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Part I

EVALUATION OF IRON AND STEEL MAKING PROCESSES

In this part of the paper, the autho: n the methodology used by
Nacional Financiera, S,A., the official indust: elopment agency of Mexico,
to evaluate different iron and steel making processes, in relatica to the avail
ability and price of several resources. Evalustion of this kind is of great ip
terest to Mexico because the most important iron ore deposits are relatively far
from the coking coal sources, and relatively near to hydroelsctric power, in one

case, and '. non-coking coal in another.

Explained in a very few words, the evalustion procedure consists of
a) determining physical inputs per unit of production ccrresponding to all the
applicable processes; b) making the prices of those inputs vary between minimum
and maximum possible values, and c)finding out the impact of those variations
on the total cost of iron and steel. From the very beginning of the inves-
tigations, Nacional Financiera wrnted to produce a work that would be useful
not only to Mexico, but universally. For this reason, the results were given
as ‘ndexes, instead of absolute cost firures, and the prices of inputs were ex
pressed as maximum (plus sign) minimm (minus sign) and medium (m) prices, ing

tead of using speecific figures.

By means of an electronic computer, it was possible to introduce in the
study all the possible combinations of iron ore reduction and steelmaking pro-

cesses, and all the probable combinations of price levels of the inputs. Annex I,




attached to this paper, shows relative costs for 4 332 of such combinations,
corresponding to 76 combinations of ciderurpical activities described on Table 1,
and 57 combinations of input prices. They can be used not only to determine the
relative advantages of one process in relation to another, in s narticular price
situation, but to ascertain the sensitivity of steel costs to input price vari-
ation,

The figures of Annex I were used for the preliminary selection of the
possible manufacturing processes for the future Mexican iron and steel industry,
in relation to all the locetions which on first sight seemed to have some advan
tages as sites for the plants., Once this was done, the production costs were
recalculated with more precision, this time using actual prices of the inputs.
The use of the tables thus resulted in a considerable saving of time and effort
inasmuch as the precise calculations were made only for a relatively small num-

ber of alternative locations and manufacturing processes.

The hardest part of the process evaluation work was the detem ination of
input coefficients, starting with the production of sinter and coke and snding
with the rolling of sections, flats and seamless pipe. This work was done by
Nacional Finenciera in consultation with national and foreign experts, and tak-

ing advantage of published information, which unfortunately is rather scuntyl/

1/ Books: United Nations, Problemas de la Industria Siderirgica v de Tranafor-
pacidn de Hierro y Acero, Mexico 1957; United Nations, T T
Probleps of the European Steel Industry, Geneva 1959; United Nations, Com-
S New York, 1962; W, Isard, I. Schooler and
T. /ietorisz, Industrial Complex Apalysis, John Wiley, New York, 1962
Peri s Metallurgist (translated from the Russian), New
York; Journal of the Iron and Steel Institute, Lendoa; &hl_lm_ﬁhm.

Disseldorf; Jouraal of delala, New York; Revista Letinosperica da Siderurzia,
Santiago, Chile,




3.

As it may be seen in Tables 2 to 6, the coefficients were arranged so as
to form column vectors, which in turn were grouped topgether in matrices. Each
vector corresponds to one manufacturing activity . The minus sign means an in-
put, and the plus sign means a product or by-product. All the inputs are given
as per unit of the main product. The left side of the matrices consists of two
parts: the upper, contains the linear inputs, i.e., those who are directly
proportional to the level of production; the lower part shows the non-linear
inputs, the behavior of which in relation to productive capacity can be represep

ted by means of logarithmic equations, formulated with the data givenjl

The linear inputs are in turn classified into exogenous and endogenous,
depending on whether they originate in activities different from the iron and

steel industry, or within the industry nroper,

2/ For the purposes of this type of work, an "activity™ is defined as the trans-
formation of fixed proportions of inputs, into fixed proportions o? products
and by-products. It can be expressed as a function of the principal input
or the principal product. A column vector is & matrix with only one column,

3/ The equations relating investment and labor, with productive capacity, are
the following:
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In’ Io, Ln’ Lo’ represent the investment and labor requirements which cor-
respond to nroiuctive capacity levels of C, and Co respectively; o< and /3
are exponents which express the variation in investment and labcr, resnec-

tively, as a result of capacity changes.




The indirect cost inputs do not appear explicitly in the matrices. They

have to be calculated by means of factors, as a function of investment, or labor,

or bothL/

4/ The factors used in this Lahor cost Capital cost
work are the followings factor factor
Supervision 0.200 —_—
Maintenance 0,100 0,030
Social security and welfare 0,200 0,005
Administrative cost 0.150 0,006
Depreciation 0.050
Insurance 0.010
Opportunity cost of capital 0.080
Others 0.550 0,010
Totals 1.200 0.190

These factors are related in the following equation, expressed in any monetary
units

1.20 9L7+ 0,19 1

Ci =
T

In which, C; is the indirect unit cost; Cp is the annual labor cocst; I is the

investment and T is the yearly productive capscity, in metric tons. For the
purposes of the Mexican study, the price of labor was estimated at 0,60 dollars
per man-hour.

The refrsctory expense was estimated as follows, in dollars per ton of pig iron,
or steel.

Reduction Steel-making
Blast furnace 0.75 Open hearth 4L.48
Eloctric furnace 0.80 Converter 0.88
Electric furnace with Electric furnaces
pre-reduction 0.80 with scrap .12
with sponge iron 1,28
with pig irom 1.68




In order to calculate costs in an expedient manner, it is preferable to
"integrate® the coefficients of the series of activities that form a total many
facturing process. When this is done, the process can be expressed by a single
vector, in terms of exogenous inputs, only. An example of the integration pro-

cedure is shown on Table 7.

Although this paper deals only with the methodological aspects of the
subject, it is important to state some of the assumptions made regarding the
nature of the exogenous inputs. The figures are based mainly on Mexican data;
they reflect average characteristics of the resources, Thus, iron ore is sup-
posed to have 60 per cent iron. Although sulphur, phosphorous and silica are
not recorded in the matrices, they were taken into account implicitly in the
calculations. The ash content of coke is about 20 per cent. The manganese cop
tent of the manganese ore is 35 per cent, and the heating value of natural gas
and fuel oil were taken as 900 000 kilocalories per hundred cubic meters, and
one million kilocalories per hundred liters, respectively. Other assumptions

may be seen in the parenthetical figures on the tables.

5/ The calculation mechanism is as followss If "N® tons of pig iron (besides
many other imputs) are required to produce a ton of steel, "N® has to be
multiplied by all the coefficients pertaining to the pig iron activity. The
coefficient "M™, expressing the sinter necessary for pig iron will have to
be multiplied by the coefficient corresponding to “he iron ore which goes
into the making of sinter, in order to obtain the :zocefficient expressing
the amount of iron ore which in the form of pig i-on is necessary for onme
ton of steel. The coefficient indicating the ircn ore imtroduced directly
to the steel-making furmace will have to be added to the coefficieat thus
calculated,




Investment includes construction, basic and auxiliarvy equipment, ser-

vice equipment, shops, spare parts, engineering, erection and offices.

We think it is pertinent to say that a determination of physical input
coefficients for several industries is a task that one institution alone cannot
do properly, if the coefficients are to be kept constantly up to date. This
meeting provides a good opportunity for organizing cooperative work of this
kind among institutions whose job is to evaluate projects and to program the

development of the industry.

Besides their use in process evaluation the input-output coefficients
were employed as tools for the projection of the future needs for raw materials
and productive capacity of the industry. This was done by means of physical
ioput—output tables or matrices, which not only reflect the demand for the dif-
ferent materials, intermediate products, fuel and electric power, but express
tne interrelationships among different sectors of the induatry, and even with
other industries which either supply materials to siderurgy, or use iron and

steel products as raw materials.

The fact that the matrices represent conditions of equilibrium between
inputs and products, considering return scrap and non-recoverable waste; and
between production and consumption, considering imports and exports, helps

keep under a sort of accounting control the estimates that usually have to

complement scarce statistical data,




7

Imports and exports of siderurgical materials or products are of little
importance in the case of Mexico. For this reason, they are taken into account
onlr in the balance, at the bottom of the matrices. For countries with consid-
erabls foreign trade in this respect, each of the input and product lines of

the matrix can be trebled, to show production, imports and exports.

Table 8 shows the basic matrix for the Mexican iron and steel industry
in 1963, and Table 9 is the projected matrix for 1975, The latter is based on
the input coefficients of tables 2 to 6, but it is just an illustration made
specially for this paper, inasmuch as the decisions on locations and prccesses

for the future Mexican iron and steel industry have not been yet made.

It will be of interest for this audience to know that in its industrial
programming, Nacional Financiera is trying to use physical input—output matrices
for most of the industries. By means of price tables, and the inclusion of mon-
etary inputs which are not expressed in the coefficient matrices, the input-out
put tables are transformed from physical into monetary units, in order to be
able to interrelate tables belonging to different industries, and to interrelate
industrv with other sectors, by means of the general input-output matrix for the
Mexican economy, which is being prepared as a joint effort of the min’'stries of
Finance and of the Presidency of the Republic, the Bank of Mexico, and Nacional

Financiera,




Part I1

SITE EVALUATION

Once one or more process combinations are selected by the procedure
explained earlier in this paper, the more accurate calculations of steel in-
got costs for different sites and sev:ral manufacturing processes was made by
means of two sets of figures. For one of the sets, the transportation of iron
ore and coal was computed with the actual freight rates of the Mexican rail-
road system. The results obtained this way express the worth of the site from
the point of view of private enterprise. The other set of figures was based
on freight rates adjusted so as to reflect "shadow prices™ or ™accounting
prices" for transport, which represent what the Nation actually spends in fuel,
lebor, materials and depreciation, when transporting a load from one place to
another of her territory. Although shadow prices were used only for transport,
it may be said that the results arrived at by using them reflect the worth of
the gite -rom the point of view of national interest. The results obtained by

employing virtual prices reflect better the interest of private enterprise.

The reason for using shadow prices is that in Mexico actual freight rates
do not reflect the national expenditure. The general average of what the rajl-
roads collect is less than the cost of transport, and, as far as siderurgy is
concerned, the ates for transport of minerals are tco low and those for fin-
ished products too high, in relation to the actual cost of moving those mate-

rials. Graph 1 shows the differences between actuxl and shadow freight rates

for Mexico,




Due to the fact that total costs or prices of minerals, coke, etc.,
as influenced by the present freight rates, cannot be called actual, because
in most cases the buying or selling of them is not yet established, it was
decided to name them ®virtual® costs or prices, in order to avoid confusing
them with those handled by the existing iron and steel companies, which would

be truly "actusl®,

When estimating costs, no attempt was made to get close to the figures
actually recorded by the existing mills. The objective was rather to arrive
at a set of figures calculated all with the same criterium, since in a study
of this sort what matters most are the relative values, not the absolute orss,
Furthermore, actual costs are generally distorted by factors which do not

belong to the realm of the economics of the industry.

Table 10 illustrates the relative costs of steel ingots in some pre-
selected locations, as computed for what resulted to be the most suitable
manufacturing processes. It is interesting to point out that, as the dis-
tance between the site and the iron ore deposits increases, the costs dif-
ferences computed with shadow prices of the inputs tend to be more signif-
icant than those obtained by using virtual prices, The location of other
factors of production, such as coal, coke, limestone and electric power do

not seem to matter very much in this respect.

Manufacturing costs are not, of course, the end of the svory. Finished
products will have to be transported to the steel users, which are not concep

trated in one point but widely distributed, according to a particular



10,

geographical structure of the market. From the national point of view, the
best site is *hat which would minimize the total national cost of producing
and distributing steel from all the plants -the projected new one and the
existing ones- to a market defined by its given geographical structure. The
problem was thus one of classical transportation linear programming, and it
was solved with the aid of a Control Data 170-& computer, in approximately

four hours of computing time.

The calculations of minimum cost were referred to a distant date because
a large steel project started now will not be in normal production before five
to seven years., As it was not possible to forecast with accuracy the future
geographical gtructure of tr~ market, it became necessary to play with severel
hypotheses of structures, as indicated in Table 11, The conclusion in this
respect, as may be seen ia Table 12, is that although the geographical dis-
tribution of ‘he market is an important locational factor, significant but
reasonable changes in this respect do not eclter sensibly the results of the
minimization of the total national cost of producing and distributing steel
for a given location., Furthermore, in general, relative differences in total
virtual costs are not very significant, but absolute differences in monetary
terms are quire relevant, In the case of total shadow costs, differences are

important in both, relative and absolute terms,
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Table 1

List of the 67 steel mill activities included in this study

Activity
number
1. Siater procegseas

1.1 Washed coal and natural gas

1.2 Small scale plants

1.3 Washed coal and fuel oil

1.4 Coke breeze and fuel oil

1.5 Coke breeze and natural gas

1.6 Iron ore fines, coke breeze and fuel oil

2, Coke
2;1 Normal coke production vector
3. Pig iro

a) Blast furnaces

100% sinter; natural gas acting as fuel and as reducing agent
100% sinter; fuel oil

100% sinter; without using hydrocarbons

50% sinter and 50% iror. ore; natural gas

50% sinter and 50% iror. ore; fuel oil

50% sinter and 50% iron ore; without hydrocarbons

100% iron ore; natural gas

100% iron ore; fuel oil

100% iron ore

b) Electric furpace:
100% sinter; coke and coke breeze
100% sinter; anthracite
50% sinter and 50 iron ore; coke and coke breeze
50% sinter and 50 iron ore; anthracite
100% iron ore; coke and coke breeze
100% iron ore; anthracite

c) Elﬁ.gk)&_imnm_mmwﬁmt
100% iron ore; coke

100% iron ore; anthracite

(VS L RUL U RS UL RS AUV
.« @ ® [ . [ . .
O 00 ~3I NP~ N
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o
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table 1 (contlinuation)

d) Lponyte jrons

3.18 100% sinter
3,19 50% sinter and 50% iron ore
3.20 100% iron ore

be Steel ingots

a) an_him_@mmmimm)_mmw
65% pig iron and 35% scrap; with iron ore

bel
4e? 65% pig iron and 35% scrap; oxygen
4.3 60% pig iron and 40% scrap; oxygen

b) Copverters:
bLed Linz-Donawitz (L-D)
b5 Kaldo

c¢) Electric furpace:
6 Sponge iron and iron ore
7 Sponge iron; oxygen
8 Screp and iron ore
9 Screp; oxygen
10 Pig iron and scrap; oxygen

5e Caatings

5.1 Ingot moulds (normal vector)
5.2 Other products (average inputas)
5,3 Steel castings (average inputa)

6. Flata
a) Slabs:
6.1 Blooming mill
6.2 Continuous casting mill

b) Hot rolled productss
6.3 Strip; Steckel, or reversing mill
6.4 Strip; semicontinuous mill
6.5 Strip; continuous mill
6.6 Sheets over 3 mm thickness
6.7 Sheets under 3 mm thickness

c¢) Gold rolled productas

6.8 Strip; semicontinuous mill
6.9 Strip; continuous mill
6.10 Sheets
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Table 1 (continuation)

d) Tinplate:
Immersion process
Electrolytic process

Rolled gections

Blooms; blooming mill

Blooms; continuous casting mill

Billet; reversing mill

Billet; continuous mill

Heavy weight sections; semicontinuous mill; height over 76 mm
Heavy weight sections; continuous mill; height over 76 m
Rails; semicontinuous mill

Rails; continuous mill

Medium weight sections; semicontinuous mill; height over 38 mm
Medium weight sections; continuous mill; height over 38 mm
Light weight sections; semicontinuous mill; height under 38 mm
Light weight sections; continuous mill; height under 38 mm
Wire; semicontinuous mill

Wire; continuous mill

Seamleas pipes

Seamless pipes; pilger rolling mill
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Prodyction cost i
T for diffe

Table 10

stee

(Lowest value - (100)

OW

With virtual prices of inputs

With shadow prices of inputs

Plant
E}tes Cost index Ranking Cost index Ranking
1 112 12 1l 4
2 113 11 13 7
3 106 6 109 3
4 107 8 1 5
6 108 9 119 11
7 105 4 121 13
8 103 2 120 12
9 100 1 100 1
10 105 5 12 6
11 107 7 117 9
12a 119 13 120 11
12b 104 3 105 2




Table 11

Hypotheses of geographical distribution of the market for

non-flat rolled steel products

(percentages of total market)
Hypotheses
}ke‘.\ 1 2 3 4 5 6 7 8
A 51.0 60.0 40,0 45.0 5440 4543 45.0 40,0
B 40 3.3 49 3.5 Le2 3.6 4e0 4.0
c 5.0 4ol 6.1 Lol 5¢3 Led 5.0 5.0
D 8.0 6.5 9,8 7.1 845 7.1 8.0 840
E 15.0 12,2 18.4 25,0 10.0 13.4 15.0 20,0
F 540 Lel 5.1 Led 5¢3 Leb 540 560
G 10,0 8.2 12.3 8.8 10.6 20,0 16.0 16.0
H 2,0 1,6 2.4 1,8 2.1 1.8 2.0 2,0
Total 100,0 100,0 100,0 100,0 100.0 100.0 100,90 100,0
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Part A -~ page 1

Annex 1

Relative jleel costs, according to menufacturing precesses end jnput prices
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Siemens Martin ((0~40) with oxygen
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Siemens Martin (/5=35) with oxygen
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5i»mens Martin (£5-=35) with oxvgen
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Siemens Martin (65-35) with oxygen
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telative steel co-ts, mecording to m-nufmcturini: procecses and ipput prices

Part C -~ page 1
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