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LOCAL FACTORS ON THE IRON ~~D STEEL INDUSTRY 

IN LATIN AMERICA 

1. Scope and Purpose of the Study . 

Although the iron ore reserves of L~tin America have not yet been 

prospected.fully, it is known tha~ the region is rich i~ high-grade o~es. 

Reserves investigated so far, represent npproximately:20 per cent of total 

known world reserves. Only a smc..ll a.'!lount of iron ore is at present mined 

in the region, representing in 1950 about 4 per cent of the world production. 

The relatively slow development. of iron ore mining ,is ma~ly due to the 

low iron and steel consumption of the region. This, in turn, 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 r~y 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 other 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 indu3try, of factors which originate 

in the location of the plants s·v.ch as quality of raw materials and their 

distance from the plants, wage rates, etc.; and second to point out t~e 

technical problems which the industry would have to solve in order to 

make better use of availatl~ resources and to reduce costs. 

Seven Latin-American countries have been selected for this cooparative 

study. They are, Arg~~tina, Brazil, Chile, Colombia, Mexico, Peru and 

Venezuela. They are either ope~ating steel plants already, or are building 

them; others appear t.o have resources and possibilities for the operatj_on 

of a steel ,lant. In each of these countries, one location for an imaginary 

steel plant l-ra.s selected as an example. Pig iron, 3teel ingot and finished 

steel costs we~e then estimated for each one of these, in the imaginary 

plants. The selection of the site was preferably chosen for places 1"lhere 

/~itr.er a 



Z/CN .~/293;Adu.2 
Issued provisionally at 
the Bogota Meet.ihg as 
ST/ECI.A/CONF.l/1.87 
Page 4. 
either a steel industr~y exists or construction has beon m1der consideration. 

Information regarding th8 factors which build up costs, was thus facilitated. 

The inclusion of a certain site in thi~ study does not imply an opinicn as 

to its comparative advantages in relation to. other locations in the same 
-. 

country; nor does it imply that th~ selection of the raw materials car~ot 

be improved by using different combinations.· 

Since staelmakingby the classic31 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 t~e indust1~ ~ines all.or part of its 

raw materials, in ,.m::i.ch case it is celled ·an integrated plant, and b) where 

the industry purchases it& raw rnaterials from other sources • .!! · 
Scale of operation has important bearin; on steel costs and, since it 

is determined by the she of the markets, it also be~om.es a locational factor 

in Latin America. To simplify, tte total study. has been ~vided into 

two parts, the first of which, contained in the present document, analyses 

the influence of the locational factors e~ccept size of the market, and 

document 1.91, detP-rmines the influence of the scale of operation exclusively. 

The imaginary plants in the various cotmtries are all of equal size, 

250 thousand tons of finished steel per year. The most favourable selection 

of raw materials for each location has been determined, and production costs 

and the necessary investments have then been estimated. A considerable 

number of prices, and of various cost factors of minor importance, were not 

invoestigated in detail, but instead general assumptions were used. ·Nany 

of these assumptions are based on conditions prevailing in. the ·~Jnited States 

in 1948, and witnout too great a margin of error; thsy are still representative 

for general estimates. Because of the necessity to d~termine the overall. 

results of these assumptions, and the desire to obtain a basis for comparison 

with costs of steel produced in one of the exporting countries, an identical 

ilnaginar-.r plant was located on the· Atlantic coast· of the United States. 

!I Since the latter is the simpler cas~, the full set of calculations referring 
to it will be m:idc first, and a.fter .. ra.rds the necessary valuations for an 
integra·~ad plant vrl.ll be introdu•;ed. 

/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 ~he 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 Bogot~. Comparisons were ~acilitated 

because the design of the imaginary plants is identical, except for 

differences ~hich might. arise due to varia~ions in the composition of iron 

ore and fuel. ZXcept for diffe~ences in raw materials costs, the main 4 

variations in costs are those caused by wage rates. 

The usual procedure for cost analysis of a steel plant, is the 

separation of the different factors into two groups: a) assembly costs, 

and b) conyersion 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 • 
plante 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 locat~on, 

determination of. costs in this paper departs from the usual procedure, 

separating labour from the remaining conversion costs. In this way the 

study is more flexible, as the addition of the wages to tl1e other expenses 

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

2. Description o{Jlhe Imaginary Plant~ 

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 mechanical facilities to t;.reat, 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 the nece·ssary ~quipm.ent 

to transport the raw materials and .the hot metal in different stages, and 

that required to handle the scrap. Three types of steeimaking processes 

have been envisaged; their selection d~pends on analysis of the iron ore. 

They are the open hearth process, a combination of acid converters and J • 

open hearth, and the combination cf basic,cs>nverters and an electric_steel 

furnace. The plant mu~t melt and mix with the fresh material, two types of 

scrap: the scrap produced by the rolling mill itself; \'mich will henceforth 

be referrea. to as "circulating scrap", and wha":.ever scrap can be purchased 

outside to lower steel costs, and ;;hich will be called "purchased scrap". 

The rolling mill consists of a blooming mill to roll the ingots 

pre-heated in pit furnaces into bloo:ns, 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 operatio'n has a greater 

bearing on this particular section, as it influences the degree of 

mechanization of the rolling mills. 

Between the various blooming and rolling Jnills, 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, andfinally, a special shop for the 

maintenance of the rollers. 

The general services of the plant comprise administrative offices, 

transport within the plant, laboratories, wa~ehouses, general repair shops, 
. . . . 

electric power facilities, lighting, steam, gas, sanitary services and so on. 

3. Description of the Industrial Process 

Iron ore, coke and fluxes, loaded into the upper part of the furnace, 

constitute th3 burdon. The raw materials (mostly clasoified by size, 

within fairly narrow limits) are loaded into the furnace in strictly controlled 

doses, depending on their analysis. Hot air is injected at high·pressure 

into the lower part of the furnace. It buzns part of the coke raising the 

temperature sufficiGutly for the excess of fuel to react 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 th~ 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 so.ld. 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 n~terial 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 steelmaking 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 

corning from the steel furnMes. 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 often grooved in order to give 

the products a definite shape. rfhis 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. 

/4. Countries and 
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CHAPTER I -DATA ON SELECTED LOCATIONS 

1. Countries and Locations Selec~ed as Examples 

One imaginary plant ,is assumed to be located in each of the following 

countries: Argentina, Brazil, Chile, Colombia, Mexico, Peru and Venez~ela, 

· comprising about SO per cent of the population of the region and accounting 

for 90 per cent of its steel consumption. !/ 
a) Argentina 

The most recent Argentine steel plant envisages the construction of 

three ma.i~ plants: a) a large plant in San Nicol11s on the Parana·River, 

using either imported or Sierra Gra.."lda ores, b) a small plant based on 

charcoal ~last furnaces in· the north, near the lapla deposits, c) a·medium 

size -plant in the SDut.h, using Sierra Grande ores and possibly Rio Turbio 

coals supplemented by a binder. 

For the purpose of the comparisons in this document, San Nicol~s 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 and 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 UrucUm deposits, near Corumba, Brazil, on the upper 

bank of the Parana River, or altern~tively 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 Parana River, to be dredged. 

b) Brazil 

Among the many possibilities in this country, only the location at 

Volta Red_onda 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. 

!/ In this paper, steel ccnsumption will include rolling mill products 
and also same 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. 

/e) phile 
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The site at the Bahia 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 "El Tofo" and coke from a blend of 85 per cent Chilean and 15 

per cent imported coal. . 

d) Colombia 

Calculations were made in a~cordance with the raw material supply and 

location of the Paz de Rio project (Belencito). high phosphorus content 

ore of 47 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 assmned fl'3.t products will also be produced. 
e) Mexico 

Among the many eXisting possibilities, the location and sources of 

raw material of the Honclova plant were chosen. Iron ore will be 60 per ' . 
• cent grade from Cerro de Nercado and coke produced entirely from Sabinas 

coal! (State of Coahuila). 

f)~ 

The selected plant has been located at Chimbote. It would use 60 per 

· cent grade ore from Haroona, 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 region. . . 
g) Venezuela 

Owing to the proximity of the Naricual coal deposits, the imaginary 

plant was presumed to be at the Port of Barcelona, using "El Pao" ore 

(65 per cent grade). Two fuel possibilities were considered: a) the use 

of coke made from asphalt or petroleum residues, and b) ·coke produced 

from imported coal which could advantageously be transported as return 

freight on ships e~orting 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 per cent grade iron ore from "El Pao" 

and coke from West Virginia coals. 

/2 • General Basis 
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2. General Basis fer Calc~~tions 

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 ste~l shop, at a price equivalent to 90 per cent of 

the pig iron cost. 

As all the plants are asstuned to have an annual capacity of 250 thousand 

tons of finished steel, the optim~~ capacity for the blast furnace would 

be about 800 tons of pig iron daiJ~. An additional reason for accepting 

this capacity is that it does not appear to make excessive demands upon 

the quality of the coke. J;xcept in those cases where the composition of 

the iron ore has influenced the steelmaldng process, the design and degree 

of mechanization of all the ph.r_ts has been essumed to be identical, and 

that they are equipped 'IAiith the latest technical improvements justifiable 

on economic grounds. This assumption has per·_rr:itted the use of identical 

figures for various cons1nnptions expressed in physical units or of unit 

values.1/ 

Thus, uniform costs or prices have been adopted for the items detailed 

in Annex I. Among the~e general assumptions, the following important 

items should be mentioned: mining cost of iron ore and limestone (open 

pit op.erations in all plants), cost of trensporting and pumping cooling 

water, cost of imported coal f.o.b.,prices of ferroalloys and other fluxes, 

cost of hydro-electric power, transport costs both for the raw materials 

and the finished products, equal n~ed and costs for repairs and 

replacements per unit of steel produced, and lastly, capital charges. 

With a view to simplifying calculations and eliminat~ng the need to 

collect a variety of detailed data on the'spot, and at the same time to 

maintain comparability, different assumptions _of a technical nature were 

also made. Som.e of these appear in the text, together with the pertinent 

analysis, while others appear in the Annexes, and thirdly, the simplest 

are outlined below: 

11 I:. is evider..t that this generalization 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 
simplificatio~ of the calculations obtained-by this method justifies 
the small margin of error which might arise. 

/a) It was assumed 
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It was assumed that productivity of the workers J.n all these 

plants was the same as in the United States, although in 

countries where the steel industry would be new, efficiency 

coUld only be reached after several years'operation; 

b) The assortment of finished products manufactured greatly influence1 

the cost of labour and its efficiency. It is assumed that all the 

plants would produce the same a:ssortment and equal quantities of 

the different products; 

c) It was assumed that the daily output of the blast furnaces, 

identical in every case, is independent of the ~rade of'ores 

considered 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 fuel 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 plan~ to another, implies that 

differences in final. cost will be due exclusively to a few important 

factors. They refer mainly to the quality 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 properties 

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 ferroalloys to be employed; c) the 

distances and means of transport, in order to evaluate the cost of raw 

materials 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 plant 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. Next, it is assumed that the plants will 

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 

b bl . . . b' pro a . e p~g ~ron cosvs; 

c) The resultant cost of pi.; iron, will be used to estimate the cost 

of steel ingots; 

d) 'l'he price of steel ingots so oht,ained will be used to estimate 

the cost of finished steel; 

e) Combining tl1e data thus obtained, the aggregate position of the 

conversion proce~s will be analysed and certain. conclusions 

concerning the cost structure of the industry determined; 

f) The cost of the raw materials used in the blast furnace will be 

substituted by the necessary minirig and transport 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 r • .ines at least some part of its raw materials. 

Y 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 th~ following, the situation 

concerning the most important raw materials is·discussed: 

a) Iron ore 

The influence on the cost of iron ore supplie~ is analysed in Annex 3. 
The iron content of the ore (grll-de), the amounts n~cessary 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 following: costs of iron 

ore and transport ~ates from Annex 1; total cost of iron eire in the plant, 

Annex 2. Regarding 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 unavoidaole losses in 

the blast furnace. 

Railway transpor·t.ation 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, h1 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 cos~_of ore per ton of pig iron, 

as shown in Annex 3, represents the probable ~~mum. 

Attention should be drawn to the very high ore cost at the Argentine 

blast furnac~ of San Nicolas, 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 most unfavourable 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 4 shows the statistics for the coal supply. The origin of the 

respective f~els 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 Catarina coking coal 

in Brazil is particularly notable, and is explained by difficulties in 

mining and washing. Through the latter process, tvm types of fuel 

are obtained: metallurgical coal for use in the 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 losses in the sale of the other fraction. 

From this annex, the advantage of the countries which mine their 

own coking coal becomes apnarent. 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 c'ould be transported as 

return freight in ships exporting iron ore. 

c) LLmestone costs 

Annex 6 presents the figures for limestone·costs, which are based 

on data contained in /~nne.x 1. l:;xcept in Argentina, should Zapla ore be 

used, and in Chile, limestone is but a small item within total costs. The 

high figure for Argentina stems _from the large amount required because of 

the low grade of the Zapla ore; in Chile t:w relatively high price is 

due to the long maritime transport involved. In Venezuela, if asphalt. or 

petroleum residues are used, the e.mount of 1imestone would have to be 

increased to offset the high S1..'lphur content of such fuels. 

d) Total assembly costs of ra1.,. rr-aterials 

Table 1 shows the ~ssembly costs per ton of pig iron and the 

respective percentages corresponding to iron ore, coal and limestone. It 

permits a comparison of the infl12ence of the Qifferent 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 

San Nicol~s sf 
San Nicola~ gj 
San Nicolas v' # 

Volta Redonda 

Huachipato 

Belencito 

Monclova 

Chimbote 

Barcelona y 
Barcelona !f 
Sparrows Point 

Total assembly 
costs 

(dollars) 

59.15 

42.74 
33.88 

.37 .33 . 
23.05 ' 
17.62 

26.74 
18.80 

21.68 

26.40 

27.14 

Raw mater!als percentages 

Iron ore 
-~ Li..'Ilestone 

51.1 45.6 3 • .3 

48.0 50.0 2.0 

38.0 59.0 . ,3.0 

28.0 .. 66.9 5.1 

32.7 60.4 6.9 

44.0 49o6 6.4 

61.7 35.8 2.5 

. 53.8 39.6 6.6 

50.5 41.2 8.3 

41.5 54.6 3.9 

60.3 35.9 3.8 

!/ Blast furnaces using asphalt or petroleum residue coke. 
~ Blast furnaces using coke made from imported coals. 
sf Using Zapla ore. 
s/ Using Itabira coal._ 
!/ Using Sierra Grande ore. 

A glance at this Table shows that assemb_ly costs are very high at 

the San Nicolas plant in Argentina,·especially if Zapla ores are used. 

Combinations of raw materials envisaged for San Nico~s, while still 

higher than moat 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 Nicolas, thus, in this stu~, 

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 Bogota ·meeting describe 

methods used in other ~ountries,which have resulted in the utilization 

of up to 60 per cent of such coals for coke. 
At 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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rel~tiveJ~ high prices of coke will prevail in Brazil. In the p~esent 

cost estimates, an increase of the percentage of imported coal has been 

contemplated. Other possibilities for reducing costs, which are being 

undertaken in the actual plant, are the improvement of transport a.'1d 

handling facilities for imported coal. 

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 ~ypes ·of. coal which exist 

plentifully ~ Latin America, be imported. The replacement of the United 
. ' 

States coal used at present at Volta Hedonda by-high volatile Colombian 

coal, is a possibility which might result in a reduction of costs, in view 

of the shorter distance involved. Another possible solution, suggested 

by papers presented at Bo;sot<i, could be the washing, through the new method 

called "phase separation" of the fraction which is at present discarded 

from metallurgical use, The problem of Brazilian coal is further complicated 

by its high sulphur c~mtent. 

In the case of Chile, it is essential to reduce prices and increase 

domestic production of ccal. The Huachipato plant has conducted considerable 

research in this direction. Document 1.27 refers to savings in blast 

fuinace operations through the elimin~tion of some injurious petrographic 

compounds and the coal fraction above 1.35 specific gravity. 

In the case of lionclova, ~~exico, the factor wnich principally 

raises assembly costs are those for iron ore owing to the long haulage 

distance. Prospecting 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 quite satisfactory. It should be 

noted that the use of anthracite-asphalt coke has been envisaged, although 

the necessary process is still being investigated~ A group of Peruvian 

industrialists has sponsored the research, described in document 1.14. 
A pilot coking plant is being installed to learn the characteristics of 

the coke, before outlining details of the full-scale blast furnace. In 

the present estimate, a larger percentage of imported fl.sphalt,' as a binder, 

than the indication biven in document 1.14, h~s been considered, thus 

giving a safety margin should the new process not entirely fulfil 

/expectations. 
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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 usir~ gas 

reduction as an alternative to the blast 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 mentioned: 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 ~~ght advantageously be imported as a 

return ~oad of ships exporting iron ore. 

For a plant located at Barcelor~ the cost of iron ore is relatively 

high. This is because the ore will have to be submitted to a co~licated 

• 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 vicinity 

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 dista&lce from Latin America. In the case 

of plants operating on the Atlantic seaboard of the United States, this 

' handicap is finally offset by advantages in transportation ~f the finished 

products to the coastal regions. 

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. \ftJhere no steel plant exists, the'·wage rates of a 

similar activity, preferably petroletw refineries, were used. 

/!able 2 
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T?ble 2. \'lar.re Costs ,..,._~----... 
(dollars at 1948 value·) 

; 

Plant Hoilrly rates 

---------
San Nicolas 0.57 
Volta R.edonda 0.53 
Huachipato 0.44
Bele"'lcito 0.60 " 

}lonclova 0.49 
Chimbote O.hl

Barcelona 2.00

Sparrows Point 1.57

Wages pe1· toll 
of piJ'.,__ir.cm_ 

0.45 
0~41 

0.3-5 
0.47 
0.38 
0.32 
1.56 
1.22 

Throughout, efficiency of labour has been assumed to be equal to that 

prevailing in 1948 i..."'l the United States. In thG caee of blast furnaces the 

~.ge rates h.:we been multiplied by 0. 78, the number of man-hours required 

l'or the production of one ton of pig ircn in Bn 800 tons daily blast 

furnace. Some additionCl.l labour is used for maintemi.nce and repairs. 

b) Costs and. credits in the coke ph-:11 

Excluding amortization and the interest on cqpital, operations in the 

coke plant involve certoin costs and bring s·o:n-3 ret·urns from the sale of 

by-products. The balance of trd.s :pos:iV_on is shown in Annex 7. The · 

-..differeuces shown ~-n the coke yield for several plants accrue from 

variations in the chemical coiriposition of_ th.e. coal,. and it becomes necessary, 

therefore, to include theT!1_ E.mong locationo.l factors. The basis which was 

used for these calculations is shown in Annox 8. 

It should be noted that in two plo.nts, (Chimbote and Barcelona) 

assumed to be using totally or partially a~phalt or petroleum binders, no 

account has been taken of the value of by~products •. L"1 fact, the quality 

and value of the latter-depends on the nature of the petrole~ products 

usGd and their behaviour at high temperat:ll'es,. It might. well be that 

their value corresponds exclusively'to their residl.).::>.l heating power. However, 

it might also be that aromatic hydro-cE1rbons, of higher value as chemicC~.l 

compounds, are formed d1.'!e to c;r3.cking in the coke ovens under special 

conditions. 

/3. Costs not Relate4 
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3. Costs not Related to the· Locat?-on of Plant 

In the general assumptions shown in Annex 1, the cost est:i.ma.tes for 

certain items, supposed to be identical in all these pl~nts, were given. 

Among them are the following: 

11£m 
Cooling water 
Repairs and mqintenan~e 
General and miscellaneous costs 
Returns from sale of blast furrw.cc gas 

D~llars~ Ton of_ Pig Iron 

O.h2 
Oe50 
2.65 ~ 

-1.90 

§) These have been slight}_y increr s0d in the c'lse of Colombia and 
Venezuela, in order to make up for the higher wage levels. 

A blast furnace of the charetcteristics contempJ.ated would have required 

in 1948 in the United States, an investment of 80 doJ.lnrs per ton of pig 

iron produced annually. This investment comprises coke oven, raw material 

stockyards and their equipment, pig-casting m1.china, cre.nes, etc.lf It has 

been estimated that in the United Stetes 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 ne~essity 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. 

4. Cost of Pig Iron 

\'lith the data obtained thus far, Annex 9 was prepared, comprising all 

the items which make up the cost of pig irono 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 costs, direct and indirect labour costs, and other 

conversion costs. 

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

percentages of tcta.l cost. 

l/ It does not include investments in mines and transport facilities. 

/Table 3 
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' Table _l; ~Iron Product~osts 

(19h8 dollars per ton) 
Assembly Salaries Other con 

Plant costs and wages •;ersion 
y costs 

San Nicol<is §!. 57.25 ' 1.02 1.72 
San Nicolas !Y 40 •. 84 1.02 1.93 
San Nicolas v 36.98 1.02 .1.88 
Volta Redonda 35.43 0.94 1.84 
Huachipato · 21.15 0.79 1.67 
Belencito 15.72 1.07 2.53 
~onclova 24.84 Oc87 1.'/7 
Chimbote 16.92 0.73 4.S3 
Barcelona 'pj' 19.78 ).56 5.97 
Barcelona £1 24.50 ,3.56 1.67 

• 1.46 Spa:::-rows Point 25.24 2.79 

~ After deducting blast furn~ce gas credit. 
R/ Using asphalt or petroleum residue coke. 
y Using coke from importeq COll-1. 

gj Using Zapla· ore. 
y Using Itabira ore. 
lj Using S~erra:' Grand,e .oro •. 

CapitE~.l 
charges Total 

-
8.64 68.63 
8.64 52.43 
8.64 48.52 
8.64 46.85 
8.64 32.25 
8.64 27.96 
8.64 36.12 
8.64 31.12 ... 
8.64 37.95 
8.64 38.57 
6.40 35.89 

/Table 4 
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Table 4. Pig Iron Production Cost!' 

Plant 

(dollars or 1948 and percentages) 

Aese~iy Salaries Other con 
coats and wages version 

!/ costs 

Sari Niool~s gj 83.4 1.5 2.5 
San Nicol~s ~ 78.0 1.9 3.7 
San Nicolcis y 76.2 2.1 3.9 
Volta Redonda 75.6 2.0 3.9 
Huachipato 65.3 2.5 5.2 
Belencito 56.3 3.8 9.0 
Monclova 68.7 2.4 4.9 
Chimbote 54.5 2.3 15.4 
Barcelona Pi 5lo7 9.7 15.8 

y 63.4 
' 

Barcelona 9.5 4.8 
Sp..1.rrows Point 70.4 7.8 4.0 

y After deductinS bh.st furnace gas credit·. 
E/ Using asphalt or petroleum residue coke. 
£1 Using coke from imported coal. 
·g; Using Zapla ore. 
!/ Using Itabira ore. 
l/ Using Sierra Grande ore. 
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Capital 
charges Total 

-- 12.6 68.63 

16.4 52.43 
17.8 48.52 

18.5 46.85 

27.0 32.25 
. 27.96 30.9 

24.0 36.12 

27.8 31.12 
22.8 37.95 
22.3 38.-57 

17.8 35.89 

In Table 4 some striking differences app?ar be.tween 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 iron in 

the Chimbote plant, are caused 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 Unit~d 

States industry: higher mechanization and capacity of the plants. 

As regards the relationship between capital charges and labour costs, 

it will be found that the-latter are considerably lower. The ratio between 

wages and capite.l charges varies between 1 to 6 and 1 to l~.~his emphasizes 

/the importance 

I 

\ 
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the importance of reaching full c.apacit;y, even :if. more. men ~~an necessary 

have to be employed. The wage _rates used in -this analysis for the different 

countries have been ~de sufficiently,high to provide for a m~rgin to be 

used as an incentive for workers to att<1.in high efficiency. Until this is 

attaine~ a certain training pe~iod will be-necessnry. 

Considering the problGm from another angle, this rGlationship fully. 

justifie the policy adopted by some managements of the recently est~blished 

Latin-American industries, \·rhich ~re as follows: 

1) All efforts are directed toWc:.rds raising production to full 

capacity; 

2) Once that goal has been ·attained, to ensure'that the standards of 

qua~ity are obtained; 

3) Subsequently improve labour efficiency by enco'uraging good workers 

and dismissing the others-, if excessive manpower has been necessary 

at the start· to accomplish t~e first condition. 

But several Latin-American steel industries have been unable to maintain 

permanent production up to cc:-p:tcity, in spite of operating-for some time. 

Shortages in transport, in adequate raw material supply, in adjustment 

between ~apacity of the various sections of the pl~nt .:md_ the ma.rket, or 

finally, in efficient m:magement, all of thom~ if they prevent full 

capacity from being reached, cause a substanti'11 increase of costs, 

especially in regard to capit~:.l charges per unit of production. 

CHA.I>TER III •. STE.Y:L Ii~GOT PRODUCTION· COSTS 

As brieflTmentioned in Chapter I, liquid pig iron tapped from the 

blast furnace contains various metalloids in solution: cr1.rbon, silicon, 

phosphorus and sulphur, etc. In the different types of· steel, small 

quantit:J.es of these substances remain. The process of reducing the amounts 

of these substances to specification limits takes plu.ce in the. steel shop. 
•, '. . . . . 

viith the exception of sulphur, these impurities are extracted b~ taking 
~ ~. 

advantage of their greater affinity for oXygen. The steelmaki~g processes 

may be divided into two:principal types; a) converters, in which oxidation 

of the impurities is effected 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 o:cidizing agents, such as iron ore. The latter type of 

furnace can be heated with gas or petrole~ (open hearth furnaces) or 

electric current. The ~ulphur is usually extracted 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 volume of sle.g. ·When controlling tho 

progress of steelmaking for Gach lo~.d of metHl, attention to the 

transformation which the slag is undergoing is therefore essential. 

Both the impurities contc.ined in tha pig iron and the fluxes which 

have to be used for their elimination determine whether thoa reaction is 

acid or basic. According to this, the pref..::rentio.l extr::tction of one or 

the other of the met3.lloids is encour'1ged. 

In addition to the quality of the availnble ores, w~1ich determines 

the amount and type of the impurities, the requirements of the market are 

also influential in the steelmaking process and reaction. This is because 

steel produced by different processes may have limited ranges of application. 

Lastly, the necessity of re-using the scrap produced in the rolling mills, 

plus the scr~p which can be purchased, also influences the type of process. 

The abundance of scrap on the mc>.rket, through discarding used iron 

materials, is one of the edvc>nt11.gos highly industrialized countries have 

for producing cheaper steel than in k.tin AmGrica, where scrap is 

usually scarce. Incidentally, it he.s been assumed that all the plants 

would be ::tble to buy enough purchased scrap to covar 10 per cent of their 

steel ingot production. 

On account of its flexibility for the fulfiJ~0nt of _most of the 

necessary conditions, it was assumed that the process used in the 

steelmaking departments, in these plants, would principally, be the bC1.sic 

open hearth. In the countries whare there is an adequate supply of iron 

ore, it has also bGen considered the.t 20 per cent of the liquid pig iron 

would be refined by the acid converter (Bessemer) process. The nature 

of its ore, which makes.basic converter (Thomas) indispensable, causes 

Colombia to be an exception. Here the scrap from the rolling mill plus 

the purchr-.sed scrap would be smelted and refined in a basic electric 

furnace. 

/In short, 
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In short, it has been assmned that ·basic open. hearth furnaces will 

be installed for refining the total output at San Nicol~s and MoncloVa. . . 

A combination of BO per cent basic open hearth steel and 20 per cent 

Bessemer is assumed at yalta Red0nda, Huachipato, Chimbote, Barcelona and 

Sparrows Point. Lastly, Belencit~ is based on a Thomas installation, 

supplemented by an electric furnace for re~elting the scrap. 

1. Pig Iron Us.ed in the· Steelmaking Departments . 

Table 5 shows the am01mt of pig iron \Jhich would be required by the 

aforementioned three combinations, respectively, in order to produc~ one 

metric ton of steel ingot. It can be observed that the basic open hearth 

furnace would require 759 kilogrammes, the combination of Bessemer and 

acid open hearth 76B and lastly, th~ Thomas converter B57 kilogrammes of 

pig iron per ton of ingot. 

Table 5 Pig Iron Required to Produce one Ton of Steel Ingot 

( kilograrnmes) 

Liquid pig iron 
Circulating scrap 
Purchased scrap 
Bessemer scrap 

Total liquid metal 
minus losses in furnaces 

Total steel ingots 

lOqt open 
hearth 

Open 
. he<:~.rth 

759 
203 
101 
--

1.063 
~ 

1.000 

minus losses in furnaces 48 
minus circulating scrap 203 

Rolled stelel products 749 
Pig iron per ton of 
finished steel 1,013.4 

2. Steelmaking Costs 

2~ Bessemer, · 
80% open hearth. 

-------

lOa;ti of pig in 
Thomas converter; 
scrap in electric 
furnaces 

... Open 
hes.rth Bessemer Thomas Electric 

furnace 

615 
1'71 
102 

28 

915 
..22. 
B6o· 
= 

153 

153 
.JJ. 
11.0 
== 

43 7 
171 ..211 
646 105 

1,023.6 

B57 
51 

--908 
~ 
760. 
= 

38 
151 
571 

153 
101 

254 
14 

240 
= 
12 

.Jfl 
179 

1,143.7 

Again a series of general assumptions are made in order to facilitate 

calculations of steelmaking costs and to increase comparability. 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 a.re shown as a footnote to the.Table in Annex 10, while the latter 

are expressed in dollars per ton.in the s~e 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 1ron 

has been as~igned to all scrap whether purchased or circulating. Capital 

charges follow the same criteria in the case of the blast furnaces. 

In the o~n hearth, Bessemer and, Thomas processes, which use a minimum 
of electric power, it has heen 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 ap~roximately equivalent to the rates prevailing 
in the United States. 

Table 6 has been prepared with data taken from Annex 10 and shows 

costs of steel ingots:in the various plants. In Table 7 they are shown 

as percentages or total_costs; the structure of these tables follows the 

same lines adopted for pig iron.· The ite:~Js thus listed are: a) raw 

materials; b) salaries and wages; c) other conversion costs, and d) 

capital charges. 

./Table 6 
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Table 6 Prod,:tcti on Cost of Steel Ir}gots 

(dollars of 1948 per ton) 

Miscel-
Raw Salaries laneous 

Plant materials. and wages .conversion 
£/ cost 

4 

San Nicolas e./ gJ ,· 73.05 2.35 . ).37' 
'' ,, ~ li/ ;6~32 2.35 3.37' 

~Jj .52.28' 2.35 '3.37 
Volta R.edonda :!;?/ 50.97 1.,95 3.23 
Huachipato hi 35.42 .1 .. 62 3 .. 23 
Belenci to·· ·21 26.53 1.50 4 .. 22 
1'1onclova ~ 39.50 2.02 3o37 
Ch:imbote ·y 34.23 1.51 3.23 
Barcelona £1 gj · . 41.33 7.37 2.94 • 
Barcelona £1 y 41.98 7.37 2.94 
Sparrows Point £1 39.21 5.79 3.23' 

!/ 100% open hearth. 

£1 8C% open hearth, 20% Bessemer. 
£I 100% Thomas, electric resmelting of scrap. 

gj Using asphalt or petroleum residue coke. 

~ Coke manufactured for imported coke. 

Capital 
charges· 

6 .. 40 
6.4.0 
6.40' 

5.94 
5 .. 94 
6,22 

6,40 

5.94 

5.94 

5.94 
4.40 

!/ Discounting product of sales of slag from Belencitoo 
g/ Using Zapla ore. 

h/ Using Itabira ore. 
!/ Using Sierra Grande ore. 

/'fab~&..L 

Total 
costs 

--85.17 
68.44 
64.40 
62.09 
46.21 

38.47 
51.29 

44.91 

57.58 
58,23 

52.63 



Table 7 

Plant 

San Nicolas ~ g/ 
yli/ 
YIJ 

Volta Rcdonda £1 
Huachipato £1 
Belencito £1 
Monclova e} 
Chimbote £1 
Barcelona 'pj g) 
Barcelona £1 !1/ 
Sparrows Point £1 

f!:.Q.ducti,.9n Costs of Pig, 1!:9.!1 
(dollars of 1948 and percentages) 

Raw Salaries ¥..iscel-
materials and wages llaneous 

conversion 
costs 

(percent} [..-,er cent) [per cent.) 

85.? 2.8 4.0 
82.3 3o4 4.7 
81.2 3.6 5.3 
82.0 3.2 5.2 

76.7 3.5 7.0 

69.0 3.9 11.0 

76.9 3.9 6.7 

76.2 3.4 7.2 

71.7 12,8 5.1 

72.2 12.5 5.1 

74.5 11.0 6.1 

~ 100% open hearth • 

£1 80% open hearth, 20% Bessemer. 

£1 lOo% Thomas, electric resmelting of scrap. 

£/ Using asphalt or petroleum residue coke. 

~ Coke ~anufacture from imported coke. 
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Capital Total 
charges costs 

(Dollars) 

zp~r cent) 

7.5 85.17 
9.4 68.44 
9.9 64.40 

9.6 62.09 

12.8 46.21 

16.1 38.47 

12.5 51.29 

13.2 44.91 

10.4 57.58 

10.2 58.23 

8.4 52.63 

£1 Discounting product of sales of slag from Belencito. 

g/ Using Zapla ore. 

h/ Using Itabira ore. 

i/ Using Sierra Grande ore. 

Since a fundamental assmnption was that all these plants were 

built along similar lines, the differences shown .. in Table 6 are mainly 

determined by: a) fluctuations in 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 ·ip.capital charges are very 

.small and stem from differences :i:n the processes· imPosed by the composition 

of the iron ore. In this .coru1~on, at Belencito, where costs are 

slightly hi.gher for these two items, the column "raw materials" was credited 

with 6.50 dollars per ton obtained from the sale of phos}:hate slag. Document 

1.54 refers to the possibility of adding phosphate rock to the burden of 

the blast furnace in order ,to obtain basic converter pig iron. Such a 

procedure could be probably applied.'!;.o advantage in Argentina, Brazil, 

Chile and Nexico, in which case a credit for phosphate slag would also 

appear in the corresponding estimate. Incidentally, 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 P~oducts 

In a countr,y where there is only one iron and steel industry, the 

plant usually has to supply the necess:i.ties 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 srila.ll proportion of 

tl're market. i11Iost of the pig iron, the scrap a:nd the steel ingots are · 

rolled into finished products. Usually the rolling mill" consists of a 

blooming mill which trasnforms the ingots into blooms, slabs_or billets 

followed by various finishing mills, in which, in·the co~se of the· 

immediate or subsequent process, the semi-finished material is rolled 

into steel products. 

The design investments and output costs of the rolling mill depend 

fundamentally Qn the types and quantities of products to beproduced. 

The possible variations affec-t the types and size of bl:_ooms and slabs, 

the design· and the degree of mechanization of the finishing mills. In 

this Study, it has been assumed that all the plants will prod~ce an e~al 
assortment of products, s~lected in such a way as t~·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 hi~h 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 Progt"am.'Ilfl for the Rolling Bills 

(tons and percentages) 

Product 

Ea.rs and rails 
Heavy rails and shapes 

Light Bars of less than 38 nnn. square, 
with an ave:.."age weight equivalent to 
16 mm. diameter (5/8") 

Wire bars and heavy wire 

Flat products 
P~ate over l2 .. 7mm.thickness (1/211) 

Plate and sheet, and ~trip for welded 
tubes up to 100 rom~ 

Sheet• for tinplate and galvanization !/ . . 

Percentage 
of total 

6.5 

42.5 
17.0 

1.0 

18.0 

_!5.0 
100.0 

Tons per year 

16,250 

106,250 

42,500 

2,500 

45,000 

3?,500 
250,000 

!/ Despite the inclusion of sheet in the programme, and contrary to 
usual practice in Latin America, investments and. costs for tinning 
and galvanization have not be,en 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 d~veloped 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 operating 

factor is about 70 per cent. 

2. Rolllllg costs 

As for efficiency, wages, capital charges, raw materials and 

misc~llaneous, general assumptions 11ere 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 p~epared. 
/The res'.llting 
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The resulting figure~ have, in turn, been grouped together in Tables 

9 and 10 along the same lines used in the precedLig sections. The first 

of these t~bles 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 sala.ries; c) other conversion costs, 

and d) capital charges. 

Tat?le 9 

Plants 

San Nicolas 

Costs ·oe!:' 'I'cn of Finished Steel 
--·-·-··· - (dollars of 1948 per ton) 

Raw Salaries Miscel­
materials and wages laneous 

conversion 
costs 

gj 97.72 6.96 4.65 
if 79.36 6.96 4.65 
v 74.92 6.96 4.65 

Volta Redonda 72.14 . 6.48 4.65 
Huachipato y 54.78. 5.38 4.65 
Belencito 45.33 7.3.3 4.65 

Monclova 60.45 6.00 4.65 
Chimbote 53.33 5.00 4.65 
Barcelona hi 68.58 24.43 4.65 
Barcelona £1 69.31 24.43 4,.65 
Sparrows Point 62.48 19.18 4.65 

!I Using asphalt or petroleum residue coke. 

hi Using coke from imported coal. 

£1 Using Zapla ore. 

£1 Using Itabira ore. 

~ Using Sierra Grande ore. 

Capital 
charges 

18.81 
18.81 
18.81 

18.81 

18.81 

18.81 

18.81 

18.81 

18.81 
18.81 

13.94 

Total 
costs 

128.14 
109.78 
105.34 

102.08 

83.62 

76.12 

89.91 

81.79 

U6.47 
ll7.20 

100.25 

/Table 10 
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!_able 10 .Q.£sts. per 'I:on of fin~shed Steel 

(dollars of 1948 and percentages) 

Raw Salaries ~liscel-Capital Total 
materials and wages laneous charges coste 

conversion 
Plcmts costs 

(per cent) cpe; cent) {per cent) 

San Nicolas 
~ 

76.3 5.4 3.6 
'/2.3 6.3 4.2 

£1 71.1 6.6 4.4 
Volta Redonda 70.6 6.4 4.6 
Huachipato 65.5 6.5 5.5 
Belencito 59.6 9.6 6.1 

Monclova 67.1 6.7 5.2 

Chimbote 65·.2 6Gl 5.7 
Barcelona y 58.8 21.0 4.0 
Barcelona hi 59.1 20.9 4.0 

Sparr·ows Point 62.3 19.2 ' 4.6 

~ Usiag asphait or petroleum residue coke .• 

£I Using coke from imported coal. 

£1 Using Zapla ore • 

.9/ Using Itabira ore. 

~ Using Sierra Grande ore. 

(per cent) ~dollars) 

l4.7 128.14 
17.2 109.78 
17.9 105.3h 

18.4 102.08 

22.5 83.62 

24.7 76.12 

21.0 89.91 
-

23.0 81.79 

16.2 116.39 
16.0 117.20 

13.9 100.25 

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

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

of the other plants, including Sparrows Point. 

/CHAPTER V. 
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CHAPTE~ V. ANALYSIS OF· COMBINED· COSTS .OF .BLAST Fl)RNACE, STEEL 
SHOP AND ROLLL~G 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 steelmaking processes: a) 1,013 kilogrammes 

for the basic open hearth; b) 1,023 kil9gr~es for the combination of . . 
80 per cent. basic open hearth ar.r.! 20 pe~ c.cnt of Bessemer, and finally, , 

c) 1.143 kilogrammes for the combination.of basic converter and electric 
re-melting furnace. 

In order to ob~ain an overall picture of the cost structure of \he 

·steel industry, the classified cost data obtained in the previous chapter 

for pig iron, steel ing9t and rolled prod\lcts have.been combine~, and 

they have been weighted according to theirconsumption of, raw materials; 

Table 11 shows the results of· this calcUlation·. Taking final costs as· 

a basis, three groups can be separated: ·first, Belen.cito, Chimbote, 

Huachipato and Monclova, for which costs are lower than at Sparrows 

Point; secondly, Volta Redonda with.figurt3s ap}:lroximately equivalent to 

those of the United States, and lastly B~rceiona· and to lesser degree 

San Nicolas, where costs are above those of Sparrows Point. The reason, 

in the case of Barcelona, are the higher wage ra·ces and for San Nicolas, 

the higher raw material costs even under the most favourable conditions 

possible, i.e. uslng Sierra Gran(ie ore, 

/Table 11 
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T&ble 11 Cost Structure of Iron ~~d Steel Production 
·--

Plant 

San Nicol~s E.! 
San Nicolc1s £1 
San Nicol~s e/ 

Volta Redonda 

Huachipato 

Belencito 

Monclova 

Chimbote 

Barcelona a/ _, 

Barcelona £1 
Sparrows Point 

~bJ..e ~ 

: Plant· 

San Nicol4s s:J 
· San Nicol~s ~ 

San NicoiAs !V 
Volt a Redonda 

Huachipa.to 

Belencito 

... Monclova 

Chimbote 

Pig Iron1 Steel Ingots1 t~.nishE2g_· Steel Products 
(194S dollars·. per ton of finished steel) 

Raw 
Materials 

70~04 

51.48 

h7.08 

45.62 

29.03 

15.47 

33-31 

24.55 

28.31 

33.23 

33.68 

Raw. 
materials 

54.6 
46.9 

44.7 

44.7 
34.7 . 
'20.2. 

37.0 

3 0 .o 

Wages and 
sa-:..a:des 
--11.12 

11.12 

11.12 

10,,04 

8.35 

10 .• 81 
9.57 

7.76· 

37-90 

37.90 

29.75 

Wages and 
salAries 

8.7 .. 

10.1 

10.6 

9.8 

10.0 

'14.1 
io.6 
9.5 

Other 
costs 

- '10.89 

11.09 

11.05 

10.34 

10.66 

J.3,17 

10.93 

13.90 

14.68 ',, 

'10.49 

10.45 

Other 
costs 

a.'s 
lO.i 

10.5 

1.0.6 

12.7 
17.2 

12.2 

17.0 

Capital 
charges 

36.09 

36.09 .. 
36.09 

35. 58' 
35.58 

36.97 

36.10 

35 cg • .I . 

35-58 
. 35.58 

,26.37 

· Capital 
charges 

28 .. 2 

32.9 

34.2 

34.9 

42.6 

4$.5 
h0.2 

43.5 

Total 

128.14 

109. 7S 

105.34 

102.ca 

83.62 

76.42 

89.91 
. 81.79 

116.47 

ll'7 .20 

:::..oo.25 

Total 
(dollars) 

l28.14 

109.78 

10~ • .34 

102.08 

8J.62 

76.42 

. 89.91 

81.79 

Barcelona ·!/· 24.3 32.5 12.6 · 3 0 .6 . U6.h7 

Barcelona E/ 28.4 .32.3 9.0 .30 • .3 117.20 

Sparro,rs PoL"lt_ • 33.6 29.7 10.4 26~.3 100.25 
!f Blast furnaces u8::ing coke made from asphalt or petroleum residue~. E/ Blast 
furnaces using coke made from imported coal. s./ Using Zapla' s ore. iV Us:i.ng 
Itabira. (Brazil) 1 s ore. !/ Using Sierra Grande' e ore. 

. /CHAPTER VI. 
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CHAPTER VIo CCST Of FINISHED STEEL IN INTEGRATED PLANTS 

1. General Remarks 

An integrated plant is one which mines at least part o:t its raw 

materials, in addition to ca.rr.ring out the c0mplete conversion process 

fro.:n pig iron to finished steel. In the following ·chapter it will be 

assumea that the plants ~eferred to, so far, are integrated and 

individually m.i.ne all the iron c:('e, domestically produced coal and 

limestone they require. This does not always correspond to. reality 

j_n the region, as some plants, such as Hu.::.ch::..:?ato, are beying 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 an account will be opened 

for materials such as purchased scrap, since ur.e of the latter will not 

be omitted from the manufacturing programrr1e. Investments necessary for 

the opening of mines will increase the capital charges correspondingJy, 

and wages and other expenses will be ac.ded to the respective items. 

Summarizing; the analysis will begin by breaking dcwn the overall pig 

iron assembly costs into the main primary factors and distributing them · 

h~thin the corresponding accounts. For this analysis, it is necessary 

to formulate. several additional general assumptions, which are included 

in Annexes.l~ and 13. It also becomes essential to isolate some types 

of expenses such as transport costs, purchased scrap, imported fuel or 

ore, etc. 

In Ta~le 13 this breakdown of raw material costs has been made. 

The mos"':. outstanding point is the importance of transport costs in some 

of the eY~ples. For instace, in Argentina, with the use of Zapla ore, 

it is almost 3-2 dollars per ton of finished steel as compared with about 

14 dollars at Monc~.ova and 11 at Volta Redonda. Since transport costs 

have been estimated at 17.5 dollars per ton at Sparrows Point, Sen Nicolls 

is the only plant which appears to be in a really unfavourable position 

as regards assembly costs. 

/Table 13 
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Table JJ. Di~tribution of P..aw Materials C.osts b.Y. I~~ 
19413 dollars per ton of finished st""ee"TI 

Wages Miscel-~~ "t , Trans-
I~ted P..Tchascd Total 

Plant 
ve~opl. a.L 

fuel scrap and and laneous port raw , . t charges and ore ferroa.lloy~f matecia.lB sa ..... a.nes cos .,s 
-- San Nicolas g) 2.36 £.15 1.42 . 26.65 27.36 10.10 70.04 

San Nicolas ~I l.!B 1.44 0.95 17.63 21.65 8.23 51.48 
San Nicolas f./ 1.85 1.69 :.n 11.42 2.3.28 7-73 47.00 
Volta P.edonda Jo87 3.22 2.52 10.62 ~8 7.39 45.62 

Huachi}:ato 5.57 4.17 4.18 5 '"'~ . .(;) 4.38 5.48 29.03 

Belencito 7.12 5.33 4.14 J. 53 -4.02 15.47 ~ 
Honclova 5.23 3.94 3.92 13.97 -6.25 33 • .31 
Chilllbote 3.16 2.55 2.60 7.8.4 J.09 5.31 24.55 
Barcelona lV' 3.48 2.21 2.39 14.12 -6.ll 28 • .31 
Barcelona El 1.90 1 .• 16 0.96 8.24 14.77 6.20 33. 2.3 
Sparrows Point 4.21 2.69 3.59 17.30 -5.89 33.68 

-!/ Credit of $ 8.67, being the value of Tho1nas slag per ton of finished steel. 
( $ 6. 50 ingot steel). 

Bf Blast fu1naces using coke made from asphalt or petroleum residues. 
£1 Blast furnaces using coke from imported coal. 
Y. Using Zapla ore. 
y Using ere from Itabira (Brazil). 
!/ Using ore from Sierra Grande. 

/2. Distribution 
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2. Distribution of F.tniahed Steel Costa in an Integrated Plant 

Dollar values for the different types of ~enses are shown ill 

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

It may be noted that wages, miscellaneous costs and capital charges have 

increased slightly as compared with the figures in the preceding chapter,. 

due to the addition of s.ome amounts previously included under assembly, 
4 

or raw Jn9;terials costs. T!le new items, ~uch as cost of transport and 
imported fuel or ore, ·are partic·~arly heavy·at San N~colas, Volta 

Redonda and Barcelona (in the latter case, if imported blast furnace 

coke is used). 

/Table 14 
' 
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Tabk...J.la . Distribution of finishe1.,~1 costs in int~.B!'~ted )lants ~ 
(1948 dollars per ton of finished steel 

Imported Purchased Trans-Wages lv1iscel-08 't£J. Total Plant fuel scrap t c...nd laneous : Credits costs and ore ~-___:_o_:_ salD.:des -~sts c :rgss 

San Nicolas y 27~34 11.21 26."61 13.48 13.90 37.52 -1.92 128.14 
San Nico1~s II 25.17 9.2) 17.63' 11.31 12.14 36.20 -1.92 1~.78 
San Nico1~s if 23.00 8.20 11.28 12.97 14.57 37.22 -1.92 1f>5.34 
Volt a Redonda 17.58 ·2.29 10.37 13.91 . 15.78 38.10 -1.95 102.08 
Huachipa.to 4.28 6.03 5.13 13.91 16.46 39.76 -1.95 83.62 
Belencito -5.28 3.0S 17.93 1.9.85 41.12 -10.84 76.42 
Monclova -6.57 13.81 14.80 16.64 40.01 -1.92 89.91 
Chimbote 3.02 ;.76 7.65 10.92 18.21 38.18 -lo95 31.79 
BarceloP..a £1 -6.63 13.79 41.37 18.66 37.97 -1.95 116.47 . Barcelona v 14.42 6.83 8.05 39.80 13.51 36.54 -1.95 'L17.20 

Sparrows Point -6. 54 16.89 33.97 14.84 29.96 -1..95 100.25 

TablP. 15 •· Distribution of finished~l·costs in integrated plants 
(Percantages and 1948 doJ~arS) 

~ 

· lnJ:orted Purcha.sai T WB.ges' Miscel-0 'tal Total Plant · rans-apl. 
fuel scr?P + a...~d laneous h Credits Costs d b per... ~ . t c arges. 

~..! ;:) . --!!~.:~ cos s 
San Nicolas 21 21.3 8.7 . 28.8 10.2 10.9 29.4 -1.5 128 .. 14 
San Nicoltts !I 2.2.9 8.4 16.1 10.3 11.1 33. -1.8 1C9.78 
San Nicolas i/ 21.8 7.8 10.7 J.2.3 13 .. 8 35.4 -1.8 105.34 
Volt a 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 47.6 -2.,3 8}.62 

Beiencito -6.9 4.0 23.5 26.0 53.8 -14.2. 76.42 
Nonclova -7.3 15.4 16.5 18.5 44-4 -2.1 89.91 
Chimbote 3.7 7.0 . 9.3 13.4 22.3 46.7 -2.4 81.79 
Barcelona £1 -5.7 11.8 35.5 16. 32.7 -1.7 116.47 
Barcelona y 12.3 5.8 6.9 34.0 ... 11.5 Jl.2 -1.7 J.l7 .20 

;,parrows Point -6.5 16.8 . 33.9 14.8 29.9 -1.9 100.25 
• 

a/ Plants incl udihg iron and coal m.i.nes. . . 
"0./ Purcha. sed scrap plus ferroa.lloys. . . . , . , . · ·. 
~ Rla~t furnaces using coke made from aspahlt and petroleum residues. 
~ Blast furnaces using coke ina. de from imported coaL · · · .. 
~ Using Zapla ore. . . . . 
"[j Using ore from Itabira (Brazil). 
i/ Using ore from Sierra Grande. 

/3. Influence of 
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3~ ]nfluence of Wa.ge Rates and Capital Charges 

An a.naly.ds of the data of Table 14 shows, as noted several tirr.es, 

the various plants show higher estimated costs than Sparrows Point. 

The breakdown of the assembly costs permits a more precise analysis of 

the causes of these abnormalities; in the case of Argentina and Braz:! .. l 

high cost of raw materi"l.ls and trasport; in that of Venezuelj. the same 

factors plus extremely high wage rates. 

Consideration of labour costs will show tha.t, except for Venezuela, 

all Latin-American plants are favoured by lower wage rates. The extreme 

case is that of Peru, where the differmce with the United States is as 

much a.s 23 dollars, or 27 per cent of the estimated cost of steel. The 

wage rates considered, as repeatedly underlind, are somewhat high, and 

have th·v.s been chosen to constitt!te, in themselves, an incentive for a 

proper .selection of the labour forcee 

It 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 mB.y be assumed that a limit for such w-age rate increase might be 
: 

reached, when they obtain the same value~ prevailing in the United States. 

Table 16 .shows the costs Latin American Steel would reach 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 w-age rate 

~qonsidered in the former tables is higher than th~t of tho 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 

_those o~ the United States, such evolution would be accompanied by 

technological progress, more adyanced mechanical industries and a 

higher rate of capital formation. Thus c~;~.pit,al charges equal to those 

prevailing in the United States c~~ld also reasonab~ be expected, This 

possibility has been taken into accoQ~t in. column C of Table 16, which 

shows the percentage by which the estimated total cost would decline, 

·as a :r-esltlt of such an improvement 1n Latin-American economic conditions. 

/Table 16 
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Table 16 Esti!!§_!.ed F:i.n:k~_b.ed~ Stf;~:j...QosJG..§. ip.. Latin A.nter~.£9-, asslJE'.;l.ng Equal 
Rat.es a.nd CapitaJ. Charges as j~ the United. States 

(1948 dollars and percentages) 

A B c D 
In~FGases Reduction in 

Total in costs costs brcught. 
est.imated to equal about by Results 

cos~ · United States equivalent 
wages ca.pital charges 

(dollars) (percentage) (percentage) £1 (dollars) 

San Nicolas 

San Nicolas 

San Nicolas 

Volt a Redonda 

Huachipato 

Belencito 

Honclova 

Chimbote 

Barcelona 

Barcelona 

Sparrows Point. 

~ 
!21 
1) 

!!I 
El 

1.28.::.4 

109.78 

105.34 

102.00 

83.62 
.76.42 

89.91 

81.79 . 

116.47 

117.20 

100.25 

18.5 -5.8 

19.3 -6.5 

20•0 -7.0 

19.7 -8.0 

23.9 -!1.8 
21.0 -14.6 

21 • .3 -11.3 

28.1 .-10.0 

-6.3 -6.9 

-~.0 -5.6 

--

!1 Blast fUt•naces using coke made from aspha:t and petrole~~ residues. 
§I Blast furnaces using coke made from imported coal. 
£1 Equal engineering· costs and rates of interest. 
_1/ Using Zapla iron ore. 
!/ Using iron are from Itabira, Brazil. 
f/ Using iron ore from Sierra G~ande. 

/Table 16 also 

lkJh34 

123.83 

119.03 

114.02 

93.73 
81.30 

98.90 

93.32 
101.10 

104.78 

100.25 
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Table 16 also shows the result of the combined action of these two 

factors: increase in wage rz:tes 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 d.B.ta. Brazil would still be 14 
and Argentina. 20 per cent above, in the beet of cases~ ~ 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 Lo21 describing the 

.Santa Catarina coal deposits as one of the good cok:!.ng coal ::-eserves for 

the future, is extremely strikinP;o Research on coal.mining and.washing 

methods in Brazil becomes therefore especially significant.. 

In order to facilitate final comparisons and conclusiono, Table 17 

has been prepared. Three sets of figures containing the main conclusions 

reaehed in this paper ar~ presented as Indices, with a base Sparrows 

Point equal lOO.o 

/Table 17 
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Table 17 C~parative Coats in ~e Different Plant.'! 
Index: Data far Sparrows Point = 100) 

Assembly ·cos":. of fi.nished Costs of finished 
costs atee: i.IDder · steel with wages 

Plant per ton ·Conditions and capital char-
of assumed for gee equal to those 

pig iron Latin America in United States,. 

San Nicolas 5}/ 2l8 1.28 144 

San Nicolas ~ 158 110 123 

San Nicolas !I 'll~3 105 ll9
Volta Redond.a 1.38 102  114

Huachi}:Bto 85 84 94

Belencito 65 76 82

Monclova 99 90 100

Chum.bote 69 82 93 

Barcelona !I 80 116 101 

Barcelona pJ 97 ll-7 105 

Sparrows Point . (100). · e 2.7.14 -• 100.25 • 100 .. 25 

!I Blast furnaces using ?oke made from aspahlt or petroleum residues. 
E! Blast furnaces using coke made from imported coal. 
"§I Using Zapla iron ore. 
~ Using iron ore from· Itabira, · Brazil. 
!/ Using iron are from Sierra Grande. 

/Since a 
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· Since a hypothetical plant, locat~d as Sparrows Point 11 and 

producing 250 thousand ton~ of .a wid~ .assor.tment ... of small amounts of 

different steel$., eann6t be tak·e;: as·· representative either of costs or ... · ... : . ' ' ..... 

conditions .prevailing in the United States, the figures shown in Table 

17 have limited validity.~ They show the respective locational advantages 

and should have significance as they sta.r.d; but if Latin-American. markats 

should deYelop 'to. ·dimensions in whi.ch large speq~al:i.zed plan.ts are justified, 

of size producing b~yond 'the r..?.-nga· in··wh~ch ... ~cale of operation has a 
. ' ~ . , .. "'"~· 

sign¥icant b~aring· ·oil ~osts. 

A ·~tudy of column A of Table 17 shows that,except in Brazil and 

Argentina, the sites selected in Latin America have lower assembly costs . . . . 

than those of Sparrows. Point in the United States. The high figures for 

Argentina would probably be lowered by usirig a substantial percentage of 

the Rio Turbio coal; those for Brazil, by·a· greater recovery of metallurgical 

coal from the Barro Brarico run-of··rnine; ala,o,. in both countries, if all, 

or a substantial part, of··their imported coal is purchased in Colombia, 

instead of in the United States. 

The $tudy of the indices given in culmnn B shows that the influenee 

of conversion costs tends to modify the relai;.ive differences arising in 

assembly .costs. Costs at Huachipato, Belencito, Ivlonclova a·nd Chimbote are .. .. . . ~. 

below tho.se· of Sparrows Poipt; whereas Volta R.edonda and San Nicolas are 

only slightly higher. Finally the high wage··r~tes of Venezuela increase 
. .·. \ . 

its total costs to about ·16 per cent more than Sparrows ~oint. If, to the 
' -.. . 

costs at Sparrows Point, transport costs ~o the L~tin-J\merican ma.rkots are 

added, a figure much highe:r.·than Latbl~mericart; estimated costs would '.' 

generally result·; even in the· case of Venezu,ela, the est~ted ·cost would 

be very ~lose to the Coi.f. cost for imported fin.ished steelo 

11 Sparr01'1'S 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 
ma:L~kets. 

/Column C 
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Column C sh~11s 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 States, then only the plants of Volta Redond~ and San 

Nicol~s 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 Nicol~s, 

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 rese~es 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 volatile 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 plant, influences 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, 1.91 deals with this 

aspect of the problem, analysing the influence of the size of operation on 

costs and investments for plants assumed to be in the same locations as 

tho~ studied in this Paper. 
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Annexl .General Bases of the Calc1uatio~ 
(Values in 1948 dollars per metri9 ton) 

1. Cost of open ·pit mining of iron ore, per metric ton, 
at loading station of mine · US$ 2.26 

2. Cost of open pit mini!1g of limestona,per metric ton, 
at loading station of mine 

3. Cost of cooling 1r1ater 
4. Cost of coking coal. Pocahontas. CIF Norfolk, Va. 
5. Cost of ferro-alloys for 100% open-hearth production· . 

Cost of ferro-a.llcys for 80% open-·hearth and 20% acid Bessemer 
Cost of ferro-alloys for 100% basic Bessemer (Thomas) 

6. I.irne and refra·cto::-ies (Ingot steel) 
Lime and refractories,. Belen pi to (Thomas i.."lgot steel) 

7. Refractories and spare parts ( £ini~~hed steel) 
8. KWH (hydro-electric. po;.rer) 

9. Unit cost of t:r.ansoc:r~j for l"aw matel"5.als i.."l bulk -.._,_._ -.... -·· -
Railway transport US$ 0.00848 /ton.kilometre 

2.26 

0.4#1 

8.94 

2.17f; 
1.92-b'J 
1.4<r'. -'hi ' 
l.lOE'/ 
1.6o=:r 
2.ocft.l 
1.2o£1' 

lnlgnd water-~tay transport 0.00399 /ton.mile 
Maritime transport !!/ (normal rate) 0,002341/ton.nautical mile 
Maritime transport !./ (low :rate) 0, 000944/ton.nautica.l mile 
Trans-shipment y 1.20/ton · 
Crossing of Panama Canal 1.25/ton 

10. Mai.."ltenance materials (Ingot steel) 

Maintenance materials Belencito 
(Thomas Ingot Ste~l) · 

11. Services and overhead 100% open-hearth 
(Ingot steel) 80% open-hearth and ~0% Bessemer 

100% basic Bessemer (Thomas) 

0.50'E/ 

o.8r)/ 

0.4~ 
0.5~; 
1.o,J2r. 

12. Materials, services, maintenance. ar.d ove:::-head ( f:t:1ished steel) 
Capital Charge.§. 

1.45(}/ 

~"1·(,~ 

La~in-American co·unt~iee 

United States~ 

Pig Il:Q!l 

$ 96 
80 

!/ Cost per metric ton of pig iron. 
§I Cost per metric ton of crude steel. 
Y Cost per metric ton of .tini.shed s !;eel. 
Y. Normal rates • · 
~/ Re_duced rates. Not. used in present study. 
1/ One loading and one unloading operation. 

Finished S·oool 

$209 
174.30 
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of Iron OreL Delivered to~OOO Ton Plants Annex 2 Costs 

(1948 d~llars per ton) 

Locatio~ }iiining 
costs 

San Nicol&~, 'Zapla ore 2o26 
San Nical~s~ Itabira are 2o26. 
San·Nicol&s, Sierra 

Grande gre 2·26 

Volta Redonda 2o26 * 

Huachipato 2·26· ... 

Belencito 2·26 
Monclova 2o26 

Ghimbote 2o26 

Barcelona 2o26 

Sparrws Point, 

Sea 

3o85 

2o24 

1.06 

lo05 

l·45d/ -. 

T:t:-ansE,ort costs 
IrJ.and 

vlaterWa.y 

... 

~ . 

-
... 

Trans­
Land shipments 

lloOJ 1·20 
4,8;; 2o40 

1·53 2·40 

3·34. 1.20 

lo20 

0·19 lo20 

6o42 1.20 

0·34 2o40 

0·4.9 2o40 

Total 
a/ 
- 14•49a/ 

l3oJ6W 

a.43 
6.90 

4·52 
3o65 

9e88 

6e05 

7oll 

Maryland 2.26 4·979/ 

Oo5lJ/ 

Oe51J/ 0·49 2·4D 1Q.63 

a/ To transport and other costs, a sum of us.$ 2.26 per ton has been added 
to represent mining costs. This is the price paid b7 Cia, de Acero del 
Pacifico, Huachipato, P.ased on US$ of 1948• 

W Does not include profit for the canpany owning the Itabira' deposit iri 
Brazil. 

Ef Includes cost of railway transport to Puerto Madryn (190 kilometres) 
ana rnaritjme freight at the usual rate, i'rC!fl Puerto Madryn to San 
NicoLts (955 nautical miles) 

!4/ Corresponds to inland water-way and meritime transport. Normal tariffs 
4 of direct transport were used, along the Orinoco River and sea-ways, 

to the steel plant. 

e/ Covers debt service, corresponding to the dredging of the Orinoco River 
and cost of ntaintenanqe of the water-way for a yearly transport o£ 5 
million tons of ore.· According to Journ6.l of Metals and Mining 
Engineering February 1950, the cost of dredging the Orinoco can be 
estimated at 181000,000 dollars. Assuming an interest rate o£ 3% 
and an amortization rate o£ 5%, as well as maintenance costs of 
us.$ 1,100,000 per year, a to'7.al cost of us.$ 2,540,000 per year 
would be obtained• Then, estimating the average annual extraction to 
be 5,000,000 tons, as the one in question, the average cost per ton 
wcported due -to maintenance of the Orinoco River would be USo$ 0.51. 
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Annex 3 • Costs of Iron Ore per Ton of P.i&, Iron P-roduced 

(Percentage, kilos and 1948 dollars) 

l.f£~.!..21 
Deposit -Fe .2£~.~~ Cost 

Plant Location cont. ton of oTton 
% :eig iron of ore 

San Nicol.is Zapla 4S 2,08.5 14·49. 
San Niccilc'is I tab ira 65 1~540 13.36 
San Nicolas · Sierra Gra.rne 57 1,755 8a43 

Volta R~donda Lafaietta 65 1,540 6.30 

Huachipato El Tofo 60 1,670 4·52 

Be1encito Paz de Rio 47 2gJ20 3o65 

Monclova Durango 60 1, 670 9·88 

Chimbote Marcona 60 1,670 6.05 

Barcelona El Pao 65 1,540 7·11 

Sparrows Point; 
Maryland El Pao 65 1,540 10.63 

Cost of 
ore :eer 
ton of 
~ iron 

JC'-20 
20o57 
14 .. 80 

-
10.47 

7·55 

7·74 

16o50 

lOelO 

10·95 

16.37 
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Annex !:z. . Cost of Coking fuels Delivered to ~lant 
' . < 

(1948 dollars per ton) 

% 
C t f Trans-

Location Origin 
0
~ 

0 
portation,Total nu.ne etc •. 

-- San Nicoliia, Zapla ore Imported 100 ----20.00 

San Nicol~s,.Itabira ore Imported 100 ----20.00 

San Nicolas, Sierra Grande Imported 100 ----20.00 
ore .. 

Volta Redonda Imported '!0 8.94 14.01 22.95 
Domestic 30 16 !I 6.42 22.42 

Huachipato Imported 15 8.94 12~68 21.62 
Domestic 85 8.19 0.36 8.55 

Belencito Domestic 100 6.02 0.10 6.12 

Monclova· Domestic .100 6.80 0.85 7.65 

Chimbote Imported 
(asphalt) 15 .13.20 7.62 20.82 
Domestic as 4.50 0.85 5·35 

Barcelona Imported 100 8.94 4.54 13.48 
Domestic 
(asphalt) 100 2.26 3.32 5. 58 

Sparrows Point, Maryland Domestic 100 9.10 

~ 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$16.-. 
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Annex 2 Cost of Coal Delivered to Plant -.--
(per ton of pig iron, 'in 1948 dollars) 

% Cost of Origin of · Location 
coal in blend 

blmd per ton 

San Nicol~s, Zapla ore Imported 100 20.00 

San Nicol~s, Itabira ore Imported 100 20.00 

San Nicol~s, Sierra Grande Imported 100 20.00 
" ore 

Volta Redonda Santa Catarina 30 22.79 
Imported 70 

HuachipatO Golfo Arauco 85 10.54 
Imported 15. 

Balencito Paz de R!o 100 6.12 

Monclova Coahui1as 100 7.65 

Chimbcte Anthzte.cit.e - Santa 85 7~68 
Aaphut 
Imported 15 

Barcelona Dom.estie 
asphalt 100 5. 58 

E~reelona .Imported 100 13.48 

SpaDrt~'fnt M.nt,Maryland Weat ·V~inia. 100 9.10 

Tons of Cost cf 
c09.1 per coal per 
ton of ton of 
pig ir<n pig :iron 
-
1~350 27.00 

1,070 21.40 

1,150 23.00· 

1,095 24.96 

1,320 13.91 

1,420 8.75 

1,250 '9.56 

970 7745 

1,600 8.93 

1,970" 14.42. 

1,070 9.74 



Annex 6 Costs of Limestone 

(1948 dollars per ton ) 

Location 

San Nicolas, Zapla ore 
San Nicolas, Itabira ore 
San Nicola.s, SieiTa Grande 

ore 

Volta Redonda 

Huachipato 

Belencito 

Monclova 

Chimbote 

Barcelona !/ 
Barcelona 2/ 
Sparrows Point . 

Trans­
port 
costs 
ton 
-1.60 
lo60 

1~60 

4·54 

3 c /.j]. 

o.oo 

Oo09 

2o22 

2·90 

2•90 

2o90 

Total 
cost 

per ton 
of lime 
stone-

3o86 
3o86 

3·86 

6.80 

5o67 

2.26 

2o35 

4o48 

5ol6 

·5.16 

5ol6 

E/CN.l2/293/Add.2 

Issued provisionally at 
the Bogota Meeting as 
ST/ECLA/CONF.l/1.87 
Page 49 

Kg.s. of Cost of 
limestone limestone 
per ton of per ton 
pig iron pf pig 

J.ron 

505 1.95 
200 0·77 

200 loOS 

280 lo90 

280 1·59 

500 lol3 

290 Oo68 

280 1·25 

350 lo80 

200 lo03 

200 lo03 

Average (Venezuela .£1 only) $ 1;•74 

!( Coke produced with asphalt or pet~oleum residues 

b/ Coke produced from imported coal 
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Annex 7 Costs of Ca]finR_Opera.tions 

The "Mi~eral Yearbo~~ gives t~e cost of production of 
metallurgical coke in the Un~-ted States in coke-ovens, 
for 1948 in short tons of 2.000 lbs., these figures, 
reduced to met~ic tons, give the following values: 

GrQss cost per metric ton of coke uS$ 18.58 

Cost of coking coal per metric ton of coke 

Coking cost per metric ton of coke 

which includes eapital charges of 

Coking cost per metric ton of coke 

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

and the credit for by-products would represent 

12.77 

5.81 

2.27 

3.54 

2.48 

3.09 



Annex 8 Coke ·,lant .;oats and nredits 

Costs of 
coking 

per ton 
of coal 

San Nicolas, Zapla ore 2o48 
San Nicolas, Itabira 

ore 2e48 
San Nicolas, Sierra 

Grande ore 2·48 

Voita Redonda 

Huachipato 

Belencito 

Monclova 

Chimbote 

Barcel~na !_/ 

Barcelona if 
Sparrows Point 

(+-) Costs 

(-) Credits 

. 

2·48 

2.48 

2·48 

2 .. 48 

2o48 
-

2·48 

2u48 

2.10 

• 
(1948 dollars) 

Credits Net cost for by-or credit products per ton per ton of coal of coal 

3·09 -0.61 

3,09 -0o6l 

3·09 -0 .. 61 

3·09 -Oo61 

3·09 -0~61 

3·09 -Oo6l 

3.,09 -0.,61 

-+2·48 

-. +2·48 

3·09 -0.61 

'3·09 -Go99 

!/ Coke producE!d 1dth asphalt or petroleum :residues. 

h/ Col<:e produced fran imported coal. 
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·Coal Coki:1g 

consumed - per ton 
f . . on per ton of o p~g J.r . . EJ.f!i ~ron 
1,350 -Oc8o 

1,070 . -0.65 

1,150 -Oo70 

1,095 -0.67 

1,320 -0·81 

1,430 -o.s8 

1,250 -0·76 

970 +2·40 

1,270 +3·15 

1,070 -0.65 

1,070 .-1.06 
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Annex 9·,·..:;. 

Item 

Iron ore 
Coking coal 
Limestone 

Cost of Pig Iron Prodt'.ction in 250,000 Ton Plants 

(1948 dollars per ton) 

San Nicol~s Volta ·aua-
Ita-Si:m:a B.edon-chi­

Zapla bira GrAnde da . pato 

Barce-Barce-S 
Belen-Mon-Chim-lona lona par-
ci to c1ova bote asp:a1t coal pro~t · ·, om 

!11 ·!J 
-------~ 

30.20 20.57 14.80 10.47 7-55 7.74 16.50 10.10 10.95 10.95 16.37 
27.00.21.40 23.00 24-96 13.99 8.75 9.56 7.45 8.93 14.42 9.74 
1.9; 0.77 1.08 1.90 1.59 1.13 o.6s 1.25 1.so 1.03 1.03 

Less,credit for blast 
furtJac.e gas -1.90 -1.90 -1.90 -l~ -J=-:.2Q -1-LiQ. -1.90 -l.<tQ -1,90 -1~ ~1.9Q 

Asseri~ly costs 57.25 40.84 36.98 35.43 21.15 15.72 24.84 16.90 19.78 24.50 25,24 

Di:r·ect wages 0.45 0,45 0.45 0.41 0.35 0.47 0.38 0.32 1. 56 1. 56 1.22 
Indirect wages. · 

and salaries 0.57 0.51 ~ ~ ~~ 0,60 ~ 0,41 2,0Q 2.00 ~Z 

Total, wages and 
sal.'lries 

Cooling water 
Net coking costs 
Lest: net coking 

1.02 1.02 1.02 0.94 0.79 1.07. 0,87 0.73 3.56 3.56 2.79 

o.42 0.42 0.42 0.42 0.42 o~42 0.42 0,42 0.42 0.42 0.42 
t2.40 t3.15 

crfldits . -0.86 -0.65 -0,70 -0.67 -0.81 -0.38 -Oo76 
Repairs and overhec:d_ 2,16 _2,16 . ..bJ-6 2.&2. 2,06 ? • .!fl. _2.11 

Total, other 

-0.65 -1.06 
~ 2.40 2.10 2,10 

tre.1s.formatkn costs 1.72 1.93 1.88 1.84 1,67 2.53 1.77 4.83 5.97 1.87 1.46 

Direct costs 59.99 !iiJ:1 ~ 28·~ ~.61 19.32 ~ ,g~_Ji2 29.31 ~ ~ 

Capital charges 8,6h 8.64 8.64 8.64 8.61+ 8.64 8,6/l-8.64 8.64 8.64 6.40 
Total costs 68.63 52.43 48.52 46.85 32.25 2?.96 36.12.31.10 37.95,38.57 35.89 

!3:/ Coke produced with nsphalt or petroleum residues. 

£I Coke produced from imported coal. 
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. Liquid pig 
iron 

C:iroJ.J.Bting 
scrap 

Purchased' 
scrap 

Ferro-alloys 

-credit for 
Thomas slag 

Cost of Steel IMot in 2501p00 Ton ,Plants 

(1948 dollars per ton) 

E/CN.12/293/Add.2 

Issued provisionally at 
the Bogota Meeting as 
ST/ECLA/CONF.l/1.87 
Pa~e 53 

san Nicol~s Huaclrl. 1-' _ Ch. _ Bare~ Bare~ Spar-
-lOn 1m lona 1~ rows 

Sie-Vol-pato Belen clo~a bote ~ b Point 
Zapla I~-rra ta 20% cito lOOp 20% _ 20% 20% 20% 

b~ra Gran-Re-Bes-100% open Bes-Bes-Bes-Bes-
de donda semer Thanas haa.rth serner serner semer semer 

---_.....__,_ 

52.10 39o80 36o83 35o98 24•77 23o96 27•42 23e90 29ol4 29o62 27o56 

12.54 9·58 8a87 8o65 5·78 5·13 6.61 5·57 6.80 6.91 6o43 

6.'14 4·77 4·41 4·42 2o95 2o54 3o30 , 2o84 3·47 3·53 3·30 
2ol7 2·17 2·17 lo92 1·92 1·40 2-17 lo92 lo92 lo92 lo92 

-6~ 5.Q 
Total, .:terrrus • 
li&er:ialoost 73.05 56o32 52.28 50•97 35•42 26·53 39·50 34•23 41•33 41•98 39.21 
Direct. wages 2·00 2•00 _2o00 1.60 1·33 0·90 i.72 1.24 6o04 6o04 4·74 
Indirect 
wages O·J2 0·~2 o-~2 0·~2 0·22 Oo60 o.~o 0.2:z 1·~2 1·~3 1.02 
Total wages 2·35 2·35 2·35 1·95 1.62 le50 2.02 1 .. 51 7·37 7·37 5·79 
Fuel oil loJ2 lo32 1·32 1.06 lc06 -1-32 1.06 0·77 0·77 1.06 

Limestone and 
refractories lolO lolO lolO lolO lolO lo60 1.10 lolO lelO lolO lolO 

Purchased~-
£1 £1 £1 £1 £1 1·05 £1 £1 9/ £1 s).£1 tric energy 

Maintenance 
materials Oo50 Oo50 Oo50 Oo50 Oo50 Oo85 Oo50 Oo50 0·50 0·50 Oo50 

Overhead, 
.materials and .. 
services _Q.!..ltZ 0 fJ 45 0·~2 Oo2:Z 0·21 Oo72 Oc45 Oo51 0·51, O.~ 0•51 
Total, fixed 
production 

3·37 Jo37 3·37 3·23 3·23 4·22 3·37 3·23 2o94 -2,.94 3·23 expenses 

Total direct 
78.77 62.04 58,00 56·15 40·27 32·25 44~89 38·97 51.64 52·29 48.23 costs 

Capital cha.rges~4Q 6·~0 6~!J:O 2o24 5·2.4 6o22 6o~.O ,2o2fL 5·94 ....2~94 ~0 
Total cost 85.17 68.44 64.40 62.09 46o2l 38•47 51•29 44o9l 57•58 58o23 . 

Note: See Annex ~0 (continued) "Gen~ral Basic AssUmptions U.sed il1 the 
Canparative Calculation of Costs of Production of Crude Steel" 

y Coke produc~ with asphalt or petroleum residues._ 
E/ Coke produced from imported coal . -_. 
£I Assumed to be produced in the plant, included in "General and miscellaneous 

costs. 
£1 700 KWH per t9~ of re~elted scrap; 210 KWH per ton of ingot steel at 

~ 0 • 005 'the KlnH. 
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Annex 10 (Cont.) General Basic Ass~>n.ption~_Usod in the C·:)mpa~_?.tive 
Cale·;llation of Costs of Production of Crude Steel 

Item 

Liquid pig iron per l. 000 kgs·. 
of steel ingot 

Cir~:ilation scrap 

Purchased scre.p (at 90% of 
pig iron price) 

Ferro-alloys per ton 
of steel ingot 

Fuel-oll 

Limestone and refractories 

Direct wages 

~~scellaneous wages and 
expenses estimated in 
working hours 

Repairs and maintenance 
corresponding to labour 

Purchased electric'energy 

Maintenance materials 

Haterials a.'ld services und,er 
the item "General and · 
miscellaneous costs" 

Capital charp~s in United 
States 8%; in Lctin America 
9% on United States capital 
investment increased by 20~~ 
to cover transportationand 
other costs. This capital 
is estimated for Latin 
American Plants, per ton of 
annual capacity at: 

Unit 

Kgs. 

Kgs 

Kgs. 

US$ 

Kgs. 

US$ 

Hours 

Hours 

Hours 

US$ 

US$ 

US$ 

US;1? 

100% 
Open 

hearth 

7~~9 

203 

101 

2.17 

110 

1.10 

3.5 

0.30 

0.32 

'!~/ 
0.5(> 

0.45 

73.30 

SO% Open 
hearth 

a.nd 
20% acid 
Bessemer 

768 

199 

102 

1.92 

88 
1.10 

3.02 

0.37 

0.30 

!Y 
0.50 

0.57 

66.-

100 % Baeic 
Bessemer. 

Scmpre-melt,ed 
in electric 
furnace 

857 
205 

101 

1.40 

1.60 
1.50 

0.67 

OQ32 
· oc: d I .l....o;;J 

o .. s; 

1.05 

69.60 

g_/ Assumed to be produced in the p1a.nt, included in 11General and miscellaneous ccists
11

• 

~ 700 KWH per ton of re-melted scrap; 210 KWH per ton of ingot steel at $ 0.005 
the KWH. 
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Steel ingot~ 

Fuel blast · 
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Costs per Ton of Finished Steel i~01.f..OQ__'l'o-:J P~!.ar"ts 
(1948 dollars per ton;--

·--'"';;.;q·:~n Nico~ .. ~s 

Zapla Ita.-Sierra 
bir.a Grande 
----

Bar~e-Barce-Spar­ Vclb.. Htta.-Belfm-Men-Chi~n-lena lcr'.a ro,,rs 
Re;!or:--ch:l.·~ ci to clova h:::te ~~t, c;~~~ Point du pav') . a _ • _ 
---

113.5q 91.25 85.87 82.79 61.61 51.29 68.39 59.88 76.77 77.64 70,17 

f:urnace gas 0.88 0.38 0.88 o .. t_!8 0.88. 0.88 0.88 0.88 . 0.88 0.88 o.ss 
Less scrap credit •. 16. 7? -12.77 -11.83 ··J.L 53 -7. ?1 -6.S~:--8.82 -7.43 -9,07 -9.:21 -8,57 

. -----~·-. ....--..----·--· Raw materials 
per ton. 97.72 79.36 74.92 72.14 54.78 45.33 60.45 53.33 68,58 69.31 62.4$ 

Rol.ling wages 
(10.18 man 
hour). 5.80 5.80 5.80 5.40 4.48 6,11 5.00 4.17 20.36 20.36 15.98 

Maintenand'e and 
overhead wa.ge3 
(20%) . 1.16 1.16 1.16 1.00 o.90 1.22 1.00 o.83 .Ju9..Z ~~oz 3r20 

Total wages 6.96 6.96 6.96 6~48 . 5.38. ?'~33 . 6.00 5.00 24.43 2h.43 19.18 
R~fractories and 

spare parts 2.00 2.00 2.00 2.00 2.00 2.00 2,00 2.00 2,00 2.00 2.00 
Maintenance 

n~at.erials fo:-
ser-vices and 
overhead i.45 1.45 1.45 1.45 1.45·' 1.45 1.45 1.45 . 1.45 lo45 1.45 

Electricity ~-·20. ~ J..2Q L20 1.20 .,L~. 1.20 1,20 1.20 J.~20 ~ 
Total rnate:-ials 

end se:-vices J.:M ~5. .J:J5., --~6..5. ~ _lij ~ . .A:M ~ ...1u.2.'i ~.6,2 
Total direct 

costs 109.33 90.97 86.53 83,27 64.8]:'57.31 71.10 62.98 9?.66 98a39 86.~1 
Capital charges J.8 .81 .1JL.[J.. ..J..8 .81 18~8~ 18.81 18,81 18.12! ).818Ja .J§...~ 18.81 1J.2!.t 
Total Cost :.28.:1,. 109.78 105 .. 34 102.08 83.62 76.12 89.91 8L79 ll6.47 117.20 100.25 

~ Coke produced with asphalt or petroleum residue. 

£/ Coke produced from jmported coke. 



E/CN.l2/293/Add .• 2 

Issued provisionally at 
the Bogota Ivleeting as 
ST/ECLA/CONF.l/1.87 
Page 56 

!_nnex 12 A Breakdo'l$1 of Iron Or~2 Cn¥ and tJ.mestone Cost§ 
(1948 dolla:-s per ton) 

San Nicol~s Volta riuachi::;>ato Belencito 
Item (Zapla) Rfldonda 

---ri-"On - Pig .Lron Pig Iron Pig Iron Pig 
ore 5ro:1 ore ...ir-2!!-ore iron ore iron 

-- Iron ore 

Wages 0.90 l.t:? 0.90 1.39 0.90 1.50 1.00 2.12 
~:iscellaneous 0,82 1.?1 0.82 1.26 0.82 1.37 0,86 1.82 
Capital chaJ.•ges ~ 0.54 1.13 0.54 o.OJ o. 54 0.90 0.40 o.85 
Local trru1sportation 12.2J 25.48 ~ ~·22 2.26 ~ 1.3q 2.9~ 

Total 14.49 30.20 6.80 10.4? 4.52 ?-55 3.65 7-74 

Fuels (Dc:nestic) 

Wages 9.60 3.16 3.29 3.69 2.53 3.61 
Miscellaneous 6.40 2.10 2.20 2.47 1.69 2.41 
Capital charges 4.50 l.L$ 2.70 3.03 1.80 2.57 

· Transportation 6.42 2.11 0.36 0.40 0.10 0.14 
Imported fuel.(Val.ue) 

--±.22 -J.ir.::.2.4 -~ 
Total 2?.00 . 26. 9.'2 23.79 8.55 13.87 6.12 8.73 

1_imestone 

Wag<?s 0.90 0.45 0.90 0.25 0.90 0.25 1.00 0.50 
Ki.scellaneous 0.82 C.41 0.82 0.23 0.82 0.23 0.86 Ou43 
Capital chat'ges o. 54 0.27 o. 54 0.15 0.54 0.15 0.40 0.20 
T:;,~ans portati on 1.60 Q.82 ~ 1.27 :h.li!: 0.96 
Total 3.86 1.95 6,80 1.90 5.67 1.59 2.26 1.13 

!/ Investment US$ 6.-per ton/year. 
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Annex 12 B Breakdo\o.n_of trim . ..Qr.~1 Coal. _ilnd I4.mestone Costs
· -z-1948 dollars per tOOl , 

Monclova Chimbot-=3 Barcelona Pi Barcelona E/ Sparrows Point 
__..---~·-·~ --- Iron Pig Iron . Pig Iron Pig Iron Pig Iron Pig 

ore iron Ol'e iron ore iron ore iron ore iron 
~-l-

Iron ore 

· · Wages . · .0.90 . 1. 50 ·o.90. · 1. 50· 0.85 1.31 0.85 1.31 ' 0.85 1..31 
Miscellaneous· 0:82 .. 1.37 .0.82. · 1.37 0.75 1.00 0.6; 1.00 0.6; 1.00 

.. Capital charg~C..:/0.54 . 0.90 . .9.~4. · 0.90 0.76 1.17 0.76 1.17 . 0.76 1.17 
Local 

transportation 7.62 12.73 3-79-'. 6.33 4.85 7.47 4•85 7.47 8.37 12.89 
---- Total 9.88 16.;o 6.o; 10.10 7.11 10.95 7.11 10.95 10.63 16.37 

·!Jz,e,k (Domestic) 
· .. Wages 2.73 3.41 .1.62 ... 1.34.' o.86 ~ .. 38 2,.10 2.24 

Miscellaneous 1.82 2.27 1.08 . 0,89 0.58 0.93 1.40 1.49 
Capital charges 2.2; '2~81 '· '1.80'. 1.49 0.80 1.28 2.40 2.56 
Transportation o.8; 1.06 o.8; 0.70 3.32 '5.31 3.20 3·41 

Imported Fuel (Valu~ 3.02 -13·~As 
-----. . 

Total 7.65 9 .. $6 ·5.3.5 .. : 7.44. 5. 56 8.90 .. . . ·. . . 13.48 14.37 9..10 9.70 

L:l..meston19 
Wages 0.90 0.26 'o.9o · 

·. 
o'.'25 o.s; 6.30 o.8; 0.17 0.85 0.17 

Miscellaneous 0.82 0.21~ 0.82 0.2.3 0.65 0.23 0.6; .0.13 o.65 0.13 
Capital charges 0.54 0.16 0.54 0.15 0.76 0.27 0,76 0.15 0.76 0.4.; 
. Transportation Q.&2. o .02. ··2,22. :. o.62 · 2.9-Q . l~Ol. ~ ~ . b..2Q . o.~~ -~ . -~. 

Total 2.35 .. ·o.M. '4,1.,~ .. L25 5.16 1.;8]. 5.1.6 1.03 .~.16 1.03 

!/ Coke produced 'with asphalt or petroleum residue. 

El Coke produced from L~ported coke. 
£) Investment US$, .6 .•. ~. per .t.ori/yeGtr .. : . 
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Annex 13 

 _ Wages 

Iron ore 
Coal 
Limestone 

Miscellaneous 

Iron ore 
Coal 
Limestone 

Cap"' tal charg;'3s 

Iron ore 
Coal 
Limestone 

Trans'Jortation 

Iron ol"e 
Coal 
Limestone 

~ 
Imported 
Coal 

TOI'AL 

Iron ore 
Coal 
Limestone 

Distribution of As~embly Costs of Raw HateriaJ.s 
(1948 dollars per ton) ··-·-

Barce-Bare&-Spar­ San Nicolas, Volta Hua-Belen-Mon-Clri.m-iona lona rows 
with ore f~~1!!.-Redon-chi-cito _ clova bote !I ,!v" Point 

Ita-SJ.'e::-ra da. pato 
Zapla bl,fa Gr.s:r..C.e ___ .: ----
----· ...... ··--

1.88 1.58 1.39 
2.14 

Q.Ja Q.J..8 0.2.2 o.~ 

2.33 0.18 1.83 3.78 

1.71 1.44 

QJtl 0.16 ~~2. 

2.12 0.16 1.67 

1.26 
1.65 
0.23 
3.14 

1.50 
3o69 
fh~ 

5.44 

1.37 
2.47 
0.23 
4.07 

2.12 
3.6~ 
o. r.o --~ 

6.23 

1.82 
2.41 
2.:.~ 
4.66 

l.i3 0.95 o.83 0.90 o.e5 
1.48 3.03 . 2. 57 

O.i'Z 0.11 0.15 0:12 0.15 9-:dQ 

1.40 0.11 1.10 2.46 4.08 ;.62 

1.50 1.50 
3./;l 1.34 
O,_?.Q 0.25 
5-17 3.09 

1.65 1.65 1.65 
1.38 2.25 
~ o.~! Q.dJ. 
3.40 1.86 4.11 

1.37 1.37 1.00 1.00 
2.28 0.89 0.93 

1.00 
1.50 
0.13 0.1Jt .Q.dl 0.23 Q.JJ 

3.89 2.49 2.16 1.13 2.63 

0.90 
2.81 
0.16 
3.87 

0.90 0.83 0.83 0.83 
2.57 

0.11 o,n 
1 .• 49 '1.31 
~~ 
2.54 2.33 0.94' 3.5!". 

25.48 17.1010.83 6.99 3-77 2.9512.73 6.33 7.47 7-47·12.89 
2.11 0.40 0.14 1.06 0,70 5·31 3-42 

...£.·~ _0.32 S..M 1.27 · 0.96 · =--..Q:.02 o.6g_ 1.01 Q.sa ~ 
26.30 1?.42 11.2810.37 5.13 3.09 13"81 7.6513.79 8.05.16.89 

21&Q. 24.87 23.00 17.:..5.8 ~-...ls..9l 14.42-
59.15' 42.74 38.88 37-33 23.01 17.60 26.74 18.80 21.68 26.40 27.14 

30.20 ~0.57 14.80 10.47 7.55 7.74 16.50 10.10 10.95 10.95 16.37 
27.00 ?1,40 23.00 24.9613.87 8.73 9.56 7.45 8.93 14.42 9.74 
~ 0.77 l.dg 1.90 ~ 1.13 0.68 1.25 •• 8Q ~ ~~Ql 

59.15' 42.74 38.88 37.33 23.01 17.60 26.74 18.80 21.68 26.40 27.14 

!/ Cr-ke produced with asphalt or petroleum residues •. 
§I Coke produced from imported coal. \ 

• 




