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SUMMARY

The electric arc furnace is a versatile steelmaking unit. It is particularly

suited for small-scale non-integrated operation and for alloy steelmaking. The
paper reviews the recent technological developments which have further widened its
scope and usefulness, until today it can economically produce even plain carbon
steels in large tonnages. The advent of continuous casting has enabled the instal-

lation of electric furnace/concast plants to produce billebts for re--rolliag, which

i

at favourable locations can well be competii.ve with billets produced by the large

integrated steelworks using ingot practice and corventional primary rolling mills.

It is interesting to note that while there lLas been a major ferment in steel
production technology with the oxygen converter (B.0.F.) rapidly cutpacing the
open-hearth as the major steel producer, the share of electric arc furnace steel

continues o increase though at 2 slow rate. It is possible to visualise that in

* This is a summary of tlLe paper issued under the same title as ID/WG.14/24
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the next 15 to 20 years, the oxygen converter and the electric furnace would be the
only two principal steelmaking processes in most countries - with the B.O,F.
converting the bulk of ligquid iron to steel, and the electric furnace taking care
of the bulk of the scrap. In developing countries such a two-process situation
would come even earlier, because they have the unique opportunity of straightaway
starting with the oxygen converter for integrated operations or the arc furnace for
scrap-based small-scale production, whereas the industrialized countries have the

problem of retiring their existing upen-hearths,

One of the major problems of the developing countries is shortage of capital,
and the consequent necessity of utilizing resources with maximum effectiveness and
producing steel at competitive costs, so that this industry can generate surpluses
to plough back into the economy. This, in turmn, calls for adoption of up-to-date
technolegies and of intensive efforts (on the part of the owner, generally the
government in most developing countries) to cut down costs of new steelworks to
the barest essentials. These ccuntries also lack technological skills and machine
building capacity, and therefore ultimately depend upon industrialized nations to
supply the plant, often on "turn-key" arrangements. At times this prevents the
developing country from securing the best process and the lowest cost, most
efficient plant. First of all, "tied-aid" itself adds to the cost of imported
equipment; then, the necessity of installing technology available with the donor
rather than that beot suited to the owner may further add to investment costs and
to recurring operating costs. It would therefore be in the irnterest oi developing
countries to resist "turn-key" or "tied-aid" arrangements Ffor such plants. Compe-
tition between suppliers, based upon well prepared specifications and plane by
consultants, has the best chance of resulting in a viable electric arc furnace

project.

Ancther major draw-back in developing countries is the shortage of steel scrap
- the basic melting stock for the elecuric arc furnace. Without a strong industrial
base, the generation of capital scrap as well as process scrap is inadequate.
Further, if an integrated steel plant is already coming®up in the country, more
likely than not it 1= based on continuous casting so that plant return scrap is

only say 10 per cent, and the steel plant itself may want to purchsase scrap for its

B,0.,F.s from the open market -~ scrap which would otherwise go to electric furnaces.
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The shortage of scrap need not be a serious handicap as alternative melting

stock such as sponge iron can now be considered. The developing country which has
a fair iron ore reserve may produce pre-reduced pellets to supplement the charge to
the electric arc furnace. In mosi cases, however, this material may cost slightly
more than good melting scrap and the cost of steel would nlso be somewhat higher.
If the country already has blast furnace ironmaking (or the raw material and market
conditions for installing a blast furnace), hot metal (say 50 per cent) and serap
(50 per cent) could also form the arc furnace charge. 'The paper makes estimates of
the cost of production cf liquid steel using alternative charges under assumed

conditions,

A third problem is that the electric power required for arc furnace steel-
making may not be abundantly available in developing countries. Where available,
it is often argued that electiricity could more effectively be utilized to light
villages and install pumping sets for irrigation. Large electric furnaces are
considered an undesirable load for an electricity zrid becausc of the wide
fluctuations in voltage they impose upon the system during meltdown., But for
furnaces of up to zay 20-25 tons - which provide an optimum initial gize in
most situations - such difficulties can now be effectively met. Further, the
power congsumption itszelf per ton of liquid steel can be broughf down with such

techniques as preheating of scrap.

A final factor pertinent to developing countries is the technical skills to
install an electric furnace meltshop, and to operate and maintain it efficiently,
Electric furnace installation and operation are velatively simple. A well-devised

training programme could readily create the basic skills required.

The paper presents a case study of electric arc furnace steelmaking in India.
Starting in 1922 with a 2-ton furnace in Calcutta, there are now a total of 126
units with a combined rated capacity of about 900,000 tons/yearn Most of these
furnaces are operating in steel foundries while some arz also producing small
tonnages of ingot steelﬂ The largest units today are the H0-ton furnaces powered

[ ]
by 18,750 kVA transformers at Hindustan Steel's Alloy Steels Plant at Durgapur.

While the electric furnace has hitherto been used primarily for alloy steels

and castings in India, its share in carbon steel is now expected to increase in




ID/WG.14/24 Summary
FPage 4

conjunction with continuous casting installations for billet production. The 25-
ton arc furnace at Mukand, Kalwe, and the 25-ton furnace under construction at
Arkonam (Madras Covernment project) are instances in this direction. The Indian
Government is also thinking in terms of electric furnnce/continuous casting instal-

lations at favourable locations to supply billets to the re-rolling industry.

The paper concludes that for developing countries, arc Furnace/continuous
casting plants could well be considered initially for small-scale steel production
as the capital required will be low, operating costc can be competitive, technology
is well established and the necescary operating skill could be readily developed.
Provision aeedz to be made in the initial layout for expanding the mel tshop and
also for installing new techniques such as vacuum degassing. Depending on recour-
ces, such a plant may be gubsequently integrated with other facilities. Where
substantial steel tonnages are envisaged because of favourable iron c¢re and coking
coal reservec as well as market conditiong, integrated steel plants with blast

furnaces and oxygen converters would be the answer.
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Though not spectacular in its growth as the recent oxygen
steelmaking process, the electric are furnace has steadily increa-
sed 1ts share in the total steel production over the century, It
received an impetus during world war II and estsblished itself as
a vorsatile unit for alloy and specilal steels. Thereafter, with
advancing technology, it has made sizeable inroads into tonnage
steel with larger and lerger units. It has also demonstrated its
flexibility in accepting hot metal, pre-refined metal and sponge
iron in the charge. Its favourable economics in situatiows where
there is availability of cheap scrap and power has now made it a
close competitor to even oxygen atéel. Along with continuous

casting, it has become even more attractive for developing countries,

Changing Pattern in Steelmaking
{
Throughout the history of steelmaking, processes offering

the optimum technicel and econonic advantages have succeasively

dominated production at any given time, from the ancient cementation
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process through the ocrucible, Bessemer, open-hearth and oxygen
converter. Since the coming of the open-hearth in 1865, it has
been the principal producer, accounting for over 80 percent of

world steel production till only 10 years ago.

A real challenge to the open-hearth emerged in the early
19508 with the introduction of the oxygen converter process, which
has revolutionised steelmaking technology today. In spite of the
tremendous efforts being made by the open-hearth for survival by
the adoption of intensive production methods (such as high firing
rates, basic roof, oxygen lancing and dual-hearth), the 100 to
120 ton per hour productivity of even the largest furnaces (500 to
700 tons capacity) cannot compete with the over-300-tons=-per=hour

output of large 500-ton LD converters,

The decisively favourable economics of LD operation is
steadily pushing the open-hearth out from its preponderant position.
While ihe LD process has made substantial inroads into the open
hearths' domain, it is interesting that the electric arc furnace

has in many countries expanded its share of steel production,

At the beginning of this cenitury, vhen the eleotrio are
furnace made its debut, it was used mainly in the foundry industry,
and then for production of tool steels, largely replacing the

orucible process, Its development in the years between world wer I

and world war II was primarily in the field of alloy steel production.
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The sige of furnaces increased and 20=feet diameter furnaces with

capacities of upto 90 tons were introduced during world war II.

The elactric furnace has entered the field of plain carbon
steels only in the last two decades, About 62 percent of the
electric furnace production in the United States is currently in
such steels, In Japan, of the total electric steel production of
9,24 millicn tons in 1966, plain carbon steels (in ingots and

castings) constitute 5.92 million tons (that is, 64 percent),

Output by Procesaes
The crude steel production by processes in some of the

developed countries (USA, USSR, Japan, UK) is shown in Teble 1. The |
tonnage figures upto 1965 are compiled from statistics published by

various agencies; the projections for 1870 and 1975 have been based

on available forecasts for the countries, suitably modified by us

to take into account current trends(),(2),(8),(4),(s),(6),(7),(8).

These trends are of interest to countries which are now only on

the threshold of largs scale industrialisation,

In & fest changing field such as steslmaking technology,
it is perhaps hasardous to make forecasts. Nevertheless, all

countries need to look ahead 10 years, 15 years, 20 years, 8o as

to anticipate changes and plan a strategy to meet them,
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TABLE 3 - ORUDE STEEL PRODUCTION BY E%GESSES,
955, 1960, 1965 AND FORECASTS FO 1970 & 187
!m figures in metric tons)
——Actual Outputa o
1955  _ 1960  _1865__  _1970
mill t mill t nill ¢ aill ¢t
ush ,
Open=hearth oo 95,80 78.35 85.45 54,00
BOBBOIIIG!‘ (X SQw 1.08 0058 - .
Oxygen Steel (LD) .. 27 5.04 20,76 54,00
Electric e — !..gz _! .m M M
Total oo 106,54 90,07 119,828 125,00
USSR
Open-hearth . 59.85 55,11 76,28 95,00
BOaaﬂmﬁr ') 2.01 1.87 1.w -
Oxygen Steel (LD) .. - 2,50 5.82 20,00
Blectric .e 5,41 5,82 9,00 12,00
Total .o 45,27 65.%0 91,00 127,00
JAPAN
Open-hearth .o 8.22 15,06 10,18 8,00
Oxygen Steel (LD) .. - 2,88 22,65 50,00
Electric .o 1,19 4,48 8,57 12,00
Tot‘l Yy 9.‘2 22 .14 41 .16 70 .00
UK
Open-hearth  ee 17,538 20,86 17.49 14,00
Oxygen Steel (LD) .. 1.48 2,12 6.46 12,00
n.?tric oo _ll_l.'._z __l._ll 7 _w _m
Total .. 20,11 24,69  27.44 51,00

In the Unitsd States, thehsha:re of the electric arc furnace
{noreased frouw 2,5 percent of the total ingot production in 1940 to
11,5 percent in 1967, While t.here. was & two-fold incresse in total
U.S. ingot production, electric furnace output registered almost &
‘ten-fold increase, By 1975, the ahar‘e of the electric furnace is

expected to be around 17 percent.

mill ¢

w.m

7.00
21,00

55.00
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In USSR end UK also the production of electric furnace steel
is rising, In Japan open-hearth steel has steadily declined from
87 percent in 1955 till it is only 24 percent of total in 1965 (18%
in 1968), whereas LD has registered a dramatic increase from nothing
to 55 percent in 1965 (62,5% in 1966); the electric furnace continues
to maintain 1.ts position without any inroads from the LD process, In
countries such as Sweden and Norway which have sbundant sources of

electric energy, electric furnace steel is over 50 percent,

Trend in World Steel Production

In Teble 2 the world orude steel production for 1955, 1960
and 1965 by processes, and our estimates for 1970 and 1975, based on
ourrent trends, are set out and shown in Fig. 1.

TABLE 2 - WORLD STEEL PRODUCTION BY PROCESSES, 1955,
1960, 1965 & FORECASTS FOR 1970 & 1975

Actual Outputs — Forecaata

1955 1860 1965 1970 1975

mill t mill ¢ mill ¢ millt mill t

Open-<hearth .o 201,47 256,52 269,30 250,00 215,00
Bessemer & others 47,65 61,06 57,50 35,00 15,00
Oxygen Steel (LD) - 12,19 74,90 220,00 369,00
Keotric oo 20,83 85,15  _54,60 67,00 101,00
Total .o 269,956 544,92 456,80 §70,00 700,00

The world production of electric steel in 1966 rose to 62 mill-
ion tons, out of total output of about 474 million tons. By 1975, we
estimate it will rise to over 100 million tons out of an anticipated

total world crude steel production of 700 million tons.
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According to present trends, it appears that all new steel
production capacity being installed will be divided mainly between

LD and electric furnace, and as always the supremacy between them

will be resolved in terms of investmert, operating cost and product
quality for specific installations. For the production of quality
steels including stainless steels, the electric furnace will remsin
paramount for some time to come, although the LD process is attempting
a break-through even in this direction. As for steel foundries, it
would today be difficult indeed to find justification for a steel-

making process other than the elechric furnace,

In the next 15 to 20 years, the oxygen converter and the
electric furnace may be the only two principal steelmaking processes
in most countries - with the 1D converting the bulk of liquid iron
to steel, and the electric furnace teking care of the bulk of the
scrap. In developlng countries such a two-procass situation would
come even earlier, becauss they have the unique opportunity of
straightaway starting with the oxygen converter for integrated
operations or the arc furnace for scrap-based small scale production,
whereas the industrialised countries have the problem of retiring

their existing open-hearths,

Technological Developments
The technological revolution in steelmaking in the last

decade is also having a significant effect on the future role of the

electric furnace, At various plants, where the price and availability

of elesctric power and steel scrap were favourable, the electric
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furnace based on cold scrap melting practise has displaced the cold-
charge open-hearth., A development which has favoured the growth of
arc furnace steelmaking in recent years is the continuous casting
of steel which can readily be scheduled to match the operating cycle
of an alectric furnace, Further, the limited scrap melting capability
of the LD process makes available larger tonnages of scrap for the

electric furnace,

Sorap Allocation: Efforts towards increasing the scrap proportion

in the LD charge are made by the use of auxlliary fuel, calcium
carbide, etc, While it may appear thet additional steel is being
produced by using more scrap, the overall ecoronics of steelmaking
has to be examined closely. A comperison of scrap plus hot metal in
the LD vis-a-vis ore plus hot metal in the LD and all the scrap in
electric furnace indicates tuat there is 1little difference in the
overall cost of stsel(®); if the higher productivity of the LD while
using no scrap is teken into account, the cost advantage would be
towards using not metal in the LD and sll the scrap im the electric
furnace, Thus, as noted earlier, future practice may well be that
the LD concentrates on using hot metel and the arc furnace tekes

care of all the scrap.

As regards scrap avaeilability for steelmaking, this is
sxpacted to be sdequate in the foreseeable future, According to an

United Nations study, the availability of scrap in 1972-75 has been

estimated at sround 289.5 million tons based on a world crude steel
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production of sbout 680 millicn tons(2). On similer basts, 1t is
roughly estimated that the scrap availability in 1975 would be about
§22 million tons when the crude steel production is expected to

reach 700 million tons as foreseen in this paper.

Ageinst the above availabillty, the scrap requirement for
steelmaking in 1975 1is estimated at 315 million tons, based on the
process pattern given in Table 2 and assuming specific scrap con-
sumption for the different processes on current trends particulerly
in USA and Japen where the shifting pattern in steelmaking is more

prooounced,

While op a worldwide basis, the scrap availabllity would be
satisfactory, there can be shortage in less developed countries
engaged on steel expansion programmos. This is because they cannot
draw on a potential supply of capltal scrap as the steel consumption
in the earlier period was low. Also, the process scrap arising in a
developing country would be lower, aince substantial proportion of
finished steel goes into construction as compared to advanced
countries where manufactured products such as automobiles, consumer
durables and industrial machinery give rise to relatively more process

acrap.

Further growth in the share of electric furnace steel is
expected to be favoured by a possible shift in the scrap from LD
to arc furnace, s explained earlier, for reasons of overall 8CONONY.
The use of sponge iron under favourable situations would add to the

melting stock for arc furnace steel,
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Jurpace Siset Today there are several 200-ton furnaces with shell
dismeters of 22 to 26 feet and transformer ratings of upto 76,000 kV4,
such as those at Republic Steel at Centon, Ohio, and Laclede Steel

Co at hton, Illinois, At the Chubu Steel Plate Co in Japan, there
is a 200-ton electric furnace with 40,000 kVA transformer, and
similar furnaces are being planned in the USSR, Electrice of 26 feet
dis end with 100,000 kVA transformers now being planned are expected
to operate at 24 to 3 hour heat cycles, which means a rate of 100

tons per hour(10),

For arc furnaces larger than 200-ton capacity, renewed con-
sideration is being given to the six-electrode elliptical shell
degign, to overcome problems of power input and furnace wall
naintenance(u). Lover secondary voltages and lover current values
could be used, With six emergy liberating points the power is better
utilised in the steel bath, with less radiation to roof and walls
thereby minimising refractory wear. Also, the elliptical shape
facilitates back wall maintenance, Interest is also shown in the
replaceable or interchangeable furnace shell concept. The advantages

are greater operating flexibility, elimination of contamination from

one quality steel to another, and higher furnace availability.

Some of the other methpds being used to increase production

and reduce costs are operation with very high power inputs, intensive

oxygen injection with adequate fume removal system, scrap pre-heating,

continuous charging of sponge iron, and linear programming methods to

optimise furnace charge.
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Powe retiont This is economically attractive in many
siiuations. For instance, Northwestern Steel & Wire Co connected
a 85,000 kVA capacity srensformer to a 150-ton furnace and 1is obtaining

a productivity of over 70 tons per hour with cold scrap.

The superior performance of high power operation is evident
from the results of recent work done at Hojalata y Lemina S.A.,
Monterrey, Mexico (HYLSA) ob application of ultra Figh power on
their electric arc furnacea(lz). In Noverner 1865 the 7,500 kVA
trensforzer on a 35-ton 13 feet dia furnace was replaced by a
20,000 kVA transformer. Initially only three of the four groups of
transformer coils were connected, giving a capacity of 15,000 kVA,
Subsequently, the fourth group of coils was also connected to give
even nigher transformer ratings. The original operation at 265 kW
per ton of liquid steel was progressively raised to 477 kW per ton
of 1iquid steel. Furnace output increased from 3,440 tons per month
to 5,150 tons, that is by 50 percent. The overall effect on production
cocts vas a decrease of about 12 percent as compered to costs using
the original 7,500 kVA transformer, The effect of ultra high power
operation on production and costs is shown in Fig, 2, The work done
at HYLSA demonstrates that when electric energy tariffs are
favourable, a fair increase in production can be achieved from the

same furnace equipment by operation at high power,

As regards electric power, this is often not available in

ebundance for electric furnace operation in some of the developing

countries. large electric furnaces ere considered an undesirable
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load for sn electriiity grid beosuse of the heavy fluctuations in
the lced and the freque;zt voltage dips they impose upon the system
during melt down., But for furnaces of upto say 20 to 25 tons - which
provide an optimum initial size in mo3t situations in developing
countries - such difficulties do not generally arise as the power
grid systems are sufficliently rigid. Further, the power consumption
i1tself per ton of 1iquid steel can be brought down with such techniques
as pre-heating of scrap and with improvements in the size, construction

and performance of electric furnaces.

In this context, it should be mentioned that while the unit
price of fuels such as coal and oil has been showing constant increase,
there has been a dacline in the relative prioce of electricity(13),
With the advent of nuclear powered plants, it will now be possible %o
bulld such units even where other types of fuel are not available,

The importance of this trend hes to be kept in view, as the cost of
power will become increasingly competitive with other fuels and

would favour the economics of arc furnace steelmaking in future,

Further, technological developments are under way to make
electrodes of higher strength and greater conductivity which will
reduce the consumption of electrode., High temsity graphite electrodes
with grain orientation as well as graphite fibre composites are being
developed to produce low resistivity, high strength electrodes.

Ere-heating of Scrapt Another interesting development is the use
of pre-heated scrap which has been successfully tried out and regu-
larly practised in some plants. As early as 1959, the Christiania
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Spigerverk in Norway introduced sorap pre-heating in their are furnace
plant, With an average pre-heating temperature of 3550°C the melting
tise vas reduced by about 13% and the production increased by about
10%., There were also other advantages such as lower electrode consum-

ption and longer lining life,

A Bwedish meltshop with 50-ton arc furnaces employing a sorap
pre-heat tcnperaﬁuro of 400°C reports a net saving of about § 0,70 per
ton of ateel, Recently, pre-heated screp has also been regularly
practised at the Campsna plant of Dalmina Siderca(l4) as well as in
TAMSA plant at Veracruz in Mexico.

The operating results of using cold charge and pre-heated
charge (500°C) as obtained at Campana in their 54-ton furnace with
13,400 kVA transformer are indicated below:

Avg, of 2 Use of pre-
months with heated

oold charge scrap m
Production rate - t/hr 15,32 15,96 + 19.78
Power oonsumption - kiWh/t 556,00 455,10 - 18,18
Natural ges - M8/t - 22,28 |
Electrode consump-
tion - kg/t - 5,56 4.24 - 28,70

The effect of higher pr.e-hoat temperature on production rate
snd power consumption for this 54-ton capacity furnace is given in
Pig. 5. It is expacted that with at 850°C pre-hest temperature
production rate would be about 18 tons/hour with a gas consumption
of 82 Nm3/ton end pover conuumption of 566 kWh/ton,
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This mrocess is gaining importance because of the inherent
sdvantages of increased productivity and better quality of steel
produced by using dry scrsp, The application of this technique will
be of considerable economic advantage for areas where electric power

is limited and comparatively costlier then fuel,

FOS and Spray Steelpaking Frocesses: Mention should also be made

here of the fuel oxygen scrap (FOS) and spray steelmaking processes,
both developed by BISRA, Under specific conditions where fuel and

oxygen are available at reasonable prices, the FOS process could be
considered, It is of interest to note thet in the FOS process fumes
are not generated during melting; on the other hana s fume extraction
and cleaning which are increasingly adopted in arc furnaces, add to

their investment costs,

The spray steelmaking process is attracting attention for its
low inveatment cost as well as the possibility of continuous steel-
making, Emerging from the BISRA laboratory and the experimental
Plant at Millom Hematite Ore & Company, UK, in 1966, the first
commercial uniﬁ recently went into operation at the Lancashire Steel
Manufaoturing Co Ltd (capacity of 50 tons/hour), A second installe-
tion is presently under construction at the Shelton Iron & Steel Co.,
Stoke-on-Trent., These processes 'are 8till in the early stages of
development, Their growth by 1875 will be relatively slow and is
not expected to materially alter the pattern of steelmaking,
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Vacuun Degassing: Vacuum degessing was developed in the 19508 for
upgrading the quality of high-cost alloy and special forging steels
by producing a cleaner steel with less gas and non-metallic inclusion
content, Begimning with stream degassing of large ingots, the sub-
sequent development of non-stream degessing methods such as the D-H
and R-H systems gave a spurt to the installation of degassing units,
Several basic oxygen and electric furnaces have degassing facilities
(or provision for adding in future) for the production of higher
quality steel as well as for the production of continuously cast
rimming steel which is considered possible witn dagassing, At present
- the number of installations are estimated to be over 250 with an aggre-

gate capacity of around 14,000 to 15,000 tons,

Other technological developments are in the fields of vacuum
melting (by both induction melting and arc melting) electron-beam
furnace, end electro-slag melting. These operations will largely be
confined to achieve ultimate properties in high strength stesls,

super alloys and speciality products,

mics of Flectric Furnace Steel

Various studies have been made in regard to the cost aspects
of the electric furnace vis-a-vis open hearth and LD. The conclusions
of a recent typical study by Battelle Memorial Institute(5) indicate
that the investment cost per annual ton in & large electric arc furnaoe
shop (§ 18 to 19) is only slightly higher than that ($ 17 to 18) of
an LD shop, while the cost of both electric and 1D is considerably
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lower (approximately half) than that of the open-hearth (J 33 to 34),
These costs refer to & 1.5 miliion ton capacity plant. The studies
also confirm that, as is to be expesoted, there is substantial reduc-
tion in investment per annual ingot ton as plant capacity increases

for a given process,

In regard to production cost, the eleotric furmace 'cost above'
(B 17 to 18) is higher than that of the LD (§ 12 to 15) but due to
low oost of metallic charge, the total electric furnace production
cost (f 48 to 49) inoluding fixed charges is lower thap t;hat of LD
steel (f 58 to 54), In other words, the electric furnace can produoce
cheaper steel ocompared even to LD at locations where abundant scrap
is available,

A study vas recently completed by Dastur & Company on the
economies of scale at integrated steel plants in Latin Americe(lB).
Among various slternatives, this study examined the economies of
alternative proccuu‘ for a small hypothetical plant with an annual
liquid steel capacity of 50,000 tons per year, The electric furnace
was considered wifh alternative charges, namely using 50 percent iron
from a blast furnace, 50 percent iron from an electric snelting furnace
vithout pre-reduction, 50 percent iron from an electric smelting
furnace vith pre-reduction, and 100 ’peroent cold scrap. This again
shows (Table B) that under the specific conditions of the study, the

investaent and production costs of arc furnace operating on 100 percent
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TABIE 8 - COMPARATIVE INVESTMENT AND PRODUCTION COSTS
Zso,ooo metric tons per year liquid steel)
Investment Production Cost Production
Particulars Cost (incl fixed charges) Cost Index
US #/annual US 9/snnual
ton ton
LD Converter (1-6 t vessel) 83,80 102,76 100,00
(75% iron from blast fce
plus 25% scrap)
Eleotric Arc Furnace(1-25 t) 73,850 92,24 89,80
(50% iron from blast fce
plus 50% scrap)
Bleotric Arc Furnace(1-25 t) 78,80 96,25 98,70
(50% iron from electric
spelting furnace using
pre-reduced charge
plus 50% scrap)
Eleotric Arc Furnace(1-25 t) 73,80 101,64 98.90
(50% iron from electric
smelting furnace without
pre-reduced charge plus
50% scrap)
Electric Arc Furnace 78,50 74.28 7.%
(100% cold scrap)
Notes:
Assumed Unit Costss
Steel Sorap .. US $80 per ton
Eleotric Power «s US §0,016 per kWh
Hot metal
from blast furnace es US § 48 per ton
from elec smelting
with pre-reduction .o US § 68 per ton

from elec smelting with-
out pre-reduction eo US § 80 per ton




ID/WG.14/24
Page 19

oold scrap charge are the lovest. This low cost arises, first,
due to the difference in cost of charge metallics, second, the
greater yield in the electric furnace and third, due to lower fixed
charges on investment,

Alternative Mstallic Gharges for Electric Furnace

The charge for the electric furnace may consist entirely of
cold scrap, or comprise partly liquid iron and pertly secrap. Thers
s also the alternative of varying proportions of sponge iron and
sorap, as well as the possibility of duplexing with LD steel, The

relative merits of alternative charges are briefly reviewed

below:

1) 1008 Scrap Garge

This is the conventional pructice followed in most plants,
Proper selection and preparation of scrap are receiving greater
attention. As mentioned earlier, acrap pre-heating increases
productivity and reduces power consumption, The use of oxygen
for melting and refining has become attractive in many situations

for achieving higher productivity,

ii) Part Liquid Iron Char
The ability of the electric furnace to use hot metal (1liquid

iron) in limited proportions has been recognised and utilised at
soae plants, At the Brymbo Steelworks in United Kingdom about 50
peroent pre-refined hot metal and 50 percent scrap are used in 40=ton
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arc furnaces(16). The hot metal is pre-refined with oxygen in a
special oil-fired furnace. By this treatment the silicon is almost
wholly oxidised, phosphorous is reduced from 0,4-0,8 percent to
between 0.05 and 0,1 percent, carbon is burned down to between

1 percent and 2,5 percent depending on the oarbon content required
in the finished stesl, and the metal temperature is raised by about
800°C, With such a practice, arc furnace power consumption varies
from 240 to 540 kWh per ton. The total heat time is reported to

be 2 to § hours, with a production rate of 15 to 25 tons per hour.

The new steelmaking shop at Pompey in Lorraine, France,
with two 60-ton LD vessels and one 60-t6n are ﬁarxhoo practises
duplexing of LD steel in the arc furnace, to produce special and
low alloy steels for automotive and aviation Lnduatriu(ln .
Average hourly output of the arc furnace is 30 tons and the power
consumption varies froa 90 to 230 ’kﬂh per ton, Eleotrode consum-
ption is eround 1.5 kg per ton of steel, Similar practice has been
envisaged at the Myﬁore Iron & Steel Works in India for the pro-
duotion of alloy steels by duplexing LD and electric furnsce

operations,

Extensive tests oonduoted im 12-ton and 40=ton ars furnsces
wsing ore as the main refining agent at the Von Roll Plent in
Svitserland indicate that the power consumption for the melting
down period with 50 percent scrap i 50 peroent hot metal charge is
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20 peroent and 28 percent lower respectively for low phosphorous
and high phosphorous hot metal charges, compared to 100 peroent

oold chu'gu(m). The total power consumption was 1ess than
500 kith per ton of ingot for most of the heats, and the electrode
consumption around 8§ kg per ton. Trials with 70 to 80 percent

hot metal in the charge have been conducted and the possibility
of using successfully such high proportion of hot metal exists,

It is tmdcrltoo(; that Armco's two 175-ton electric
furnaces at the Houston plant operate with upto 40 percent hot
metal charge at a sustained production rate of 60 tons per hour(m).
At the Chimbote Steelworks in Peru, direct hot metal is used to
the extent of 45 to 55 percent of the charge in 25-ton arc

furnace (20) .

111 Iron

Several prc-re&uotion processes have been developed and
some of them have reached operation on commercial scale, Presently
considerable interest is baing shown on pre-reduced material for
ironmaking and steelmaking., Ome basic reason for this is the
relative availability and oost of sorap, ironm ore and energy,
particularly in developing countries with plans for installing
steelmaking facilities. Direot reduction also sssumes importanoce
in countries with large deposits of natural gas. Mrther, if
adequate cspital is not aveilable for installing integrated steel~
vorks with conventional iron amd s teelmaking facilities, the
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sponge iron/electric ero furnace éombination provides a starting
basis for small plants in emergent countries, For these reasons,
direct reduction has heen employed in South America, and plants

are being installed in South Korea, Brazil and New Zealand,

In regard to the use of sponge iron in electric furnace
steelmaking, this has several advantages. Sponge iron can be
produced with uniform characteristics and chemical analysis. Its
contribution cen be significant in the field oi; high quality steel
production as it can provide a dependable supply of melting stock
with low residuals such as copper, nickel and harmful contaminants.
The demand made by continuous cesting on steel quality is even more
severe than with conventional ingot cesting. It, therefore, becomes
inoressingly important to paey attention to the quality of melting
stock to the arc furnace. Other aivantages of sponge iron are its
amenability to mechanised handling and continuous charging into

the arc furnace.

The use of sponge iron for steelmaking is not new,
Swedish plants have been using sponge iron produced by the Wieberg-
Soderfors and Hoganas processés as & replacenent for scrap for some

y.‘r'o

The HyL process at the Hojalata y Lamina Flant at Monterrey,
Mexico, is nov an astablished oractice(21), The first experimental

80 tons/day unit wes commissioned in 1955 and two pllot plants of

250 and 550 tons/day operated since 1956/57. The annual sponge iron
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cspacity is 225,000 tons which is used for steelmaking in electric
arc furnaces along with scrap. The meltshop facilities (1-28 ton
electric arc furnace, 2-55 ton and 1-66 ton) have a rated capucity
of 530,000 tons per year. The average proportion of sponge in the
charge is 58 percent, The metallisation of the sponge iron is

85 percent and the total gangue is about 11 percent, The phosphorous

content averages 0,45 percent and sulphur content 0,035 percent,

With this long operating experience, in 1967 a new 500-tonas-
per-day plant has been recently installed in Tubos de Acerode
Mexico S.A. (TAMSA), Veracruz. Hojalata y Lamina is planning to
construct a new plant near Pusbla in Mexico. In Brazil, Usina
Siderugica de Bahia S.A. (USIBA) is planning a 500 tons/day plant.
Also other companies in South America and Asia are seriously con-
sidering this process (22)

Another process in which there is growing interest is
the SL/RN process (Steel Company of Canada, Lurgi, Republic Steel
Corpor;tion, National Lead Company). A4s a result of the 100-tons-
per-day pilot plant operation at Stelco's Hamilton Works since
1962, three commercial p}mta are now under construction: a
235,000 tona plant for Inchon Iromworks, South Korea (reduction
degree 75%), 160,000 ton plant for New Zealand Steel Ltd (sponge
iron with a reduction degree of greater than 90%) and four
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250,000 ton units for Highvsld Steel snd Vanedium Corporation 4,
South Africa (reduction 45%) (22),

Extensive tests have been conducted in Censds on the uss
of sponge iron in elestric arc furnace, Sponge iron produced by
the SL (Stelco-lurgi) process at Hamilton Works of the Steel
Company of Cenada has been used upto €0 percent in the chargs in
a 4,700 kVA 15-ton electric arc furnace. No increase in power
oonsumption 1is reported by increasing the sponge iron in the charge
upto about 50 percent. The quality of steel produced confirmed the
superior properties of the sponge iron and also resulted in 8

decrease in the residual copper content of the steel,

Tests have been run recently by the Steel Company of
Canada st its Premier Works in Bimonton with continuous feeding
of SL sponge iron in amounts varying from 15 to 100 percent of
the charge in ‘15-ton, 25.ton and 75~ton arc furnacea(25). The
sponge iron ig fed through the furnace roof direct into the
region of the arc of each electrode between the side wall and
the eleotrodo. The charging system consists of & hoppeT, veigh
feeder and feed pipes. The feeding rate is upto 700 lbs/minute.
The production rate increased by as much a8 45 percent compared
with a1l scrap heats. The heat time was reduced from 3 hours charge-
to-tap for all sorap heat to about 2 hours for high percentage of

sponge iron charge. Continuous charging of sponge iron in a
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pilot plant 6-ton are furnace has been investigated by IRSID in
Francc(24). It seems that this process may enable automation

of the electric furnace, and even enable continuous steelmaking to
be achieved,

It is reported that in USA, Gilmore Steel will be cone
structing a fully integrated plant at the Rivergate Industrial
Complex at Portland, Oregon, based on metallised pellet facility
(95 percent Fe) followed by en electric furnace ccmplex with an
initial capacity of 300,000 tons annually(zs).

Investigations have been conducted on production of sponge
iron from the Kanjamalai ore near Selem in India in connection
with the proposed Neyveli-Salem Steel Projoct(zs). The magnetite
ore containing about 35 percent iron has been found amenable to
magnetic concentration producing a rich concentrate containing about
65 to 70 percent iron, This concentrate has been pelletised and
used with Neyveli lignite and char as reductant for the production
of sponge iromn., Laboratory and pilot plant tests carried out st
Frankfurt in West Germany indicate that good quality sponge iron
with a high degree of metallisation (upto 97 percent) could be
produced by the SL process, The iron content of the sponge iron
is 95 to 94 percent. However, the sulphur content of the sponge
was somewhat high during the tests, primarily due to the high sulpbur

content of about 1,8 percent in the Neyveli lignite and 1.4 percent

in the char, It will be possible to produce low sulphur (below
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0.05 percent) sponge iron by using Indian coal (which contains
sbout 0.8 percent sulphur) as reductant, Rich Indian iron ore
with upto 68 percent Fe content also can be di.rectly used in the

SL process for production of sponge iron,

Liquid Steel Cost with Alternative Charges
The cost of production of liquid steel using alternative

oharges of 50 percent hot metal and 50 percent scrap, 50 percent
sponge iron and 50 percent scrap, and 100 pﬁrcent scrap have been
estimated for Indien conditions to evaluate the relative economics,
Casting into ingot or continuously cast semis has not been congidered
as this will be common to all alternatives, For this exercise, one
28-ton arc furnace with a 10,000 kVA transformer, and necessary
equipaent and facilities including scrap yard but excluding casting
facilities have been assumed. The investment on this arc furnace

plant is estimated at ks 12,0 million.

As regerds sponge ironm, while there sre a number of pro-
cesses for itn production, the SL/RN process has been considered
hu'l beceuse some Indian raw gaterials have alresdy been tested
for this process, We have considered a 30,000 tons per year plant
to meet the material requi.reme‘nts for a 25-ton electric furnace
using 50 perocent sponge iron in the charge. The rav materials

comprise sized high grede ore with about 66 percent iron content,

pon-metallurgical coal as reductant, and dolomite to take care of
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sulphur, The sponge iron is cxpoctid to analyse about 90 percent
Fo, leas than 0,08 percent phosphorous and less than 0.05 percent
sulphur,

The sponge iron plant cost is estimated at approximately
bs 14,5 million (about X 480 per emnual ton). In arriving at the
production cost of sponge iron, the followimg unit costs at a
hypothetical plant site are assumed:

Sised iron ore  ,, 1 25 per ton (incl k: 10 for transport)

Coal es 15 60 per ton (incl ks 20 for transport)
Dolomite oo s 40 per ton (incl ks 20 for transport)
Fuel oil ee I 200 per ton

Power ee 1 0.10/i4Mm

On this basis, the production cost of sponge iron ie estimated
at about § 190 per ton, as follows:

~ Production Cost

e n
ton
Ore and flux T e 40,00
Reductant and fuel . 52,00
Cost above s 26,00
Fixed charges (at 15%
of capital cost) e J2,00
Totel R g

The comperative production cost of liquid steel is given in
Table 4, It should be appreciated that the production costs are only

indicative of the comparative economics of the slternative ocharges
for plain carbon steel production with sing}.e slug practice and the

assumed unit costs.
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MPARISON OF PHODUCTION COST OF LIQUID STLEL BY
TRLC FURNACE USING D METALLIC C

ABLE 4 -
(Basiss One 25-ton 10,000 kVA electric arc furmce)

Kectric pover

ks 0.10/kh

5% Sorap 5% Sarap
_100% Sorap  50% Hot Metal 50% Sponge 1rep
Basda
Yield metallics/liquid
It..l 'Y ’5’ 93’ . 92’
Power consumption .o 650 X/t 500 t 600 MWh/¢
Production 'Y 45,000 t/,l‘ 54,000 t/yr 50,000 t/yr
=t o
ton ton ton
:
Matalli ce 'Y 218050 256 020 223080
Other materiala se 10 .40 13020 10.10
Power oo 65 000 50 .00 60 .00
Cost above oo 80000 31090 76050
Fixed charges @ 15% of
capital cost e 40400 33200 36200
Total Cost oo 4.0 434,30 400,90
Notans
Unit costs agsumeds
Scrap .o ks 200/ton
Hot motal oo ks 250/ ton
Sponge iron .. Is 190/ton
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Zhe Rlactric Furnace in the Indisp Steel Industry

Having discussed the possible future role of arc furnaces ’
particularly in developing countries, it may be of interest to
reviev the experience in the Indian steel industry,

Annexure I gives a survey of the bulk of the electrie furnace
installations in India today and Fig. 4 shows a plot of transformer
oapacity vs shell diameter for the furnaeu(") + Rated furnace
holding capacity is also indicated alongside, It is interesting to
note that the curve closely follows the calculated transformer sizes

for different furnmace ratings as reoommended for general adoption (28).

Most of the electric furnaces in India are operating in
steel foundries, vhile some are also producing small tonnages of
ingot steel, The largest units in operation today in the country
are the two 50-ton furnaces powered by 18 »750 kVA transformers at
Hindugtan St«i'l Alloy Steel Flant, Durgapur, commissioned in
November 1967, Acoording to present thinking, 80-ton furnaces will
be installed at this plant during expansion,

While the electric furnace has hitherto been used primarily
for alloy steels and castings in this country, its share in carbon
steel is now expected to increass in conjunction with continuous |
casting installations for billet production, The 25-ton Kalwe arc
furnace ocommissioned in December 1965 and th; a5-ton furnace under
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construoction at Arkonam (Madras Government project) are instances
4n this direction, The Indian Government is also thinking in terms
of electric furnace-continuwus casting {nstallations at favourable

Jocations to supply billets to the re-rolling industry.

It would be interesting to project the probable future
Sprocess-aix' of Indian steelmaking. Taking current trends into
aocount, an estimate of the probable share of electric furnace steel

output in India is given in Table 5 and Fig. 5.
IBIE S - MW%M.
1965 & FORECASTS FOR 1970 & 1975

0 Rt—— M
_ 1955 1960, 1965 1970
aill nill nill mill nill

ingot t ingot ¢t ingot ¢ ingol t ingot ¢

Open-hearth o 1,63 3.2 5,64 7,40 170
Oxygen steel (LD) .o - . 0,77 1,50 9,40
Rlectrio .o 010 Qi2 Q.83 0,60 1ai0

Total : 13 .4 564 2,50 18.50
(incl metal for castings)

It 1s expected that in the 1965 to 1975 period, the ourrent
lov proportion of electric steel (about 3,56) vill more than double
%o about 7.3 percent, ID will continue to record & steep increass,
and overtake open=hearth output by 1975.
WW

| Two typical examples of recent arc furnace installations in
India are briefly desoribad belov - one for making alloy steels, and
the cther working with oontinﬁoun casting facilities for produstion of
wire rods, |
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Wm: Hindustan Steel Limited's Alloy Steels

Plant at Durgapur has two meltshops - one (SMS No.1) with two 50-ton
electric arc furnaces of Daido-l.gctronelt design for production of
ingots in stainless and constructional alloy steels, and the other
(SMS No,2) with 10-ton arc furnaces and induction furnace for making
high alloy steels, Furnace shell diameter of the 50-ton furnaces

is 5,182 um and transformer rating 18,750 kva,

The layout of the Steelmelt Shop No.l is shown in Fig, 6,
The overall size of the building is 130 m long and 83,7 m wide
consisting of 3 aisles - scrap, charging and pouring aisles., The
scrap aisle is of 30,3 m wide and the charging and pouring aisles
are each of 26,7 m wide, The scrap aisle is served by two 10/5-ton
EOT magnet cranes having a span of 26 m, The charging aisle is
equipped with two 50/15-ton EOT cranes with & span of 24 m, The
pouring aisle is equipped with two 100/30/20-ton EOT oranes having
& span of 24 m, The gantry rail levels are 12 m in the socrap aisle
and 231 m in the charging and pouring aisles.

A charging platform 100 m long is provided in the charging
aisle at an elevation of 6 m, Openings have been provided at points
where sorap buckets are brought from sorap aisle,

Two sorep transfer cars fitted with weighing soales are
provided for transferring sorsp from sorap aisle to furnace aisle,
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Clamshell wo charging buckets are used for charging sorap into

the furnaces, Two 2.5-ton mobile chargers are provided for charging
ferro-alloys and additions into the furnace, Two heating furnaces
are installed on the charging platform for reheating the ferro-alloys
and additione before charging them into the furnaces. One 50=ton
hot metal transfer car 1s provided for transferring of hot metal

from pouring aisle to charging aisle for reladling. In the pourlng
aisle, one stopper rod drying oven and three ladle heaters are
{nstalled, Slag from each furnace is ocollected into 2 cu m slag

pots carried on self-propelled cars,

Oxygen lanecing facilities are available for both the furnaces,
Pneumatic tube system is p® vided for sending the samples to the
laboratory and getting back the results, Fume extraction system 1s
provided for collecting fumes directly from the furnace roofe, and

after cooling the gas 1is discharged into the atmosphere.

The steelmelt shop has a 50=ton capacity RH vacuum degassing

unit located in the pitside.

Makagd Wire Fod Plant: The steelmelt shop in Mukand Wire fod Plant

at Kalwe, Maharashtra, is provided with one 25-ton electric arc
furnace and a 2-strand oontinuous casting machine for cesting 80 mu 8q
billets. The ASEA make furnace has & shell diameter of 4,300 mm
powered by a 10,000 kVA transformer. The annual production from this
shop is expected to be 45,000 to 50,000 tons 1iquid stesl of wire rod
quality.
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The meltehop layout is shown in Fig. 7, The ehop building
1s of single stage and consists of 3 aisles - ecrep aisle, tranaformer
aisle and furnace aisle, The ecrap aisle is of 36 m long and is served
by a 10-ton magnet orane of 20 m span, The transformer alsle is of
72 » long and 15 m wide, Beeides the furnace transformer, auxiliaries
for continuous casting machine, laboratory and office building,
etoragee for refractories etc are located in this aiele. The furnace
aisle is 72 m long with 20 m crane span and houses the arc furnace
and continuous casting machine, This bay is served by a 50/10-ton
EOT orane, The orane rail height in the scrap aisle is 10.5 m and that
for furnace aisle is 14,5 m,

Sorap is brought into the furnace aisle from the scrap aisle
vith the help of a scrap transfer car and weighed by press-ductor
fitted on the 50/10-ton orane. Scrap is charged into the furnace
from the top,

hm—d.ion and additions are manually charged into the
furnace from the portable storage bunkers located in fromt of the
furnace . Slag is collected into slag box and is removed periodically
from the pit by the overhead crane, after sufficient cooling of
slag, this is removed from the box and taken away by trucks.

Iadle heating facilities are provided on the ground floor, |
vhereas the launder and tundish heating facilities are located on
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the working platform of the conbinuous oasting machine, Onme Jib
erane is installed near the concast machine for handling of launders,
tundish etec during reladling.

Liquid steel from the furnace is tapped in a syphon type ladle
held in the ladle pit., The heat is transferred to & ladle stand in
the ocontinuous oasting machine, Here one burner is provided on the
1adle for maintaining the hot liquid steel temperature, Liquid
ateel is cast into billets by the 2.gtrand continuous casting machine,
The billets are cut to the proper lengths and discharged onto the
discharging table., At theend of the billet discharging table a

e0oling bed is provided.

Gonditioned billets axe fed to a fast, modern Morgardshaamer
wire rod mill whioch has a capacity of 100,000 tons per year.

Skill Devslopmenis The paucity of necessary skills in developing
countries to meet the requirements of steel plant operation has often

been held as an impediment to rapid growth in steel capacity. This
may, to some extent, be valid, for instance, in case of open=hearth
furnace where the necessary skill to make steel has to be gained

over several years of experience, The melter's experience and his
personal judgment are still dominating open-hearth steelmaking
despite technological improvements, The demand of the oxygen
converter on skills is to a lesser extent. But in oase of are furnaee

operation the crew can be readily trained in a short period by sething
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out & well-designed training progranme, Similarly, the development
of skilled personnel required for ocontinuous casting as compared to
those for soaking pits and primary mills is relatively simple.

This has been the experience in India whare » for instance,
the personnel for Mukand Iron & Steel's arc furnace and continuous
oasting facilities could be trained without diffioulty. From the
first cast, the Indian personnel could confidently handle the Concast

machine,

Similarly the start-up of the arc furnace facilities of the
Alloy Steels Plant at Durgapur went off smoothly, The management on
oporatioh of arc furnace facilities has not posed any problem in India,

Soneclusion
Within & decade the LD process has retired the open=-

hearth from ite undisputed position for almost a century, At the
same time, the electric furnace, in addition to its apecial role for
the production of alloy steels, has made substantial inroads in the
field of plain carbon steel. Its full potential however is yet to

be exploited, and the present trend towards large furnaces of over
200 tone with high power operations indicates that the arc furnace
will oontinue to grow. In the foreseeable future, LD and arc furnace
will be the two major processes sharing the steel production, Are
furneoe-gontinuous oasting installations are attractive for developing

countries wvhish do mot possess major resources.
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Sponge iron as melting stock is of special interest to
developing countries for non-integrated stesl plant operation as
well as for meeting the sarap shortage, The superior characteris-
tics of sponge irom due to very low residual contaminants,
amenability to mechanical handling and continuous charging are
expected to enhance its importance as melting stock for steelmaking,
The use of hot metal and continuous charging of sponge iron would

further increase production rates.

A number of new developments have entered the steelmaking
process 'race'., The open-hearth and the dual hearth have taken to
intensive application of oxygen to gain adventage of the speed of
the oxygen converter. The oxygen converter is experimenting with
suxiliary firing to attain the nexibility of the open<hearth in
sorap melting, The fuel axygen scrap process (FOS) is making a bid -
to oompete with the arc furnace. The latest in the field is spray
steelmaking and the concept of contimuous steelmaking., This tremnd
may perhaps converge towards a single economic steelmaking unit in
future, an ilactro-oxy-mel hearth, seeking to optimise the scrap
melting flexibility of the opex}-hearth, the speed of the oxygen
converter, and the high quality product of the electric furnace.
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Figure 1
World orude steel production by processes
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Effect of ultra high power on production

and costs
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Figure 3
ffect of pre-heat temperature of scrap on production rate and
power consumption of electric arc furnace
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Shell dia. vs transformer capacity of arc furnaces in India
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Figure 6
Layout of arc-furnace meltshop at Hindustan Steel Ltd's Alloy Steels

Plant, Durgapur, India
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Figure 1

Layout of arc-furnace meltshop with concast machine at Mukand Iron

and Steel Works, Bombay, India

LEGEND
o ot 20 ed”
pt— ]
— et | (+) 10-TON MAGNET cRANE

@ SCRAP TRANSFER TROLLEY
FURNACE TRANSFORMER
Ei - 4) CONCAST CONTROL ROOM
¢ “

+14'sM(5) LADLE RELINING AREA
S tia's
ngi_‘s

wsM e | o ﬁ (6) TUNDISH RELINING AREA
= .g;g, WMy (7) 20-TON ARC FURNACE
5 - 2 v'j m- g (8) 50/10 TON €EOT CRANE
' lrnms-‘ s . SCRAP BUCKET
~ SCRAP _ _FORMER_ _ FURNACE _ 10) ROOF RELINING AREA
C AISLE 7T AISLE AISLE ~ O
: CONCAST MACHINE
SECTION A-A
LADLE HEATERS

=Y

6 AT 120C0=72000

11
11
[

* -
e ——
: T -
g
- /\ | 8
z LIt |
< |- _:it*"‘y || o =TT ‘;
a [T o
. | o 8
. ® 2 ¢
1 e
=
0
o
o
o
o~

{
FUT URE
=
O,

ORI

B
|

-
.

>
—+ - 4







005°e [ 009 ¥I2s0g-Unorg 961 o
o0t ‘1 € ooze TIesog-unozg 2961 b 4 z .. gredqerTeg ‘9rs938 eqoln M1
74 8 5 s ovie seortang *gepn 9961 ¢ TLOIYNTA ‘P37 344 op Iy solog » [elpon gt
000°< v v deTITg-Iav s96t o+
000%c ¥ oy¥e 09TITg~T3Y I 4 i Suape: ‘py Seyipunog alouuy A
0052 9 0c6e oXey YSTITIg 3 °* Jdedang ‘juerg Yedlg mdeimg  vgp
000°¢ 12 ovre ECRCS < b oo } 4 °* TraQ M3y ‘°q » *S*Dg *st
000%¢ » 0¥ WTITE-TTY m
000°2 L 4 oF 29TITg-THY b5 4
00s ‘T € OF13 WVLITG-TAY 4S6t I € i T3238 » Uoly wyuTsqg *%T
0s‘T € os12 22TITg-TAY 9561 ; 1 IedWemureq ‘Pi (JeIEyg) jWemwssy sTUTYq g
00§‘c S ovie RTITg-TIY m
009t ] oote FI2s0g-UnOIg S96t 11
009°‘c ] 0ote Fiesog-anclg 961 1 t wefURIRyITY) ‘@IoM 3AT10mOd0T URfUBIEIJIYY a4
000°% * 0¥ 20 TLTg-TIY S961 1 1 aedounyrig ‘-on Iy LIBuTYomy BYPUY TEIWay oy
00s‘c s orie @TITg-TIV S96T 4 e exorcduwy ‘pyq sdoysyroM rIwumg *ot
005°T € [+ 344 ITATG-TIY ¥961 1T
000‘¢ v o2 ooTIYg-TIY 567 T z oo Urinon ‘P 0p » UIMg  vg
000°2 1 o oaTITg-TAY ¥9¢T h 4 -* gredesrr ‘pyy o Iy rrurynag !
006 €2 0632 Lresog-unorg €967 ) ¢ bl exopur ‘pyer 1oe3g bourg ¢y
005 9 ussn T had TOITE ‘Werq 19935 TPIIYY  °9
000°% ¥ ore SSTIFg-TaV 96T AT
00§ s o0ke "|ols ecst 111
059 z oet2 s|oig 26 11
os9 e og12 *mo3s e T ¥ “* WPRTe) ‘to) 18835 OTIJOETY EYIIEYUG °s
00s‘T £ o€t seratg-TyY 1171 S o Jefetemmreq ‘P37 Juemsn wyoysy
005°tT € oete SOTITE~TRY T .. Spunyne ‘reraivdvy pueq) ute °e
00s°‘T € 0t12 RTITE TV T b Koquog ‘teraarley puryy upwy °e
0sséet 0s 2gls 9TewOI3037-0pPTe( L96T Y
0S4 st 0s 2ats w0l )3 -opTeg L4961 11
000°s ot 8s9e 9TewoIj08T=0pTRg s961 1 £ o amdedmg ‘yuerg sTeeyg Loty °f
Yax 8uog -

- a5 IShiog TITSwesT ;i RIS USYFETIEITUY  TO3SUWY 1o oR T INeEESS o) Jo SeeR T T vay

-SunI] pejey 80 Teuymoy wens Jo Ieegx ‘e

VIGNY NI QIITTYISKT SEOVNMAA 04V DRI T"WIZdIS

T XSV




-
o
~
=t
it
.
g
S~
=
-

Page 2

Annex I

RRERAN

2 %R BYR B R % BE B B ORRAL 3

¥

000°2
0002

00042
0002

000°2
0002

005t
000‘g

0052
005 ‘2

005t
005 ‘t

00s ‘x
0002

000
00s‘t
005t
095°y

¢ @ an ¢

g «* mn mmr‘ " < ﬂaaa 2] " ﬂ' ' N N N vonn w

dhﬂb@ﬂlgbkm

20TTIg-1xY

Bvuag
Beweg

98TITg 1AV
OTItg-1aY
d0TITg~19V
oeTITg-13V
d0TITg-1aV
99TITg-13V
TIoaog=-anog
Jlasog-unoxg
o0TITg-1aY
2eTITg-I5V

00TITg~1qY
d9Tx dmlHa

991Itg-13V
29 TI1g-1aY
osTI1g-13Y
Tleaog-amolg

Swmeq
o9 1ITg-1aV

28T Tg-Tay

0TI Tg~TaY
[ OHhﬂMIH av
DITATE~17V
TIIoJeTTaN]
205816y

seTTie-1aY
08T Tg-13V

Jo

6867
$S6T

L1861
9561

9961
S96T

ss6t

6661
1961

2961
9961

¥951T

96T
96T
266T

2961

i ¢

-
-

~ - Lo I B I ]

-
L]

" e e

L

v anduey ‘pyy o Teeys x woay yp
144 andpeysuwp ¢33y ¥ -Boy andpeyswe o

** weywdsBey ‘P37 STITH BuITIoy Teess weypuy
L3 d Lequog ‘presiRdoq TeaBy ueypuy
bt T3y ‘PIT 09 Teeds ¥ uoly wetpuy
**  eJopedusg ¢‘eduatog jo eniyesuy uwypur
b YIAOR ‘SiIoATeals ¥ medy UEAMOR

i vredie3a) ‘PeiTwr S10joy mesnpury
equeng ‘pyy BBuTRIog 3 EeTgEsTTEY ueysnputy

i SJ0T®3UWSg ‘D3 STOO] SUTWEE WRqETpUTy

e BWNOTRY ‘*0p Teayc x uar) ~eienDUTY
s a10Tv3uwg ‘piq 53jeIolly weReMpuly
o mdyey ‘Aipmmoy Teeyc geumyp
. fequog ‘v3yBUCYy % wwmxey
b THouwy ‘wdiop Surzecuyfuy Lawey
bt andeding ‘udioy Jutre arySug Liwey

144 doyg ‘pyq (®Tpur) STE07I3037g LAvey

hd N0y .wﬁnﬂﬂzs usoy 3seng
bt ’ anteg ‘Aq3Tme puwar
b TUI3q Moy ‘sT223g aq07n

FEVEEY U ety ey v ————————

*L8

sg

]

*2e

°02

‘g2
‘R
*oz

*s2
¥
7

it 4
=

‘=

¥
18




ID/%G.14/24

dnnerx ]

. s 000°2 L o
m. osz 005 ‘2 s 0%z
a g
02 000°2 : 2 oz
osT 0ss %0 0091
oSt 009 T oSy
922 0022 9 ovLz
s0g 000°s ot osss
52 000°s ¢ oz
¢0g 000‘y ot vsss
90y 0052 o2 09es
052 co0‘z 3 o9z
9¢¢ 000%9 ot Otes
0s2 000°T [ o0o0sz
00y 000°ZT oz 000%
(4] 0054z 2°s oW
[0 008’ ] ogTe
ot 0002 s o2
90y ooo‘ct 92 oLy
og2 00g ‘2 5 0092
o2 00s°¢z (] 002
08z 0052 [ 0092
o5z 0052 s 0092
05249 2T 099¢
:
9 059 2 osyz
soe 0002 4 orsZ
0sT 008 T 0091
Crrd oz s 062
8Lt 0001 9°T otz
¥z 000y ) 0508
o0z 0002 3 o0%R
=] 000°¢2 4 oM
- YAX ucy -
I Wy Towaoy IS Wy
gn IQ'# 3‘ 8& 3 3

Rad Ca%: 00 41 4

Heaog-tmazg
130Ty Teqey

SaTaTg~13Y
Tdeacg-mnolg
SeTIrg~13V
o0FF

Fvwag

o9 T1g-13v

Svwag
Svung

—

FisAog-UnoIg

Tdeaog-analy

JXBAog-unazg
oy

vasy
Taeacg-unozg
Tlaaog-anolg
TI0a0g~MOZg
TeeAog~TnGlg
oeTITg-13V
91q03¢
sTqog
9TIrg-1aY

Tdesog-unolg

k 4 Ao JeSeupeary ‘Lxonowg Conun.vmo
961 b oy
4561 b 4 hid nduey ‘Lro3oe; wowunrn
) ¢ Tareq ‘P37 0p TeeIg 3 uoay wIpWy wremIoy
0967 L 4 Tudpeyem e ¢ Licywroqen TOTAIMITMIeN TvuoTIey
156% In
6S6T B¢
1867 I % s TRI%Y ‘P¥T 09 TeeIg 3 ualy Teuopwy
9961 4 e Todpee ‘Luystpu; Fuyiseupsug Teuor ey
$96T AT
$9BT Iz
1961 I
T96T I b TSI ‘pYT T9RIc x unry axoely
9967 Iz )
9967 I 2 hed ¥rodogy “coeng
1961 busd
TS6T 11
6861 b 4 g b amy ‘Tee3c » uoxy POy
S96T T . . sarey ‘1e91g » ucxy prwmy
9961 T anduwy ‘P¥1 W 09 FITIH Te3ng Jedmepey ToTT 308
9961 It
9967 IX
$96T I 4 i avBeutpoy ‘1eeic Tpoy
6set oz
6T I
Te6T I € b Tudwysy ¢L10j0wy Teoyg 3 Terey
T .. uot3RIodrcy Twixysnpuy wey
6561 4 . ¥NROTRY ‘PAT o9 Arpresurdmg unemy
6567 a4
2561 I
9961 1 s e Voupeeny ‘pyy 620y 0y Tqnupreeny
9961 T At TIMITEG ¢ con Teeyg ¥ uoly Aeyoy
<961 T e TPTIRg ‘reeqc Lwy

T sy oy

'hm

*9s
*ss

1]
*2s




0¥ faeacg-unalg $96T 1 M mpEMTTRp ‘PYT Op % JoAey SUTAIUN ‘el

o2 0002 y
%2 oov’s 1 0s08 SOTITg-IHY 6T 4 b Jefvureiyemny ‘py; ST9NIS °4°n 2L
ooz osoét » oK TIssogrunclg 2961 T ** wumIOPO) ‘DY 34 Op BN TOe3s PTPUY Jeddn *TL
(114 005 T oset Yo03xe] A
0sT 005 4 oget To0xeL pood
(134 005 h § 0set Too3xe] n
021 005 T 0881 Tooyxey 1 7 i ercysquroy ‘pyy Awedmon T003Xe( *0L
¥s2 oos‘e 9 XONTR 2961 I
8LT 00B‘T $ oSt Svmeq 956t 1 2 i viIoyBreg ‘odvuxar °g9
[0 005°T [ omwe I1I
o2 005t S oz Bowag oveT I1
so02 005°T H oM Bemag 9£6T 1 £ e Judpegeus 0 ‘pyy 0p T9SIS ¥ UL ¥IBY ‘g9
=4 000°‘s ()4 058s °0TITg-19V 9961 IIIA
274 000°S ot [+ 354 SoTITg~ITV 5967 IIA
ys2 000°c ot 0ses 90TITg-1IV 56T IA
g02 0002 4 o serItg-TaV ¥56T A
»2 000°s P 0s0s 90TITE~TIV ¥GEY A
%2 000%s 2 0sog 09TITE-19V vS6T I1X
g0z 000°2 ’ oz POTITE-1RV 6T o
02 000°2 4 oz °0TITE-TIV ¥S6T 1 ] *¢ andpoyewmes ‘P37 0y SATImcOOT § Biuy IR L9
005 008’z s ooes s s98T ol ‘
o0z 005 °T L on TxI0JT 1R %961 I1
052 052t ’ 002 JreNoIoeT-OpTeq $96T 1 s $33N0Tey ‘PIT 4 UVISOPUIY jo STTTH JTIToy Teess *99
05T ok ‘T 8 18 0802 TR 9961 po :
00T oy s°0 00sT TLI0JeTIBey 1961 1 2 i Jedpuawyy ‘ucpisaodron 368y TeElg *go
st 000z 4 one 93T31g-TIV 2961 L 4 .. SRaApBy ‘PYy ETe9}g WPUEUEALC *¥9
S0 000°Z 14 oz veTITg-THV 1561 4 i aduoey ‘exzom Futaeeurtny TAUTS *c9
SR 005°T £ oS o0TITE-THY ) 4 b op % JUEIPlOY TBY eAIUL 88XYZ *29
£02 005 ‘T g 0812 29TITg~TIY T ve BUjeg ‘jUBwOg BUIEC 19
sz 000°2 v o5 08TITg~IAV 9961 T had PV S6TIISTPUT TE03S FUNSTIYTWY 09
09T 000°T s (44"~ TIeA0g-TNOZg 2961 T IMOTe ‘PY] 0y Burjsey yeesc z LoTly ©SETIp *€s
m g0z 00s‘t S osT2 oeTITE-1AV €961 1 o $IPOTVY ‘S30NpAlg Xy 3 [9935 IWTIQ *gs
-t
TNe w w suoy -
Mm § —vw— Y fwacy”  —IeR - XX 0y TR oo < Ioedmcy oW Jo oFR ™
858 ovorvery ~sunxy peivy g Twuymoy TIoms 30 Jeey 15




74.10.15





