS

According to one of the projection variants presented in Chapter 11,
it is conceivable th«t raw steel-making capacity of the order of 446 million
tons will be built in the developing countries between 1975 and 200(.
A tentative evaluation of the capital rcquired to install this capacity is
given in this Chapter. It goes without saying that an evaluation of this
kind can only be very approximate since the capital required to build
one unit capacity of raw cteel varies widely according to a host of
factors, the majority of which cannot be taken into account in the

present context. 1

Variability of capital cost

The wide range of possible capital cost variations can be seen in
Table 1, which shows the capital cost of recently established plants:
costs vary between $200 and $750 per ton of raw steel (a ratio of 1:3.6)
at 1975 prices.

The cause and effect relationship determining the ultimate capital
cost is far too complex to be analyzed in detail here. It is possible,
however, to differentiate between two broad categories of factors: the
macro-parameters, on the one hand, adducecable to the environment in which
the capacity is installed (for example, the cost of land, transport, and
interest rates), and the micro-variables, on the other, reflecting
technical alternatives. Among the latter variables, the choices of scale,
process and product mix are of particular imporianece in determining the

capital cost, 2

Tables 2 and 3 show examples of functions relating capital costs to
technical variables. According to estimates provided by plant manufacturers
for 1975, the capital cost of greenfield plants (BF/BOF route) decreases
by as much as 100 per cent as plant size increases from 0.2 to 5.0 million
tons (Table 2), while an increase from 1.0 to 5.0 million tons still offers

capital cost savings of 22 per cent.

1/ In this Chapter the term 'capital cost' will be used to define the
amount of dollars required to install anmual capacity of one ton of
rav steel, regardless of the level of capacity utilization.

_2/ These variables are separated solely for expository convenience. It
should be clear that the options concerning product mix, vrocess, the
level of capacity utilization and scale are interrelated.




Table 1. Estimated capital costs of some new steel-producing facilities

- 10 o
e

Capacity

Raw steel

Finished steel

(tons;

‘vear)

Cost

Process sequence Raw steel

D

Finished steel

Tctal

lars per ton)

‘Millions « ¢
dellars

50,000

50,000

10C, 000
100,000
50C, ¢CC

500, 00C

5C0, 000

50¢, 0CC

500, 000

1,00C,0C0

1,000,000

1,000, 0CC

2,000,C0¢

= 2,000,000

® 3,000,000

47,000

41,000

94,000
85, 000
450, 000

450, 000

375,000

450, coC

450, 000

900, 00C

900, 000

750, 0C0

1,600,000

1,600, 000

6, 000, 000

15 ton EF, continuous 24¢
caster, small hot mill

D-R plant, 35 ton EF 340
continuous caster,
small hot mill

70 ton EF, continuous 230
caster, small hot mill

7C ton EF, ingot casting, 210
small hot mill

2-150 ton EF, contimious 320
caster, merchant mills

D-R plant, 2-150 ton EF, 426
continuous caster,
merchant mills

2=-15C ton EF, ingot casting, 370
primary and merchant mills

1-1500 t/day blast F, coke 610
plant, 1-100 ton BOF F,
continuous caster, merchant
mills

3-200 ton 0.H. P, continmuous 340
caster, merchant mills

3-200 ton EF, continuous 346
caster, hot mill (flat),
merchant mill

D-R plant, 3-20C ton EF, 606
continuous caster, hot mill
(flat), heavy structural mill

3-200 ton EF, ingot casting, 390
primary mill, hot mill (flat),
merchant mills

1-600C t/day blast F, sinter 477
plant, coke plant, 2-150 ton

BOF. plant, continuous

caster, hot mill (flat),

merchant mills

D-R plant, 6-20C ton EF, 482
contimious caster, hot mill
(flat), cold mill, galvan-

izing

Fully intersrated plant: 675-750

blast furnaces, coke

plant BOF, continuous
casters for merchant, bar
and structural mills,
continuous hot mill, hot and
cold sheet mills, coated
products, plate mill

255

361

245

50¢C

670

380

385

670

520

600

603

900-1,000

1

21
¥4
160

213

185

1(‘R

170

346

606

90

955

265

6,000

Source:

Pau! Marchall, "A study of stee! prices", Washinston D.C. 1976

%
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.8 shown in Table 3, a similar phenomenon can be observed in the case
of the DR/EF process. Capital cost degression can be significant wp to
a capacity of 0.5-0.6 million tons. Within this range, cost degression is

more pronounced in DR plants than in EF plants.

mable 2. Capital cost of o BI/BOF plant in relation
to plant size

}lant size Index of canital cost

(thousands of tong)

200 213
300 180
400 164
500 155
600 146
700 140
1,000 129
2,000 115
3,000 110
5,000 100

Seurce: Commodities Research Unit Survey.

Table 3. Capital cost of a JI/CF plant in a2 developing country
in relution to plant size

Flant cice Tndex of Capital Cost

Lhoun-nas of tong) ‘ /
(t1.0us"nd onsy ot Tlant  Site and UR EF Total®

other costs cost cosi

200 10> ~ 130 79 170
300 88 23 171 67 145
400 50 20 100 61 131
500 75 18 93 56 121
600 71 17 88 59 114
70C 69 "¢ 85 51 111

1,000 68 15 84 50 109

2,000 63 5 84 49 108

24000 Cts 1 23 49 107

g/ U czpital € ot plus 70 ner cent of Uil cavital cost.

Jource: <Comrodities l'cce. ¢ 'init Durvey.




Capital cost DM/tom

Capital cost DN/tom
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Pigures 1 and 2 illustrate examples of cost degression related to

both capacity and production techniques. On the basis of historical data,

Figure 1 shows the capital cost curve for blast furnace:.,

Migurc

2 presents

the capital cost curve for a basic oxygen furnace and both two-converter

(one always in operation) and three-converter (two always in operation) systems.

Fig. . Capit.' rost per ton - capority of blast furnace

0 05

Production

180 \
Hearth diameter in m,
160 “\ ; L ]
v
\ !
140 [ - ] R
\ :
AN 5
120} oo | .
. AN ] '8
00} .
l\ \s‘th-“" a
o 2
' ) |
60} a5 t’/dq.v’/mz L
without rounter nressuvre)
40 ‘ 60 t/dq,’m)
(counter pressure ” at.)
i l l o J: o
n R I

1.0 1

*jpacity in mi

)0 2.5

11. tons/year

Fig. 2. Capital cost per ton - capacity of busic oxygzen furnace

10 * ‘I I

\
\_100 smglt
60 h)"t%‘ -

Smelt cycle: 35 min.
20 Opﬂ'ution: 8400 h‘/y.‘r U U SN
Products: Slabs

|

o

TTIIL
1 2 3 4

5 6 17

Preduction capacity in mill.t/year

8

H: Stahl u. Eisen, 90
1970), Mo. 4.




The third technological variable which appreciably influences capital
cost is product mix. The capital cost of rolling and finishing mills
varies between 390 and $300 depending on the size and product mix involved:
the upper limit increases even more when heavy structurals, nails and wire

are among the items produced.

The economic production of 'rounds’, such as wire rod, concrete
reinforcing bars, light and medium structurals (which account for over
50 per cent of steel consumption in most of the developing countries)
gstarts at a scale of 100,000 tons per year. Merchant bars require an
investment of some 370 per ton, while production of the main types of

flat-rolled products becomes economic in the 1-3 million ton rangc.

Technological assumptions

As a point of reference for the evaluation of total capital require-
ments, it has been assumed that a typical BF/BOF facility would have an
anmial capacity of 3 million tcns of raw steel. As for the DR/EF route,
it has been assumed that most prospective users in the developing countries
will be concerned with steel-making facilities in the range of 200-300 tons
per day (i.e. up to 100,000 tons per year). This scale of production can
be achieved by a newly erected DR/EF integrated installation or through
the backward integration of a re-rolling or scrap-melting and EF operation.
The capacity of such integrated milis (DR/EF route) may rise to 0.4 - 0.5
million tons, given the appropriate bar, rod and section rolling
facilities.

A comparison of capital costs for flat and non-flat product mixes
should encourage the developing countries to give priority to non-flat
products, if such a policy is consistent with market requirements. In
estimating average capital costs, it is assumed that the rolling and
finishing sections of the steel plant will be oriented towards non-flat
products, though not exclusively so.

Capital cost assumptions

In view of the wide variation in capital costs, a certain degree of
eclecticism becomes necessary. In this Chapter, therefore, it has been
decided to focus on two figures of reference: the firat, %690 for a
3=-million ton BF/BOF‘ facility; the second, $312 for a 0.5 million ton
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DR/EF facility, including a direct reduction unit meeting 70 per cent of
the metallic requirement of the electric furnace. The figures have been
obtained on the basis of both published information and private sources

and should be considered to represent the averages for the 1970s.

Capital cost structures for the BF/BOF route are shown in Table 4,
and those for the DR/EF route in Table 5. In estimating the capital

costs shown in Tables 4 and 5, the following elements were not considered:

(a) Mining. The investment necessary for the extraction and
beneficiition of iron ore (including pellet plant) may amount to $100

per ton, while coal mining may require an investment of $30-40 per tor.

(b) Power. An in-plant power station and power grid may have to be
constructed. Construction costs will be influenced by numerous factors,

such as distance, capacity, volt§ge and route conditions.

(c) Housing. Investments of this kind are frequently associated
with major steel facilities.

(d) Contingencies and unforeseen needs. It is usual practice to
add 10 per cent to the estimated basic capital costs to cover construction
delays.

(e) Interest paid during the construction period.

Of the components included in the calculations, the following items
deserve some comment:

(a) Materials handling facilities. Together with an ore
agglomeration plant and a coke plant, these facilities are considered
part of the capital cost in the case of the blast furnace process,

(b) Utilities and services. Capital investment requirements include:
oxygen plant, water supply facilities, repair and maintenance shops,
laboratories and office buildings.

(c¢) Spare parts. These are estimated to range between 5-7 per
cent of the value of the related equipment.

(d) Pixed assets. These account for 68.9 per cent of the total
capital costs in the BOF plants and 74.5 per cent in DR/EF plants.
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(e) Pre-operating expenses. These comprise the costs of training

the management, maintenance and operating personnel.

(f) Costs of project implementation. These are based on the
assumption that new steel capacity for the production of 2-3 million
tons per year requires a minimum of 5 years for completion in
developing countries which have little experience of steel-

making_.

(g) Infrastructural investments. These estimates of infrastructural
costs are based on several Latin American and Furopean projects. For a
3-million ton steel-making facility, it has been estimated that such
installations may require an investment of around $200-250 million,
including port facilities. Thus, infrastructural costs may range between
$67-83 per ton.

(h) Working capital. In the case of BF/BOF mills, the working
capital requirement is based on experience in Latin America. The DR/EF‘
working capital requirement has been estimated on the assumption that
requirements for this process are much lower than those for the more
complex BF/BOF mills.

(1) Prices. The estimates are based on 1975 prices. Consequently,
their validity is conditional upon the stability of the price system of
that year. As long as price increases do not alter the system of relative
prices (i.e. they affect uniformly all goods and services, which is most
unlikely), the same amount of real resources will be needed to build one
unit of raw steel capacity. In such a case, nominal capital costs should
be multiplied by the general price index. If, however, the prices of
components needed in steel-making facilities tend to rise at a disproportion-
ately greater rate than the prices of other goods, more real resources will be
needed to erect such facilities. In the latter case, both nominal and real
capital costs should be revised upwards,

Total capital requirements in developing countries

On the basis of the two reference figures ($690 and $312), the total
capital required to build 446 million tons of steel-making capacity can be
estimated. As a preliminary step, however, further assumptions in respect
of the structure of future capacity are necessary. Basically, this
structure is tripartite:



1. The construction of new (greenfield) gteel plants;
2., The extension of existing steel facilities (round-out);
3, The replacement of worn-out or obsolete capacity.

The first type of installation will comprise plants with a coke-oven-
cum-BF/BOF-complex as well as smaller plants with electric furnaces and
simplified rolling mill equipment. Apar* from being more economical, a
smaller mill, based on an electric furnace with continuous casting and
bar mill, constitutes a means of launching a steel industry, as well as a
flexible means of expanding an existing industry. However, as an electric
furnace mill cannot be expected to cover more than 40 per cent of the
greenfield capacity to be installed, it has been estimated that the
average capital cost of greenfield mills would be of the order of $600
per ton of capacity. In respect of investment in capacity extension,
an average figure of $360 per ton of capacity has been adopted, and
for replacements, an average figure of $300.

Table 6 shows the assumed distribution of the installation of 446
million tons of capacity according to the three types of investment.
Table 7 uses the capital cost figures of $600, $360 and $300 to show the
amount of capital required to build up the total capacity for these three
types of investment.

The total capital expenditure figure obtained for 1975-1985 is 862
billion; that for 1986-2000 is $169.5 billion; and the total for
1975-2000 is $231.5 billion. The net investment required (gross less
replacement) in developing countries would be $215.6 billion ($60.2
billion in 1975-1985, and $155.4 billion in 1986-2000). Assuming a
contimous flow of capital expenditure and a discount rate of 10 per cent,
the actual value of the total net investment would be $68 billion. This
figure was obtained by applying the following formula:

10 25
-rt -rt
E .L I1 e . dt +ﬁ) 12 e dt

where E is the actual value of the total net investment, I1 is the anmal
rate of expenditure during 1975-1985, 12 is the annual rate of expenditure
during 1986-2000, and r is the discount rate.
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According to United Nations statistics, the GDP of developing
market economies was $601 billion in 1973}/ Allowing for annual
growth rates in real GDP of 2 per cent and of 5 per cent in price
levels, the GDP uf the developing countries would be of the order of
$688 billion in 1975. The ratio between the 1975 value of net
jnvestment and that of CDP is approximately 9.9 per cent. In other
words, given a discount rate of 10 per cent, the actual value of
investment required to create an additional capacity (total capacity
less replacement capa.city) of 403 million tons of raw steel is
equivalent to 9.9 per cent of all goods and services produced by the
developing countries in 1975. Distributed over 25 years, anmual
expenditure would amount to 0.40 per cent of the 1975 GDP of the

developing countries.

Another way of comparing the investment required with the investment
ability of developing countries ia to divide the sum of investment
needed by the sum of anmial GDP expected between 1975 and 2000.

Assuming a GDP growth rate of 5 per cent, the latter sum would amount
to $34,482 billion, and the net investment of $215.4 billion would be
equal to 0.6 per cent of this amount.

}/ United Nations, Yearbook of National Account Statistics, Vol. ITI, 1975.
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Table 4. Capital costs QBFZBOF route)

(3 million tons/year, 1975)

ey
capaotty

Millions struct
of dollars (dollars per Per cent)
R
¥on)
Coke plant 168.0 56.0 8.6
Blast furnace 225.0 75.0 1.6
Basic oxyren furnace 130.0 43,0 6.6
Continuous casters 131.0 43.0 6.6
Wixed rolling facilities 563.0 188.0 29.0 -
Gencral facilities 125.0 42.0 645
Sub-total,fixed asscts 1,342.0 447.0 68.9
Engineering, procurement and inspection 22,0 3.4
(5 per cent of fixed assets)
Administration, advisory and expediting 27.0 4.2
costs
(6 per cent of fixed assets)
Pre-operating expenses 13.0 2.0
(3 per cent of fixed assats)
Sub-total, project implementation and 62,0 9,6
pre-operating expenses —— —
Fixed capital costs ‘ 509.0 78.6
Infrastructural invesiments 72,0 - 111
Sub-total, fixed oapital costs plus 581,0 89.7
infrastructure — e
Working capital 67.0 10.3
(15 per cent of fixed assets)
648.0 100.0
Interest paid during implementa.tiony 42,0
GRAND TOTAL 690.0

5/ Interest has been ocaloulated for a four-year period based on averages of
447 + $72 - $519 on the assumption that half this sum would be financed
through a loan at 8 per cent interest.
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Table 5. Capital costs (Dit/LF routc)

ingtalled Capital
J‘illions  stecel-nakine~ cocl
of dollars caprcity structurc
(dollars per (ler cent)
ton)
bR (350,000 tons) 38,4 1740 5.9
Lleeiric furnace (500,000 tons)f‘/ 20,0 1040 1362
Six-strand caster (500,000 tons) 2245 2540 1449
Merchant bar mill (450,000 tons) 31.5 63.0 20.9
112.4 2750 142
Lngineerings, procurement and ingpection 11.L 3.6
(5 per cent of fixed assets)
Administrative, advisory and cxpediting Te0 2e3
costs
(3 per cent of fixed assets)
Pre-operating expenses T.0 263
(3 per cent of fixed assets)
Sub-total, projcct implementation and 29.0 9;2
pre-oper:iti ng expenses — —
Fixed capital costs 250, 82.7
Infrastructural investments 34.0 1.3
(15 per cent of fixed asscts)
Sub-total, fixed capital costs plus infrastructure 284.0 4.0
Working capital 18.0 6.0
(8 per cent of fixed assetis)
302.0 100.0
: 2
Interest paid during implementatio 10,0
GRAND TOTAL 312,0

S

5/ Including general and auxiliary facilities,

2/ Interest has been calculated for a two-year period based on averages of
$225 + 134 = 3259 on the assumption that hulf of this sum would be

financod through a loan at 8 per cent,
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Total world capital requirements

The total raw steel capacity to be built ir the world (China not
included) amounts to 38 million tons a vear in 1)75-1985, and to 51-T2
million tons a year in 1986-2000 (deperding on the nrojection variants).
LCCOMWiiglyy Cipitul requiicacite iy o cotlinton Wb citicl Wipvel Diliaon

. . ’ -
or ,GGS.S billion \iublc Ve

Table 8. World capital needed to replace and expand
iron and atecl-making facilities

(billions of Aollars, 1975)

——

Plant Per year, 1975-1985 Per year, 1986-2000
Variant A Variant B

Replaced 1.2 9.0 9.0

Expanded 6.4 9.7 15.1

New 11.8 14.4 18.0

Total 25.4 33.1 42.1
e
Grand total, period 294.0 496.5 631.5

Financing capital requirements

In financing steel projects, the share of the foreign and local capital
components is a major consideration. The ratio between the two differs
according to the fixed assets concerned. In major steel projects now under
construction in Latin America, the distribution is as shown in Table 9.

In general, in the developing countries, 60 per cent of the fixed assets
wil' be paid in foreign currency and 40 per cent in local currency.



Table 9. Average structure of expenditure for fixed assets
!1-? million tons capacity, coking metal lurgy;

(per cent)
Foreign Local Total

Plants and spares T74.0 25.0 50.0
80.0 20.0 100

Structures 6.5 6.5 8.0
60.0 40.0 100

Transport 6.5 1.0 4.0
88.0 12.0 100

Erection 12.0 34.5 23.0
33.0 67.0 100

Civil works 1.0 13.0 15.0
3.0 97.0 100

Pixed assets, total 100.0 100.0 100.0
57.0 43.0 100

Source: World Bank Steel project reports.

Assuming that on an average, 40 per cent of the capital costs would be
met from local currency, some $3.7 billion and %6.8 billion foreign exchange
would be required anmually in the respective periods.
on an average, 50 per cent of these amounts would be financed through medium-
and,long-term loans, foreign resources required to finance the steel industry
in the developing countries (not including China) would be of the order of
$2 billion in the period 1975-1985, and $4 billion in the period 1986-2000.

As a comparison, reference is made to the flow of financial resources
from selected developed cwntrienyto developing countries and multilateral
institutions which amounted to $26.8 billion in 1974 and an estimated $37.5
billion in 1975, and comprised both official and private net disbursements.
The sharp increase from 1974 to 1975 was linked with the rise in private
export credits from $2.5 billion to $6.2 billion.

expected sliould Le 1clated to the oanmabilities of the developing countries

to invest on a large scale in their national economies,

4/ Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany
(Pederal Republic of), Italy, Japan, Netherlands, New Zealand, Norway,

Sweden, Switzerland, United Kingdom and United States.
5/ World Bank Anmual Report 1976, Table No. 3, p.100.

Further assuming that,

The total capital expemditure
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Capital cost and employment created

The direct employment generated by 1 million tons of steel-making
capacity may be estimated at 6.00 people. The average figure for
capital investment of 8600 per ton used in this study implies a figure
of $600 million per 1 million ton/year steel-making capacity. With
reference to the assumption of 6,500 people employed, this means that
$92,300 is required per job. The figure of 83600 per ton was applied to
all sub-regions and countries, regardless of any specific conditions.
This may lead to significant over- or under-estimates of the actual capital
needed to estab’ish a job or vacancy under specific circumstances.

Operating costs

Average operating costs have been calculated using data on four
3-million ton capacity steel-making mills, favourably located in the
United States, Brazil, Western Burope and Japan, and these are shown
below:

Operating costs
{dollars per ton)

BF - Pig iron 98-68
BOF - Raw steel (transfer of pig 35.72
iron and basic oxygen
process)
CC - Slab (contimous casting, 8.74

less scrap credit)
Related general equipment charges

(in-plant transportation and general 9.45
facilities) —
152.59

In practice, operating costs vary extensively owing to local conditions
affecting supplies of energy and raw materials, transport and labour costs,
scale of operation, and level of capacity utilization. Costs also vary owing
to capital charges. Since the above costs were calculated at the operating
level, only depreciation was considered (5.5 per cent of capital investment).
Accordingly, an interest rate of 10 per cent would add $21.60 to the
operating costs cited above.

Assuming the average figure of $600 per ton used in this study,
the capital ch:rges for 1 million tons of installed capacity



¥ .
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are sho.n belo. Since the figure of 600 per ton covers various capital
recuirement components, including uorking capital, a depreciuation rute of only
§ per cent is used inctead of 5.5 per cent. Like iie, only 3 per cent (instecud

of 4 per cent, of the capital investment ic¢ culculiuted for maintenance.

ver cent o/ton/year wmillions of uollars
Depreciation 4.0 24 24
llaintenance 3.0 18 18
Heturn on capital®  10.C 60 60
ieturn on capital 5.0 (3¢ (15;

102 (or 57, if return i:
5 i+ ccnt )

a; The return on capital may take on different forms according to tle carpital
structure of the company, but as regards its ma nitude, tio variants lLove
been calculated.

If tlic calculation . ere applied to the investment recuired to provide a
job, annual cupital service costs tould be 8,770-15,700 per job. Tiie coct
structure of steel-making reflects the capital intencity of tre industry and it
dependence on ore and energy (coke, 0il, gasg, electricity) pricesu. The percentual

distribution of the inputc in relation to total operating costs is shoim belou,

Table 10. Cost structure of iron and steel-making at the operating level (Bi/Bui')

(Per cent)

n Co,

Basic oxygen
Blast furpace -hog' steel-making steel cas ing

Raw materials and 84.7 ‘ 93.0"/ 95.65/
primary energy
Utilitiesn 1.9 - 1.0 0.3
Labour 5.2 0.8 0.9
Overhead 3.3 0.5 0.5
Maintenance (4 per cent 2.0 2.9 1.1
of investment)
Local taxes and insurance 0.1 0.4 0.3
Depreciation (5.5 per cent
of investment) 2.8 1.4 1.3
Total costs 100.0 100.0 100.0

Source: Arthur D. Little Steel Report.

!/ Liquid metal from the previous process and transfer costs.

R = = = = =
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