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INFLUENCE OF LOCAL FACTORS ON THE IRON AND STEEL INDUSTRY
IN LATIN AMERICA ’

INTRODUCTION
1., Scope and Purpose of the Study .

Although the iron ore reserves of Latin America have not yet been
prospected fully, it is known tha* the region is rich in high-grade ores.
Reserves investigated so far, represent approximételytzo per cent of total
known world reserves. Only a suzll amount of iron ore is at present mined
in the region, representing in l950vabout L per cent of the world production.

The relatively slow development of iron ore mining . is maiply due to the
low iron and steel consumption of the region, This, in twn, is related
to the low national income prevailing in most Latin-American countries.
Another factor which limits iron and steel production is an almost general
scarcity of good coking coals, Most of the steel plants would be compelled
to transport their coal for long distances‘and nany of them supplement local
production by imports. Other possibilities which have scarcely been used
so far, would be a resort to substitutes for coal, or to use bther reduction
methods than the blast furnace.

An additional obstacle to development of the industry in the region,
is the general shortage of capital., Such shortage is of considerable
consequence as the steel industry requires high investments.

The present study has two main objectives; first to determine the
influence on the cost structure of the industry, of factors which originate
in the location of the plants soch as quality of raw material’s and their
distance from the plants, wage rates, etc,; and second to point out the
technical problems which the industry would have to solve in order to
make better use of availatle resources and to reduce costs,

Seven Latin-American countries have been selected for this comparative
study. They are, Argentina, Brazil, Chile, Colombia, Mexico, Peru and
Venezuela, They are either operating steel plants already, or are building
them; others appear to hafe resources and possibilities for the operation
of a steel nlant. In each of these countries, one locaticn for an imaginary
steel plant was selected as an example. Pig iron, steel ingot and finished
steel costs were then estimated for each one of these, in the imaginary
plants, The selection of the site was preferably chosen for places where

/eitler a
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elther a steel _ndustry exists or construction has becn under consideration,

Infornatlon'regardlng the factors which build up costs, was thus facilitated.
The inclusion of a certain site in this study docs not imply an opinicn as
to its comparative advantages in relaulon to. other locations in the same
country; nor does it imply that the selectlon of the raw materials carnot

be improved by using different combinatitns.:

Since stceelmaking by the classical process of blast furnace, steel shop
and rolling mills is the most widely used, and the one about which most
information and cost figures have been published, the present analysis‘refers
exclusively to this process. For.each location at least two possibilities
will be considered, namely, a) where the industry mines all or part of its
raw materials, in which case it is celled ‘an integrseted p*ant, and b) where
the industry purchases its raw materials from other scurces.

Scale of operation has important bearinz on steel costs and, since it
is determined by the size of the markets, it also becomes a locational factor
in Latin America., To simplify, the totel study has been divided into
two parts, the first of which, contained in the present document, analyses
the influence of the locational factors escept size of the market, and
document L.91, determines the influence of the scale of operation exclusively.
The imaginary plants in the various countries are all of equal size,

250 thousand tons of finished steel per year. The nost favourable selection
of raw materials for each location has been determined, and producticn costs
and the necessary investments have then been estimated. A:considerable
number of prices, and of various cost factors of minor importahce, were not
investigated in detail, but instead general assumptions were used, Many

of these assumptions are based on conditions prevailing in.the United States
in 1948, and without too great a margin of error, thesy are still representative
for general estimates. Because of the necessity to determine the overall
results of these assumptions, gnd the desire to obtain a basis for comparison
with costs of steel produced in one of the exporting countries, an identical
imaginary plant was located on the-Atlantic coast'of-the United States.

1/ Since the latter iz the simpler case, the full set of calculations referring
to it will be made first, and afterwards the necessary valuations for an
integrat-ad plant will be introduced.

/In regard to
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In regard to the second objective, that of finding through analysis

the main technical and economic problems facing the steel industries in

Latin America, the procedure followed consisted in investigating the different
cost items which appeared abnormally high in each location. The prospect

for future research into such cost raising factors, were then analysed in

the light of the documents presented at Bogotd4. Comparisons were facilitated
because the design of the imaginary plants is identical, except for
differences which might arise due to varlations in the composition of iron
ore and fuel, ;uxcept for differences in raw materials costs, the main
variations in costs are those caused by wage rates.

The usual procedure foz.' cost analysis of a steel plant, is the
separation of the different factors into two groups: a) assembly costs,
and b) conversion costs. Assembly costs comprise the cost of mining and
transportation of the essential raw materials to the plant. Conversion costs
are those which arise from the transformation of these raw materials into
pig iron, steel ingot and steel products,

The principal variations in pig iron costs produced in different
plents are caused by differences in "assembly costs”, In the present case
conversion costs should be relatively constant except for the prevailing wage
rates, as the plants are equally mechanized.

Since wage rates are one of the factors influenced by locatdon,
determination of‘costs-in this paper departs from the usual procecure, .-
separating labour from the remaining conversion costs. In this way the
study is more flexible, as the addition of the wages to the other expenses .

yields the usual two groups of assembly costs and conversion costs.,

2. Description of the Imaginary Plants

To summarize, this study refers to steel plants using coke blast
furnaces, having an annual capacity of 250 thousand tons of finished steel,
and as outlined in the first part of this study, purchase their iron ore,
coal and limestone, | ‘ ‘
In addition to a number of general services, the productive sections
of an industry of this type consist of: the blast furnaces and auxiliary
equipment (handling of raw materials), coke ovens, by-products plant, transport
facilities for liquid pig iron, pig casting machine, slag handling equipment,
" /and mechanical
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and mechaniecal fac111t1es to treat, size and mix raw materials and fluxes.

The steel shop consists of a mixer (a refractory-lined tank to store
liquid pig iron), steel furnaces,'ingot moulds (cast iron moulds to receive
the liquid steel and transform it into ingots), plus tlie necessary equipment
to transport the raw materials and the hot metal in different stages, and
that required to handle the scrap. Three types of steelmakiné processes
have been envisaged; their selecticn depends on analysis of the iron ore,
They are the open hearth process, a combination of acid converters and
opsn heax%h, and the combinaticn cf basic. converters and an electric’steel
furnace. The plant mist melt and mix with the fresh material, two types of‘
scrap: the secrap produced by the rolling mill itself, which will henceforth
be referreu to as "circulating scrapn", and whatever scrap can be purchased
outside to lower steel costs, and which will be called "purchased scrap".

The rolling mill consists cof a blooming mill to roll the ingots
pre-heated in pit furnaces into blooms, slabs or billets, according to size
and shape of the:final product. Next in order is the final rolling or
finishing of the steel, Incidentally, the scale of operation has a greater
bearing on this varticular section, as it influences the degree of
mechanization of the rolling mills.:

Between the various blooming and rolling mills, there are re-heating
furnaces to maintain the semi-finished steel at the necessary temperature,
cranes and roller tables for its transportation, cold rolling, rectifiers,
and shears for the finishing process, and finally, a special shop for the
maintenance of the rollers., _

The general services of the plant comprise administrative offices,.
transport within the plant, laboratories, warehouses, general repair shops,
electric power facilities, lighting, steam, gas, sanltary services and so on.

3. Description of the Industrial Process

Iron ore, coke and fluxes, loaded into the upper part of the furnace,
constitute th2 burden. The raw materials (mostly classified by size,
within fairly narrow limits) are loaded into the furnace in strictly controlled
doses, depending on their anelysis, - Hot air is injected at high pressure
into the lower part of the furnace., It burns part of the coke raising the
temperature sufficiently for the excess of fuel to reaci with the oxygen
/content of the
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content of the ore, reducing it to liquid metal that accumulates in the

lower part of the furnace, The hot gases leave the upper part of the
blast furnace and, in passing through the layers of iron ore and coke,
lose most of their excess temperature, pre-heating the material as they go
down. The ore impurities, the ash of the coke and the fluxes make up the
slag, which also drops to the bottom and floats on the top of the liquid
iron owing to its lower specific gravity. The slag plays an important
part in the process, protecting the metal from re-oxidation. The gases
when leaving the blast furnace retain a relatively small amount of heating
value, Part of them is used to pre-heat the air used in the blast furnace
and the rest is generally mixed with the richer gas from the coke ovens

to produce electric power, to be used for general heating purposes.' Any
excess of gas is sold, The liquid metal and the slag are extracted at
regular intervals, The liquid pig iron is either carried directly to

the converters, where these exist, to the mixer for storage, or to

the pig-making machine. The slag is usually granulated with water and
often used as a raw material for cement manufacture,

'The liquid pig iron contains many impurities: carbon, silicon,
manganese, phosphorus and sulphur. The reduction of their contents to
certain established limits, usually very low, is called steelmakihg.

The processes used for such refining are based on the fact that these
impurities have a greater affinity for air than for iron.l

The oxidizing agents used for steelmsking are air, high grade
iron ore, oxygen, and oxygen enriched air. The liquid steel thus obtained
has often to be recarburized, or different alloys added, in the ladles
coming from the steel furnaces. Once its chemical composition is
satisfactory, it is poured into ingot moulds. Size and shape of the
ingots varies in accordance with the products to be rolled and the size
of the blooming mill, In order to reduce the section of the steel ingots

or semi-manufactured products to final shape, they are placed between
| two moving steel cylinders which are dften grooved in order to give
the products a definite shape., This process is repeated using
successively smaller sizes of final grooves, or increasing the pressure

between the rolls, until the final section is obtained,

1/ With the exception of sulphur which is usually eliminated, in combination
with lime, as sulphide of lime,

/L. Countries and
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CHAPTER I - DATA ON SELECTED LOCATIONS

1. Countries and Locations Selected as Examples

One imaginary plant is assumed to be located in each of the following
countries: Argentina, Brazil, Chile, Colombia, Mexico, Peru and Venezuela,
" comprising about 80 per cent of the population of the region and accounting

for 90 per cent of its steel consumption.

a) Argentlna

The most recent Airgentine steel plant envisages the corstruction of
three main plants: a) a large plant in San Nicol4s on the Parand-River,
using either imported or Sierra Grande ores, b) a small plant based on
charcoal hlast furnaces in the north, near the Zapla deposits, ¢) a medium
size plartin the south, using Sierra Grande ores and possibly Rio Turbio
coals supplemented by a binder.

For the purpose cf the comparisons in this document, San Nicolds will
be the only site considered; it is located between Buenos Aires and Rosario,
the two most important steel consuming centres in the country. Cost
estimates will be prepared using three different sources of iron ore:

'1) Zapla ore of 48 per cent grade, transported by rail; 2) Sierra Grande
ore of 57 per cent ‘grade, brought by sea ahd river; and 3) Brazilian
Itabira ore, 65 per cent grade, which will be shipped from Victoria. In -
each of these cases, the coking coal is assumed to be imported.

A fourth possibility, which has not been considered, consists of
using iron ore from the Urucim deposits, near Corumbd, Brazil, on the upper
bank of the Parand River, or.alfernatively from a Bolivia deposit on the
opposite bank of the same river. Both these possible sources would require
the upper Paraguay; and possibly part of the Parané River, to be dredged.

b) Brazil _ '

Among the many possibilities in‘this country, only the location at
Volta Redonda will be considered, using iron ore from Lafaieta (65 per cent
grade) and coke from a blend of 70 per cent imported and 30 per cent
Brazilian coal. \

1/ In this paper, steel ccnsumption will include rolling mill products
and also some easily manufactured steel products such as: wire, nails,
tubes, etc. It does not include steel contained in manufactured goods,
such as durable consumer goods, machinery, equipment, etc.

/¢) Chile
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The site at the Bahfa San Vicente, where the Huachipato plant is now
located, was chosen as the example, Iron ore was assumed to be 60 per cent
grade from "E1 Tofo" and coke from a blend of 85 per cent Chilean and 15
per cent imported coal,

d) Colombia

Calculations were made in ascordance with the raw material supply and
location of the Paz de Rio project (Belencito). High phosphorus content
ore of L7 per cent grade, and coke made entirely from local coal; will be
used. .The main departure from the existing project consists in the size
of the plant and that it is assumed flat products will also be produced.

e) Mexico

Among the many ekisting possibilities, the locétion and sources of
raw material of the Monclova plant were chosen. Iron ore will be 60 per
cent grade from Cerro de Mercado and coke produced entirely from Sabinas
coalr (State of Coahuila).

£) Beru

The selected plant has been located at Chimbote. It would use 60 per
- cent grade ore from Marcona, transported by sea to Chimbote. The fuel
would consist of a variety of coke made of 15 per cent imported asphalt
and 85 per cent anthracites from the Santa Valley rqgion.

g) Venezuela .

Owing to the proximity of the Naricual coal deposits, the imaginary
plant was presumed to be at the Port of Bércelona, using "E1 Pao" ore
(65 per cent‘grade). Two fuel possibilities were considered: a) the use
of coke made frém asphalt or petroleum residues, and b) ‘coke produced
from imported coal which could advéntageously be transported as return
freight on ships exporting iron ore. | | .

h) United States
An identical plant. to those assumed in the Latin-American locations
was assumed to be at Sparrows Point, Maryland, where the Bethlehem Steel

Corporation at present owns a plant using Chilean and Venezuelan ores.

The hypothetical plant would use 65 pef cent grade iron ore from "E1 Pao"
and coke from West Virginia coals.
' R, -Géneral Basis
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2. General Basis fcr Calculations

It has been assumed that, in all locations selected, the plant would
be able to purchase scrap amounting to between 9 and 11 per cent of the
requirements of the steel shop, at a price equivalent to 90 per cent of
the pig iron cost.

As all the plants are assumed to have an annual capacity of 250 thousand
tons of finished steel, the optimum capacity for the blast furnace would
be about 800 tons of piz iron daily, An additional reason for accepting
this capacity is that it does not appear to make excessive demands upon
the quality of the coke. fxcept in those cases where the composition of
the iron ore'has influenced the éteelmaking process, the design and degree
of mechanization of all the plarts has been assumed to be identical, and
that they are equipped with the latest technical improvements justifiable
on economic grounds. This assumption has permitted the use of identical
figures for various consumptions expressed in physicai units or of unit
values.l ) .

Thus, uniform costs or prices have been adopted for the items detailed
in Annex I. Among these general assumptions, the following important
items sheuid be mentioned: mining cost of iron ore and limestone (open
pit operations in all plants), cost of transportiﬁg and pumping cooling
water, cost of imported coal f;o.b.,prices of férréalloys and other fluxes,
cost of hydro-electric power, transport costs both for the raw materials
end the finished products, equal need and costs for repairs and
replacements per unit of steel produced, and lastly, capital charges.

With a view to simplifying calcﬁlations and eliminating the need to
collect a variety of detailed data onlfhe’spot, and at the same time to
maintain comparability, different sssumptions of a technical nature were
also made. Some of these appear in the tgxt,.together with the pertinent
analysis, while others appear in the Annexes, and thirdly, the simplest

are outlined below:

1/ It is evidernt that this genéralization does not-take the difference
of wage rates from one country to the other into account. However,
as the proportion of labour in many raw materials is small, the
simplification of the calculations obtained by this method justifies
the small margin of error which might arise,

~/a) It was assumed
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a) It was assumed that productivity of the workers in all these

plants was the same as in the United States, although in
countries where the steel industry would be new, efficiency
codld only be reached after several years'operation;

b) The assortment of finished products manufactured greatly influence:
the cost of labour and its efficiency. It is assumed that all the
plants would produce the same assortment and equal quantitiés of
the different products;

¢) It was assumed that the daily output of the blast furnaces,
identical in every case, is independent of the grade of ‘ores
considéred in this study. This hypothesis is not actually true,
but again the small margin of error to which it may give rise can
be ignored.

The only raw material which has not been included in the above
generalization is the coal of domestic production. Geological conditions,
the thickness of the veins, and the scale of operation greatly influence
its cost., On the other hand, since fﬁel influences the cost structure
considerably, a wrong cost figure for it could greatly affect the results
of this analysis. Hence fuel prices prevailing in 1948 were adopted for
the existing deposits, In cases where the deposits must still be developed,
as would apply for most of the integrated plants, an estimate was made
based on expected productivity, taking into account geological conditions,
size of the mine, prevailing wage rates and other data.

The basic assumption that most of the factors of secondary importance
 do not vary significantly from one plant to another, implies that
differences in final.cost will be due exclusively to a few important
factors. They refer mainly to the qnality of raw materials and their
location,  wage rates, etc. Accordingly, it becomes important to know:

a) iron content of the ore and both carbon content and coking propérties
- of the coal. With this information the quantity of raw materials required
per ton of products can be determined; b) quantity and composition of
certain impurities contained in ore and coal, to ascertain the steelmaking
process, the amount of fluxes and ferroelloys to be employed; c¢) the
distances and means of transport, in order to evaluate the cost of raw
meterials at plant; and d) the wage rates prevailing in similar activities.
Calculations in this Paper have been organized as follows:

/a) Although costs
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a) Although costs in an integrated plantl/ will be analysed after
completing the study of a plant purchasing its raw materials,
an analysis will first be made of the probable cost of mining the
various raw materials, MNext, it is assumed that the plants wili
purchase raw materials from other enterprises, at prices estimated
in view of the preceding analysis.

b) The raw materials costs'thus obtained, will be used to calculate
probable pig iron costs;g’ '

c) The resultant cost of piz iron, will be used to estimate the cost
of steel ingots; )

d) The price of steel ingots so obtained will be used to estimate
the cost of finished steel; '

e) Combining the data thus obtained, the aggregate position of the
conversion process will be analysed_and‘éertainvconclusi9ns
concerning the cost structure of the industry determined;

£) The cost of the raw materials used in the blast furnace will be
substituted by the necessary mining and tranéport costs to present
the case of an integrated industry. Finally, an analysis of the
variations of cost, if steel consumption increases in Latin America,
will be prepared, and a comparison made with costs of imported

steel,

CHAPTER II. PIG IRON COSTS

Pig iron costs will first be determined by the assumption that the
steel plants have to purchase their iron ore, coal and limestone from other

organizations.

1., Assembly Costs

Assembly costs have already been defined as mining of the main raw

materials, and their transportation costs to the blast furnace. Since the

1/ A plant which nines at least some part of its rsw materials.

2/ All prices and yalue in this paper, unless otherwise indicated are at
the 1948 value of the dollar. -

/proportion of
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proportion of such raw materials, necessary to produce one ton of pig
iron, is high, ranging from 3 to 5 tons, assembly costs have an important
bearing on the final cost of pig iron, In the following, the situation

concerning the most important raw materials is discussed:

a) Iron oOre

The influence on the cost of iron ore supplies is analysed in Annex 3.
The iron content of the ore (grads), the amounts necessary per ton of pig
iron, the distance and the means of transport are shown there. The data on
which the estimates of Annex 3 are based, are the folloﬁing: costs of iron
ore and transpoft rates from Annex 1; total cost of iron ore in the plant,
Annex 2, Regérding the amount of ferrous materials necessary for the
production of one ton of pig iron, one thousand kilogrammes has been
accepted. Thus, a small margin exists to cover unavoidable losses in
the blast furnace.

Railway transportation has been the basis for overland transport
costs. In some instances, the distances are very short and cost could be
reduced by the use of road vehicles, in which case the figures shown in
Annex 3 would perhaps be exaggerated. Sea transport was estimated on the
-basis of normal prevailing rates. It is thus excessive if the steel plant
owns the ore ships. ConseQuently, the cost of ore per ton of pig iron,
as shown in Annex 3, represents the probablé maximum, '

Attention should be drawn to the very high ore cost at the Argentine
blast furnace of San Nicolds, if working with Zapla ore. The high price
is due to‘the combination of relatively low grade iron ore, with a long
railway haulage. This is the mostvunfaVOurable condition which can arise
in practice. Therefore, calculations are also included based on Sierra
Grande, or imported iron ore from Itabira, Brazil.

b). Coal costs

Annex‘h shows the statistics for the coal supply. The origin of the
respective fuels are indicated and the proportions for blending in cases
where more than one type of coal has been employed. Prices prevailing at
the port of origin and transport cost to the plant are also presented, to
obtain the cost of fuel at plant. Annex 5 determines the cost of the
blend at each coke plant, the amount of.coal necessary, and the resulting

. /costs per
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costs per ton of pig iron. The'high price of Santa Catéfina cbking coal
in Brazil is particularly notablé, and is explained by difficulties in
mining and washing. Through the latter process, tvwo types of’fuel
are obtained: metallurgical coal fog use in thé coking plant and steam
coal for which other applications must be found. Provision has been made
to account for any increase in the price of coking coal, which might arise
from lesses in the sale of the other fraction. ‘

From this annex, tiie advantage of the countries which mine their
own coking coal bécomes anparent. This is of course due to the relatively
small price of coal compared with freight costs. The low value of imported
coal in Venezuela, as compared with the high prices in Argentina, Brazil
and Chile, is due to the assumption that coal could be transported as

return freight in ships exporting iron ore.

c) Limestone costs

Annex 6 presents the figures for limestone costs, which are based
on data contained in Annex 1. rxcept in Argentine, should Zapla ore be
used, and in Chile, limestone is but a small item within total éosts. The
high figure for Argentina stems from the large amount reqﬁired because of
the low grade of the>2apla ore; in Cﬁile trne relatively high pricé is
due to the long maritime transport in&olved. In Venezuela, if asphalt or
petroleum residues are used, the amount qf 1imesfone would have to be

increased to offset the high sulphur content of such fuels.

d) Total assembly costs of raw raterials

Table 1 shows the assembly costs per ton of pig iron and the
respective percentages corresponding to iron ore, coal and limestone, It
permits a comparison of the influence of the different raw materials
within the assembly costs of the various plants. Assembly costs at
Sparrows Point are high in relation to those prevailing in other steel
producing centres of the United States. In addition, as will be seen
later, the final costs of steel depend essentially upon the size of the
plant assembly costs and wage rates; a plant with low a;sembly costs

has therefore one advantage in its favour.

/Table 1
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Table 1. Assembly Costs and Raw Material Percentages
(dollars at 1948 value per ton of pig iron and percentages)

Plant , Total essembly Raw _materials percentages
gdggi::s) Iron ore Coal  Limestone
San Nicolds ¢/ 59.15 51,1 15.6 3.3
San Nicolds d/ K27 48,0  50.0 2.0
San Nicolds e/ 33.88 38,0 59.0 . 3.0
Volta Redonds ~  37.33 .  28.0 . . 66.9 5.1
‘Huachipato - 23.05 . 32.7 60,4 6.9
Belencito 17.62 4.0 49.6 6.4
Monclova 26,7 61.7 - 35.8 2,5
Chimbote 18.80 . 53.8 39.6 6.6
Barcelona a/ 21.68 50.5 .2 8.3
Barcelona b/ 26,40 41,5 54,6 3.9
Sparrows Point + 2714 60.3 35.9. 3.8

Blast furnaces using asphalt or petroleum residue coke.
Blast furnaces using coke made from imported coals.
Using Zapla ore.

Using Itabira coal,

Using Sierra Grande ore.

reryr

A glance at this Table shows that assembly costs are very high at
the San Nicolds plant in Argentina, especially if Zapla ores are used.
Combinations of raw materials envisaged for San Nicolds, while still
higher than most of the plants in the other countries, would be within
reasonable range of the assembly costs of Volta Redonda.,

The cost of coal is fairly high at San Nicolds, thus, in this study,
imported fuel has been considered. Argentina has a substantial coal
deposit at Rio Turbio, which is high volatile C grade, and therefore
non-coking. Some of the papers presented to the Bogot4 meeting describe
methods used in other countries. which have resulted in the utilization
of up to 60 per cent of such coals for coke. |

A% Volta Redonda, the main problem is the cost of coal. Until a
better solution is found for the washing problems of Barro Branco coal,

/relatively high
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relatively high prices of coke will prevail 1n_Brazil. In the present
cost estimates, an increase of the“percéntégé of imported coal has been
contemplated. Other possibilities for reducing costs, which are being
undertaken in the actual plant, are the improvement of transport and
handling facilities for imported coal. h

An excessive-expansion of the coal in the ovens during the coking .
process, places Brazilian coal in a unique position in the region, since
it requires that, only these highly volatile types of coal which exist -
plentifully ixf Latin America, be imborted. The replacement Qf the United
States coal used at present at %olta Hedonda By'high volatile Colombian
coal, is a possibility which might fesult in a reduction of costs, in view
of the shorter distance involved. Another possible solution, suggested
by papers presented at Bozot4, could be the washing, through the new method
called "phase separation” of the fraction which is at present discarded
from metallurgical use, The problém of Brazilian coal is further complicated
by its high sulphur content. ‘

In the case of Chile, it is essehtial to reduce prices and increase
domestic production of ccal. The Huachipato plant has conducted considerable
research in this direction. Document L.27'fefers to savings in blast
furnace operations through the elimination of some injurious petrographic
" compounds and the coal fraction above 1.35 specific gravity.

In the case of lionclova, Mexico, the factor which principally
raises assembly costs are those for iron ore owing to the long haulage
distance. Pfospecting has been conducted recently to locate more
favourable ore deposits. This search has met with some success and at
present several new deposits are being studied. .»

Assembly costs at Chimbote are guite satisfactory. It should be
noted that the use of anthracite-asphalt coke has been envisaged, although
thé—necessary process is still being invéstigated; A& group of Peruvian
industrialists has sponsored the feseafch, described in document L,14.

A pilot coking plant is being installed to learm the characteristics of
the coke, before outlining details of the full-scaie blast furnace. In
’the present estimate, & larger percentage of imported asphalt, as a binder,
than the indication given in dodument L.14, has been considered, thus
giving a safety margin should the new process.not entirely fulfil

/expectations.
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expectations, » _ _
Table 1 shows that the principal economic problem related to assembly
costs in the steel industry of Venezuela, is the cost of coal. Various
solutions are being considered, of which the possibility of using gas
reduction as an alternative to the tlast furnace will not be considered
here, as it falls without the scope of this Paper. Among other possibilities,
which are examined, the following may be ﬁentioned: production of coke
from natural asphalt or petroleum residues; improvement of non-coking coals
through addition of asphalt or petroleum products or, lastly, employing coke
from imported coal, This fuel might advantageously be imported as a
return load of ships exporting iron ore. ' A
For a plant located at Barcelona the cost of iron ore is relatively
| high; This is because the ore will have to be submitted to a complicated
system of transport with several handlings. It might well be that Barcelona
is not the location with the most favourable assembly costs; in this
particular case it has tentatively been chosen on account of its viecinity
to the Naricual coal deposits., | |
Lastly, the abnormally high cost of iroh ore at Sparrows Point shown
in Table 1, is due to the great distamnce from Latin America, In the case
of plants operating on the Atlantic seaboard of the United States, this _
handicap is finally of fset by advantages in transportation of the finished
products to the coastal fegions. |

2. Conversion Costs

Two main factors, influenced by location, have a bearing upon conversion
costs of iron and steel, These are: a) wages, and b) price of the by-products
of the coke plant, gas, etc.

a) Labour costs '

Table 2 shows the hourly rates of wages considered as an average of
the wages which the respective industries would have paid in 1948. To obtain
these data, actual averages of steel plants operating that year in several
countries were used. Where no steel plant exists, the wage rates of e

similar activity, preferably petroleum refineries, were used,

/Table 2
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(dollaré at’19hé vglﬁé) V
Plant | 7 Hourly rates Wages per ton
' - - o S of pig iron
~San Nicolds 0.57 h o 0445
Volta Redonda 0.53 041
Huachipato Oy -~ 0.35
/ Belencito | G.60 047
Monclova 0.49 ~ 0.38
Chimbote WAl 0.32
Barcelona 2,00 1.56

Sparrows Point 1.57 - 1422

Throughout, efficiency of labour haé been assumed to be equal to that
preveiling in 1948 in the United States. "In the case of blast furnaces the
wage rates have been multiplied by 0.78, the number of man-hours required
Yor the production of one ton of pig ircn in an 800 tons daily blast

furnace. Some addition2l labour is used for maintenance and repdirs.

b) Costs and credits in the coke plant C
Excluding amortization and the interest on capital, operations in the
coke plant involve certoin costs and bring scm: returns from the sale of
by-products. The balance of this position is shown in Annex 7. The-
~differences shown in the coke yield for severzl plents accrue from
variations in the chemical composition of the coal, and it becomes necessary,
therefore, to include them emong locational factors. The basis which was
used for these calculations is shown in Annex 8. , .
| It should be noted that in two plunts, (Chimbote and Barcelona)
agsunied to be using totally or partially asphalt or‘petfoleum binders, no
account has been taken of the value of by~products. In fact, the quality
and value of the latter depends on the nature of the petroleum products
used and théir behaviour at high temperatares,. It might well be that
their velue corresponds exclusively to their residu~l heating power, HoWever,
it might also be that aromatic hydro-carbons, of higher Qalue as chemical
compounds, are formed due to cracking in the coke ovens under special
conditions,

/3. Costs not Related
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3. Costs not Related to the Location of Plant

In the general assumptions shown in Annex 1, the cost estimates for

certain items, supposed to be identical in 2ll these plants, were given,

Among them are the following:

Item ' Dollars per Ton of Pig Iron
Cooling water - 0.42

kepairs and maintenance 0.50

General and miscellanecus costs 2.65 a/

Returns from sale of blast furnace ges - 1.90

a/ These have been slightly incresrsed in the case of Colombia and
Venezuela, in order to make up for the higher wage levels,

A blast furnace of the characteristics contemplated would have required
ih 1948 in the United States, an investment of 8C dollars per ton of pig
iron produced annually, This investment comprises coke oven, raw material
stockyards and their equipment, pig-casting machins, crenes, etc.1 It has
been estimated that in the United States an 8 per cent provision annually
is sufficient to cover amortization of these investments and interest on
loans. , . ‘

In Latin America, due to the smaller availability of engineering
resources and to the longer transport distances involved, in addition to
the nedessity to keep a larger assortment of spare parts, this investment
and provision for its service seemed insufficient. 'The investment figure
was increased by 20 per cent to 96 dollars per ton and the provision for

their amortization and interest on.loans, to 9 per cent annually.

L. GCost of Pig Iron A
With the data obtained thus far, Annex 9 was prepared, comprising all

the items which make up the cost of pig iron. In order to facilitate
analysis, these figures were re-grouped in Table 3 under various major
accounting headings, which will be used throughout to analyse the cost
structure in the various phases of the industry, These items differentiate
between assembly césts, direct and indirect labour costs, and other
conversion costs.

The same figures are shown in Table 4, where they are expressed as

percentages of tctal cost.

Y It does not include investments in mines and transport facilities,

/Table 3
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Table 2: Pig Iron Production Costs

(1948 dollars psr ton)

o AAssemblf

Plant

p—

San Nieolds d/.

San Nicolds e/
San Nicolds £/
Volta Redonda
Huachipato-
Belencito
Menclova
Chimbote
Barcelona b/
Barcelona ¢/

Sﬁérrows Point

Salaries Other con Capitel

costs and wages version charges
a/ costs

57.25 1,02 1.72 8.64
40.84 1,02 1.93 8.64
36,98 1.02 1.88 8.64
35.43 0.94 1.84 8.64
21.15 0.79 1.67 8.64
15.72 1.07 2.53 8,64
2.8, 0.87 .77 8.64
16.92 0.73 483 8.6L
19.78 3.56 - 5.97 8.64
24,50 3.56 1.87 8,64

2.79 l.46 - 6.40

2524

8/ After deducting blast furnace gas credit,
b/ Using asphalt or petroleum residue coke.

¢/ Using coke from imported . coal.

d/ Using Zapla ore,
e/ Using Itabira ore.

£/ Using Sierr& Grande ore.. .

/Table 4

Total

68. 63
52.43
48,52
46.85
32.25
27.96
36,12
31.12
37.95
38.57
35.89
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Table 5, Pig Iron Produciion Costsg’
(dollars of 1948 and percentages)
Assembly Salaries Other con Capital

Plant costs and wages version charges Total
a costs
San Nicolds d/  83.4 1.5 2.5 12.6 68.63
San Nicolds e/ 78,0 1.9 3.7 16.4 52,43
San Nicolds £/ 76.2 2.1 3.9 17.8 48.52
Volta Redonda 75.6 2.0 3.9 18.5 46,85
Huachipato 65.3 2.5 5.2 27,0 32.25
Belencito 56.3 3.8 9.0 30.9 $ 27,96
Monclova 68.7 2.4 4.9 24,0 36,12
Chimbote 5445 2.3 15.4 27.8 31.12
Barcelona b/ 51.7 9.7  15.8 22.8 37.95
Barcelona g/ 63.4, 9.5 4.8 22.3 38.57

Sparrows Point 70.4 7.8 L.0 . 17.8 35.89

&/ After deducting blast furnace gas credit.
p/ Using asphalt or petroleum residue coke,
¢/ Using coke from imported coal.

'd/ Using Zapla ore.

¢/ Using Itabira ore.

£/ Using Sierra Grande ore.

In Table 4 some striking differences app?ar between the various plants,
to some of which references have already been made. For instance, the high
proportion of conversion costs in relation to the total cost of pig ircn in
the Chimbote plant, are ¢aused by the lack of any credit for the sale of
by-products from the coke plant. Venezuela shows a very high proportion
of expenses for wages; as indicated in Table 2, the highest wage rates;
for all the plants considered, exist there. This strongly underlines the
advantages to be gained by a development similar to that of the United
States industry: hlgher mechanization and capacity of the plants, v

As regérds the relationship between capital charges and labour costs,
it will be found thZt the latter are considefably lower, The ratio betwsen
wages and capital charges varies between 1 to 6 and 1 to 12.**This emphasizes

' /the importance
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the importance of reaching full capacity, even:if more men than necessary
have to be employed. The wage rates-used in this analysis for the different
countries have been mede sufficiently ‘high to provide for a margin to be
used as an incentive for workers to att~in high efficiency. Until this is
attained a certain training period will be-necessary. —
Considering the problem from another angle, this relationship fully
Justifie the policy adopted by some managements of the recently established
Letin-American industries, which nre as follows: |
1) All efforts are dlrbvtbd towards raising production to full
capacity; ' ' .
2) Once that gozl has been -attained, to ensure that the standards of
quality are obtained
3) Subsequently improve lubour efiiciency by encouraging good workers
and dismissing the others, if excessive manpower has been necessary

at the start to accomplish the first conditﬂon.

But several Latin-American steel 1ndustr1es have been unable to ma1n+aln
permanent production up to cepzcity, 1n spite of operating for some time.
Shortages in transport, in adequate raw materlal supply, 1n ad justment
between capacity of the various sections of the plcnt _nd‘the market, or
finally, in efficient management, all of them, if they prevent full
capacity from being reached, cause a substantinl increase of costs,

especially in regard to capitzl charges per unit of production.

CHAPTER III. STEEL INGOT PRODUCTION- COSTS

As briefly mentioned in Chapter I, liquid pig iron tepped from the
blast furnace contains various metalloids in solution: carbcn;3silicon,
phosphorus and sulphur, ctc. In the different types:Of'steel, small
guantities of these substances remoin. The process of reducing the amounts
of these substances to specification limits takes place in the steel shop.

With thée exception of sulphur, these 1mpur1ties are extracted by taking
advantage of their greater affinity for oxygen. "The steelmaking processes
may be divided into tonprincipal types; a) converters, in which oxidation
of the impurities is effectcd by'air pressed through the liquid metal, and

' /b) furnaces, in
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b) furnaces, in which oxidation takes place, partly on the surface and
partly by adding oxidizing agents, such as iron ore. ‘The latter type of
furnace can be heated with gas or petroleum (open hearth furnaces) or
electric current. The sulphur is usually exﬁfacted,through its reaction
to lime, by addition of limestone; the:resulting sulphide of lime passes
into the slag. The other impurities once they are removed from the metal
by oxidation, also increase the vclume of slag., When controlling the
progress of steelmaking for cach load of metal, atténtion to the
transformation which the slag is undergoing is therefore essential,

Both the impurities contcined in the pig iron and the fluxes which
have to Be used for their eliminntion determine whether the reaction ié
acid or basic. According to this, the preferential extraction of one or
the other of the metalloids is encourzged.

In addition to the quelity of the available ores, wiaich determines
the amount and type of the impurities, the requirements of the market are
2lso influential in the steelmaking process and reaction. This is because
steel produced by different processes may have limited ranges of application.
Lastly, the nccessity of re-using the scrap produced in the rolling mills,
plus the scrap which can be purchased, also influences the type of process.

The abundance of scrap on the mrrket, through discarding used iron

materials, is one of the =dventages highly industrialized countries have
for producing cheaper steel than in Iotin America, where scrap is
usually scarce. Incidentally, it hes been assumed that all the plants
would be able to buy enough purchased scrap to cover 10 per cent of their
steel ingot producﬁion.

On account of its flexibility for the fulfilment of most of the
necessary conditions, it was assumed that the process used in the
steelmaking departments, in these plants, would principally, be the basic
open hearth. In the countries where there is an adequate supply of iron
ore, it has also been considered that 20 per cent of the liquid pig -iron
would be refined by the acid converter (Besscmer) process. The nature
of its ore, which makes.basic converter (Thomas) indispensable, causes
Colomhia to be an exception. Here the scrap from the rolling mmill plus
the purchased scrap would be smelted and refined in a basic electric
furnace.

/In short,
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_In‘short, it has been assumed that basic open hearth furnaces will
be ipstalléd for refining theé total output at San Nicolds and Monclova,
A combination of 80 per cent basic open hearth steel and 20 per cent
Bessemer is assumed at Volta Redonda, Huachipato, Chimbote, Barcelona and
Sparrows Point. Lastly, Belencito is based on a Thomas installation,

supplemented by an electric furnace for re-melting the scrap.

1, Pig Iron Used in the Steelmaking Departments

Table 5 shows the amount of(pig iron which would be required by the
aforementioned three combinations, respectively, in order to produce one
metriec ton of steel ingot. It can be observed that the basic open hearth
furnace would require 759 kilogrémmés, the combination of Bessemer and
acid open heartn 768 and lastly, thé Thomas converter 857 kilogrammes of
pig iron per ton of ingot. o

Table 5 Fig Iron Required to Produce oneATon of Steel Ingot

(kilogrammes) '

100% open. 20% Bessemer,  100% of pig in

hearth 80% open hearth Thomas converter;

scrap in electric
furnaces

Open ..Open ' . Electric

- hearth hearth ‘Bessemer Thomas ¢ rnace
Liquid pig iron 759 635 153 857 -
Circulating scrap 203 171 - 51 153
Purchased scrap 100 . 102 - - 101
Bessemer scrap - 28 - = o
Total liquid metal 1.063 915 153 908 254
minus losses in furnaces 63 - .55 A3 148 AL
Total steel ingots 1.000 . 860" 10 760 24,0
minus logsses in furnaces 4L8 43 7 38 12
minus circulating scrap 203 171 _28 151 _49
Rolled steel products %9 . 646 105 571 179
Pig iron per ton of
finished steel 1,013.4 1,023,6 1,143.7

2. Steelmaking Costs
Again a series of general assumptions are made in order to facilitate

- calculations of steelmaking costs and to increaseACOmparability. Some of,
these assumptions correspond to physical units, while others constitute
the aggregate of the values of certain items of heterogeneous nature. The

/former are
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former are shown as a footnote to the Table in Annex 10, while the latter
are expressed in dollars per ton in the same Annex.
Among the more important assumptions, attention should be focussed
on the following: a unit value of 90 per cent of the cost of pig iron .
has been assigned to all'scrap whether purchased or circulating. Capital
charges follow the same criteria in the case df the blast furnaces. -
In the open hearth, Bessemer and Thomas processes, which use a minimum
of electric power, it has been assumed that power was supplied by the
general power plant of the mill, and its costs were included under the
heading "general and miscellaneous costs"; At Belencito, the additional
power require for the electric resmelting furnace has been included as a
separate item, prices being approximately'equivalent to the rates prevailing
in the United States. '
Table 6 has been prepared with data taken from Amnex 10 and shows
costs of steel ingots in the various plants. In Table 7 they are shown
as percentages of total costs; the structure of these tables follows the
same lines adopted for pig iron.  The iteas thus listed are: a) raw
materials; b) salaries and wages; ¢) other conversion costs, and d)

capital charges.

/Table 6
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Table 6 | Production Cost cf Steel Ingots
(dollars of 1943 per ton)
Miscel- : :
. - Raw Salaries laneous ~ . Capital Total
Plant - materials  and wages .conversion charges : costs
: i/ cost” _ :
San Nlcola _/ g/ < 73.05 2.35 . 3.37 6.40 85.17
: a/ b/ $56.52 2.35 3.37 . 6440 68. 44
- 3/ I/ 52.28° 235 3.37 L 640" 64..LO
Volta Redonda b/ 50.97 - - 1.95 3.23 5.9 62.09
 Huachipato b/ = 35.42 - 1.62 3,23 5.94 46421
Beiénqito* ef 26.53 1.50 422 . 6422 38.47
Honelova ' a/ 39.50 2.02 3.37 6,40 51.29
_ Chimbote a/ 34423 1.51 3.23 5.94 L4951
Barcelora b/ ¢/~ 41.33 737 2.9 . 5.94 57,58
Barcelona b/ ¢/ 41,98 . 7.37 2,94 5.9% 58,23
Sparrows Point b/ 39.21° 5.79 3,23 440 52,63

Using Zapla ore.

e e R gy

100% open hearth.
8C% open hearth, 20% Bessemer.
100% Thomas, electric resmelting of scrap.

Using Itabira ore.
Using Sierra Grande ore.

Coke manufactured for imported coke.

Using asphalt or petroleum residue coke.

Discounting product of sales of slag from Belencito.

/table 7
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Table 7 ' Production Costs of Pig Iron
ollars of 1948 and percentages
(dol1 f 8 ges)
Raw Salaries Miscel- Capital Total
materials and wages llaneous charges costs
Plant coriversion (Dollars)
costs
(per cent) (per cent) (per cent) (per cent)
San Nicolds a/ g/ 85,7 2.8 4.0 7.5 85.17
a/ h/ 82.3 3al 4.7 9.4 684 L
a/ i/ 8.2 3.6 5.3 9.9 6440
Volta Redonda b/ 82.0 3.2 5.2 9.6 - 62,09
Huachipato b/ 76,7 3.5 7.0 12.8 46,21
Belencito ¢/ 69.0 3.9 11,0 16.1 38447
Monelova a/ 76.9 3.9 6.7 12.5 51.29
Chimbote b/ 76.2 3e 7.2 13.2 L4 .91
Barcelona b/ 4/ L7 12,8 5.1 10.4 57.58
Barcelona b/ g/ 72.2 12.5 5.1 10,2 58423
Sparrows Point b/ The5 11.0 6.1 8.4 52,63

a/ 100% open hearth .

b/ 80% open hearth, 20% Bessemer.

¢/ 100% Thomas, electric resmelting of scrap.

Using asphalt or petroleum residue coke.

Coke manufacture from imported coke.

Discounting product of sales of slag from Belencito,
Using Zapla ore.

Using Itabira ore.

el

Using Sierra Grande ore.

Since a fundamental assumption was that all these plénts were
built along similar lines, the differences shown.in Table 6 are mainly
determined by: a) fluctuationslin costs of raw materials, and b)
fluctuations in wages. The influence of the latter is greater than in the
case of pig iron, since more labour per ton is used in this department
than in the blast furnace.

/Variations in
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Variations in other conversion costs and in capital charges are very
small and stem from differences in the processes imposed by the composition
of the iron ore, In this connexion, at Belencito, where costs are
slightly higher for these“two items, the column "raw materials" was credited
with 6.50 dollars per ton obtained from the sale of phosphate slag. Document
L.54 refers to the possibility of adding phbsphate rock to the burden of
the blast furnace in order to obtain basic converter pig iron. Such a
procedure could be probably'applied”to advantage in Argentina, Brazil,

Chile and Mexico, in which case a credit for phosphate slag would also
appear in the corresponding estimate. lncidentally, some of these countries
require phosphorus fertilizers urgently. The fact that there is hardly
any trade in steel ingots, makes any further analysis of these costs .

unnecessary.
CHAPTER IV, ROLLING MILL COSTS

1. . Types of Finished Products

In a country where thefe is only one iron and steei industry, the
plant usually has to supply the necessities of pig iron for foundries
and tubes and often those of liquid steel for steel castings. These three
outlets far the industry's products represent only a small‘proportion of
thre market. Most of the big iron, the scrap and the steel ingots'aré |
rolled into finished products. Usually the roiling mill consists of a
blooming mill which trasnforms the ingots into blooms, slabs or billets
followed by various finishing mills, in which, in the course of the-
immediate or subsequent process, the semi-~finished material is rolled
intc steel products.‘

The design investments and output costs of the rolling mill depend
Tundamentally on the types and quantities of products to be»produced.

The possible variations affect the types and size of blpomé‘and slabs,
the design and the degree .of mechanization of the finishiné mills, In
this Study, it has been assumed that all the plants will produce an equal
assortment of products, selected in such a way as to correspond to the
situation which often arises if the plant is the only source of domestic

steel in a small market., The limitations on the assortment are imposed

/by the basic
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by the basic assumption that each section of the plant should have a
relatively high utilization factor., Under these circumstances special

products for which there is only a limited demand, would continue to be

imported.
Table 8 Breakdown of the Programme for the Rolling Mills
‘ (tons and percentages)
Product Percentage Tons per year
of total
Bars_and rails

Heavy rails and shapes 6.5 16,250
Light Bars of less than 38 mm. square,

with an average weight equivalent to '

16 mm. diameter (5/8") 4245 106,250
Wire bars and heavy wire ' 17.0 42,500
Flat products ,

Plate over 12.7mm.thickness (1/2"; . 1.0 2,500
Plate and sheet, and strip for welded

tubes up to 100 mm. 18,0 45,000
Sheet: for tinplate and galvanization a/ - _15.0 37,500

. 100.0 250,000

a/ Despite the inclusion of sheet in the pfogramme, and contrary to
usual practice in Latin iAmerica, investments and costs for tinning
and galvanization have not been considered in these papers.

As noted, the tonnages indicated in this Table correspond
approximately to consumption in a small market, but, in addition to the
size limitation, no highly developed steel transforming industry should
exist there. It was further assumed that the manufacturing orders for
merchant bars would average 200 tons per order, and that the opefating'
factor is about 70 per cent.

2. Rolling costs

As for efficiency, wages, capital charges, raw materials and
miscellaneous, general assumpticns were made which can be met in a new
plant after a reasonable period of experience, With these data and
‘based on steel ingot prices, as obtained in the preceding section, Annex’

11 was prepared.
/The resulting
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The resulting figures have, in turn, been grouped together in Tables
9 and 10 along the same lines used in the nreceding sections. The first
of these tables shows the figures in dollars (at 1948 value) per ton,
and the second as percentage of total cost. The latter has been broken
up into: a) raw materials; b) wages and salzries; c) other conversion costs,

and d) capital charges.

Table 9 ' Costs ner Tcn of Finished Steel
' (dollars of 1948 per ton)
Raw Salaries Miscel- Capital Total
materials and wages laneous charges costs
Plants conversion
v costs
San Nicolds d/ 97.72 6.96 L .65 18.81 128.14
A e/ T79.36 6.96 465 18.81 109,738
£/ The92 6,96 4,65 18.81 105.34
Volta Redonda 72,1 - 6.48 4465 18.81 102,08
Huachipato a/ 54,78 5.38 4465 18.81 83.62
Belencito  45.33 S 7.33 465 .18.81 76012
Monclova 60,45 6.00 4465 18.81 89.91»
Chimbote 53433 5,00 k.65 18.81 81.79
Barcelona b/ 068.58 24443 L4 o65 18.81 116.47
Barcelona ¢/ 69.31 24,43 4,65 18.81 117.20
Sparrows Point 62.48 19.18 L.65 13.94 100.25

Using asphalt or petroleum residue coke,
Using coke from imported coal.

Using Zapla ore.

Using Itabira ore.

e

Using Sierra Grande ore.

/Table 10
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Capital
charges

Total
coste

{per cent) {per cent) (dollars)

4.7
17.2
17.9

18.14
22.5
28,7
21.0
23,0

16.2
16.0

Table 10 Costs per Ton of Finished Steel
(dollars of 1948 and percentages)
Raw Salaries Miscel-
materials and wages laneous
conversion
Plants costs
{per cent) (per cent)
San Nicolds ¢/ 76.3 5. 3.6
&/ 723 6.3 L2
e 71l.1 6.5 Loy
Volta Redonda 70,6 6.4 L6
Belencito 59.6 9.6 6.1
Monclova 67211 6.7 5.2
Chimbote 6542 6.1 5.7
Barcelona a/  58.8 21.0 4.0
Barcelona b/ 59.1 20,9 . 4O
Sparrows Point 62.3 | 19.2 L.6

Using Zapla ore.

Using Itabira ore.

reerr

Using Sierra Grands ore,

Using coke from imported coal.

Usiag asphalt or petroleum residue coke.

13.9

128.14
109.78
105.34

102,08
83.62
76.12
89.91
8l.79

116.39
117.20

100.25

As in the previous chapter, the high wage rate in Venezuela causes

an increase in the cost of finished steel, placing it well above that

of the other plants, including Sparrows Point.

/CHAPTER V.
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CHAPTER V. ANALYSIS OF COMBINED COSTS -OF BLAST FURNACE, STEEL
_ SHOP AND ROLLING MILLS
By suitable computation of ‘the data-shown in Table 5, it can be
found that, in addition to circulating scrap and purchased scrap, it
would be necessary to use the following amounts of pig iron per ton of
finished steel for the various steelmakiné'processés: a) 1,013 kilogrammes
for the baslc open hearth; b‘ 1,023 kllogrammes for the combination of
80 per cent basic open hearth ard 20 per cent of Bessemer, and finally, °
¢) 1.143 kilogrammes for the combination of basic converter.and electric
re-nmelting furnace. A
. In order to ottain an overall piCuura of the cost structure of the
" steel industry, the classified cost data obtained in the previous chapter ‘
for pig iron, steel ingpt and rolled products have been combined, and
they have been weighted according to their consumption of raw materials;
Table 11 shows the results of this calculation. Taking final costs as’
a Baéis; three groups can be separated: ' first, Belencito, Chimbote,
Huachipato and Monclova, for which costs are lower than at Sparrows
" Point; secondly, Volta Redonda with figures approximately equivaient to
those of the United States, and lastly Barcélona and to lesser degrse
San Nicolds, where costs are above those of Sparrows Point, The reason,
in the case of Barcelona, are the higher wage rates and for San Nicolds,
the higher raw material costs even under the most favéurable conditions

possible, i.e. using Sierra Grande ore,

/Table 11
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Table 11 Cost Structure of Iron and Steel Production
Pig Iron, Steel Ingots. Finished Steel Products
—mgﬁn of finished steel)
Plant Msterials seiceies.  coste  charess 1ot
San Nicolds ¢/ . - 70.04 11,12 10,89 36.09 128.14
San Nicolds d/  5L.48 11.12 11.09 36.09 109,78
San Nicolds ¢/ ~ 47.08  11.12 11,05 36.09 105.34
Volta Redonda  ~  45.62 10,04 10.84 35,58 102,C3
Huachipato 29.03 8.35 10.66  35.58  83.62
Belencito = 15.47 30.81 13.17 36.97 7642
Monclova | 33.31 . 9.57 10.93 36.10 89.91
Chimbote 24,.55 7.76° 13.90 35.58 '81.79
Barcelona a/ 28,31 37.90 ©  14.68°,  35.58  116.47
Barcelona b/ 33.23 37,90 - 10.49 -+ 35.58 117.20
Sparrows Point 33.68 29,75 10.45 26.37 200,25
Table 12 .- . - Cost Structure of Iron and Steel _Production

Pig Iron, Steel Ingots, Finished Steel Products
iPercentages of the tctal) ’

Raw. Wages and  Other Cé.pita.l Total

+ Plant -~ materials salaries costs _ charges (dollars)

San Mcolds ¢/  K4.6 g7, 85 . 28.2 128,14
- San Nicolds  d/ 46.9 i0.1 10.1 32.9 109.78
San Nicolds o/ W47 1046 10,5 - 3.2 105.34
Volta Redonda W7 9.8 10.6 34.9 102,08
Huachipato oA 100 1247 12,6 83,62
Belencito 0.2 L.l 172 W85 642
_Monclova 37.0 10,6 122 0.2 189.91
Chimbot e 30.0 945 17.0 43.5 81.79
Barcelona 8/ 243 32.5 12,6 30.6 . 116.47
Barcelona b/ 28,4 32.3 9.0 30.3 17.20
Sparrovs ‘Point 13,6 29,7 10.4 26.3 100.25

8/ Blast furnaces using coke made from asphalt or petroleum residues. b/ Blast
furnaces using coke made from imported coal. ¢/ Using Zapla's ore. _g/ Using
Itabira (Brazil)'s ore. ¢/ Using Sierra Grande's are.

. /CHAPTER VI,
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CHAPTER VI, CGST OF FINISHED STEEL IN INTEGRATED PLANTS

1. General Remarks

An integrated plant is one which mines at least part of its raw
materials, in addition to carrying out the crmplete conversion process
from pig iron to finished stesl. In the following Chapter it will be
assumed that the plants referred to, so far, are integrated and
individually mine all the iron cre, domsstically produced coal and
limestone they require. This does not always correspond to reality
in the region, as some plants, such as Huachinato, are buying iron ore
and coal from undertakings already producing it prior to their |
installation. | |

Raw materials that remain to be purchased,such as imported coal,
will be accounted for separately. Similarly én account will be opened
for materials such as purchased scrap, since uce of the latter wiil not
be omitted from the manufacturing programme. Investiments necessary for ‘
the opening of mines will increase the capital charges corresponding]y,v
and wages and other expenses will be acdded to the respective items.
Summarizing; the analysis will begin by brezking dcwn the overall pig
iron assembly costs into the main primary factors and distributing them
within the corresponding accounts. For this analysis, it is necessary
to formulate several additional general assumptions, which ére inciuded
in Annexes 12 and 13. It also becomes essential to isolate some types
of expenses such as transport costs, purchased scrap, imported fuel or
ore, etc.

In Tahle 13 this breakdown of raw material costs has been made.

The most outstanding point is the importance of transport costs in some
of the examples. For instace, in Argentina, with the use of Zapla ore,

it is almost 32 dollars per ton of finished stesl as compared with about
14 dollars at Monclova and )1 at Volta Redonda. Since transport costs
have been estimated at 17.5 dollars per ton at Sparrows Point, San Nicolés
is the only plant which appears to be in a really unfavourable pOSition

as regards assembly costs.

/Table 13
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Table 1 Distribution of Raw Materials (‘osts by ISems

(1948 dollars per ton of finished steei)

| Wages Miscel- .. . Imoorted Prchased Total
- Capital Trans-
Piant and laneous .- fuel scrapand raw
: salaries costs OPerges  port 4 ore ferroalloys’ materidls

L

Sen Nicolas 4/ 236 2415 1.2 26,65  27.36 10,10 70,04
San Nicolas e/ 1.8 Lk 095  17.63  2L.65 8.23  5l.48

San Nicolas £/ 1.85 1.69 1.1 11.42 23,28 7.73 47.08

Volta Redonda 3.87 3,22 2,52 10,62 28 7439 45,62
Huachipato 5.57 L.17 L.18 5.25 L.38 5.48 29.03
Belencito 712 5,33 4.4 3.53 - C 4,02 15.47 &/
Monclova 5.23  3.94  3.92 - 13.97 - 6.25  33.31
Chimbote - 3,16 2.55 2.60 7.8L 3.09 5.31 2L.55
Barcelona o/ 3.48 2.21 2.39 14.12 - 6.11 28,31
Barcelona ¢/ 1,90 1.16 0.96 8.2 1477 6,20  33.23
Sparrows Point L.21 2.69 3.59 17.30 - 5.89 33.68

a/ Credit of $ 8.67, being the value of Thomas slag per ton of finished steel,
($ 6.50 ingot steel). ‘

b/ Blast furnaces using coke made from asphalt or petroleum residues.

¢/ Blast furnaces using coke from imported coal.

¢/ Using Zapla ore.

e/ Using cre from Itabira (Brazil;.

Using ore from Sierra Grande.

e

/2. Distribution
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2, Distribution of Finished Steel Costs in an Integrated Plant
Dollar vaiues for the different types of expenses are shown in

Table 14, and in Table 15 they appear as percentages of total costs.

It may be noted tﬁat wages, miscellaneous costs and capital éhargea have
increagsedslightly as compared with the figures in the preceding chapter,
due to the addition of some amounts previously included under assembly,
or raw materials costs, The new items, qﬁqh‘as cost of transport and
imported fuel or ore, are particularly heavy-at San Nicoléds, Volta
Redonda and Barcelona (in the latter case, if imported blast furnace

coke is used).

/Table 14

'
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Table 14 Distribution of finished steel costs in integrated plants a/

(1948 dollars per ton of finished steel)

Imported Purchased Wages Miscel-
Plant fuel scrap Tﬁgnt and laneous iigglls Credits Eggft
and ore b/ POIY salcmies costs & -

San Nicolas g/ 27.34 11.21 2£61 13.48 13.90 37.52 ~1.92 128.14
San Nicolds £/ 25.1 9.25 17.63 11.31 12.14 36.20 -1.92  199.78
San Nicoléds 3/ 23,00 8.20 11.28 12,97 14.57 37.22 ~1.92 1D5.34
Volta Redonda 17.58 2,29 '10.37 13.91 15.78 38.10 -1.95 102,08
Huachipato ] L.28 6.03 5,13 13.91 16.46 39.76 -1.95 83.62
Belencito : - 5.28 3.08 17.93 19.85 41.12 -10.84 76.42
Monclova - 6.57 13.81 14,80 16,64 L40.01 -1.92 89.91
Chimhote 3.02 5,76 7.65 10,92 18.21 38,18 ~1.95 31.79
Barcelona e/ - 6.63 13.79 41.37 18.66 37.97 -1.95 116.47
Barcelona 4/ 1442  6.83 8,05 39,80 13.51 36.54  -1.95 '117.20
Sparrows Point -~ 6.5, 16.89 33.97 14.8L 29.96 -1.95 100,25
Table 15 . Dlstributlon of finished steel- costs in integrated plants g/

(Percantages and 1948 dollars)

" Imported Purchased ¢ Wages Miscel-
Plant fuel scrap and laneous
and ore b/. s3aries  costs

Capital Credits Total

pert charges. Costs

San Nicolas s/ 213 8,7 . 20.8 10,2 10,9 29.4 -1.5 128.L,
San Nicolds £/ 22.9 8.4, 16,1 10,3 1.1 33. -1.8  189.78
San Nicolas g/ 21.8 7.8 10.7 12.3 13.8 35.4 -1.8 105.34
Volta Redonda 17.2 8,1 10,2 13.&6- 15.5 37.3 -1.9 102.08
Huachipato 5.1 - 7.2 6.1 16,6  19.7 L7.6 - 2.3 . 83,62
Belencito - 6.9 4L.O  23.5 26,0  53.8 =142 T76.42
Monclova -~ 7.3 15 16,5  18.5 AL - 21 89.91
Chimbote 3.7 7.0 9.3 13.4 22.3 46T =~2.4 81.79
Barcelona ¢/ - 5.7 11.8 35,5 16, 32,7~ 1.7  116.47
Barcelona 4/ 12,3 5.8 6.9 340 -11.5 31.2  =1.7 117.20

Sparrows Point - 6.5 16.8° 33.9 . 4.8  29.9 -1.9 100,25

a/ Plants including iron and coal mines.
E/ Purchased scrap plus ferroalloys.
Blast furnaces using coke made trom aspahlt and petroleum re81dues.
_/ Blast furnaces using coke made from imported coali. -
%/ Using Zapla ore.
T/ Using ore from Itabira (Brazil).
&/ Using ore from Sierra Grande.

/3. Influence of
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3, Influence of Wage Rates and Capital Charges

An analysis of the data of Table 1/, shows, as noted several tires,

the various plants show higher estimated costs than Sparrbws Point.
The breakdown of the assembly costs permits a more precise analysis of
the causes of these abnormalities; in the case of Argentina and Brazil
high cost of raw materials and trasport;vin trat of Venezuela the same
factors plus extremely high wage rates.

Censideration of labour costs will show that, except for Venezuela,
all Latin-American plants are favoured by lower wage rates. The extreme
case is that of Peruy, where the difference with the United States is as
much as 23 dollars, or 27 per cent of the estimated cost of steel. The
wage rates considered, as repeatedly underlined, are somewhat high, and
have thus been chosen to constitute, in themselves, an incentive for a
proper selection of the labour force.

t is logical to assume that, as economic development of these
countries progresses, wage rates will have to be increased., Such an
evolution'would reduce the present advantage for the plants in the region.
But it may be assumed that a limit for such wage rate increasesmight be
reached, when they obtain the same values pr;vailing in the United States.,

Table 16 shows the costs Latin American Steel would rezch in the
selected plants if wages were equal to those of the United States. The
increases vary from 20 per cent in Argentina to 28 per cent in Peru.
Venezuela would show a reduction of 6 per cent, as the wage rate

_considered in the former tables is higher than that of the United States,

On the other hand, it may also be assumed that when economic

development in Latin America reaches a level where wage rates equal

Althose of ﬁhc United States, such evolution would be accompanied by
technological pfogress, more advanced mechanical industries and a v
higher rate of capital formation. Thus capital charges equai to those
prevailing in the United States could also reasonably be expected, This
possibility has been taken into account in column C of Table 16, which
shows thé>peréehtage'by which the estimated total cost would decline,

“as a result of éuch an improvement in Latin-American economic conditions.

/Table 16
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Lstimated Finished Steel Costs_in Latin America,assuming Equal
Rabes and Capital Charges as in the Uniied States

(1948 dollars and percentages)

A B C D
= In>reases Raduction in -
Total in costs  costs brought
estimated to equal about by Results
cost United States equivalent
wages capital charges
(dollars) (percentage) {(percentage)c/ (dollars)
San Nicolas 4/ 128,14 18,5 - 5.8 Lideo 34
San Nicolas e/ 109.78 19.3 - 6.5 123.83
San Nicolas £/ 105.34 20.0 - 7.0 115.03
Volta Redonda 102,08 19.7 - 8.0 114,02
Huachipato 83.62 23.9 . -11.8 93.73
Belencito 76,42 21,0 -14.6 81,30
Monclova 89.91 21,3 -11.3 98.90
Barcelona a/ 116.47 -6.3 ~ 6.9 101.10
Barcelona b 117.20 -£,0 - 5.6 104.78
Sparrows Point 100.25 - - 100.25

g/ Blast fwrnaces using coke made from asphalt and petroleum residues,
b/ Blast furnaces using coke made from imported coal.
¢/ Equal engineering costs and rates of interest.

4/ Using Zapla
e/ Using iron
£/ Using iron

iron ore.
ore from Itabira, Brazil.,
ore from Sierra Grande,

/Table 16 alsc
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Table 16 also shows the result of the combined action of these two
factors: increase in wage rgtes and decrease in capital charges, so as to
equal throughout conditions prevailing in the United States. - In such
cases, which might be considered as the extremes, the cost figures move
into close proximity to Sparrows Point dsta. Brazil would still be 14
and Argentina 20 per cent above, in the best of caces, On the other
hand, costs at Belencito would be 20 per cent lower, due to the.extremely
favourable assembly costs. '

~ The high costs in Brazil are entirely due to the high price of its
coal, In this connexion a statement made in document L.2, describing the
Santa Catarina coal deposits as one of the good coking coal reserves for
the future, is extromely striling. Research on coal mining and .washing
methods in Brazil becomes therefore especially significant.

In order to facilitate final comparisons and conclusions, Table 17
has been prepared. Three sets of figures containing the main conclusions
reached in this paper are presented as Indides, with a base Sparrows
Point equal 100, | '

/Table 17
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Table 17 : C?QWSElVQ Cogts in the Different Plants
Index: Data for Sparrows Point = 100

Assembly "Cos% of finished Costs of finished
costs ateel under - ateel with wages
Plant per ton -conditions and capital char-
of assumed for ges equal to those
pig iron Latin America in United States.
San Nicolas [-4 s 128 : 14,
Sen Nicolas 4/ 158 120 123
San Nicolas e/ 143 105 119
Volta Redonda 138 102 1L
" Huachipato 85 .8y 9L
Belencito ’ 65 ' 76 82
‘Monclova 99 90 100
Chumbote : 69 82 93 .
Barcelona 8/ 80 16 - 101
Barcelona Y | 97 17 v 105
Sparrows Point . (100) - 8 27.1 . $100.25 $ 100.25

a/ Blast furnaces using coke made from aspahlt or petroleum residues.
Blast furnaces using coke made from imported coal.

¢/ Using Zapla iron ore.

Using iron ore from Itabira, Brazil.

Using iron are from Sierra Grande,

|{Ib

el

/Since a
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~ ~Since a hypothetical plant, located as Sparrows Point Y and
producing 250 thousand tons of a w1de assortment ‘of small amounts of
different steels, cannot be taken as representative either of costs or
conditions prevalling in the United States, the figures shown in Table
17 have limited valldlty, They ‘show the respective locational advantages
and should have sighificance as they stard; but if Latin—American marksts
should develop to dlmen31ons in whlch large speclallzed plants are justified,
of slze produ01ng beyond the range An wnlﬂh scale of operation has a
significant bearlng on costs.

A study of column A of Table 17 shows tha%, except in Brazil aﬁd
Argentina, the sites seiected in Latin America have lower assembly costs
than those of Sparrows. Point in the Unitéd_States. The high figures for
* Argentina would probably be lowered by uéiﬁg a substantial percentage of
the Rio Turbio coal; thbée for Brazil, by a greater recovery of metallurgical
coal from the Earro Branco run-of-mine; also, in both countries, if all,
or a substantial part, of-their imported coal is purchased in Colombia,
instead of in the United States. B

The study of the indiées given in column B shows that the influence
of conversion costs tends to modify the relative differences arising in
assembly costs. Costs at Huachipato, Belencito, Monclova and Chimbote are
below those of Sparrows Point; whereas Volta Rédonda and San Nicolds are
only sllghtly higher. Finaliy the high wage - rétes of Venezuela increase
its total costs to about ‘16 per cent more ‘than Sparrows P01nt., If, to the
costs at Sparrows Point, transport costs to tne Latln-Amerlcan markets are
added, a figure much blgher than Latln-Amerlcan estlmated costs would ‘
generally result"even in the'case of Venezuela, the estlmated ‘cost would

be very close to the c.i.f. cost for imporied flnlshed steel,

l/ Sparrcws Point has higher assembly costs than the plants in the main
steel. producing centres of the United States, But as the steel used on
the coast or for export would have to carry still higher transport costs
within the United States than the difference in assembly costs, the
Sparrows Point plant appears more favourably located for serving export
markets.,

/Column C
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Column C shows that if, instead of comparing the influence of actual
factors, it is assumed that wages and capital charges are equal to those
in the United Statés, then only the planfs of Volta Redonda and San
Nicolds show an adverse result, Again this difference would be smaller
than the Sparrows Point costs, increased by transport expenses for finished
steel, Those Latin-~American plants, such as Volta Redonda and San Nicolds,
where assembly costs are even higher than the already high figures for
Sparrows Point, would still be in a position to compete for their domestic
markets. High grade ore, in most cases with sufficient reserves for
several centuries, and lower wage rates, offset part of the difficulties
which arise from a deficient knowledge of coking coal reserves and of
methods for coking the high volétile fuels which are abundant in the
region, ' |

' This does not justify a general endorsement of the establishment of
an industry which happens to have rich ores available and be located close
to regional markets, The volume of annual production, that is, the size

of plaht,vinfluences production costs very considerably. Large scale
operations become even more advantageous because an industry operating

for a large market may further reduce its costs through specialization.

This is the case in the United States, whereas, in Latin America, markets are
small and spread over vast areas. A special paper, L.91 deals with this
aspect of the problem, analysihg the influence of the size of -operation on
costs and investments for plants assumed to be in the same locations as

- those studied in this Paper.
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Annex 1 General Beses of the Calculgtions

(Value in 1948 dollars per metric ton)

1. Cost of open pit mining of iron ore, per metric ton,
at loading station of mine

2. Cost of open pit mining of limestone,per metric ton,
at loading station of nine

3. Cost of ccoling water
4, Cost of ccking coal. Pocahontas. CIF Norfolk, Va.
5. Cost of ferro-alloys for 100% cpen-hearth production

Us$ 2.25

2,26
0.422

8.9
2 ;7-/ |

. Cost of ferro-asllcys for 80% open-hearth and 20% acid Bessemer g:;

Cost of ferro-alloys for 100% basic Bessemer (Thomas)

6. Lime and refractories (Ingot stesl)
Lime and refractcries, Beiengito (Thomas ingot steel)

7. Refractories and spare parts (finizhed steel)
8, KWH (hydro-electric. power)
9. Unit cost of transpverit for raw materials in bulk

1.60-/
2,008

1.20Y

Railway transport . US$ 0.00848 /ton.kilometre
Inland water-way transport 0.00399 /ton.mile
Maritime transport d/ (normal rate) 0,002341/ton,nautical mile
Maritime transport e/ (low rate) 0. OOO94A/%on nautical mile
Trans-shipment f/ 1.20/ton
Crossing of Panama Canal . . 1.25/ton
10, Maintenance materiasls (Ingot steel) 0.502/
Maintenance materials Belencito 0.8 b
(Thomas Ingot Stesl) ‘
11l. Services and overhead 100% open-hearth - 0.45%/
(Ingot steel) 80% open-hearth and 20% Bessemer. 0.573/
‘ 100% basic Bessemer (Thomas) 1.05—/
12, Maberials, services, maintenance ard overhead (finished steel) 1.459/
Capital Charges
Countries Pig Iron Finished Stesl
Lasin~American countries $ 96 $ 209
United States~ 80 174.30

Cost per metric ton of pig ircn.

Cost per metric ton of crude steel,

Cost per metric ton of fimished steel,
Normal rates.

Reduced rates, Nobt used in present study.
One loading and one unloading operation.

sleleel,



Annex 2 . Costs of Iron Ore, Delivered to 250,000 Ton Plants

ON,12/293/A4d .2
"fesued provial r2lly st
the Bogotd Meebing as -
'ST/ECLA/CONF ,1/L.87 .
~ Page 45

(1948 dollars per tonm)

: Transport cosis
Mining Inland

. Trans~ )
L ;
ooation ~ costs Sea Waterway Land shipments T°:71
San Nicolds, Zapla ore 2426 - - 11103 1.20 1hth§/
San NicalZs, Itabira are 2026 3485 - iy>85 2040 13+36b/
San Nicolds, Sierra : ' . - .
Grande gre 2426 2.24 - - le53 240 8¢43
Volta Redonda 2426 - . - 3634 1420 6480
Huachipato 226" 1.06 - - 1e20 Le52
Belencito 2426 - - Q.19 120 3065
Monclova 2426 - - 6eh2 1420 9+88
Chimbote 2426 1.05 - 0e34 240 6e05
Barcelana 2026 lek5d/ 0e5le/  0eh9 2440 7011
Sparrows Point, ; :
Maryland . 2426 he97d/  0e5le/  Qeh9 2.0 10463
g/ To transport and other costs, a sum of USs$ 2.26 per ton has been added
to represent mining costse This is the price paid by Cifa. de Acero del
Pacifico, Huachipato, based on US$ of 1948. _
b/ Does not include profit for the campany owning the Itabira deposit in °
Brazil. . »
g/ Includes cost of railway transport to Puerto Madryn (180 kilometres)
.- and maritime freight at the usual rate, fran Puerto Madryn to San
Nicolds (955 nautical miles)
g/ Corresponds to inland water-way and meritime transports Normal tariffs
L4  of diresct transport were used, along the Orinoco River and ses~ways,
: to the steel plante
g/ Covers debt service, corresponding to the dredging of the Orinoco River

and cost of maintenance of the water-way for a yearly transport of 5

- million tons of ores According to Journsl of Metals and Minin
Engineering February 1950, the cost of dredging the Orinoco can be

estimated at 18,000,000 dollarse Assuming an interest rate of 3%
and an amortization rate of 5%, as well as maintenance costs of
USe$ 1,100,000 per year, a to-al cost of US.$ 2,540,000 per year
would be obtaineds Then, estimating the average annual extraction to
be 5,000,000 tons, as the one in question, the average cost per ton
exported due 4o maintenance of the Orinoco River would be USe$ Os51.
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Annex 3.

Plant

San Nicolés
San Nicolds
San Nicolds -
Volta Redonda
Huachipato
Belencito
Monclova

Chimbote

Barcelona

Costs of Iron Ore per Ton of Pig Iron Produced

(Percentage, kilos and 1943 dollars)

Kgso of

Deposit - Fe ore per

Location conte ton orf

% pig iron
Zapla L8 2,085
Itabira 65 1,540
Sierra Grarde 57 1,755
Lafaietta 65 . 1,540
El Tofo 60 1,670
Paz de Rio L7 25120
Durango 60 1,670
Marcona 60 1,670
El Pao 65 1,540

Sparrows Point,’

Maryland

El Pao 65

1,540

Cost

of ton
of ore

ek -

13436
8o43

6430
Le52
3065
9488
605

Teo11

10663

Gost of
ore per

ton of
pig iron
20.20
20057
14.80
1047
Te55
Te'lh
16650
10.10

10.95

16437
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Annex 4 . 'Gosthg Coking Puelsggelivered to Plant
(1948 dollars per ton)
, Trans-
Location Origin 4 Cost of portaticn, Total
mine
ete, .

- San Nicolgs, Zapla ore Imported 100 == - 20.00
San Nicoléds, Itabira ore Imported 100 -~ - 20.00
San Nicolés, %%%rra Grande Imported 100 ~—- - 20,00
Volta Redonda Tuported w0 8.9 14,01 22.95

Domestic 30 16 g/ 6.2 R.u42

Huachipato Imported 15  8.94  12.68 21.62

Domestic g5 8.19 0.36 8.55

Belencito Domestic 100 6.02 0.10 - 6,12

Monclova - Domestic 100 6.80 0.85 - 17.65

Chimbote Imported -

- (asphalt) = 15 13.20 7.62  20.82

Domestic 85 450 0.85 5.35

‘Barcelona Imported 100 8.94 Lo54  13.48
Domestic " T

. (asphalt) 100  2.26 3.32 £.58

Sparrows Point, Maryland Domestic 100 19,10

/ The original calculation was US#20.50, but it was reduced at the
suggestion of the representatives of Volta Redonda to the real

figure of US$L6.-.
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Annex 5 Cost of Coal Delivered to Plant _
(per ton of pig iron, 'in 1948 dollars)
Tons 6f Cost of
. . ¢ Cost of
" Location Origin of in blend . coal per anl per
coal tlend ton ton of ton of
per pigiron pigiron
San Nicolds, Zapla ore Imported 100 20.00 1,350 27.00
San Nicolds, Itabira ore Imported 100 20,00 1,070 21.40 A
San Nicol4s, Sierra Grande Imported 100 20.00 . 1,150 © 23.00-
N ore
Volta Redonda Sauta Catarina 30 © 22.79 1,055 24.96
_ Imported 70 ‘ :
Huachipato Golfo Arauco 85 10.54 1,320 13.91
S Imported 15. - |
Balencito Paz de Rfo 100 6.12 1,420  8.75
Monclova Coahullas | 100 7.65 1,250 9.56
Chimbote Autdracite A
' Santa 85 7.68 . 970 45
Asphait o B
Imported 15
Barcelona " Domestie S ]
v asphalt 100 5.58 1,600 8.93
Larcelena Imported 100  13.48 1,070° 1442
Bperrows Podnt ,Maryland 100 9.10 1,070 9.7 .
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(1948 dollars per ton )
22221 Kg.s. . of 095t of
tesstn e i Lo dmesine
1c;grslts . toné_ pig iron ioxi.‘onpig
San Nicolds, Zapla ore 1.60 3.86 505 1.95
San Nicolds, Itabira ore 1.60 386 200 077
San Nicolds, Sierra Grande
. ore 1:60 3.86 200 1.08
Volta Redonda la 51, 6480 280 1.90
Huachipato - 3¢} 5067 280 1459
Belencito 0,00 2426 500 1.13
Monclova 0+09 2e35 290 0068
Chimbote 2022 Lel8 b. 286 : L.25
Barcelona a/ 2,90 5416 350 1.80
Barcelona b/ © 290 5.6 200 1.03
Sparrows Point | 290 5'.115 | ' 200 1.03

Average (Venezuela b/ only) $ 1.7

5/ Coke produced with asphalt or petroleum residues

b/ GCoke produced from imported coal
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Annex 7 Costs of Coking Opecations

The "Mineral Yearboo4" gives the cost of production of
metaliurgical ccke in the United States in coke-ovens,
for 1948 in short tons of 2.000 1lbs., these figures,
reduced to metric tons, give the following values:

Grass cost per metric ton of ccke US$ 18.58
Cost of coking coal per netric ton of coke 12.77
Coking cost per metric ton of ccke 5.81
which includes ¢apitzl charges of 2.27
Coking cost per metric ton of coke 3.54

Therefore, the approximate coking cost
per metric ton of coking coal,would be 2.48

and the credit for by-products would represent = 3.09
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Annex 8 Coke -lant ,osts and credits
(1948 dollars)
Costs of  Oredits  woi cost  Coal Colcing
X for by~ .
coking or c¢redit consumed
_ products -
per ton per ton per ton per ton per ton of
~of coal of coal of coal of pig iron pig iron
San Nicolde, Zapla ore 2448 3+09 =061 1,350 © =0:86
San Nicolds, Itabira
ore 248 3,09 ~0061 1,070 - ~065
San Nicolds, Sierra '
Grande ore 2-[.;8 3-09 =0.61 1,150 =070
" Volta Redonda 2448 3409 -0661 1,095 ~0467
Huachipato 2.48 3.09 -0s61 1,320 ~0.81
. Belencito , 248 3.09 ~0061 1,430 ~088
Monclova 2048 3009 ~0061 1,250 ~0.76
Chimbote 2448 - #2448 970 #2440
Barcelona 4/ 2e1,8 - #2448 1,270 #3415
Barcelona B/ ° = 2.48 3409 -0.61 1,070 -0.65
Sparrows Point . 2.10 13,09 0499 1,070 ~1.06
(+) Costs
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Annex 9t Cost of Pig Iron Production in 250,000 Ton Plants
(1948 dollars per ton)

San Nicolés Barce- Barce-

Volta 'Hua- : . Spar-
BaJern~ Mon- Chim- lona 1lona
Item , Ita~ Sisrra Redon- chi- [, - rows
Zapla bira Grande da  pato cito clova bote asgnit coal Point
a/ b
Iron ore 30.20 20.57 14.80 10.47 7.55 7.74 16.50 10,10 10,95 10.95 16.37
Coking coal R7.00 21,40 23.00 24.96 13.99 8.75 9.56 7T.45 8493 1hob2 9.74
Limestone 1.5 0.77 1.08 1.90 1.59 1.13 0,68 1.,25 1.80 1.03 1.03
Less,credit for blast ' ,
furnace gas =1.90 -1.90 -1.,90 =1,90 =1.90 -1,90 =1..90 -1.90 =1.90 -1.90 =1.90
Assenbly costs 57.25 40.84 36.98 35.43 21.15 15,72 24.8L 16.90 19,78 24,50 25.24
Direct wages 0.45 0.45 O0.45 0.41 0.35 O.47 0.38 0.32 1,56 1.56 1.22
Indirect wages. '
and salaries 0.57 _0.57 _0.57 _0.53 _O.4h 0,60 0,49 0,41 2,00 2,00 1.57
Total,wages and : :
salaries 1.02 1,02 1.C2 0,94 0,79 1.07 -0.87 0.73 3.5 3.56 2.79
ooling water 0.42 0.42 Cuh2 0.42 0,42 0,42 0042 O.4R 0.42 0,42 0.42
Net coking costs +2.40 +3.15
Lesc net coking .
cradits . =0.86 ~0.65 -0,70 0,67 -0,81 -0,38 ~0,76 -0,65 -1,06

Repairs and overhead 2,16 _2,16 2.16 2.09 _2,06 2,49 2,11 2,01 2,40 2,10 _2,10

Total, other
trensformatim costs 1,72 1.93 1.88 184 1.67 2.53 Le77 4083 5.97 1.87 L6

Direct costs 52.99 43.79 39.88 28,21 23,61 19.32 27.48 22.46 29,31 29.93 29.49
Capital charges . 8,6k 8,64 8,64 8.6. 8,64 8,64, 8,6, 8,64 8.64, 8,64 6.4,0
Total costs 68.63 £2,43 148,52 46.85 32,25 27,96 36,12 31,10 37,95 28.57 35.89

" a/ Coke produced with asphalt or petroleum residucs.

b/ Coke preduced from imported coal.
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San Nicoléds Huachi " Mon- Chim~ Barce Barcg Spar-

. 1
Sie~ Vol- pato Belen clova bote (;}a 1o ;g;i;t

| Tta= rra ta 202 cito 1009 20%
28pla ira Gran— Re- Bes- 100% open Bes- (208 208 20%

de donda semer Thanas hearth semer Bes- Bes~ DBes-

semer semer semer

- Liquid pig
iron 52.10 39+80 36483 35:98 24677 2396 2742 2390 29¢14 29.62 27.56
Ciraulating :
scrap 12.5L 9458 8487 8465 578 5.13 6461l 5.57 6480 6491 6443
Purchased , '
scrap 6.2L LeTT Leldl Leh2 2:95 2454 3630 2684 3e47 3’53 3430
Ferro—dﬂst 2017 2017 2017 lo92 1~92 lcho 2-17 1092 1092‘ 1092 1092
~Credit for
Thomas slag ~6.50
Total , ferrous

material cost  73.05 56632 52428 50497 35e42 26453 3950 3Le23 41433 L;J.§98 39.21
Directwages 200 2400 2400 1e60 1433 0.90 1.72 ;1.-2[; 6e0L 6404 LeT74

Iwa?gzge(:t _ 0635 0435 0835 _ 0035 _0s29 0660 _0e30 0627 1433 133 105
Total wages 2635 2635 2635 1495 1462 150 202 1,51 7437 Te37 5479
Fuel oil 1.32 1l.32 1.32 1.06 1:.06 = 1¢32 106 0677 0477 1e086
Limestone ard

refractories l-lO 1l.10 1410 1610 1.10 160 1.10 1lelO0 1.10 'lolo 110

Purchased elec~

tric egergy. 2/ 2/ 2/ ' E/ 2/ 1-052/ E/ 2/ 2/ Q/ : E/
Maintenance . ‘

materials 0e50 0e50 0050 0050 0450 085 0650 0650 0450 0650 0,50

Overhead, -
materlals and

services Oohi Ouhs 0-45 0057 0057 0072 ‘Oehs »O°51. 0&57 0-57 Oo57

Total, fixed
produc tion

expenses 3637 3637 3.37 3423 323 4e22 337 3623 294 2:94 3423

Total direect .
costs 78.77 6204 58,00 56015 40e27 3225 LLe89 38497 51¢64 522G L8423

Capital charges 6440 6440 6o40 5094 5094 6022 6040 5094 5.94 5.94[;.._/.;.0
Total cost 85.17 68-&# 6&.&0 62009 h6021 380&7 51029 hﬁo9l 57-58 58023,

Note: See Annex 10 (continued) "Genéral Basic Assumptions Used in the
Comparative Calculation of Costs of Production of Grude Steel"

a/ Coke produced with asphalt or petroleum residues.
b/ Coke produced from imported coal ,
_/ Assumed to be produced in the plant, 1ncluded in "General and mlscellaneous
costs.
r Lopn of re-melted scra 210 KWH per ton o:f.‘ ingot steel at
&/ 709 K per top P; p g
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Annex 10 (Cont.) General Basic Assumptions Used in the Comparative
Calculation of Costs of Production of Crude Steel

80% Open 100 % Baric

‘ 100% hsarth Bessemer.
Item Unit Open and Scrapre-melted
. . : hearth 20% acid in electric
Bessemer furnace

Liquid pig iron per 1,000 kgs. '

of steel ingot . Kgs. il 768 857
Cirsulation scrap Kgs 203 199 205
Purchased screp (at 90% of

pig iron price) . Kgs. 101 ©102 101
Ferro-alloys per ton

of steel ingot Us$ - - 2,17 - 192 1.40
Fuel-oil Kgs. - 110 88
Limestone and refractories UsH 1.10 © 1.10 1.60
Direct wages Hours 3,5 3,02 1.50
Miscellaneous wages and

expenses estimated in

working hours Hours 0.30 0.37 0.67
Repairs and maintenance

corresponding to labour Hours 0.32 0.30 0.32
Purchased electric énergy Usé . e/ ¢/ 1.05 4/
Maintenance materials Us$ 0,50 0.50 0.85
Materials and services under

the item "General and .

miscellaneous costs" Usg 0.45 0.57 1.05
Capital charges in United

States 8%; in Latin America

9¢ on United States capital

investment increased by 204

to cover transportation and

other costs. This capital :

is estimated for Latin

American plants, per ton of ‘ _ , .

annual capacity at: USy 73.30 66 .- 69.60

g/ Assumed to be produced in the plant, included in "General and miscellaneous costs'.
g/ 700 K¥H per ton of re-melted scrap; 210 KWH per ton of ingot steel at § 0,005
the KWH.
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Annex 11 Costs per Ton of Finished Steel in %70 (00 Tun Planta
(1948 doliars per ton)
San Nicolds Vdlta Huzs- _ . Barce- Barce- Spar-
Ttem - Ita- Sierpa Relon- chi- Bégur‘ §Cn~ ghlm’ 'ﬁﬁ%l 1°§a rows
oo . 3T 9L ETS o C cito clova hote asphple coke s
Zepla bira Grande <& paw - .a b/. Point

Steel ingots ‘ S : S » o
. 113.54 91.25 85.87 82.79 61.61 51.29 68.39 59.88 76.77 77.64 70,17

Fuel blast : . _

furnace gas 0.88 0,38 0,88 0.98 0,88 0.8 0.88 0.88. 0.88 0.88 0,88
LGSS s@wwedit "16 . 72 -12 . 77 -ll 083 "J.l [ :ED‘ "'7» ?l "6 . ql.: ".8'o 82 "7 -LI—B -9 ] 07 "9 . 21 "8 . 57
EAW‘materiais : o

per ton . 97.72 79.36 74.92 7T72.1L4 54.78 L5.33 60.45 53.33 68.58 69.31 62.48

Rolling wages
(10,18 man _ _
“heur). 5,80 5,80 5,80 5.40 L4.48 6.11 5.00 4.17 20,36 20.36 15.98

Maintenéhce and

overhead wages o ‘
Total wages 6.96 6,96 6.96 6.48 '5.38"7;33‘ 6.00 5.00 24.43 2i4.43 19.18
Refractories and ' . .

spare parts 2,00 2,00 2,00 2.00 2,00 2.00 2,00 2,00 2.00 2.00 2,0
Mzintenance ‘

materials for

‘services and ’ o .

overhead 145 145 Lo45 145 L1450 Lu45 Ldbbs Leh5 145 Lo45 1.45
Electricity - 1.20 1,20 1.20 1.20 1.20-1.20 1.20 1,20 1,20 .20 1,20
Total materials . , o :

gnd Ser'Vices Ll-nés "&-65 A.65 1-'1465 LL165 _A-_éi ll-'65 _lh65 4.65 Aoés A’éi
Total direct o ' '

costs 109.33 90,97 86.53 83.27 44.8) 57.31 71.10 62.93 97.66 98.39 86.31
Capital cherges 18.81 _18,8]. _18.8]1 _18.81 18.81 18,81 i8.81 18,8]) 18,87 _18.81 _13,94

Total Cost 128.11 109.78 105,34 102.08 83.62 75.12 89.91 81,79 116.47 117.20 100.25

a/ Coke produced with asphzlt or petroleum residue.
b/ Coke produced from imported coke.
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Annex 12 A - Breakdown of Iron Ore, Coal and Limestone Costs
(1948 dollars per ton)
" San Nicolfs Volta . . .
, . 1 ¢ B
Ttem (Zapla) Redonda Huachinato elencito
: Iron Pig iron Pig Iron Pig Iron Pig
ore iron ore iron ore iron ore iron
Ircn ore
Wages . 0,90 1.8 0.90 1.39 0,90 1.5 1.00 2.12
Miscellaneous - 0.82 1.7 0.82 1.26 0.82 1.37 0.86 1.82
Capital charges a/ 0.5 1.13° 0,54 0.83 0.54 0.90 0.40 0.85
Local transportation 12,23 25.48 4,5, _6.99 2.26 3.77 1.39 2.9
Total ’ 14.49  30.20 6.80 10.4 4,52 7.55 3 65 7.74
Fuels (Dcmestic) _
Wages 9.60 3.16 3.29 3,69 2,53 3.6l
Miscellaneous 6.40 2.10 2.20 2,47 1.69 2.4
Capital charges L.50 1.48 2.70 3,03 1.80 2,57
" Transportation 6.42 2,11 0.36 0.40 0.10 0.14
Imported fuel .(Value) _ 27.00 14.94 4,28
Total 27.00 26,92 22.79 8.55 13.87 6.12 8.73
Liwestone
Wages 0,90 O.45 0,90 0.25 C.90 0.25 1.00 0.5
Miscellaneous 0.82 Cu4l 0.82 0.23 0,82 0.23 0.86 0ui3
Capital charges 0.5 0.27 0.54. 0.15 0.54 0.15 040 0,20
Transportation 1.60 0.82 by 5 1.27 3.41 0.96
‘Total _ ' 3.86 1.95 6.80 1.90

5,67 1.59 2.26 .13

a/ Investment US$ 6.~ per ton/year.
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Annex 12 B Breakdown of Iron Ore, €oal and ILimestone Costs
: (1948 dollars per ton)
Monclova Ghimbbte ' Barcelona é/ Barcel.ona E/Sparrows Point
Iron Pig  Iron Pig Iron Pig Iron Pig Iron  Pig
o ore iron _ore iron ore . iron ore iron ore iron
Iron ore : o ) o
. Wages . - 0,90 .1.50 '0.90.-1.50 0.85 1.31 0.85 1.31- 0.85 1.3l

. Miscellaneous  0.82 .1.37 .0.82.' 1.37 0.75 1.00 0.65 11.00 0.65 1,00
. gapital Chal‘gfﬁ c__/O'5L|' 0090 _O'Sll' - 0090 0076 1-17 0.76 1-17 ' 0l76 ll17
ocal . '

' transportation 7.62 12,73 3.79 - 6.33 L.85 _7.47 485 _T.47 _8.37 12.89

Total 9,88 16,50 6.05 10.10 7.11 10.95 7.11 10.95 10.63 16.37

" Fuels (Domestic)

.. Wages 2.73  3.41 1.62. 1.34 0.86 1,38 2,10 2,24
Miscellaneous 1.82 2.27 1.08 .0.89 0.58 0.93 ‘ 1.40 1.49
Capital charges 2,25 ‘2,81 1.80° 1.49 0.80 1.28 2,40  2.56
Transportation 0.85 1.06 0.85 0,70 3.22 5.31 3.20 3.4

Imported Fuel (Value) » - 3.02 ‘ 1348 L
Total | 7.65 9.56 '5.35 7.4 5.56 8,90 13.48 1437  9.10  9.70
Wages 0.90 0.26 '0.90° 0.25 0.85 0,30 0.85 0.17 0.85 0,17
Miscellaneous 0.82 0.2, 0.82 0.23 0,65 0,23 0.65 0.13 0.65 0,13
Capital charges 0.54 0,16 0.5, 0.15 0.76 0,27 0.76 0.15 0.76 0.15
Transportation 0,09 0.02.°2.22.. 0.62° 2,20 1.0% 2,99 0,58 '2,90 ' 0.58

- Total . 2.3577°0.687 4.437.1.25 516 1.8 5.16 1.03 516 1.03

a/ Toke produced ‘with asphalt or petroleum residue.
b/ Coke produced from imported coke.
. ¢/ Investment US§..A.- per ton/year. .
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Annex 13 Distribution of Assembly Costs of Raw Materials
' 1948 dollars per tqn)
San Nicoléé, . _ _
with ore from: !ofté Hug- Belen- Mon- Clin- Bi;ce Earce—3§:;
S Tta- Sierra o’ SP1% cito - clova boute o b/ Point
Zapla bira Gr?g;e s ‘pa o] ,
Wages :
Iron ore 1.88 1.58 1.39 1.50 2.12 1.50 1.50 1.65 1.65 1.65
Coal ) 2.1[} 3<,69 3.“31 3.[{1 l’3h 1.38 2.25
Limestone 0.45 0.18 0.25 Q.25 0.25 0,50 0,26 0.25 0.37 Q.21 0.21
2.33 0,18 1.83 3.72 5.44 6,23 5.17 3.09 3.40 1.86 4.11
Miscellaneous ' .
"~ Ironore . 1.71 1.4, 1,26 1.37 1.82 1.37 1.37 1.00 1.00 1.00
Coal 1.65 2.47 2.41 2.28 0,89 0.93 1.50
Limestone 0.41 0.16 0.23 0.23 0.23 0.43 0.24 0,23 0.23 0.13 0.13

2.12 0,16 1.67 3.14 4.07 4.66 3.89 2.49 2,16 1.13 2,63

Capital charaes

Iron ore 1.13 0.95 0.83 0.90 0.85 0.90 0.90 Q.83 0.83 0.83
Coal 1.48 3.03. 2,57 2,81 1.49 ‘1.31 2.57
Limestone 0.27 Q.11 0.15 0.15 0.15 2.20 0.16 Q.15 0.19 0.11 0,11
1.40 0.11 1.10 2.46 4.08 2.52 3.87 2.54 2.33 0.94 3.5@
Transnortation | '
Iron ore 25.48 17.10 10.83 6.99 3.77 2.9512.73 6.33 T.47 7.4712.89
Coal o 2,11 0.40 0.14 1.06 0,70 5.31 3.42
Limestone 0.82 0,32 C.45 _1.27 0.96 - 0.02 0.62 1,01 0.58 _0.58
26,30 17,42 11.28 10.37 5.13 3.09 13.81 7.65 13.79 &.05.16.89
Fuel
Imported ;
- Coal 27.00 24.87 23.00 17.58 _4.28 3.02 14,42
 59.15 42,74 38.88 37.33 23,01 17.60 26.74 18,80 21.68 26.40 27.14
TOTAL
Iron ore 30.20 20457 14.80 10.47 7.55 7.74 16,50 10,10 10,95 10,95 16,37
Coal 27.00 21,40 23,00 24.96 13.87 8.73 9.56 7T.45 8.93 1442 9.74

Limestone 1,95 _0.77 _1.0¢ 1.90 _1.59 _1.13 _0.68 _1.25 _1.80 _1.03 _1.03
" 59.15 42,74 38,88 37.33 23,01 17.60 26.74 18.80 21.68 26,40 27.14

a/ Ceke produced with asphalt or petroleum residues,
b/ Cdke produced from imported coal.
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