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SUMMARY

It is common knowledge that the operation of the electric steel-mill is
economically affected by the amount and price of the electric power consumption
and the cost of graphite clectrodes as well as by the incidence of required

operation perscnnel and the value of the employed investments.

Using the inctallations of two steel-mills of Latin Aserica and adding to
them some very simple equipment a pilet irstallal'ion was set up based on the wclle

kncwn method of pre-heating steel scrap charges by means of gas or liquid fuel

e g

before charging them into the electric furnace. This instillation showed extremely
interesting resultc especially from an economical point of view due to a substan-
tial reductiorn of eclectric pow.r and electrodes consumption although a certain

increase in the fuel consumption was encountered.

* This is a summary of a paper issued under the same title as ID/HG.14/49

l/ The views and opinions expressed in this paper are those of the authors and do
not necessarily reflect the views of the secretariat of UNIDO. The document
is presented as submitted by the authors, without re-editing.
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The economical balance mainly linked to the ratio of unit cost of electric

power and electrodes to the cost of fuel resulted quite positive.

The opeiation of the new installation gave the hint to modify the conven-
tional lay-out of the electric steel-mill in favour to the acquired and usual

lay=-out of boih the plant and its material handling utilities.

This new type of steel=mill, which has not been yet implemented, offers

substantial economical advantages and a larger flexibility dur:irg operation.

The drawback due to the novelty of this installation, which elways bears
some risks especially in the iron and steel field, can anyway be overcome by the

possibility offered by the modern engineering techniques,
Using analytical techniques it is pozsible today to study all details of
operation (Monte Carlo technique) and consequently foresee the yearly'economical

results of plant operation (by the use of computers),

This new way of plant design, while allowing substantial saving in the

investment and opcration, requires greater care during the design ctage,

The estimated investment saving was evaluated around the 15=25 per cent,

The increase ir the design cost was evaluated of some percent of the value or the

plant (above normal standard),
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1. INTRODUCTION AND SUMMARY OF THE CONCLUSIONS

It is common knowledge that the operation of the electric steel-mill is
economically affected by the amount and price of the electric power
consumption and the cost of graphite electrodes as well as by the inci-
dence of required operation personnel and the value of the employed
investments,

Using the installations of two steel-mills of Latin America and adding
to them some very simple equipment a pilot installation was sect up
based on the well known method of pre-heating steel scrap charges by
means of gas or liquid fuel before charging them into the electric
furnace. This installation showed extremely interesting results
especially from an economical point of view duc to a substantial
reduction of electric power and electrodes consumption although a
certain increase in the fuel consumption was encountered.

The economical balance mainly linked to the ratio of unit cost of
electric power and electrodes to the cost of fuel resulted quite posi-
tive .

The operation of the new installation gave the hint to modify the conven-
tional lay-out of the electric steel-mill in favour to the acquired and
usual lay-out of both the plant and its material handling utilities.

This new type of stecl mill, which has not been yet implemented ,
offers substantial economical advantages and a larger flexibility
during operation,

The drawback due to the novelty of this installation, which always
bears some risks especially in the iron and steel field, can anyway
be overcome by the possibility offcred by the modern engineering
techniques. ’

Using analytical technique it is possible to-day to study all details of
operation (Monte Carlo technique) and consequently foresee the yearly
‘economical results of plant operation (by the use of computers).
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This new way of plant design, while allowing substantial saving in the
jnvestment and operation, requires greater care during the design
stage.

The estimated investment saving was evaluated around the 15-25%.
The increase in the design cost was evaluated of some percent of the
value of the plant (above normal standards),

DESCRIPTION OF A STEEL WORKS OPERATING WITH PRE-HEATED
SCRAP

The first steel-works in Latin America (Mexico) introducing the tech-
nique of pre-hcating scrap, started up in 1961-1962.

The second one (Argentine) using this system in practical operation,
began its tests in 1965.

This latter works has two electric arc furnaces, the main features
of which are as follows :

Builders Birlefco

Diametcer of shell 15' (4572 mm)

Diamecter of electrodes 18"

Transformer power 12,500 KVA

Nominal capacity 35 tons

Actual capacity 54 tons

Power available 230 KVA/ton of charge

Bottom and bank lining Dolomite bloks 450 mm thick

R oof Brickwork 60% A1203 350 mm thick

This plant which mainly produces steel for the production of scams-
less tubes by the Mannesmann-Calmes process, is supplied by a
power station and connected to a network, the power supply of which
is limited.

As the time allowed for refining had to remain unaltered in order to
avoid prejudicing of the required steel characteristics, a supplementary
supply of power was felt to be particularly necessary SO that charging
and melting times could be accelerated with only a small out-lay, and
without resorting to heavy investments which, for example, would have
needed to increase the output of the power station and to replace the
fournace transformer with another and more powerful one,

E—
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The plant is laid out over a number of bays, as may be scen in Fig.l1

with plenty pouring space as required for the production of ingots
for tube making.

THEORETICAL ADVANTAGES OF PRE-HEATING

It is well known that the theoretical amount of heat required for
melting a ton of scrap, and for heating the bath, is 377.8 KWh ,
divided as follows :

87% for melting ,
13% for refining.

This means that, as the consumption at this particular steel wotks
was 556 KWh/ton of molten steel, the same percentages give the
following division :

490 K'Wh/ton for m:lting,
66 KW /ton for refining.

It is clear that if a charge, which already possesses a part of the
heat necessary for melting it, is introduced into the furnace, not
only will there be some reduction in the consumption of electric
powcr, but there will also be an appreciable increase in productivity,
without altering the power of the transformar, If then the time it re-
mains in the furnace is also reduced, it is to be expected that consum-
ption of electrodes and linings will be reduced as well; on the other
hand if the charge is pre-heated in the charge bucket these may be
damaged to a certain extent,

DESCRIPTION OF THE PRE-HEATING SYSTEM

The experience gained from.past work done (bibliography - see Ann. I)
and the information to be found in technical literature on pre-heating
scrap, mainly relate to the use of somewhat complex equipment which
cannot alaways be installed in a traditional stecl works; if often m=ans
too that these methods require the use of charging bucket which have
been altered and suitably strengthened.

The very simple method adopted for use in the plants of Latin Ameri-
ca is described in another paper (2) read at the IV Congresso Nacio-
nal de la Industria Siderurgica in 1965 (Maxico),
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This method is essentially based on direct pre-heating of scrap in

ing is done from the bottom thr

the valve charge bucket (diameter 3,470 mm, capacity 29 m3).Heat-
ough a hole in his middle, (Fig.2) to

take the high pressure Venturi-type gas burner (about 160 Nm3/h to

23 kh/cm2).

The composition and properties of the gas used are as followse

methane
ethane
propane
. butane

GOz

net heat value
gross heat value

84.1%
8.7%
2.7%
0-3%
4,2%

8762 Kcal.
9657 Kcal.

The pre-heating plant substantia 11\} consists of three stations placed
parallel, each one merely consisting of a space with a vertical burner
in it, fed by a pipe, with a flame controlled at a distance. There is

no system of recovery or carrying away the fumes.,

§. EXPERIENCES OF OPERATION WITH PRE-HEATING

Initial operational experiences in steel works aimed first of all at
finding out the conditions and working difficulties which might arise
by using the method described to exploit the pre-heating technique

to the utmost.

Two similar working periods were examined, each lasting a month,
an initial period without pre-heating and the second period with

pre-heating in operation,

During the second period the four charge buckets normally loaned

Bucket 1, 17 tons of scrap,
Bucket 2, 18 tons of scrap,
Bucket 3, 11 tons of scrap,
Bucket 4, 8 tons of scrap,

'S4

were heated for the following average periods :

pre-heating time
pre-heatihg time
pre-heating time
pre-heating time

139
115
102'

72!

428'

S

et B o s
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A comparison is given in Table 1 of the results obtained in the two

periods under consideration,

Table 1

Actual productivity in t/h
Power consumption in KWh/t
Electrodes consumption Kg/t
Carbon steel %

1.5 Ma Steel %

Double slag steel %
Consumption of gas in Nm3/t
N° of tappings

Tons produced

Working hours per month

Tons per heat

without with
pPrc-heating pre-heating variations
13.320 15.955 +2.635(19.78%)
556 455 -101 (18% )
5.56 4.24 -1.32 (23.7%)
67.72 50.61 -17.11
20.89 19.76 -1.13
11,39 29.63 ¥17.24
- 22.253
163 195 +32
8300 99550 +1655
624 624
Si 51

Thus, by pre-heating the scrap as described up to a tempetarure of
about 500 C, an increase in productivity is achieved of 19,78% . This
means that the steel works already able to produce 176, 000 tons per

year could reach an objective of 210, 000 tons per year,

As there were no signs of operational trouble in the trial period(not
even wear or deformation of the charge buckets) it was concluded
that this method was worthwhile for the following reasons :

- the plant to be installed was decidedly simple and relatively cheap;

- the cost of the additional cons umption of gas was greatly lower
than the saving made from the reduction in consumption of power;

= the prospect of reducing working costs made it possible to fore-

8ee an appreciable rise in productivity,
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EXPERIENCE OF ANNUAL OPERATION

After carrying out these trials, arrangemants were made at both
the electric steel works montioned to install pre-heating plants for
each of the electrical furnaces.

Following » charge in the type of scrap used, the number of charge
buckets per heat was increased to five, but owing to the limited
number of the existing buckets and to the restricted athount of space
around the furnaces where the pre-heating plant was installed, heating
times had to be reduced : thus only partially the advantages, which
had been expected according to the results of the tests made when
were exploited.

On the other hand, the fumes, coming from the buckets during the
pre-heating stage, worsened considerably working conditions for the
personnel in the furnace area; there was thus no incentive to increase
the rate of exploitation of the pre-heating plant and to provide the extra
charge buckets required for it,

Pre-heating could then only be carried out on an average of three
buckets, and only for about 45' per bucket, consequently the agerage
temperature of the pre-heating scrap did not exceed about 350 C.,

Table 2 gives operational statistical data relating to the monthly
averages for two typical months, one normal month without pre-
heating and the other with reduced pre-hcating.

Table 2
. 5 charge
thout
wi r:_“ buckets absolute relative
P with 3 pre difference variations
heating
heated ones

Actual output in t/h 13,320 15,270 +1.950 (14.6%)

Power consumption

in KWh/ton 556 460 - 96 (17%)
Elcctrodes consumption
in Kg/ton 5056 “05“ - t.u ( l..’*)

Consumption of gas
Nm3/ton - 11.04
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7. FURTHER CCNSIDERATIONS

7.1 Possible limitations to the pre-heating technique

An examination of the technique adopted, leads unfortunately to
the conclusion that not all types of scrap are suitable to the pre-
heating process. Turnings, forinstance, would mazlt if they came
into direct contact with the burner flam so that, considering the
large quantity of this type of scrap which is used*n som- count-
ries, such as Italy for exampygle, this technique of pre-heating in
buckets may present some difficulties,

If an attempt is made to overcome the difficulty by reducing the
size of the burner, pre-heating time is consequently increased
making it necessary to increase as well the numocer of buckets
charged, and this may often be awkward for a steel works for
reasons of cost, space available and running.,

In the case of light oiled sheeting, the danger of fusion may be
avoided if a suitable treatment is given to it and if care is shown
by the furnacement,

There is no doubt that the nature of the scrap may represcnt the
most important limiting factor affecting the spread of the techni-
que of pre-heating in buckets.

8. IDEAS FOR A PLANT DESIGNED TO OPERATE WITH FULL
PRE-HEATING

From the expericnce gained by the plants in Latin Amarica which to-
day carry on regular work charging pre-heated scraps as described

above, the following main characteristics of a plant for pre-heating

the charge may be deduced :

l,
2.

3.

fumes are created in the area where Pre-heating is done;

the area to be assigned to pre-heatingis not negligible and must
bé sufficient to takc 4 to § charge buckets;

the pre-heating area must have casy access to the furnaces so
as to optimize the effect of pre-hcating.

As regards point (3) it would clearly seem best to place the pre-
heating plant in the furnace bay: the problem of creation of fumes
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could no doubt be dealt with by providing chimneys or fans.

There remains the objection to using this position as the furnace bay
forms the most expensive part of the building; the area is strongly
and heavily built and is therefore costly due to the presence of heavy
scrvice overhead cranes.

For this reason it would appear best to place the pre-heating plant
out in the open air, orina well ventilated position (without fume
problems and on low cost space) in the neighbourhood of the furnaces.

An alternative solution might be that of placing the pre-heating plant
in the scrap (yard) where the covered area costs less than the furnace
space, and where fume problems would certainly be less serious

than they would near the furnaces, on condition that a quick and
easy access to the furnaces is assured.

Carrying forward the idea of installing the pre-heating plant in an out-
side, ventilated position and in order to provide easy access for it

to the furnaces, a rough layout has been devised, as shown in figu-

res 3 and 4, for a typical steel works, realizable in stages, with two
25 tons electric furnaces and with two continuous castings in two lines
capable of an initial output of about 75, 000 tons per year of square
billets, and therefore of about 150, 000 tons per year in the final stage.

The main principles which an attempt had been made to include in the
plant shown in Fig.3, are :

- assembly within a restricted area and under one single bay of
all operations requiring movement of heavymaterials, and at
high levels, which must necessarily be done with bridge cranes;

- gradual investment in fixed and mobile plant thus reducing to the
minimim the risks inherent in the launching of a new undertaking.

To solve the transport problem and reduce plant costs down to the
minimum, consideration has been given to the extensive use of
wheeled trucks, both at the scrap yard and at pouring bay, leaving
the overhead cranes free for the very limited and highly specialized
work for bucket loading and for tapping. This would give the follow-
ing advantages :

1. the absence of overhead cranes (except in the small furnace
area) would mean a reduction in the total investments in plant
due to a saving of about 20% in the cost of the building;




A

9.

3.

4.

ID/W.14/49
Page 11

the use of wheeled vehicles would Mean great operational flexibi-
lity, with the possibility of temporally extending processes or

stocks (scrap, for example) ot in the open without any difficulty
at all;

the use of wheeled vehicles would further mean that the pre-heating
area could be placed towards the outskirts of the building, either
under partially covered area or even quite out in the open air, but
served by the little spare overhead cranes from the furnace area
(charging and tapping scrvices) which would ensure quick transport
connections;

the use of whecled vehicles is envisaged to secure a reduction in
staff as compared with a similar, but morc traditionally organis-
ed steel works,

TRASNPORTATION MEANS SPECIFICATION

As previously mentioned, for transport needs four essential types of

special mcans are proposed to carry out four completely different ty-
pes of services, !

9.1.

9.2

Wheeled (or crawler) jib cranes with lifting magncts fitted to the
hook for executing two main functions :

= at the scrap yard (loading buckets and unloading trucks or rail
way waggons); ‘

= general plant maintenance service (mainly at the furnaces and
continuous castings, including the operations of replacing equip
ment and refractory matcrial),

Motorized wheeled trucks able to self-load and unload large bins
carrying out the following chicf functions :

= moving empty buckets for scrap from the arca behind the fur-
haces to the scrap yard for fiiling by wheeled crancs, for weigh
ing and for returning when full to the prcheating stations behind
the electric furnaces;

= moving full slag pots from the area in front of the furnaces to
be emptied at the slag yard and brought back in front of the fur
naces;

= movement of the empty casting ladles from the arca near tothe
continuous castings, to the various stations (change of the stop-
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per rods, repairing rofractories, preheating, etc. till they
arc once more in position in front of the tapping spout (emp
'ty and ready for the casting).

9.3. Fork lift trucks for carrying out the following main operations :

. movement of the continuous casting billets from the cooling
platform to the nspection and conditioning stations, and to
the stores, trucks or railway waggons for despatch;

- movement of all materials of consumption on pallets, such
as refractories, clectrodes, cases of loose goods, ctc.

9.4. Overhead cranes for serving a very restricted arca, and carry-
ing out the folluwing main duties:

- charging the furnaces with the buckets taken from the proeheat-
ing stations and placed empty in the area behind the furnacces;

. at the stecl tapping point taking the full ladles from unde rneath
the spout, moving them to a continuous casting machine, cmpty
ing them of slag into the slag pot, putting them down on the
ground in front of the furnaces and placing the ladle already pre
parcd underneath the spout for the next tapping;

- acting as auxiliary to the wheeled jib crancs for the workofre-
paring the furnaces and the continuous casting machines;

. if necessary, pouring steel in the ladle into an cmergency pit,
adjacent to the continuous casting machines, if any accident
should occur to them.

9.5. Wall bracket jib cranes with traveling hoist for the following spc-

cial services !
- replacement of electrodes;
- replacement of nozzles on the pouring ladles,

A doubt which might arisc when looking at the layout in Fig. 3, and think
ing of the running of a steel works not divided into the traditional arcas
and above all served almost entirely by wheel based transport equip -
ments, is that deriving from the uovelty of the solution proposed, and
thus from the risk that, in practical operation, the plant might not funct-
ion properly due to lack of reliability, inadequacy oOr impossibility of o-
perating this type of transport.

The first problem of reliability 18 thercfore closely tied to the actual a-
vailability of wheeled transport vchicles which fulfil what is required of
them.
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The second problem of their proportionment or possibility or working
in this plant depeonds on how good the studics and drawings of the pro-
Ject are; as previously mentioncd, the analytic technique which it ig
Propored to follow in this connection - the designing of a steel works
conc.ived so as to reduce the risk of error to the minimum - is baged
on the principle of making a prior experiment on how it actually works
simulating running operations by the Monte Carlo technique using com-
puters,

Only in this way, by minutely analysing each and every elementarv ac-
tivity of the componcnt parts of the plant, we can know whether any of the
mcans of transport envisaged would be unsuitable or inadequate (then
taking steps to make suitable alterations to the plant during the design
stage), whether the layout arrangements really are such as will ensure
the required level of efficiency, and whether the used recsources exploit
ation is close to the optimum,

EXPLANATION OF THE LLAYOUT

In acce - .ance with the spccific working capacitics and main functions of
each of the various types of transport vehicle and equipment proposed,
an attempt has been made to design the layout of the stecl works so as
to minimize the distances and the interfercnee between one typeof trans-
port and another, For this reason the arcas scrved by the same typesof
transport have been placed one near to the other,

10.1. The wheeled (or crawler) jib cranes have to serve the whole of the
upper area shown by the plan in Fig. 3, and cspecially the scrap
yard (where they will normally be located), now and again beingta-
ken as far as the centre of the Plant when required for service at
the furnaces and at the continuous casting machines,

10. 2. The sclf loading trucks are to becuscd in the central area of the
plant (moving ladles and slag pots) and at timcs in the upper arca
(scrap yard) for handling the charge buckets.

10,3, The fork lift trucks are for use in the lower area of the plant for
moving billets, and also as far as the central arca (furnaces and
casting ladles) for transporting palletised raw materials.




/w0, 14/49
Page 14

10.4/5. The overhead cranes and jib hoists are for use in restricted
areas and for extremely specialised work, without interfer-
ing with the other means of transport with which, lLlowever,
they coopcrate in moving buckets, ladles, slag pots and va-

rious materials.

Chis division into three working sones for the three types of the des-
cribed wheeled transport vehicles also creatcs considerable operation-
al flexibility due to inte rchangeability between the same vehicles (mo-
re than onc) which carry out a particular type of operation, andalsoduc
to the ease with which the arcas which may be requirgd for the different
work can be expanded; for ¢ xample the scrap yard and the storage of bil-
lets can be extended to the open air with no limit imposed on them apa rt
from the fcncing round the land on which the steelworks stands.

11. PLANT PRODUCTIVITY RELATED TO CAPACITY OF THE MEANS OF
TRANSPORTATION

Presuming for the steels which are to be produced 8 refining time
of about 1%' to 20' with a melting time of about 100" to 200' (with a trans-
former of about 10,000 KVA), with 3 or 4 scrap buckets, the time allow-
ed for an average tap-to-tap cycle would be about 2, S hours, or 150 mi-
nutes.

It follows that annual production per 25-ton furnace for 300 days a year
would be :

24 . 300,25 = 72. 000 tons per ycar per furnace
2,5
{.e., for two furnaces, 144,000 tons/year.

It is clear that, in order reallyto achieve a cycle of 2,5 hours per fur -
nace, the means of transport employed would have to work fully cffi-

ciently throughout the wholc period. We will therefore make a brief ana
lysis of the work to be done by the overhead cranes at charging and tap-

ping points.

During the initial stages of opcrating the plant, it is wise to assume that
the overhcad crane will remain above the casting ladle while continuous
casting procecds, so that it may be brought into 2 ction should any troub-
le occurs.

On this assumption, and on the basis of a time analysis requir.d for the
actual tapping and pouring operations carried out by the overhead crane,
we get the rcsult of an average occupation of about 80% for one crane
and one furnace.
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For charging work at one furnace, a second crane would have an ave-
rage occupation (intensity of work) of about 407,

In a suhsequent working stage at the plant, when for instance continuous
casti.g operations will not be reason of Possible accidents, it may be
considered to leave the ladle above the continuous casting machince and
thus reduce the intensity of work (for one furnace) to about 559..

With only a single furnace in operation, it is therefore clearly essen-

tial to have two overhcad cranes in operation mainly £or security rea-
sons, when the plant is starting up.

With two furnaces, however, and allowing for a total of only three cra-
nes (one for each furnace for charging and one for the tapping), it would
dppear that thc resulting intcnsity of work (0.55 x 2 = 1.1) would certain
ly involve long delays in castings due to charce interference occurring
between the scparate operations at cach of the furnaces.

s e
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At any rate it may be noted that, as the three cranes working over the
same running way are interchangcable, the two charging cranes could
be given various types of aux:'iary work to do in the casting arcas (pla
ced under the same routc) so = to achieve the same intensity of work
for the three overhcad cranes se rving two furnaces :

- 2 charging cranes : 60% (for each crane);

= 1 pouring crane (in the second stage of reduced Ooccupation above the
¢ .vinuous casting) : 667,

Using simpler considerations based on the queue theory, it can be fore-
casted that the production loss of the steelworks will be in the range of

2,5%; installing eventually a fourth overhead crane, it will be possible
to recover this loss of productivity, (+)

In view of the limited and specialized nature of the work done by the o-
verhead cranes, and in order to reduce the number of personnel work-
ing in the furnace arcas, the possibility has been considercd of not pro-
viding the cranes with an operator's cabin, but of working them from
three panels at ground level (for each furnace) situated respectively as

(#)Each crane has been considered as one station serving two clients (c.g.
the pouring at the first and second furnacc) presenting a chance lawand
frequency equivalent to the average interval between one pouring opera-
tion and the next. The Average queuing result, calculated using the queuc
theory, has been halved to correct the effect of excessive variability en-
visaged by the queue theory formulae, then halved again to allow for the

help which the charging cranes (temporally free) can give to the pouring
crane,
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12.

follows : in the preheating area, in the furnace area and in the conti-
nuous casting area. From each of these panels, the operators can con-
trol the movements of any of the cranes in translation or in moving the
hook. .

As regards the wheeled vehicles, being highly flexible, their exactnum
ber can be decided in accordance with the particular requirements of a-
ny plant; an approximate estimate has therefore been made calling for
two vehicles of each type for the first stage envisaging one furnace,
with the addition of one of each type in the second stage with two furna-
ces.

However, as mentioned previously, in order to check the adequacy of
all these means of transport, one connected with another, it is propo-
sed to carry out Monte Carlo numerical simulations whercby a rational
and economic choice can be made in accordance with the actual opera-
tion requirements of the entire productive unit.

As known, this practice, which uses calculations to check a system ba-
sed on synthetic assumptions, forcsees to characterize all component
parts of the plant affecting the flow of materials (furnaces, trucks, cra
nes, continuous casting machines, ladles, etc. ) with parameters,which
are important mean for the evaluation of the required productivity rate
and arc considered statistically variable with known or assumed proba-
bility laws.

In this way, the actual operation of the stcel works can be reconstructed
minute by minute, cstimating all the delays in castings causes by inter-
ference or by accidents (breakdowns, etc.)

For instance, with the simulations covering periods of a year or more,
it is possible to know :

- what output can be achieved by the plant in that period (one year or
more); '

-  which component acts as a bottleneck thus impeding flows;

. the evaluation of the advantages obtainable by increased output re-
sulting from alterations to the system or from a better use of the
resources available.

SAVINGS IN PLANT COSTS

Savings in the plant costs by the layout arrangement shown in Fig. 3,
are mainly due to two kinds of considerations:

1. The cost of the building is considerably reduced because most of
the area is not served by the overhead cranes, thus the structure
is much lighter and cheaper.
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2, The number of transport vehicles found necessary is greatly redu-
ced to the the higher flexibility of the wheeled vehicles as compa-
red with overhead cranes and cars running on rails, In this con-
nection it may be emphasized that most of the conventional stee] -
works served by normal overhead cranes also employ an ever-in-
creasing number of wheeled vehicles both to link up between the cra
nes placed in the various bays of the building, and for external use
among the different buildings forming the whole plant,

Using as a basis price levels applicable to a country like the Argentina,
the following investment .costs have been estimated for two types of sys-
tem (conventional and on wheels) of the sizes already described :

Steelworks with two 25 ton furnaces

Conventional On Wheels Difference

Total cost - US$ 2.630.000 2.200.000 -
Yearly production (20% of

total cost) - US$ §26. 000 440,000 --

Tons per ycar 100. 000 100, 000 --

Cost per ton - US$ 8. 26 4,40 0.86
Difference of personnel :

21 persons x 3,000 US$/year | 63,000 .. -

Cost per ton - US$ 0.63 “- 0.63

Total cost per ton - US$ 5.89 4.40 1.49

It may thus be seen that the layout proposal shown in Fig. 3 can lead
to a saving in plant costs of the order of 16,%, as compared with tho-
se of a conventional stcelworks with a similar output, sizc, type of fur
nace and covered area,

s
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13.

14.

POSSIBLE VARIATIONS IN THE DIMENSIONS OF THE PLANT, AND
GENERAL REMARKS |

The plant, as contemplated, the output of which could be raised in two
stages from 72,000 tons a year to 144, 000, would appear to be closeto
the minimum in size capable of economic mass production of the com-
mon types of steel in countries in course of development with fairly low
market requirements. It is clear however that the advantages of the plant
layout and equipment proposed will still be valid, and probably even in-
crease, if the furnaces are larger (more economic to run) and output ri-
ses to from 200, 000 to 400, 000 tons per year,

Today, a top limit to furnace dimensions would probably be set by the
charging capacity of wheeled self charging trucks handling buckets and
ladles, seeing that the weights to be lifted are rapidly increasing along-
side the increase in the dimensions of the furnaces.

It would therefore seem that, today, maximum furnace dimension should
be around 50 tons requiring trucks able to charge about 30 tons,

Emphasis should be laid on the fact that a plant as shown in Fig. 3, with
25 ton or larger furnaces, may easily be extended to take three or four
furnaces in an almost exactly modular progression,

CONCLUSIONS

It seems clear from the above that the running of an electric steelworks
with pteheating of the scrap has a clear economic advantage from the
power consumption point of view, where the ratio between the cost of 2
cubic metre of combustible gas (with p.c.i. = 8700 cal/m3), and the cost
of a KWh is less than about 5 (in Italy, for example, the average ratiois
about 1 to 2, so that it could generally be considered economical to use
the preheating system in this country).

If we then add the advantages secured by a saving of electrodes and an
increase in productivity, it is understandable how it is often worthwhile
using the preheating system even when the ratio of the specific costs (ca
lorie/KWh) exceeds the maximum limit of 5.

Use of preheating also improves the quality of the steel by removing hu-
midity and reducing the content of harmful impurities such as tin, lead,

etc.
However, its application to existing planfs is often problematic for rea-

sons of space, transport and the creation of fumes, as well as being con
ditioned by the type of scrap used that would have to be preheated.

%
i
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Ideal for the most cconomic solution to the problem would appear to
be the creation of a type of clectric steclworks mainly served by ade«
quate wheeled vehicles, which wouid leaa to a reduction in plant costs

of about 20%,, while fully satisfying the requirements of the Prcheating
system,

The novelty of the solution and the need to avoid risks (fundamental in
a field as competitive as is the steel industry) make essential a prior
and accurate study of the plant using the modern techniques of numeri-
cal simulation belonging to the new Philosophy of plant designers,

It is clear that the incre
on the othe¢r hand, highe
as they will result in infinite
my in running costs which can now be esti
c¢omputer simulation of operations over

ased amount of brain work shal] be éxpcnsive;

r engineering costs may be more than justified

ly greater plant savings, as well as econo-
mated in advance thanks tothe
long periods,
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Figure 2

!ﬂn Charge Bucket for Pre-heated Scrap
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