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I. INTRODUCTION

Owing to the importance of the aveilability of steel for the economio
development of the developing countries, there is considerable interest in many
of these countries in the construction of integrated stecel plants where they do
not _a.lready exiat or in increasing the capacity of existing plants. Planning is
required here, with regard to both small plants and factorics of larger dimonsions.
The substantial amounts of capital neceded for such projects and the importance of
ensuring that steel is made available to users at the lowest possible price Justify
making a oareful study of the processes to bec used and the dimensions for factories
being expanded or for new pProjects, whether large or small.

The choioe among the possible pProcesses which may be used in the steel
industry is affected by looal factors, such as the quality and type of iron ore,
and the abundanse and relative price of such inputs as coking coal, gas, petroleum
and eleotric power, together with several others. In oertain cases, on the other
hand, the ohoice of process depends on the characteristics of the product desired.
Section V of this document contzins a detailed examination of the eoonomic signi-
ficanoe of the possible processes among which a selecvion must be made in the
planning of the industry.

The rest of the work is devoted to a study of economies of scale in the steel
industry, - that is to say, the relationship betwecn énnual production oapacity and
unit capital and production oosts. As an illustration of the importance of eoonomies
of soale, the following example may be given: the production costs of a plant
producing 300,000 tonnes of non-fla‘ gteel products ancually would rise by
13 per cent if, instead of using local iron ore costing US§ 5 a tonne, it was
necessary to import ore at US$ 14 a tonne. On the other hand, in the oase of a

similar plant with a capaocity of only 100,000 tonnes annually, the increase in
cosis would be 27 per oent.

|
The study is not primerily aimed ot determiiing optimun sises for plants, '

though it may of oourse be observed that there are many factors pointing to the !

economic advantage of large plants. ‘“The intention is rathor to analyse the tech~

nioal &ndg.}ooonomio asgpects of plante of different #iges by considering a'aeriel ]
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of hypothetical installations for cach combination of proczesess In view of the
limited markets of many of the developing countrice, the main object will be to
throw light on the economic probloms of small plants and to determine the minimum

sizes at which they are oconomic.

One cohsequcnce of the limited markets which arc oftsn available for the
industrics of the developing countries is an excessive diversification of pro~
duction, aimed at covering as large a part as possible of the exizting domestic
market. Increases in capital and other costs resulting from greatcr diversification
of production vccur mainly in the rolling opcration, since if production is con-
centrated in a fow types a much highcr degree of mebhanization is possible in the
rolling mills. kven without this, the following examplc is worth noting:g/ a
rolling mill with a programme covering the production of bars and shapcs and with
an hourly oapacity verying between 10 and 30 tonnes, takiug into account the
different weights per metre included in the programme and the rollings necessary
toyobtain them, can achieve an amnual production of 120,000 tonnes, with three
shifts daily and a yield of 80 per cent, if thc make-up of the programme is such
as to allow an average hourly weight of som¢ 25 tonnes, and changes of rollers can
be limited to Sundays. On the othor hand, annual capacity will fall to 60,000
tonnes if the averuge weight of the product is somewhat less favourable and if it
is necessary to change rollers fuirly frequently, which will mean limiting the
work to two shifts daily,

Steel production is a complex proccas and the qucstion of economics of scale
in it is also complex. If one plans a particular production process, requiring a
certain type of installation, the size of the unit will lLave to depcnd on the
intended scalc of prouuction. In such cascs thers is incvitably a maximum size
beyond whicu similar units cannot be built at the present stage of tcechnology.
Oncc this size is reuched, if a still ligher volume of production is needed, this

can be achieved by establishing scvoral units side by side. In tho samc way there

3/ L#th/Kdnig, The 1 ' g ¢ Springer Verlag,
Berlin/Heidelberg/New York, 3rd edition, p.162,
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is a minimum below whioh, for teohnical or sconomic reasons, it is not desirable
to use the process in question and it must bo rcplaced by another, or the minimum
size whioh is tcchnically feasible must be used with a low load factor,

In theory, what is intcresting in a study of economies of scale is tho
variation in oapitzl and production costs botween these two extremes determined
by technical considerations, It is highly probzble that, if it were possible in
the steel industry to have scvoral plants of differing sizes in which the pro-
duotion process and the type of equipment rereined the same, the samc cquation
would hold good as is generally used in thoe chomical processing industry; acocord-
ing to this, the rclationship between the capital coste or the variable production
costs in two plants of differcnt capecities is equcl to a logarithmic rslation
between.theae capaoities in whioh thc exponont is less thon unity and in nost cases
fluotvates around 0.6, However, uniformity in process and cquipment occurs in the
steel industry, taken as a whole, only for vory brief strotches of the capacity
spectrum, although, in the cuec of izolated componcnts of the production oycle,

such uniformity occurs over broadcr size rangcs,

In practice, therefore, tho situaticn is complctely different. The process
of steel production, from thc mining of thc iron orc to the finishing of the
rollz=d steel, is not o single, continuous process but a serics of opcrations
which takec place one after the other, transforming the principal raw material in
Buocessive, or in some cascs simultancous, steps. These operations include the
following: sacondary preparation of thc iron orc, procduction of sinter, pro-
duotion of metallurziczl coke, with or without by-product recovery, blast-furnaoc
reduction proper, stecl making with or without the use of oxygen, cogsing or
continuous casting, and rolling, BEach instzllation and process used in this
combinaticn of activities has its teclwiccl limits in the form of maximum and
minimum capacities for specific volum.s of production, with no rclationship
botwaen the limits of the differont proccssces among themselves., Thus for & ocertzin
annual production range & certain process or type of installation is used, and
onoe a particulur dimcnsion is rcached, for the construction of a larger plaat,

the prooess or iastallation i rcplaced by another more uppropriate or more
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economic for larger volumes of production. In this way, a curve indicating unit
capital costs for a series of plants with production programmes which arc similar
but differ in volume is not onc which can be expressed by an exponential equation,
but will always rise hizher at the right side than a theoretical curve, beciuse
in praetice, as the annual capacity of the plant grows, increasingly complex and
cutomated installations and proccsses arc used., In general, this is due to the
fact that it is not economic to produce automatic equipment for units below a
certain size, but somotimes, too, it is physically impossible to opcrate certain

very small units efficientl; .

The tochnical and ecounomic considerations devcloped in tlis document re-
g:rding the selection of the proccss and type of 1nstnllqtlon for the hypothetlcal
- plants serving as the basis for tic calculations and the calculations thenselves,
are not nccessarily valid for a specific plant or location. 1In the case of a
particular plont, local factors, including the prices and quality of inputs, will
influence the selection of the process and thc costs. ilowever, the information
in this paper may prove applicable even to a specific project if due consideration

is given to the local foctors and the nceessary substitutions cnd adjustments arc

made,
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- II. GuNERAL BASIS OF THi STUDY

The information usod in the present paper has been taken almost entirely
from two earlier studies on economics of scale in the stcel industry corricd out
by ICLA oonsultants in 1965 and 1966. 3/ These two studics analyse the effect of
the capacity of a scries of hypothetical pluants of various sizes on unit capital
and production costs. For this purpuze, the hypothetic:l plants have been regarded
as situcted at a given location, and capitzl costs heve been determined for each
of them, the costs have been clussified under the main preduction departments -
reduction of the ore, stecl making, continuous casting or cogising, and rolling.
All the cost figures for auxiliary departments and servioes such as administration,
laboratorics, power and stoeam plant, rupcir shop, works transport, ctc., have becn
distributed among the main departments in proportion to the usc made of them by
cach department. [jith regurd to oroduction costs, theorctical costs have been
determined for each plant, utilizing in all coses pre~cstablished unit cost
figures for inputs which appear in cnnex I and are in harmony with the costs to

be expected in Latin Amcrica.

Although the basic assumptlons on which the two popers roest are the same,
their purposes arec quite differcnt. The study by Dastur and Co, (E/CN.12/764)
considers the effccts of economics of sco rl¢ in the smallest size-range of
integrated plants, with basically a single production scquence and processcs
including the production of non-flat stcel, and with capacities bctween 100,000
and 300,000 tonaes. On the othcr hand, the study by Mr. Mertijena (i3/cN.12/766)
deals with plants producing betwecn 100,000 and 2.5 million tonnes annuully of
flat and non-flat produots, and plants with varying produoction sequences are

considercd.

j/ "ioonomies of scalc at smell integratced stcolworks", by M N. Destur and Co,
(’?‘/CN.12/764), e.nd Y -
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In spite of the faot that, as has been paid above, the costs of inputs and

a number of general assumptions were kept uniform, the authors werc loft free to
imagine the different plents i the way they chosc; that is to say, thoere was

no speocification of the type or scale of auxiliary scrvices which, taken together,
usually acccunt for between 30 and 40 per cont of piant capital costs - lahora—
torics, repeir shops, clinics, cafeterice and canteens, ote.  These were devised
by each author separately, o fret vhich limits the dircet comparcbility of the

two studies somewhat. Similirly, the total annual working hours, the product-mix
patterns and the utilization factor of th. rolling mills Lave not been fixed, and,
taking into account whot is said in the cxample cited above, onc can imaginc the
possible disparity which tiis has introduced when data from one study are compared

with those from the other, although each one is quitc homogeneous individually.

The effcect of plant size on capital and operating costs involves many factors
and these have to be analysod projoct by projcet. TFor the purposc of this study,
& numbcr of basic simplifying assumptions nceessarily had to be made. The object
of the study is limited to obtaining z broad perspective on size-coet relationships
in the steel industry. While the Dastur study (E/CN.12/764) examines in depth what
happens in thc casc of a given production sequcnce zt the louer end of-the capacity
spectrum, IMr. Martijena's paper (E/CN.766) studics relationshipe over a wide variety
of sizes, production programmes ond sequcences of processcs. While the trends
indiceted by the figures and the relitive costs hove o volidity for the pirposcs
of cach of the studice,'the specific figurcs may vary from onc study to the other

and with refercnce to plants existing in practice,

In order to mak: the data for plants of differcnt gizes morc comparablc, the
plant design and cquipment considered mokes only very limited provision for futurc
expansion, cxcept as far as spoce is concerned, In practice, this approach would i
not be the most dusirable, owing to the rapid rise in consumption in the developing
countries, as a result of which, in most cases, it would be advantogeous to méke:
greater provision ror future cxpansiont espccially with regard to the more ex~=
pensive ihstallaxioﬁs;lauch as rolling mills. s

F e ugi&i%k«hﬁlgf g
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The caloulations of costs and investments required are based on hypothetical
plants using modern technology for iron and stecl making. In fact, in the two
studies taken as o whole, account is taken of practically all the technological
advances which, aftnr being satisfactorily tried out at plants somewhere in the
world on an industrial scule, scom of possiblc application in Litin American,
Each production secquence is thercforc an alternative of possible practical use,
but this does not mean that there arc not other pousibilitites whose consideration
hes been dispensed with in order not to compliccte the work cxcessively with all
the many combinations whiclh would then hive to bec analyscd. In ordur to isolate
and hignlight the offects of varying size on steel plant cconomy the cffeets of
sectors not direcetly related to plant size have been minimized as far as practie
cable by keeping them constant. Thus, to allow meaningful comparison of the data
within the series of plants with the same basic production structurc, the same
production processes have been assumcd for 211 of them, althougli actually, in some
cases, more economidal processes could huve been considered for cert.in plant
sizes,

In integratod plants with large cupacities, it is possiblce for the mix of
rolled products to be diversificd somewhat and for the installation of mill units
of eoonomic size still to be feasible. But product diversification in a small
plant will largely result in elimination of economics of scalc as far as the
rolling operation is concerned., In fact, over-diversification of output in order
to o ver the largest possible portion of the Lome markct is one of the recasons for

high cost of steel in the developing countries, particularly in Latin America.

It must be admitted thet some of the assumptions made in the study for pure
poses of simplicity imposo roustrictive conditions and cause factors which may have
some significance in economies of scale to be left out of account, This is the
case, for examplec, when we regerd the cost of iron orc as the same for all plants,
whereas it is quite possible that o factory with a capacity above 1 million tous

could organige the transport of the ore at a lower cost than a plant with smaller
capacity, Neverthelcss, it is thought that the studies provide an adequate basis
for the necessary adjustments to bec mede in cach particular case,
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III. DCONOMIES OF SCALE IN SMALL PLANTS
PRODUCING NON~FLAT STIS

In this peper, thc influcnce of the size of tho operation on tochnical and
economic relationships in #ery small stcel plants is analysed. ‘The study considors
five cases, namely:

Case I 25,000 tonnes
Case II 50,000 tonncs
C.se III 100,000 tonnes
Case IV 200,000 tonnes
Caso V 300,000 tennes

In order to have a uniform basis of study, thc plant capacitiee arc given in
torms of "liquid steel" and not of finished products. The processcs and principal
equipment sclected for this study ar: indicatcd in table 1,

Some altornatives arc also considered in the papcr, such as electric reduction
in plants of 25,000 and 50,000 tomnnos annual capacity and electric arc furnace
steel making instead of LD convertors in 50,000 tonne plants, in order to make a
preliminary evaluation of the merits of thesc proccsscs in very small plants., Since
tﬁe basic object here is a study of ecconomics of scale, no reference is made to
these variants.

Account is tcken in the paper of all the general cssumptions enumerated in
the preceding section, where those adopted in the two papers arc summarized. Many
other aseumptions which are peculiar to document E/CN.12/764 arc indicated in
table 1. The following additional observations should probobly be made: vit has
been estimated that mining and piging of‘ores will yield cbout 30 per cent fines
below 10 mm eize. These arc agglomerated in sintering plants in cases IV and v,
and are charged immediately in the mixture in the plants of emaller size.

4/ Summury of the paper "Economies of scale at small integrated steelworks",
by McN. Dastur and Co., prepercd for iCLA. (Documert E/CN.12/764)
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The blast temperature, the injection of hydrocarbons and other element: of
the operation are fixed sc as to give a coke rate of 500 kg per tonne of molten
iron in the 30C,0C0 tonne plante In the smaller plants the same system is used,

but the specific consunption of coke will necessarily bc somewhat greater.

For steel mcking, the LD top-blown oxygen converter has been selected. The
proportion of scrap used in the convericr will be between 2C and 25 per cent, but
not zll of this quantily will be produced as plant return scrap and some of the
scrap will have to be purchused. Originally, 30 per cent scrap charge was
considered for all the cases, but on checking the heat balance it was found that
such a high percentage of cold rictal could not Le used in converters as small as

those envisaged in the paper.

The stecl produced in the five cascs is killed and ic converted into billets
by means of continuous custing .aclines. The number of maci:incs and of strands
per machine is that rejquired to supply the quantities amd types of billets given in
table 2, which are thuse considered nececssary for the production of the product-mix
envisaged in each of the oases. The selection of the rolling equipment is similarly
determined. However, the range of sizes and the proportions used have bcen kept

more or less constant in 2ll the cases considered. |

Table 2 g

CONTI.JUOUS CAST BILLLIS |

Billet sige Case I Case II Case IITY Case IV Case V
T/yr T/yr T/yr T/yr T/yr

75 mm square 19,200 38,400 76,800 96,000 144,000

100 mm square .. 4,800 9,600 19,200 57,600 86,400

125 mm square - - - 38,400 57,600

Iotal 24,000  43.000 26,000 192,000 288,000
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A summery of capital costs for tlc five hypothctiesnl plants appecrs in
toable 3, which gives separatcly the figures for cach of the production departments
and for the auxiliary departments. The tavle bringe out the rolative importance
of the cepital costs for the auxilicry departments; token s o vholc, these vory

from 32 poer ceat for the 25,000 tonuc plint to 23 per cont for 4ho 300,000 tonne

plant.
Tavle 3
SUM 4RY OF C.PITAL €OST

Case I Casc II Cauc III Casc IV Casc V

25,000 50,000 100,000 200,000 300,000

T/yr T/yr Ijyr T/yr T/yr

000 ¢ '000 % '00C 4 '00C & 000 4

Eroductien departments

Coke ovens - - 1,070 3,180 4,152

Sinter plant - - - 1,329 1,717

Blast furnaces 2,652 4,255 6,659 10,442 13,789

Steclmelt shop 1,910 2,861 4,879 7,226 2,901

Concast plant 761 1,033 1,860 3,519 4,724

Rolling mills 2,262 3,336 7,172 11,921 16,553

ub=total L5158 10487 21,640  AL61T 49,836

1 cpartne

Plant laboratory 123 133 142 274 308 |
Powaer systom 875 93¢ 1,410 1,719 1,957 |

Water system 676 1,146 1,936 3,088 4,011

Utilitics 612 906 1,330 1,746 2,391
Works transport 457 658 1,010 1,468 2,002
Repeir and maint. shops 135 1,201 1,652 24345 2,810 3
Miscellancous buildings, |

faocilities and storagos 34 506 162 1,021 1,278
Sub=total 48 22245 S.242 1LI41 4.5 ’
Total 11,127 17,032 29,882 49,358 64,593 E
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The figures in table 3 reappcar in table 4, after the capitzl costs for the
auxiliory departments have been .llocaoted to the various production departments
on th¢ basis of relative utilization of the facilitics concerned. 48 may be
deduced from tuc Tigurce in the table, plant cormitval coct poer toaue orf licuid
metal is USE 299 per tonnc annual capacity in the 100,000 toniic plant, riscs to
USS 445 - i.c., by 50 per cont - in the smallest plant, that of 25,000 tenne
capacity, ana goes down to USH 215 in thic plant cepablc of producing 300,000 tonnes

of rolled products anauclly.
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Using the guiding criteria referred to carliur, worke production costs for
each production departmint have been caleculated and the corresponding fixed
char;cs on capitul invested have been addeds The figurcs arc summerized in table S,

Table 5

PRODUCTION COST WSTIIWT..L TOR FLANTS OF LoLiCTL. C.PACITILS
(i1l goete jn dollaprs por tonng)

Case I Cose I1 Case III Case IV Case V
25,000 50,000 100,000 200,000 300,000

T/yr T,yr T/yr T/yr T/yr
1. Coke
Cost of matorials - - 27.59 26,60 26.60
Cost above material - - 2924 1.65 =0,04
Jorks procuction cost - - 29.83 28.25 26.56
Pixed charges - - ‘ 3,43 4,63 4,01
Total cost 33,26 32,83 3C.57
2. 2 intgr
Cost of matcrials - - - 10.63 10.63
Cost above matcricls - - - 2:.81 L2219
tiorks procuction cost - - - 13.44 12.82
Pixced charges - - - a: 1 2213
Total cost 15.95 14.95
3. Iron
Cost of matericls 33.26 32,80 32,40 32,136 31.10
Cost above maturial 2926 15.3 10,317 .93 9:40
Works procuction cost 58.92 48.14 42.77 39.39 36.50
Fixcd charges 12,99 10,37 3251 2:93 8,58
Total cost 71.51 58,51 52.64 49.32 45,08
4. Liguid stoel (LD)
Cost of maturialsg/ 64.44 5439 49.29 45.59 43.18
Cost abovc materials 43,88 11,21 28232 16,31
Works production cost 108.32 85,76 T1.61 61,90 56,86
Fixcd charges 22:13 17.00 14.76 12,62 10,18
Total cost 130,51 102,76 86,137 T4.52 67.64
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FRODUCTION COST LSTINAT. TCR FLAUTS OF SLLiICT.D CAPACITI..S

(411 costs in dollars per tonne)

o« Qoncaat Dillct
Cost of matérialsg/
Cost cbove materizls

«orks production cost
Fixed chargcs

Total coct

6. Bolling
Cost of mctcrialaﬂ/
Coat abovc matcrials

‘lorks production cost
Pixed chargus

Total cost

Casc I Case II Case III Case IV Case V
25,000 50,000 100,000 200,000 300,000
T/yr T/yr T/yr T/yr T/yr
11,90 88,44 T3.72 63.63  58.38
6445 2,89 _1.14 —ld 461
21,38 21310 11,97 wlitdd  ldall
155.13 119.43 99.42 84.T1 16,22
138.06 105.28 85.95 T2.51 65.80
34,88 22,45 13.97 11,22 9.64
172,94 127.713 99.92 83.73 15.44
45.72 34.86 30,12 24,61 21,48
218,66 162,59 130.04 10,34 96,92

a/ Nct aftcr allowing oredit for gus, tar and broose,
R/ Net after cllowin credit for B.F. ;as.
g/ Net after allowing credit for rccoverablc scrap.

:
i
i
i




1D/Wa.14/43
Page 18

:1th the hely of the fi urce ian tablce 4 and 5, the effoct of cconomics of
scale on oapital and operating costs can bo oxpresscd in the form of an index.
Thie has been done in table 6, in which 100,000 tonne annuzl eapacity is taken as
base 100.

Takle 6

IFFECT OF ECONOMIDS OF SCill OM CAFITAL A'D PRO. CPION COLTS

Co. . ....(Indices with 100,000 topsc plant taken as 100)

T Case I Casc II  Casc III Case IV . Case V
oo : 25,000 50,000 100,000 200,000 300,000
T/yr T/yr T/yr T/yr T/yr

Capital coet per tonne
nominal capacity 149 114 100 83 12.5

Production cost per tonne
rollcd product 168 125.4 100 83.2 T14.5

The figures in this table indiccte a rapid inercase in the investment neoussary
and above all in production costs as the size of the cepacity descoends below
100,000 tonues, ith an incroeasc in the size of operntion nbeve that point,
within the limits consziderci in this document, both crpitzl and production costs

fall, thougzh the slope is less steop thun in the first part of the curve.

Also interesting arc the fijurcs iu toile T, which zives the structurc of
proucuction costc in torms of percentazcs, bugcu on taoble 5 Onc noticcs that the
raw matericls item accounts for a lar;er proportion of costs as the sizc of the
oporriion increnscs, and the importance of labour costs decriases as o result of

incrcased productivity duc to size and thc usc of more highly automated equipmont.
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Table 7

COST STRUCTURE FOR STEZELL PRODUCTION

(Rerccatagoe of totgl) :
|
Case I Case II Come III Case IV Case V
Raw materials ‘ 20 26 S\ kY 41
Power and fuel 4 4 5 5 6
Wages and salarics 41 3 27 22 19 :
All other costs 35 kY] 37 36 34

The production costs ziven in tables 5 and 6 rcproscnt th. costs of manu~
facture within the plant. The price at which thc steel can be placed on the
merket is necossarily higher owing to marketing costs, the cost of credits, toxes
and other itoms of expenditure w.alch heve not so far been considercd. Thesa ﬂ
naturally vary from country to cowitry and eveh'from'plant to plant. In order to %
explore tho results of thc data obtaincd a littlc furthcr, we shell assumc that !
these costs amount to 30 per cent of the costs in the plant. This assumption
was used in the oonstruction of table 8,

Tablc 8
ESTIMATLD SELLING PRICLS POR ROLLED PROLUCTS

Plant oapacity Average works Average selling
T/yr production costs price
$/tonne $/tonne
25,000 219 288
50,000 163 212
100,000 130 169
200,000 108 140
300,000 97 : 12%
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The export pricus for some rolled stecl products in the main cxporting

countrios were, in May 1966, as set out in table 9.

Teble 9

(Dollars per tonnc)

OFFICIAL EXPORT PRICES FOR SOML STWEL PRODUCTS FROM SELLCTLD COUKTRIEQE/

urcpean
Product Coal and

3t eel

Community

of

United
Kingdom

b/

United
States

o

Japan

Morchant barsg/ 85.00
Heavy sections 76,00
Haavy hot-rollecd plate 37.00
Cold~recduced sheet 100.00

114.70
113.00
119.20
132.25

139.75
133.80
124.10
145.70

86,00
117.00
98.00
107.00

;i g/ Export prices quoted by Usine Pelge, Brussocls.

b/ Metal Bulletin, Loncon. Official nominal priccs.
¢/ Metal Bullctin, London. The prices arc indicative, including

freight to port of shipment.

Q/ Metal Bullctin, London. Prices f.o.b. Joepancse port.

g/ Merchant Bars
£/ May, 1966,

)
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If the products are to roach the markets of the developing countries, it is
necessary to add to these priccs the costs of freight, insurance, unloading and
passage through customs, costs which naturally vary greatly from country to country,
Supposing that, in a given country, they amount to US$ 30 per tonne, the price of
the morchent bars imported, after customs, would fluctuate between USS 115 and
Uss 169 a tonne, depending on its origin, and always supposing that the actual
prices applied in the tronsactions corrcspond to those officially quoted, a subject
which we will not enter into herc. In thcsc éircumstances, and in the light of
the figurcs in table 8, it appcars very difficult to Justify economically a plant

producing non-flat rolled stecl products having an annual capacity below 100, 000
tOhnGs- .

-
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IV. INTEGRATZD PLANTS PRODUCING FLAT STEEL PROHJC‘I‘Sj/

The paper on which this section is based analyses oapital and production
costs in groups cf hypothetical plants producing flat steel in varying anmual
volumes, and using different production processes in the departments of reduc—
tion, steel making and rolling, as well as different combinations of these
various prooesses. For the sake of simplicity, we shall here consider economies
of scale in a single production sequence, namely: blast furnace, LD sieel making
cogging and the rolling of sheets and plates. The type of plant considered here
is one using oogging mills, because, in the judgement of many expérts, the pro-
blems raised by the oontinmuous ocasting of rimming steel have not been fully re-
solved, even when it is employed in combination with degasification of the steel
in a vacuum. !Moreover, preference is given to the LD converter over open-hearth
steel making because it undoubtedly produces steel with lower oapital and opera-
ting costs and has ample capacity to permit the utilization of the sorap whioch
ies normally available in the developing countries. It is thought that the qualit]
of the steel produoed in top-blown cxygen converters is as good as that of steel
obtained in open-hearth furnacee. Reference will be made in the next section to
the oomparative merits of some other combinations of technoclogioal processes.

In the caloulations given in dooument T/CN.12/766, all the general obser—
vations set out in the introduction to this study apply. For the sake of greater
olarity, the following comments should also be added, together with those to be
found in annex III,

As the size of the plants producing flat steel products inoreases, there is
also & higher degree of mechanigation and automation, designed tc raise output
per man-hour. In markets all over the world one finds that an inoreasing part is
played by flat produots, particularly ocld-rolled sheets and plates; +this has

In the preparation of this section, use has been made of part of the paper
"Las eoonomfas de escala en plantas side a,
¥ _la influencia de los adelantos teonoldégicos en las inversiones v costos-

de produccidn", prepared for ICLA by Armando P, liartijena, oonsultant
63 fcn. 12/766). ‘




m/wo 14/43
Page 23

made it possible in many places to install plants of greater capacity, equipped
with semi-contimuous and contimwous mills, Suoch mills allow a higher yield of
the material (ingots), a better quality of product and higher productivity, with
resulting savings in production costs.

i i e

For the purposes of the study, and to simplify the caloulations, it has been
assuned that the make-up of the rolling mills is as indicated in dinex 11T, ~

It has been asgumed that the production is so arranged that the average yield
of the whole plant in terms of semi-products is 83 per oent.

Taking into acocount the general characteristios indicated, the various types
of equipment have been combined together for the calculation of capital costs and
theoretioal production costs.

As indioated in the above-mentioned annex, while there have been slight ad-
Justments in the proportions of the various types of flat produots included in

the product-mix for the caloulation of plant oosts, the breakdown is, on the average,

30 per cent hot-rolled sheets and plates and 70 per cont cold-rolled sheets.

. Bearing in mind the characteristics indicated, the various types of oqu'ipment
have been combined together for the ocaloulation of theoretioal capital and produoc-
tion oosts, Ly produotion department. Capital costs for oapacities between 100,000
and 2,5 million tonnes are given in table 10. It may be noted that total oapital
oost, per tonne, falls from $US 692 to $US 252, or by 30 per cent, as annual oapa-
city rises between those two figures. The very hizh oapital costs per tonne in
the smallest plants in the series make it improbable that an integrated plant of
such a sigse would be economic.
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Table 10

" CAPITAL COSTS BY PRODUCTIVE DEPARTIMENTS IN PLANTS g VARYING ANNUAL
CAPACITITS PRODUCING FLAT PROIUC

(Dollars per tonne annual production of flat products)

] Anmual capacity Blast Steel making Cozgzing and Total
in tonnes furnace (LD) rolling
i 100,000 124.40 83.73 484.00 691.77
! * . 200,000 113,07 75.62 428,88 617.57
400,000 - 89.65 57.71 330,00 . 477.36
500,000 82,49 52434 287.00 421.83
800,000 66.01 41.56 220,00 327.57
1,000,000 57.80 34,90 199,10 291,80
1,500,000 52.94 30.89 193,00 216,83
2,000,000 48.68 29.96 167,00 265.64
2,500,000 45.03 29,03 178.00 252.06

graeuihiily

g/ Production sequence: blast furnace, LD stcel making, cozging and rolling
: of sheets and plates,

e T g

Production costs, including fixed charges on capital invested, have also
been caloulated and are summarized in table 11. Those corresponding per tonne
to the various produotion processes have been divided up under raw materials,
wagés and salaries, other conversion costs and charges on capital. In the oost
of the iron, the preponderant role played by raw materials costs is sirikingj
they vary between 58 per oent of the total for a plant of 100,000 tonnes and
80 per oent for a 2.5 million tonne plant. Within the produotion costs of the
final rolled produot, the share of raw materials is 19 per oent in the one case

and 32 per cent in the other. This brings out the need to make every effort to
b reduce these oosts to the minimum and seleot the prooesses in order to make use
of whatever local raw materials will make such reduction possible.
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Table 11
PRODUCTION COSTS OF FLAT PRODUCTS IN PLANTS OF DIFFERENT CAPACITIE‘&/

(Dollars per tonne)

Anmal Raw Hages Other Charges on Total
capacity materials and conversion c-pital
in tonnes | salaries costs invesated

dren gokine

100,000 28,30 5.18 7.35 8.56 49.33
200,000 28,30 2.83 5.48 7.78 44.39
400,000 28,30 1.53 4.30 6.78 40,91
500,000 28,30 1.13 4,05 6.24 39,72
800,000 28,30 0.99 3.91 5. 20 38,40
1,000,000 28,30 0.95 3.69 4.75 37.69
1'500'000 28.30 0177 3023 4035 36065
2,000,000 28,30 0.64 2.91 4,00 35,85
2,500,000 28,30 0.53 2,69 3.70 35,22
Steel making: 0,788 tonnes of crude iron and 0,340 tonnes of sorap per tonne steel
100,000 57.18 5.38 8.53 4,52 75,61
200,000 51.39 4.62 . 8.30 4.10 68.41
400,000 47.00 2.34 T.46 3.44 61.64
560 7000 46,94 2.54. 7.14 3.12 59.74
800,000 46.15 2.20 6.77 2.58 56.70
1,000,000 45.38 2.0(. 6061 2.26 56034
1,500,000 43.25 1.75 6.36 2,00 53.36
2,000,000 43.37 1.37 6.16 T 71,94 52.84
2,500,000 41.68 1.14 6.03 1083 50073
Cogging and rolling: consumption of ingot per tonne of rolled product as ig footnotes
100,000 105.2;: 15.52 12,30 43.56 176,67
200,000 95.605; 12.60 11.25 38.60 158.05
400,000 80.463 6.22 10.67 29,70 127.05
500, 000 18.00¢ 5.6 10.60 25.85 120.70
800,000 72.21501/ 4.51 8.60 19.80 115,12
1,000,000 68.49-. 3.92 7.75 17.92 98.08
1'500,000 6600}/ 3ow 7030 17037 94002
2,000,000 - - - 64.14% . .3,11 . 7.15 . 16.83 91,23
2,500,000 62‘.769/ 2.80 7.00 16.03 88.59

——

Produotion sequence: blast furnace, LD steel making, oogging, snd rolling
of flat produots.

1,660 kg of ingot per tonne of rolled product.

1,510 kg of ingot per tonne of rolled product.

1,450 kg of ingot per tonne of rolled product.

1,390 kg of ingot per tonne of rolled product.

el !
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We can assume, as we did in oonsidering the theoretical production costs of
non-flat rolled products, that in order to arrive at the possible selling prices
of the steel a supplement of approximately 30 per cent must be added to the
theoretical in-plant prices in order to cover the costs of credits, taxes and
various other sales costs. The figures are to be found in table 12.

The flat steel products comprised in the product-mix considered in this
study had, in April-May 1966, as was seen in table 9, a price f.o.b. port of
origin which varied on the average between US% 102 and US$ 139 per tonne; which
might give a price c.i.f. at a port in a developinz country of between USH i32
and US3 169 per tonne. This indicates that, unless there are exceptional cir-
cumstances in which import prices are considerably higher or there are some very
cheap resources available for the production of stesl, plants producing flat pro-
duots with an anmual capacity of less than 300,000 to 400,000 tonnes could hardly
- be economic.

Table 12

'WXG&LMWE COSTS .AND .POSSIBLE SZTLLING PRICES FOR FLAT PRODUCTS
(Dollars per tonne)

Anmial capacity Theoretical Pouibh
of the plant in in-plant selli:
tonnes costs prioe
100,000 197 229
200,000 176 205
men . 4004000 . e e 140 - , . . 165
500,000 132 127
800,000 115 137
1,000,000 108 128
1,500,000 - 102 122
2,000,000 S99 | 119
2,500,000 ‘ 96 11%

S

8/ Tstimated by adding 30 per cent to the theoreticsl in-plamt costs.
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V. ALTIRNATIVE PROCESSES APPLICABLE IN THT DIFFRRENT PRODUCTION DEPARTMENTS

This section gives some of the conclusions which are reached in dooument
E/CN.12/766 regarding the comparative merits of various alternative processes which
may be used in the different majbr departments of steel plants. In order to avoid
undue length, consideration will be confined to the most general questions, leaving
out of account some important matters such as the use of ores of differing iron
and phosphorus content.

(2) Reduotion department: blast furnaces, eleotric reduction furnaces and
one of the so-called direct reduction processes;

(b) Steel making department: open-hearth furnaces using oxygen for heatings
low-shaft electric furnace, and top-blown oxygen oonverter;

(o) Rolling department: conventional cogging and rolling, continuous casting
and rolling with vacuum degasification of steel for the produotion of flat
products.

For the sake of brevity also, the rolling of non-flat products is not oon=-
sidered.

The same general comments as have been made in earlier ohapters are valid for
the study of ocapital and operating costs for the various processes. Certain
particular oomments applicable to some of the processes whioh are to be discussed
appear in annex IV,

Bearing in mind all these points, a oalculation was made of the capital costs
in the reduction departments of steel plants of different sizes and using different
processes., The fizures appear in table 13,
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Table 13
CAPITAL COSTS FOR THE REDUCTION DNPARTMENT OF STEEL PLANTS OF
DIFFERENT AWNUAL CAPACITIES
(dollars per tonne)

Annual capsoity for Blast furnace IZIlectric reduction Direoct
production of molten furnace reduction

e 2 s
R = P e e e e g

iron or sponge iron
100,000 95,11 | 66.00 46.22
200,000 86.44 , 61.11 37.89
300,000 - - 35.11
500,000 69.33 52,78 -
1,000,000 ‘ - 52.78 ‘ 4%.67 -
1,500,000 48.33 39.56 -
2,000,000 44.40 - -
2,500,000 41,20 - -

- -— it

The following comments may be made on the basis of the table: tne higuest

capital cost per tonne of installed capecity is to be found in the case of

reduction in a blast furnace, and the lowest in the case of direct reduotion,

é within the limits to which this process is considered applicable. It can be

: seen that the difference between the capital costs for blast-furnace reduction
and electric smelting decreases as anncal installed capacity increases, a result
which is logical in view of the maximum unit capacity of the latter, The large
number of units needed and the space required mean that capital costs for
eiectric furnaces proper are higher than those for blast furnaces even in the
cage of smell capacities, such as 150,000 or 200,000 tonnes,

The investments required in the steel making dnpartmcnt have been calculated
and set out in table 14.
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Table 14
CAPITAL COSTS FOR THE STENI MAKING DEPARTMINT OF STEEL PLANTS OF DIFFERINT SIZIS

- (dollars per tonne anmal production)

Am::l-;ap:uy o Low=phos g iron Sponge iron
in tonnes of electric from direot
ingot hearth arc furnace reduction
100,000 , 74.88 64.22 50,22 96.11
200,000 69.33 59.33 45.55 39.00 ?
300, 000 - - - 87.22 |
500,000 53.33 47.3) 34,66 -
1,000,000 37.44 35.66 25.11 - |
1,500,000 30.55 30.11 22.20 -
2,000,000 29.66 29,22 21.55 -
2,500,000 28.77 28,33 20,88 -
e ———————— e ————

Confining oneself to the oonsideration of capital costs, and bearing in
mind the high elasticity of the top~blown converter processes for the treatment
of iron of differing qualities with varying percentages of scrap, these pro-

cesses are found to be clearly more suitable for the mejority of developing |
countries. é

Capital costs are highest in the case of the open hearth (Siemens Martin) -
process, but the difference between this and the electric arec furnace decreases
markedly as the capacity of the plant increases, a faot which is largely explained
by the maximum production capacities of each furnace.

The investments required for the rolling mills of steel plants of varying
siszes produoing flat steel products appear in table 15,
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Table 15
CAPITAL COSTS FOR KILLS FOR ROLLING FLAT PROWCTS, FOR DIFFERINT ANNUAL CAPACITIES

(dollars per %onne annual capacity for rolled produots)

e - - var-ain.

Capacity---- oo - - Cogging.and ... e e - ..Contimous . .
rolling casting agg
Indadeiot- SR rolll
100,000, . e e e . B4 — . 418
200,000 428 N
500,000 ‘ 287 256
1,000,000 199 176
1,500,000 ' 193 170
2,000,000 187 -
2,500,000 178 -

g_/ Includes installations for vacuum degasification.

It is.found.khat .the production sequence. comprising contimuous casting and
the rolling of sheets and platos require: lose investment than the sequence
begimiing with cogging. ''he difference in czpital costs is approximately 12 per

gent in a piant of 100,000 tonnes and falls to 7 per cent when capacity increases

{0 1.5 millicon tonues.

Table 16 give: theoretical calculations of production costs in the plant for
the various production cycles, processes :nd sequences. . The figures are expressed
as indices, base 100 being in each case the figure for a plant using a blast fur-
nace, LD stecl making and cogging and rolling; the values for each type of produo—
tion scgience have bcen entered in the table. The figures appearing in each of
the production departmenis represents the cost per icnne of the final prodnct pro~
duced in the department concerned, thus: orude iron in the reduction kdopartnent,
ingots of mteel in the sieel making department and flat rolled pro'ducts in the
rolling department. To some extent, the figures appear to be independent of one
another, but in the later processes account has been taken of the earlier results
where the cost of the raw material is concerned. Thus open—hearth steel produoced
from iron from a blast—furnace has a lower cost than that produced from iron from

an electric reduction furnace, eto.
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COMPARISON OF PRODUCTION COSTS IN PLANT'S ROLLING FLAT PRODUCTS, UITH DIFFERENT
CAPACITITS AND PRODUCTION SRQUENCES

er tonne and indlc
steel making, O

es; the sequence blast furnaoc
LD steel making, cogging, rolling = 100 Tiing = T00)

Anmual ocapacity Blast furnace BElectric reduction Direct
in tonnes rnace reduction
Reduction
100,000 49. 39;:// 109 76
200,000 44.39 _/ 111 18
500, 000 39.72) 115 -
1,000,000 37.69 _a_/ 118 -
1,500,000 36.65)% 119 -
2,500,000 35.22 - -
Steel Open Electric LD Open  Electrioc LD Flectric
making hearth arc furnace hearth arc furnace arc furnace
100,000 112 103 75.61 2 118 109 106 103
200,000 114 104 68.41 l’/ 121 111 108 105
500,000 113 103 59.74 123 113 110 -
1,000,000 111 102 56. 34 124 115 111 -
1,500,000 113 104 53.36 E/ 127 118 114 -
2’500'000 108 101 52.84 - - haad -
Rolling Cogging Cogging Continuous Cogging Cogging
and rolling and rolling ocasting and rolling and rolling
and rolling
100,000 109 176.61), 93 105 103
200,000 110 158.05 94 107 105
500,000 109 120. 70 97 108 | 105
1,000,000 110 98, 08 96 111 108
1,500,000 110 94.02 _/ 96 112 109
2.500,0m 110 88059 - - -
L e

Cost in dollars per tomne of liquid iron.
Cost in dollars per tonne of steel ingot.
Average cost in dollars per tonne of rolled prodnoh
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With regard tc the costs of the inputs considered here, the figures in the
table show that the ccet of inputs in electric furnace reducticn are higher than
those for blast furnaces, by 9 per cent in the case of an anmual capacity of
100,000 tonnes, and that the disadvantage increases with the size of the plant,
rising to 19 per cent in 1.5 millicn tonne plants. On the other hand, the pro-
ducticn of spongze iron by the HylL process costs more tha.n 20 per cent less than
the production of molten iron by a blast furnace. As to production cosis, steel
making in top-blown oxygen oonverters .is more economic than electric arc or open-
hearth -steel makingy where the raw material is iron of a constant price. . If iron
smelted in an electric furnace is used, the steel is always more expensive.owing
to the higher price of the raw material, but once again LD steel making has cost
advantages over the cther processes. Lastly, steel produced in an electric arc
furnace from sponge iron produced by direct reduction in smallQ plants is almost
the same price as steel from a converter, As the size of the plant increases,
this advantage tends to disappear owing tc the small size of the dlreot reduction
unite, With regard to rolling, produotion costs are shown for four types of plmt
using oogging androllmgand one using ccntinuous cas¥ing. The four former types
are affected only by the price of the raw material - 1.0y thé ingof sfééi -
whioch is used. Consequently, the most sconomic type is that using LD steel pro-

duced from blast-furnace irom. In the case of oontinuous casting, the a.dva.ritage

decreases somewhat, without disappearing, as the size of the cperation growa, but,
a8 has been said, caution is needed in the use of this process for the rolling of
shests and plates owing to the difficulty of produoing contimous oast slabe with
rinming steel. On the other hand, for the production of bars and shapes, in whioch
the same eooncmic advantage is fcund, there are nc technical difficultiea a.ffeoting

P e

the use of the process in question.

In practice, selection between one process and another musi depend on the
availability cf the various production factors and the characteristice of the main
rav materials., Comparing, for example, blast—furnace reducticn with reduction
using electric power, at a cost of 5 thousandths of a dollaxr per kiWh, the capital
cost 18 less tut the cperating cost is higher in the latter than in the former. -
If it is possible to obtain ore of very good grade and petroleum gas at a low pricl
(the equivalent cf US§H 12 per tonne of fuel oil, or where possible even less), dire
reduction by the HylL process can be considered. LlLastly, contimous casting can be
combined with electric-arc and LD steel making, but it would be very diffioult to

combine it with open-hearth furnaces.
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V1. CONSIDERATION OF THE SIZES OF LATIN AMERJICAN
STEEL PLANTS AND GENERAL CONCLUSIONS _6_/

The series of examples which have been given in the earlier seotions indiocate
that, theoretioally at least, the larger the plant, the oloser it is to the optimum
size, In fact, however, it is impossible to fix a definite optimum size for a
steel plant, appliceable in a general way, sinoe the determination of the most
favourable oonditions for each specific situation depends on a series of quite
complex factors. The largser plants naturally offer substantial advantages in
terms of the level of capital and production oosts, but even so, once a oertain
size is reached, the additional reductions in coste resulting in still greater
size are very small, particularly when the limit of capacity for whioh it is
possible to oonstruot certain plant units is reached. Very often, even before
this point, .the disadvantages relating to human conoentration, raw materials and
the organization of distribution more than oanoel out the technioal and economioc
advantages of greater expansion. '

Among the factors making a steel plant economic or otherwise, we may mention
some whioh are teohnical, others resulting from market oonditions and finally somn
of a political nature,

One of the most significant teohnical factors in determining the minimum
economic scale of production is the blast furnace. Blast furnaces beoome
increasingly efficient and eoonomio up to quite high levels of production - some
1.3 million tonnes a year for each blast furnace -~ acoording to the figures used
in the studies on whioh this analysis is based. lloreover, in any steel plant,
dependence on a single blast furnace is a factor of instability which should be
avoided as far as possible. Consequently, unless countervailing factors exist,
there should be a tendency to construct plants oapable of produoing some 2.5 million
tommes of orude iron anmually. It is to be noted, however, that the economic ad-
vantage resulting from provision for two blast furnaces whioh together produce
2,5 million tornes instead of a pair producing only 1.5 million, aocording to the
figures used in the above-mentioned siudy, is oonfined to a lower ocost of iron of
US$ 0.80 per tonne produced and a lower oapita.l oost of US$ 1.78 per tonne anmual

'oapwity.

6/ In connexion with this aua.lysil, see the artiole -sm of steel plants in
U.K.", Steel Review, No.40. October 1965. :
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Another technical factor which often detem"ines the desirable capacity for a
plant is the optimum size of the rolling equipment, whereas the capacity of the
steel-making installations is more easily adjustable and there is a lower specific
capital cost. In the case of a oontimous mill rolling flat products, the optimum
situation is for total production slightly to exoeed 3 miliion tonnes a year of
ingot steel. It is clear thai a plant of this size can benefit from economies of
soale in all produotion departments. A plant rolling 3.5 million tonnes of flat
products would have no place in Latin America, even if it was working for a oommon
market, because transport distanoes and costs of distribution would more than oancel
out any advantage derived from economies of scale. In the study, therefore, the
maximum size of plants equipped with continuous mills has been limited to
2.5 million tonnes and that of +hose equipped with semi-continuous mills %o
800,000 or 1 million tonnes, in keeping with usual practice. In mills rolling
non~-flat products, optimum capacity is around 500,000 tonnes for the produotion
of bars and light or medium shapes, rails, etc. Eoonomies of soale in blast
furnaces have some importance when one is working within this order of sizes, for
example: there is a reduction in the capital cost for blast furnaces of US$ 21
per tonne annual capacity and a veduction in operating cosis (at the aoccepted
prices of inpute) of USY 3.05 per tonne produced, when output rises from 500,000
tonnes of iron anmvally to 1.5 million tonnes. It is therefore usual to roll
differeni products together in a single plant, sharing the reduction and steel=
ma.king facilities. Tt is also advantageous to utilize sales facilities for the
distribution of products of varying iypes.

It is quite possible that there will be an inoreasing sendency in future to
oombine several differcnt groups of mills in one establishment, owing to the fact
thaet some technological innovations which are now either in use or in the experi-

. mentel stage will tend to reduce the optimum level of the various iron and steel

making processes. This is the oese, for example, with contimious casting, in
which the maxirum size at which individual machines can be construoted is far
below the optimum size of the cogging mills which it replaces. Mioh more revolu-
tionary in the sense of lowering optimum capacity in the industry will be the |
perfecting of the contimous hot-rolling of flat products in a planetary mill,
which may reduce the thickness of a slab to one thirtieth, or even less, each time
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it passes through the mill. There are various designs for these mills and thers
are some machines, of differing widths whioh have been in operation for some
Years in various countries. If the advantages and oharacteristios claimed for
them by their promoters ére verified in practice we might see a reduotion in the
optimum for comtimious flat rolling from the present 3 million tonnes and more to
a figure as low as 500,000 tonnes.

Considerations based on the possible market for the plant are also decisive
in fixing its size. Rolled steel is not a homogeneous product and the market,
expressed orudely in annual tonnes of non-flat produots, for example, is made up
of aggregates of varying tonnages of a host of products whioh are included under
the same generio name. The need for diversification in order to supply the usually
limited market of a developing oountry with the largest possible quantity of pro-
ducts must be balanced against the advantages and disadvantages of economies of
soale.. The prioe paid for exoessive diversifioation of pro&txotion is oonsiderable.
Both factors are, naturally, in any region of the world, arguments for oo—-operation
among several developing oountries with a view to oreating a more favourable
market for the produotion of a steel plant.

The possibility has also been mentioned of the existence of political factors
affeoting the sizes of steel plants in the developing oountries. Suoh factors may
be a fear of possible monopolies, repercussions of the competition between the
pudblio and private seotors, or the need to eoonomize foreign exchange.

From the point of view of eoonomies of soale, acoording to the oonclusions
of these studies, the integrated steel industry in Latin Amerioa is not very well
situated, as may be seen from table 17y in whioh the situation in 1961 is compared
~ with that prevailing in 1966, It is possible to observe a moderate tendenoy
towards growth in the size of plants. Thus, whereas in 1961 77 per oent of the
plants and 42 per oent of produotion was constituted by plants with a total
capacity below 400,000 tonnes of ingots annually, by 1966 plants of this size
represented 41 per oent of the total number of plants and acoounted for 11 per oent
of produotion. This result was obtained by expanding the output of almost all the
small and medium-sized plants, keeping pace with the growth of the market, and the
oconstruotion of three new plants with outputs (in 1966) above 400,000 tonnes -
namely, Cosipa y Usiminas in Brazil and Orinooo in Venezuela - while only one new
plant has been constructed with a oapacity below 100,000 tonnes, as a result of
the integration of the Zapla plant in Argentina,
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Table L7
BREAKDCWN Ci' INTEORMED STREL PLANTS Y LATIN AMERICA BY SIZE

(Plants, nrodantion and nercentases of %otal production)

L T S Y - P - .
Armial capacity 1961 ‘ 1966
in terms of e
ingot stesl No of  Production ®, of Y¥o. of Production 4 of
plants total plante total
eapnely capacity
Over 1,000,000 1 1,130 T 29.5 2 2,417 331
800,000 %o 1,000,000 - - - . - -
600,000 to 800,NCO I 674 17.6 1 T22 9.9
400,000 to 600,000 . AC 10.6 7 34355 46,0
200,000 to 420,000 3 8é€6 22,6 - - -
100,000 to 200,000 3 450 11.7 3 474 6.5
Below 100,070 4 %96 7.7 4 329 4.5
Total 13 . 2,823 100 . 17 74297 100
Thz studies vaich have rervad as the bucis for this paper do not refer to

“he tonnege of ingot stesl hut t> “hat of fiunished steel producis, which is con-
gidorably l-wer. . crda- 4o pevier the sitnabion in Latin America in the light
of thes: gilics ~na delewine e pevoentoze of J1ut and non-flat products pro-
duced by the indurtoies yol=ored w0 in sohle 27, tuble 18 has been drawn up;

unfortunately, c.i. = o lacl i Lufiruation ~a 1385, the dats is from 1965. It

-

1i=ts the plants ir o.er of cvpui of Jind orolucts In the case of mixed plants
ard of total oubpnt in ths cnue of +h e esotzol eadlusivel, in making non-flat
products. A3 mey b: deluvesd from she Tigares in “ue *able, only four plants in
Latir irerica mroduc: Dub prodeets in quintitics exercding the minimum level
which appears o be acunomic wosurding to thif siudy and it munt be pointed out that
orie of them, Jai WinolZs, is equicned with a very powerful rolling mill.+ On the
other side of tre table,; ihers were five plants in 1245 with an output of non-flat
products of 100,200 toincs asmally or lese. OFf these, the three Braszilian plants
produce special si:el of higher value, enabling tliem to make a profil; the
Chimbote plant s 2yraiiing to 300,000 %ernas and only the Zapla plant in Argentina
is poorly plarmed with rerard io siz: and lenetion. It was envisaged with an

7/ It improved its yield by importing, in 1965, 93,000 tonnes of slabs for
rslling into shects. .
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anmal capacity of 120,000 tonnes of non-flat products, in a regional market
protected with respect to the rest of the country by high transport coste. The
market has not grown in the way that was hoped and, consequently, the plant can
use only part of its capacity.

The material in lable 18 indicates that, in genergl, economies of scale have
been taken into acoount very little in the planning of steel plants, since the
dominant trend is towards plants operating on a very small scale. Only two plants,
Volta Re‘onda in Brazil and Altos Hormos de Mexico, have theoretically acceptable
anmal volumes of production, and the levels are still far from the optimum., To
make possible an analysis in sreater depth of the situatidn with rezard to plants
rolling flat products, table 19 zives an indication of the market available to the
local steel industry in 1965 tovether with total rcapacity for the rolling of flat
products, by country.

Table 183

PROIUCTION OF FINISHED ROLLFD PRODUCTS IN THD LA_TIN_ AMZRICAN STTTL PLANTS IN 196%
(Thousands of tonnes) h

Plant Flat products Non flat Total rolled
products products

Volta Redonda 679 178 857
Altos Hornos de lMéxioo 605 222 827
San Nicolés 468 8 476
Hojalata y Lémina 314 - 314
Huachipato 209 170 379
Nonterrey 205 111 315
Belgo Mineira 942'/ 248-'-'/ 343%
Acesita 20 r4j 41
Pas del Rio 18 : 175 193
Orinooo - 200 200
Mannesmann - 103 103
Chimbote . _ - 14 74
Aliperti - ! 71
Barra Mansa ' - 53 53
Zapla : - 44 44

8/ Inorder to give the Belgo Mineira plant in Bragil its proper place in
Latin American steel production as a whole, the table sives the output
of flat and non-flat products for the previous year, 1964, since in 1965
there was a drop to 55,000 tonnes of flat products and 112,000 tonnes of
non-flat products, the reason for which is unknown to the writer.

[
|
|
|
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|
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Table 19

SOIZ DATA RIEUARDING THE MARKET FOR [PLAT PROMUCTS IN 1965 IN THE CGJNTRIE»: OF LATIN
AMIRICA "ITH INTDGRATED PLANTS

(Thousands of tonnes and perocentages)

Country Harket for flat products Rolling capacity

" Produotion Imports Total-a/ Thousands of Percentage of

tonnes excess over the
market

lHexico 1,123 53 1,176 2,150 %5
Brasil 1,015 124 1,139 3,070 63
Argentina 5379/ 285 822 1,000 13
Chile 239/ 39 218 350 0
Colombia 18 101 119 40 negative *
Peru - 115 115 16 negative

5/ This figure differs from the apparent. oonsumption of some countries, since
. the small quantities exported have not been subtra.cted so that the total
mariket available to the industry can ba showm. :

pj- - This inoludes some 70,000 tonnes of rolled products at San Nicolds produced
from imported slabs with the aim of improving the utilization of the roiling
mill.

g/ In the case of Chile the 1966 prcduotion figure has been given,sinoe the

1965 figure was abnormally low due to a strike lasting 83 days.

The figures in the table allow some conolusions to be drawn. For example,
in Mexico and Brazil, with 3 and 4 plants rolling flat products respeotively, and
a market of about 1.2 million tonnes, it would seem that an excessive number of
suoh plants have been built and that it will be many years before they reach ppti—

mun produotion levels, Ilioreover, the construction of rolling plants of around
300,000 tonnes capacity under wey in Colombia and ﬁeru, would seem nremature.

With regard to Argentina, its policy of building a single plant of high efficiency
and: capaoity for rolling flat products.is.mest laudable and the only drawback is
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the delay in the development of the first cyoles of steel production - blast
furnaces and steel making - preventing it from taking full advantage of the
possibilities offered by its market. Apparently also there is a shortage of
sone auxiliary installations suéh as cold-rolling mills, eto.

Table 20

JARKET FOR, PRODUCTION OF AND CAPACITY FOR PRODUCTION OF NON-FIAT ROLLED PRODUCTS
IN INTEGRATED PLANTS IN LATIN AIERICA

(Thoysands of tonnes and percentages)

slarket for non- ﬁolling capacity in

Country flat products integrated plantis
o uotion” Imports ’I‘otalw Thousands Percentage of exoess
‘ : of tonnes capacity over the
: market

Brasil 561 137 696 1,260 45
lfexioo 34 181 515 750 3
Venesuela 200 223 423 615 31
Colombia 175 37 212 180 -
Chile 170 40 210 170 -
Peril 14 76 150 15 -
Argontiugl 52 200 252 2o 2. Y

a/ In order to eliminate the influence of the large number of semi-integrated
and non-integrated plants, regarding which insufficient information is
available, their output has been eliminated both in the oolumn concerned and
in the total. The result of this is that there may be excess oapaoity in
this seotor not represented in the last oolumn,

3/ As in the case of table 19, exports have not be subtracted, so that the
' total market available can be seen. '

,/ The semi-integrated and non=integrated plants in Argentines, in 1965,
produoed 920,000 tonnes of non-flat rolled produots as against 52,000 tonnes
produced at San Niocolfs, Owing to this, it is felt that any conclusion
reached without taking into account the major part of production would have

. no validity.

o Pt
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“ith regard to non=-flat steel, the position of existing production in
relation to the available market is very different, as can be seen from the figures
in table 20, Exoept in the cage of Brazil, which, like that of Argentina, is
unclear owing to the high produotion capacity for non-flat products ingtalled in
seni~-integrated and nbn-integrated plants, the table shows the basic general
tendency towards backwardness in the installation or expansion of integrated
plants for non-flat products, Colombia, Chile and Peru are shovm to be working
at 100 per cent of capacity, while in !lexico and Venezuela reserve rolling
capacity is not significant if it ig borne in mind that the demand oan be expected
to grow at a cumulative rate of nore than 6 per cent annually,

le cannot atter'npt. hézje to analjée the reason why, in the production of flat
products, there seems t¢ be excessive interest in the establishment of plante
even when the size of the plant and its utilization for several years are clearly
i,na.dequgtq_ to meet the conditions imposed by economies of soale for ensuring
profitability, and eveh though, on the other hand, there is an cvident lag in the
oonstruotion of integrated plants for the manufacture of non~flat products, It
is quite possible that one of the reasons for this contradiction is the structure
of the selling prices of finished steel fixed by the countries which are major
exporters, ‘'hatever the reply to this question, there is no doubt that there
exists in Latin America a tendency, manifested in the production of flat and non-
flat products, to construct very small steel plants which are extremely hard to
. Justify in the view of the lessons of the present study of economies of scalej
and here there is no ‘room for doubt -~ ‘it i.s~e.éaentia.1 to economize foreign
exchange or, in other words, to obtain steel with the minimum expenditure of
foreign exchange. The attempt is being made to remedy the disadvantage of the
excessively small sige of the plant, as is logical, by building mixed plantis for
the rolling of flat and non-flat products, making use of the same blast furnaces
and steel-making facilities, In 1965, 80 per cent of produotion in integrated
steel plants in Latin Amerioa was accounted for by such mixed planta.
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COSTS OF INMUTS
US”.‘[&M
Iron ore | 9.50
Coking ooal 16,00
Blast-furnace ooke, nurchased 30,00
-langanese ore 30,00
Tuartsite 2,00
Blast-furnaoce limestone 7.00
Steel scrap 30o00y '
SIS grade limestone 7.00
Linme 30.00 -
Dolomite, refractory grade 10,00
Bauxite - 9.00
Fluospar (imported) 150,00
Fuel 0il - . 20,00
i1l soale 6,00
Oxygen (varies with size of plant) —
Averags labour (plant), man<hours. B L5 ;
Power, kih o 0,016 |
Gas credit, evaluated at equivalent fuel oil prioce . | ;
Yater (m3 ) 0,005 %
Natural gas for HyL process at a cost equivalent to fusl oil at 12,00 *
8/ A flat rate of US" 30 per tonne of sorap has been adonted for document N
E/CR.12/764. In dooument E/CN.12/766, on the other hand, a prioe has been i

uMd for sorap in all oases equivalent to 90 per oent of the production cost
In the case of the very small rlants considered in doocument

of hot metal.

- /e, 12/764, these values would clearly be unrealistic and would exaggerate

the disadvantages of these plants,
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ANNEX I1

RYPOTHESES AND QUIDING CRITERIA USED AS A BASIS IN BOTE PAPIRS
E/CN.12/764 and E/CN.12/766

The study relates to hypothetioal plants at a typical location in a developing
couniry, well served with road and rail oommunioations. By the very nature of the
studies, the cost estimates and the conclusion drawm therefrom are likely to be
only approximate and indicative,

The steel industry is particularly sensitive to eoonomies of socale. The
extent of economies would depend on how expansion is effected, in moving from one
Bize range to the next size. In the papers used as a basis it was assumed that
the expansion was brought about by the installation of a single larger unit and
not by inoreasing the number of units. This prooedure has been followed wherever
feasible, as for instance in the case of blast furnaces, the various types of
stesl-making furnace, and rolling mills,

The capital investment estimates for the plants envisaged have not been
arrived at by analogy with existing steel plants, but have been oaloulated on the
bagis of estimates for buildings, equipment, ereotion, etcwy.for selected processes
and typical plant layouts. This approach permits a more accurate comparison of
investments for the different plant capacities. The oost estimates for equipment
are based on quotations on the competitive United States market, and the United
States prices have been raised by 20 per cent in order to oover the costs of
transport to the developing countries.

Capital costs for the auxiliary departments sre quite high and may scoount
for 35 per cent or more of total capital costs in emall plants, deoreasing some-
what in plants of larger size. In the studies, these oosts have been estimated
' separately and then allocated to the produotion departments on the basis of
relative utilization of the facilities provided, for the purpose, inter alis, of
caloulating the fixed charges oomponent for each of the production departments
in the determination of operating ocosts,

The estimates of labour productivity, primerily intended for the purpose of
evaluating production costs, are optimun levels tc be aimed at and are based on a
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general study ot! the various operations involved, No provision has been made for

additional man power to cover leave and sbsenteeism, as these factors have been
taken into acoount in the wage rates.

Works production oosts for the steel produced by these hypothetical plants
have been estimated for each process and plant size considered, on the basis of
speocifio oonsumption of rew materials oomputed from their ohemical analysis, and
other inputs on the basis of efficient operation of the plants, In estimating
oogts it is mssumed that the plants are utilized fully. Annex I indiocates the

prices and qualities of the inputs oconsidered in all oases, the most important
being the following: ~

RS g S AR R g
T e

(a) Iron ore of 65 per cent Fe oontent, at US$ 9.50 per tomne.
(b) Imported ooking ocoal at USS$ 18 per tonne. ‘

(o) B8teel sorap at US$ 30 per tonne in dooument E/CN.12/764, and &t a ocost
of 30 per cent of ithe oost of the hot metal produced by the blast fur-
naoes of the plant oonoerned, in document E/CN.12/766.

(8) Labour at US$ 1.50 per Zan-hour, a figure whioh is higher than pre-
vailing wage rates in Latin Amerioa. It inoludes provision for sooial
welfare legislation, leave and sbsenteeism.

(e) .Pixed oharges on capital invested have been estimated as equivalent to

9 per oent of investments annvally, This figure is obtained on the
basis of the following hypothesis:

(1) An estimated plant-life of twenty years;
(1) An annual interest rate of 8 per cent, independent of the source

of oapital, to be paid annually on the unpaid balanoe, giving an
average interest of 8 per cent;

. "~ (441) An annual 5 per oent flat-rate amortiszation of the oapital;
(iv) The interest on reserves is oompounded annually at the same rate

a8 the interest on the ocapital throughout the useful life of the -
machinery ooncerned. |
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ANNEX III

OBSERVATIONS AND GUIDING CRITERIA RELATING TO THE CALCULATIONS
REGARDING THE PRODUCTION OF FLAT STEEL PRODUCTS, SECTION IV.

For all annual production capacities, it has been assumed that the plant
purchases ooking ocel and produces its own coke. For all capacities a uniform
price.of coke has been assumed; although this conceals the effects of economies
of scale in coke making, it greatly simplifies the problem with very little
distortions The by-products (gas, tar, amonium sulphate, benzene and toluene)
have been valued at prices which take into account the thermic values of the
fuels, the limitations of loccal markcts and the oompetiticn of petrochemical
products, ''ith this system of ca.lcuiaticn, one obtains the following cost per
tonne of coke, without including fixed charges, which are included in the capital

costs estimated for the reduction department: | m
Cost of coal 25.20

Cost above materials ' - 530

Total: 30,50

Less credit for by-products de32

Total cost: 26,18

The works production cost of a tonne of self-fluxing sinter has been
computed, for ore containing 65 per cent Fe, at US$12.52, of which US$0.80 is
the cost above materials. Its average Me content is 63.5 per cent.

For the preparation of the data con steel making, full use has been made of
the information in the careful study produced in 1962 by the Economic Commission
for Burope of the United Nations, entitled "Comparison of steel-making processes".

As a result of the manner of calculation adepted in document E/CN.12/766, the
influence of plant size on capital costs for the reduction department in general
will be ocnsidered under the cost of crude-iron. Ikt is true that scme variations
from these figures will be unavcidable, but these will noct have sufficient

significance to invalidate the conclusions.

The return scrap from the rolling mills will not be sufficient to reach the

30 per cent percentage which is assumed in the cost of caloulaticns., If we take
the most favourable alternative, 300 kg will be available per tcnne of ingot to
be produced, In the estimates regarding the availability of return sorap, it
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hag been assumed that some 25 per cent of what results from the application of
theoretical ccefficients is not utilized in the steel making instailations owing
to losses and the fact that it is used in the production of self-fluxing sinter
(rolling-mill scale), Consequently, the quantity of scrap estimated as the
specific consumption is a mixture of return scrap and purchased scrap. In any
oase, the total peroentage of purchased sorap will not, in general, exceed

10 per oent,

With regard to the roclling operation, it can bte said that this part of the
producti:bn cycle has very special characteristice in the integratéd Latin American
plants, a situation which probably existe in other developing countries also,
Owing to the emall capacity of the markets of each country, small or mediume
sized plants produce an over—diversified range of different types of rolled
products, with a small annual volume for each products For this reason, capital
cogts and also conversion osts are high, precisely at the stage of the cycle
which should offer enterprises the best prospects for satigfactory returs.

The hypothetical plante which have been used for this study, are assumed to
include rolling mills with a capacity compatible with the markets of the country
served, diversifioation in the rolled products of each plant being reduded as
far as possible, o

(a) Cogging mills
Case I Up to 300,000 tonnes of ingot annually, 3-high mill, with 3
‘rollers one above the other, and tilting tables in front of and behind the
stand, Yield 88 per cent (rimming steel).

Case II From 300,000 to 500,000 tonnes of ingot annually, Nodern 2high
reversing mill, with one motor, Can produce slabs with a yield of 81 per
cent (rimming steel)s | S

Cage III For capacities above 500,000 tonnes of ingot annually., Modern
2-high reversing mills with two reversing motars. Can produce slabs with
s yield of 86 per cent (rimming steel). |
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(b) Rolling equipment for flat products

The assumed characteristics of the equipment vary with production capacity,
as follows:

Cage I Capacities for sheet, plate and tinplate between 100,000 and
200,000 tonnes annually.

"Steokel” mill for hot-rollod plate and reversible cold-rolling stands.
The installation consists of a hot=rolling mill with a reversing roughing

mill and finighing stands; pickling and cleaning; reversible cold~rolling
stands; tomper stands; hot-dip tinning installations; cutting and

. finishing of sheet and tinplate, plus necessary heating furnaces. It hes
been assumed that the production of hot=rolled and cold-rolled sheet and
plate and that of tinplate is distributed in such a way that the average
yield of the installations in terms of semi-products is 70 per cent, The
proportion of cold-rolled sheet and of tinplate varies beiween 67 per cent
and 73 per cont of the total,

Case II Capecities for sheet, plate and tinplate varying in each case
between 300,000 and 500,000 tonnes, Semi~continuous hot-rolling mill for
plate and reversing stands for ocold-rolling. The equipment is made up of

a hot-rolling mill with a reversing roughing stand and finishing stands;
reversing stands for cold-rolling; temper standsj pickling and cleaning;
hot-dip tinning installations; cutting and finishing of sheet and tinpla.te,
and heating furnacese. | It is assumed that the production of hot=rolled and
cold-rolled sheet and plate and of tinplate' ig so distributed as to give an

annual yicld of 74 per cent in terms of semi~-productse

Cage III Capacities for sheet, plate and tinplate between 600,000 and
800,000 tonnes annually. Semi-continuous hot-rolling ﬁlate mill and
tandem stands for cold-rolling., The installation consisis of a hot-rolling
mill with reversing roughing stand, a non-reversing preparatory stand and
finishing stands; o tandem cold-rolling mill; temper stands; pickling,
cutting, cleaning and finishing, and heating furnecese It is assumed that

the product-mix is so suoh a8 to give an average yield of 81 per cent in terms

of semi-productse.
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Cage IV Capacities for sheet, plate and tinplate varying between
1 million and 2.5 million tonnes annua.lly. ~ Continuous hot=rolling plate
nills, tandem etande for cold-rolling", hot—dip tmning 1nstalla.tiona,
. velectrolytic tinning; pickling, clea.nlng, cutting of sheet and tinplate,
, hea,ting t‘urna.ces, etc, TFor anrnual capacities varying between 1.5 million

and 25 million tonnes, an independent mill for thick plate is installed.
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OBSERVATIONS AND GUIDING CRITERIA RELATING TO THE
CONSIDERATION OF ALTERNATIVE STEEL PRODUCTION PROCESSES

(a) Observations concerning the prbcesses for reduction of ores

The electric reduction furnac.e selected for technical and economic analysis
is the 1ow-s?1aft furnace with a stibmerged arce In the calculations of operating
costsy, it has been assumed that the cost of the power is US$ Q.005 per kWh and
the coke oonsumption 450 kg, with 2,000 k*h of power. The coke is taken to be
cpmposed of a mixture, half "pea coke" and half imported coal, at an average
price of US$ 15 per torne, free at works. To arrive at these specific
consumption figures, 100 per cent self-fluxing sinter must be used in the charge,
The series of hypothetical plants equipped with electric reduction furnaces
ranges from 100,000 to 1.5 million tonnes, and it is thought that, in practioe,
plants of higher capacity than this, based on the process in question, are very
unlikely,

There are many processes on which experiments are being carried out in
different parts of the world for directly obtaining solid iron (sponge iron),
anc. several are being applied on an industrial scale, An analysis of the data
provided by the firms which have patented the various processes shows that there
are no great differences among them with regard to capital and production costs
for equal contents of metal Fe in the sponge iron. As a basis for comparative
study the HylL process, which is already being used on an industrial scale in
Mexico, has therefore been used. Briefly, this process reduces the iron ore
by catalysis, using reformed natural gas as a raw material. For the calculation
of operating costs, it has been assumed that the calories contained in the
natural gas have a cost which is equivalent to US$ 12 for a tonne of fuel oil.
Thé product ohtained is a good—-quality scrap which may be described as having
the nature of steel without being sieel, It requires further processing in
stesl-making furnaces, and the process selected here is the eleotric aro
furnace, since it oan take a chargc which is 100 per cent sponge iron, The
maximum size of plant to which this analysis has been extended is 300,000 tonnes

annual capacity.
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(b) Onservations oconcerning the steel-making processes

Apart from the proocess using a top~blown oxygen oonverter, whioh wes
oonsidered earlier, the widely used open—hearth process is examined here, not
on the grounds that it has advantages over the LD process but because the
majority of existing plants in Latin America use ite It is assumed for the
purpose of celculation that 30 cubic metres of oxygen are used per tonne of
steel, to assist the heating of the charge. In any case, it does not seem
likely, given the scarcity of oapital in Latin Auerica, that the open hearth
furnaces now in use will be replaced by converters in the near future.
Congideration is a.lso given tc the electric-arc steel-making furnace, the share
of shioh in world output of steel advanoed rapidly after the Second ‘orld 'ar,
a period when the size of the furnaces was increased considerably, up to 200
tonn.e‘s. The use of oxygen in electric arc furnaces makes it possible to
inorease produotivity and reduce the consumption of electrio power, but, to
simplify oomparison, only the direot refinement of the metal charge, without the

use of oxygen, is considored.

The sponge iron obtained by direct reduction is assumed to be treated solely
in eleotrio arc furnaces and it is assumed that there are no technioal obstacles
t0.prevent the proportion of the total raw materials accounted for by this
material from being approximately 70 per cent, - -

(o) . Obgervatjons regarding the rolling proocsses |

I'nk 21l the hypothetical plents envisaged for the purpose of these studies
of oomparative costs, the same rolling facilities have been kept as are
oonsidered in section IV of this paper. The only variation oonsidered here
oonsists in the fact that in one case rolling is preceded by ingot oasting and
the oogging of the ingots, with subsequent rolling of the slabs, and, in the
other, by vacuum degasification of the liquid metal, continuous casting and the
rolling of the continuous cast billets in oonventional mills. This last variant
has been oontinued only up to a capacity of 1.5 million tonnes, owing to the
doubts which are still entertained regarding the possibility of produoing, with
vacuum dagasifiers, plate surfaces as good as those obtained with the uqe .o,i.‘
:Mihg steels, which, in the present state of teohnology, cannot be processed

L )
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in continuous oasting machines, = Nevertheless, according to available ‘
information, there are already plants of ~such dimensions in operation in some
parts of the world,

The cost of vacuum de~oxydation breaks down as follows in the case of
m;all plants:

Manpower employed directly 04335
Manpower indirectly employed and wages 0.24
Various consumption costs 0.952
Fuel and services 0,109
~ Total works produotion cost . 1,636

As to the yield of the steel used in con%inuous casting, it has been
estimated at 94 per cent, in line with the figure given by many authoritios,

As to the maximum and mininum capacities which have been assumed for the
verious units and processes, they are noted in table 1,
Table 1
IRV ADTIIIC GAEALTLE O T TR D PRenLCoIve UMITS USED
IN THE PROCESSES CONSIDERED
(Tonnes and tonnes/year)

Capacity Annual production Maximum ennual

Unit Minimum Maximum per tonne capacity production
Blast furnace 300 4,000 - 1,320,000
Electric reduction . ,

furnace ~ - 250 - ' 82,500
Open-hearth furnaces,

with oxygen 25 500 1,200 600,000
Converter with enriched

air blown in at the ‘

bottom . 10 15 8,000 600,000
LD converter " 10 150 8,000 1,200,000
LD-AC converter 10 150 7,000 1,050,000

Electrio-arc steel-making
furnaces with 70 per
cent crude iron | 15 150 3,006 . 450,000
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