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FOREWORD

Due to the relatively large cxpansion of steel cajacity now
contemplated by the develoring countrics >f Latin America and the necessity
to use the limited capital available in the most efficient manner, it is
highly relevant f+ "he rersion to carefully investigate, irter 3] ig, econonies
of scale in the cci:i.uction of integrated steelworks, The .teel industry
is particularly sensitive to the effects of plant size on both investment
and operating costs, ECLA has already done excellent work in this field,
and the present study seeks to extend the size-cost rela%ionznips to small
integrated steel plants in the range of 25 O to 3€" (¢ tors of annual
caracity,

For this study five plant sizes (25, 57, 100, 200 and 30C thousand
tons liquid steel production capacity per year) ha.e teen selected, 1In
order to nighlight the effe:ts of varying size on stecl plart =- ncnii-s,
the influence of factors not rclated to plant sizes have teen no ;- .sed as
far as prseticable by i.c. iny *hem constant, Tlus, for tre purs -t
comparability, the same produciion processes ard procucterr« roo.err rave
been taken for all cases, in consultation with ECLA, Where feasitle, higher
production is secured through increased capacity of a single operating unit.
All plants arc considered to be in the same hypothetical location and to
use the same cuzlities of raw materials, There is no provision cf in-built
equirment capacity for future expansion although space is provided for such
expansion, It is assumed that capacity in all departments is fully utilised,
whereas in practice it is desirable for developing countries where steel
demands are rising rapidly to provide scme extra in-built capacity initially,

to facilitate exrension,

% The estimates indicate that plant capital costs and production costs
of iron, steel, billet and merchant products decrease rapidly as plant size
increases from 25 (0 tons to 30 OCC tons per year, At the 30¢ (L0 ton
stage, the per ton capital cost j= only about 48 per cent and the production
cost per ton of rolled product (including depreciation and interest) only
LI, per cent of the 25 OCC ton plant, This dowrward trend would continue

-~ but at lower rates — as plant size increases beyond 300 000 tons.

/our study
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Our study indica'es that even utilising modern technology which has
srestly extended the lower size limit for viable steelworks, small integrated
plants below 1M 000 tons capacity are likely to be very uncompetitive, At
such small capacities, there is a case for semi-~integration, that is, an iron
and steel making - 1-* \ccated in an area which has a strcme raw Taterials
Case and supplying ¢ ..s to two or three rolling mill plants lozated in
areas closer to mark.ts,

It needs to be emphasized that the techno-ecoromic considerations
outlined in this report for process amd equipmunt selection as well as for
cost sstinates sre valid only under the specific conditions sclected for
this study, They carnot be expected to be wholly valid for a specific
plamt or a particular location, Por a specific plant, the type and quality
of raw materials actually available, the demand for steel, the availability
of power, water, fuel, transport, etc, and other special circums’ances
peculier to the location wiil influence product-mix, process se’ect.-n,
plant capacity and cor*s.

Neve.theless, ‘rrc.ma‘icn in this report on producting te: ricres and
process selectior, utilities ard services, layout, carital and production
costs, and manpower would be applicable even for a specific project, 1if
due consideration is given tc locational factors and neceasary adjustments
of focted,

/SUBARY AND
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SUMMARY AND CONCLUSIONS

l, The latin American courtriee covered by the Unitud N-tions
Boonomic Commission for Latin Amsrice represert a wide range
in terms of tneir land ares, populaticn, nai_onal income,

g% "<l lavcl of industrial development, ram 26 ¢:ials and
resc.irces for steelmaking, sise of the stees industry where
1t existe, and steel market, All of them are developing
nations with low per capita national incowes in the range
of 94 to 716 dollars per anmam. The aversge per capita
incoms for the regisn as & whole was 33 doi_ars in 1963,
Tlnnhmammmlwubonmmee
development in these courtries.

2, Industrialisation is vital to repid e-oncmic rrowth of the
region and steel is basic to industrial developuent .
Considering only the eigit steel producing cour.- «s out of
twverty-cwu ir the region, the per ca; it conswr-t:u1 ‘iried
in 196, from about 25 kg in Peru to 85 kg in Chile. The
Sverage pe: capita coneumption for the region as a whole is
about 50 kg, m.nmwczmuumm,u
hnchlonrthnnﬁluinclw. 357 kg in Urited Kingdom,
504 kg in West Germary and 540 kg in Unitea States, It is
obvicus that steel consumption in the Latin American countries
should rise considerelly from the current low levels,

3+ The KA region 1s gmerally well endowed with rev msterials
for iron and steslmeking, with the emseption of coking eocal
the mjor portion of which has to be imported from owtside
the region, mainly from the United Nates. AL present, the
region produces abowt 75 per camt of the stesl consmed in it,
MMuhthmmMmuﬂe{
existing eteal empacity or installation of new capacity.
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Indications are tiiat for the region as a whole the demand for
steel would increase to about 1y million in ot tors ty 1970
and to 28 alllion ingot tons by 1475. Production of steel is
expected to increase to 16,25 million tons by 1770, At the
cur. et rate of population growth (atort ¢ . er ‘=t per anmm
L. o-t.) the per capita steel corsu, t1or {. ‘e region
B2y chus be about 68 kg in 17/0 and E£8 kg i1 1775.

Due to the relatively large expansion of steel capacity
contemplated, and the necessity to use the linitea capital
avaiiable in the most efficient marner, it is nizhly relevant
for the region to carefully investigate, intcr alla, the
economies of scale in the construction of integrated steelworks.
As raw material and economic resources as well as potential
market for steel vary widely from covntry to c untry, there
is widespread interest in the inctallation of mali is well
88 larye integrated steel plenis., The scope of ' present
stuty, comuici.oned in September 1965, is 1Liit-. to .all
integrated steel plants in the range of 25 LOC ts> O 000 tons
annual capacity.

Acaroach ang saswaptiona

The effect of plant sisze on capital and operating costs is
alit~nced by many elemsnts, and these have to be <nhalysed
prolect. by project, For the purpose of this study, a mmber
of assumptions necessarily had to be made. The object of the
studr is liaited; namely, to secure a broad perspect ive on
the size-cost relationship at the lower eid of the sise
spectrum, llile the trends indicated and the relative cost
data are valid for this purpose, actual cost at specific
installations my be widely different,

The studqy relates to hypothetical plants at a typical
location in a developing country well served with road and
rail communications, By the very nature of the study, the
cost estimates and the conclusions drawn therefrom are likely
to be only approximate and indicative,

/70 To
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To facilitate comparative study of the economies of scale,

the plant design ana equipment considered for the plants

do not have any in-built capacity for future expansion, In
actual practice, however, this is not the right approach,
part.c:larly for a developing ocount.y where steci demand

Fis . re, iy and where some in-built Capacity 1n expensive
equipmert (such as rolling mills) would pay handsome dividends
in future, In this study, while no in-built capacity has been
provided, the plamt has been laid out anc epace provided to
facilitate expansion from thres to five tin.s *hc iritial
capacity, Such provision need not add much o initial
investment if the plant is properly enginecrod,

The steel industry is particularly sensitive to economies of
scale, The extemt of econcmies would depend on how expansion
1s offected. IExpansion ean be brought about 7 irncroasing the
number of procuction units of the sams cap~ " *- 3r each
product ivn derartment, in which cze econwr. . i oL  from
reduced ovec-heads, reduced costs for repai.s cni nait enance,
supply and eervice facilities, etc. which need not incresse in
the same proportion. Greater economies result from incressing
the sizes of the production units themselves., Iu this study,
plent size is increased through incressed capacity of a sirgle
Operating unit, wherever feasibls, as for instance in the ohse
of blast furnace for irom meking, LD converted for steelmaking
and rolling mills for the production of wire-rods snd merchent
products,

Adoption of modern irom and stealmaking technologies have been
considered., In order to isclate and highligit the effects
otwmomndmammdfm of fastore
ot related to plant size have been minimised as far as
practicable by keeping them constant, Thus, to make the
camparisons meaningful the seme production processes have been
assumed for all the selected plant capacities, although etrictly
the most economical processes could be considered for each sise
of plant,

/In integrated
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In integrated plants with large capacities, product-aix
may be diversified and the tonnages of different types of
rolled products may still be adequate to install mill units
of economic eizse. But product diversification in a mmall
plant will largely result in elimination of economies of
scnie 80 far as the rolling operation is concerned., In
fact, over—diversification of output to meet the requirements
of alimitea home mrket is one of the reasons for high cost
of steel produced in many latin American countries.

Whilst selection of the same production processes in all
cases, a8 in this study, eerves the purpose of comparebility,
it results in the selection of processss suited to the
majority of cases dut not to all cases. rhus, the adoption
of 1D process for the 25 000 ton end 50 OO0 ton plants,
taken in conjunction with the other limitin~ assumption

of full utilisstion of instalied capa:ity, .: rssulted in
the chcice of 3-ton and b6~ton L corwer’.. s, 2ore suited
to stedl foundries or pilot plants than for economic
operstions in a steel plant. Rlectric arc furnace
steelmaking has been considered as an alternative for the

50 000 ton plant,

The selection of process for a specific plant is influenced
by locational factors. The data 5n available raw material
resowrces and other oprreting conditions obtaining in

Latin American courtries furnished bty ECLA have been assumed
as holding good for all plant capacities under study,

The processes and m jor equipment selected for this study
are indicsted in Tadle 1. Some altermetives Mave also been
considered, such as slectric smelting compared to hlast
furnace for iron making in the 25 000 ton and 50 000 ton
Plants, and electric arc furnace as campared to LD corwerters
for steslmaking in She 50 000 ton plant, to btroadly evaluste
the relative economics of these alternative processes for
small steal plant capecities.

/Table 1
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Flant peroral lay it (nvisape, i3 compact ) and desigred

for uniuirectional [low with miripun hardl ing ty ruva or
rail tronsport of ‘'in-process” materials. The nixer
building of *'r steeliielt saop ic located ad‘acert *o the
blast furmace cast hiuse, Continuous cast stea) tiilets
are delivered cirect to cooling beds located in the billet
storare bay of the ill b iluing, Hot metal, liquit steel,
and semis traffic is thus reduced to a minimum, The layout
1s such as to facilitate future exansion but no in-bHuilt
provision is rade [or the sanme,

Gapital cost estiate

The plant ca .ta) investment estinates are not derived from
investuents on any actual existing steelworks, but hive
been developeu on the basis of estimates for buildings,
equipment, civil and stri-~tupal works, erection, etc,, for
selected prozecses 'nd t/rical plant layouts, This approAach
perrdt. a wore r.‘iocnal an: accurate comparison of
investicrts for tie o ff. cent Plant capacities. Capital
cost estimates are in iollars and based on the same 1wt
constructicn ar! waterials coste which have been used in
other ECLA studies, ar.: on United ~tates equipment cots,
Awdliary departments such 45 power, water and utilitijes
systens, internal transport, repair und maintenan-. shops,
laboretories, miscellaneous buildings, storages, etc,,
account for a substant ial proportion of the cost, increasing
frou 23 per cent of the total plant cost for the 300 000 ton
Plant to 32 per cemt for the 25 000 ton plant, There are
No recognised standards for the extent of provision to be
rade for repair and maint enance shops, service and other
facilities, For steel plants located in countries without
well developed engineering Lidustries such provision has to
be on an aupler scale than in highly industrialised countries

/where spares
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where spares arc repl-ocemwunts are procuracle at short notice, i
The provision made for the plants under considerition may
appear excessive, but the bias, if any, e:t>nds in the same
measure to all cases and therefore does not affect
carparability,

Cspital costs of the aurdliary departients have been

e tirated separately, and then allocated to the production
departuents on the bdasis of relative utilisation of the
supply and service facilities for calculating the "fiwed
charges" camponent of production cost, Plant ce~ital costs
and costs per ton anmnual capacity are surmrised in Tabdle 2,
Maonower

The estimates of manpower requiraients, priaarily intended
for the purpose of evaluating production costs of typical
plants, are optimam levels tc be ailed at, »:! are besed on
general study of the various operat.ons inv.ivei., Latra
manpcwas for "off", leave and sbsnteeima 1 5 .-t teen
included, as due allowance has been made for this in the
hourly wage retes,

The total labour force, liquid steel production in tons per
mAnN~-year and capital investment per person employed for the
selected plant capacities are given deluw:

. -

Case I Case II Case III Case IV Case V
25000 %0 000 100 000 200 000 300 00O
T T/yr T/yr T/yr T/yr

Total force %9 1122 140 1900 2146
Tons/man-year 2% &3 n 105 139
Investast

per worker 11 730 $15 180 421 190 $25 980 $30 900

/Teble 2
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Capital investuent per worker increases nearly threefold

and productivity increases over fivefold with increasing
plant capacity, The low labour productivity in Cases I

and II, despite the adoption of advanced techniques of
proved economy, indicates that these very small capacity
plonts are inherently unsuited to full integration,
Productinon coata

Broad estimates of production costs per ton output of the
production departrents in each of the plant sizes considered
are arrived at on the basis of specific con-umption of raw
materials computed from their chemical anzlysis, and
physical inputs of other items such as su.plies, fuels,
power, etc,., on the basis of average efficient practices,
In estimating procuction costs it is assured that the plants
are utilised fully. Works production costs ard total
production costs (including fixed charges >t ¢ nar cent of
capitil iavesu.ent) are sumarised in Tall. ¢, ihese costs
are indicative and valid only under the s-c.ific cenditions
selected for study. While they serve well for the purpose
of assessing the relative economies of operations as affected
by plant size, they cannot be expected to be wholly valid
for a specific plant or a particular lozation, For a
particular plant, the quality of the raw materials actually
available and other locational factors will influence costs.
Capital and production costs increase gradually from

300 000 tons capacity down to about 100 00O tons capacity,
but below 100 OCO tons the rates of increase are rapid, and
below 50 000 tons capacity they become quite steep. Capital
cost indices per ton anmual capacity and production cost
indices per ton rolled product decrease with rise in plant
capacity, as follow:

/Tahle 3
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Table 3
PRODUCTION COST ESTIMATES POR PLANTS OP SELECTED CAPACITIES
(All eosts in dollars per tem)
Y T
2/,9 t/yr t/yr t/yr t/yr
1. O
:t of materiale y - - 27.2 :{Lg 26.60
{4 abeve materiale - - 2. =0,08
Verks predustion eeot - - 29,53 29.2% 26,56
Total oot 33.26 32.88 .57
2. fiater
Cont sf materiale - - - 10,63 10.6)
Cest above materials . - - 2.9 13
"m m“.ﬂ oot - - - 130“ 12082
Pined er i ges - - - 291 2:13
Total sost 15.95 i
3. lren
Cest of matoriale v 33.26 32.80 32,40 32.% 31.10
Oset ebove materials 25.2¢ 15, 3 10,37 2:93 5240
Yorks preduetiion aset $8.52 8. 14 uz.g 3;3: 36.50
’ll.‘ M. 12.:’ lgl :z . S
Tetal sert 71.51 58.51 52,64 49.92 45.08
% [dawid stee} (19)
Coet of mata-ials o/ Gl 4 54,39 43,29 Le,n9 43.18
Oost abrve matirisle p3 1. 1574 22.32 ) 13,6
Vosks produniion eest 108,92 85.76 71.61 £1.20 56.86
Pined charges 4212 12,00 14,26 12,62
Tetal soot 130.51 102,76 86.37 74.52 €).6h
5. Sempast Mllet
S abeve mate ;g,g 2,0 5.73
Yorie produs:tion 2uet 128, ”. 3 81.4é 61-% ‘,.
Pined thurres ) L R 1528 X7
Total eost 155.73 119.49 .43 .71 76.22
6 Mellixg
w of -t:::u 138.06 105.20 85.2 72.21 65.80
VYoste produstien oost 172,9% "Z:g 9.92 g.? 5.8
Pined oherys .B.Zl , 20.:2 312% .9

o/ Wt after alioving eredit for gae, tar and dreese.
)/ Mot after alleviag eredit for B.7. s,
8/ Tot after alloving oredit for recoversble semsp.
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Case 1 Case II Case (II Case IV CaseV
25 000 50 000 100 000 20C 000 300 000

T/yr T/yr T/yr T/yr  T/yr
Capital cost
per ton nominal
capacity 100 76.5 67.1 55.5 L8.4
Production cost
per ton rolled
product 100 b 59.5 45.6 Li.3

- . ou e g s a e s -

All the major elements constituting production cost viz,cost
of materials, cost above materisls, and fixed charges, per
ton of finished product decrease with increasing plant
capacity.

Production cost structures for the five plant sizes under
study (Table 4) indicate that the proportion of "wages and
salaries" to "total costs" varies from 19 per cent for the
300 ton plant to 41 per cent for the 25 ©J0 ton plant, The
rapid increase in the proportion of wages and salaries is
due to decrease in productivity. The effect of rising wages
on production costs can be effectively countered only by
increased productivity, Ly the adoption of improved prccesses
and through economies of scale,

Table 4
COST STRUCTURE FOR STEEL PRODUCTION
(Percemtage of total)

Case I Case II Case III Case IV Case V
Raw materials 20 26 k1 k{) L
Power and fuel IN 4 5 5 )
Wages & salaries 4l 33 2 22 19
All others 35 N k{4 36 34
Total 100 100 400 400 10

/20, Within
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Capital/

Klectric
el ting

Within limitations depending on the type of industry, tax
rates, etc., the ratio of capital investment to gross sales
value of annual output serves as an incicator of tne
effectiveness of investment, Assuming an average selling
price of 150 dollars per ton of rolled procuct, the
capital/output retio for the five plant capacities urder
study, in order of increasing size, are 1:0.30, 1:0.39,
1:0.45, 1:0,55, and 1:0,63 respectively.

Comparison of iron production by blast furnace as against
electric smelting process, both with and without pre-
reduction, is as follows:

- - e a— -—

Cost indices
) Electric
Electric
Cost 1tems Blast smelting :;%:omuf
furnace (with pre- pre-
reduction) reduction)
25 000 ton plant:
Production cost/t 100 111.4 126.7
50 000 ton plant:
Capital cost 100 85.4 76.9
Production cost/t 100 118.3 138.3

-

For the conditions assumed in this study, therefore, the
blast furnace produces the cheapest iron even in the
smallest size of plant, in spite of the higher capital
investaent required.

It 1s understood that in Latin America scrap is not readily
available in large quantities or at competitive prices and,
therefore, plants based on maricet scrap are likely to run
into trouble, However, as a matter of interest, alternative
cambinations of iron and steelmsking processes are considered

/for the
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for the 5C 000 ton plant, Plant capital ccst per ton
annual capacity anu proguction cost per ton of rolled
product with these alternative process ca.binations are
given as percentages of the capital and procuction cost
of the blast furnace - LD comwerter combination selected
for this study, in Table 5.

Table 5

CAPITAL AND PRODWCTION COST DNDICES FOR ALTERNATIVE
IRON AND STEEIMARING PROCESSES
(CASE II - 50 000 T/YR)

- s = —— > G A w—— Gt S

I Total plant Production cost g/
&mﬁ::mm capital cost/ton per ton rolled
annual caracity products
l, BElast furmace -
1D converter 100,C 100.0
2. Blast furnace -
Arc furnace Y/ 86.4 N.7
3. Electric mmelting
(with pre-
reduction) = Are
furnace b/ 84.3 9.6
4o Electric smelting
(without
reduction) - Arc
furnace b/ 82.6 98.3
5¢ Arc furnace g/ 65.1 79.1
&/ Scrap price assumed at 30 dollars per ton for

calculating production costs,

P/ 50 per cent scrap - 50 per cent hot metal charge for
steelmaking,
&/ 100 per cent scrap charge for steelmaking.

/Preject cogts
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Organisation
of projecta

Project costs

The capital cost estimates cover costs within the plant
boundary. In estiating total project cost, all off-site
cost such as township, bringing water, power and railroads
to site, etc., have also to be considered. These cosis as
well as the costs of infrstructure items of strengthening
the region, such as transport, water and power resources,
are higher in a developing coumtry. But their provision
should be regarded as an essential social investment in the
larger context of raising the living standards of the peopls
4s a whole, accelerating the develo;ment process,
Blan_copstruction

While considering total project cost, the time taken for
the completion of the project is of significance. Normally,
small integrated plants of the type envisaged should not
take more than about three years for completion, from the
date of placement of orders for equipment, Delays beyond
the scheduled period of completion will greatly increase
total costs of the project, by additional interest charges
during comstruction, escalation in the costs of contruction
and equipment, administrative overheads, etc,, and will
prevent the large investment from being utilised quickly.
To ensure speedy exscution of the project, arrangmsents
have to be made at the start for appointament of a project
head and of a steel plant design organisation for the
engineering of the project, procurement of equipment ,
supsrvision and management of comstruction. The project
head and other persomnel appointed for supervision and
nanag.enent of construction should be qualified and
«xperienced to vake up operstion jobe, if necessary, when
the plamt goes into production. Advance action has also

to be taken regarding financial and other arrangements,
government and local procedural requirements, site

/acquisition and
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acquisition an. preparation, ~rovision of infrastructure
facilities, recruituent anc¢ training. These will remove
many of the bottlenecks that hamper the smooth prosress of
the project and its capletion within the schedul ed
programmecd period,

fonglusien

For this study of economies of scale at small steelworis,
five integrated steelworks havirg ca xcities of 25 0co,

50 000, 100 000, 200 000 and 30C O tons per year
resrectively are considered. The procuction processes
select.ed are based on efficient and moiern technicues of
provcd economy viz, blast furnace oreration with oil
injection, high blast temperature ani prepared burden,

LD s* ~elmaking, continuous casting cf billets, and merchant
mill, The major raw materials cousi-sred are of high
qualily - iron ore with 65 per cent 3, coke with 8 per cent
ash ard 90 per cent FC and limestone \ ith 52 per cent Ca0
and 5 pwr cent insolubles, Despite tiimse favourable
conditions, very sall i/t egrated steeliorks of 25 000 ton
and 50 000 ton annual capscities, producing ordinary
varieties o’ merchant steel proaucts, are not likely to
be economicclly viable under nortal narket conditions.
Study of alternative iron and steelua:ing processes
indicates that for mmall sise plants of 5 000 tone
oapacity or less semi-integration with only steelmaking
in arc furnoce would prove more econuical provided purchased
screp is readily avallabl~ at reasonccle prices,

Another possidbility that can be considered in the irterect
of mimlating regional development within a large coumtry
1s to separete rolling from strelmacing, Production of
steel and semis ocould be confined to medium and large
integrated steeal plants loested in areas vith a strong
rav mterials base, and the semis could be rolled into

/finished producte




finished products in satellite mills set up in the same
area to roll a diverse range of products, or in market
based mills dianermad in various regions of the country,
These mills could be of economic sizes for rolling products
which would find a ready market in the region,

The above concept can be extended to encompass several
adjacently located countries in the region or even latin
America as a whole, if decided advantages in terms of raw
materials, economic resources and enlarged markets offer
greater scope for exploiting economies of scale.

While the information given in this report on production
techniques and process selection, utilities and services,
layout, capital and production costs and manpower are
relevant only in the context of the specific conditions
assumed for this study, they would be applicable to a
specific project if due consideration were given to
locational factors which differ, and necessary adjustmsmts
offected,




We regret that some of the pages in the microfiche
copy of this report may not be up to the proper
legibility standards, even though the best possible
copy was used for preparing the master fiche.




Past

E/CN.12/764
race 17

1, IITROD'CTION

The Latin American re-ion comirises twent:-two
countries from Me:dco in the north to argentina anu Chile
in the south, and constitutes nearly half the land area of
the J'estern Hemisphere, Intensive effort is taking place
in this region for rapid economic development, The Latin
American countries present wide disparities in many aspects,
including national incoue per capita and rate of growth,
skee) in Latin Aperica

It is well-known that industrial expansion is vital
to rapid growth and, in turn, reguires steel. As the LCLA
region is well encowed with econoumically e:ploitable
supplies of iron ore and, to a liiited e:tent, with coking
coal, there has been considerable interest in iron and
stuel production in the rogion.

Steel production in latin Auerica has risen fram
half-a-million tons in 1940 to about 9 million tons in 1966,
The total apparent steel consumption, expressed in terms of
equivalent ingot tons and excluding the steel content of
imported plant and equipment, was 11,6 million tons in 1964,
Of this tonnage, 8,C wiliion ingot tons were nroduced in the
region and the balance imported. The per capita steel
consumption for the region as a whole was 50,4 kg and the
over-all average per capita national income was 303 dollare
in 1963, Comparing these two indicators of economic well-
Yeing with those of developed countries like United Stat:s
(540 kg of steel and US$ 2 790 per capita in 1963) and
Japen (258 kg and US$ 628 por capitr) it is obwious thot
there is still a oconsiderable leewsy to be made up by the
countries in the region, particularly in respect of stecl

consumption,

/EClA's projected
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Puture
SADRCItY

ECIA's projected de.ani estiiates of rolled steel
prouucts by 197C and 1575 are 16,61 cnd 27,36 million
equivalent ingfot tonc respectively.y Possible production
by 1970 has been estimated at 16,25 million tons, that is
more than double 1953 production.y A large proportion of
the increase in output is expected to be achieved by
installation of additional production facilities in existing
plants, to reduce or eliminate altogether the present
imbalance between irommaking, steelmaking and rolling mill
capecities in these plants, The shortfall that would need
to be covered bty inports in 1970 would still be considerable,

To establish and develop new steel capacity in any
country requires some cegree of technological development,
large capital investment and an assured market. The latin
American steel industry has thcrefore tended to concentrate
in those courtries which have a large domestic market,
Costs of steel produced by Latin American plants are, with
few exceptions, much higher than imported uaterials,
Protection by the levy of heavy tariff duties has been
essential in most cases, As a consequence, costs have
tended to remain high which has, in turn, limited
consunption,

The main causes of high costs of steel products
manufactured by Latin American plants are considered to
be unbalanced plant capacities, failure to adopt the latest
technological develoments, uneconouically small units
particularly for flat products, over-diversification of
output to meet the requirements of a limited home market,
and lack of adequate numbers of trained personnel, When
expanding existing capacity or installing new capacity,

Ry

Argica de Nafrica Jatina, ST/ECLA/Conf.23/L.29,

CN.12/727, preprint, Table 67, p. 271,

/due consideration
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due consideration has to be given tc factcrs th it can keep
down capital investzent and produrticr costs, su-h as
limiting the rangs of procucts manufacturec in case the
size of the market Joes nct perrit diversity, adeotion of
proved techniques suiteu to the raw materi . s availatle and
production required, and ecoromies of scale,

The fields ol choice in regard to siza, technology
and locations in installing new caraciiy .re now grea‘ly
extended as a result of the tremendous tectnoiogical changes
the steel industry has witressed in recent. years, As
latin America - like other developing areas - is generally
capital short, it is of the utmost importance trat investment
in this vital but capital-intensive iidustry is most
effectively utilised,

LCLA hLas sponsored a nualer of cc.iferences and
studies on the steel industry in the region, and much
valuable data has been compiled anc distriouted, The
current study is in regard to the economies of scale in
small integrated steel plants, that is, the effect of plant
size on investment and on production costs, An ECLA study
on this subject was made in 1965, for imtegrated steel
plants in sizes from 100 000 tons to 2,5 million tons per
annum ingot capacity, This study is mainly confin.d to
small plants in the 25 OO0 tons to 30C 000 tons per year
range,
Structure of report

This report is presented in seven chapters, The scope,
general approach ard limitations ot the study are discussed
at the beginning of the report, A number of assumptions
have had to be made to make the data comparable with
previous ECLA stud'es, and these have been detailed. The
metallurgical and engineering considerations in selecting
production processes anc Lajor equipuent arc then discussed

/for each
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for each of the five plant sizes in the ranre of 25 OO0

to 3CO Q0L tons covered ~c-e, The awdliary fac:ilities and
utiliti s required arc outlired, The study then prescits L.e
cnpit-l . over-ting cost .stir-tes s «..11 s monowmer
rocjuirements for e-ch c-sc, The results of the study “re
presenccd in appendices ~rd grophs, ard conclusions -re
discussed in the l~st chapter.

2., APPROACH TO THr STUDY

Plant capital and operating costs at integrated
steelworis : -2 influencad by & variz:7 of faitors such
as plant s. e, raw iaterials, produci-alx, techitogical
options anc locaticnel Ffactors. For the puronse of this
ceport, whi:h is .iuitei to a L -oad perspe.tive uof the
economies of scale in the stecl industry, the e’ cts of
factors not relatad to plant size have been mini-ixsed as
far as practicable by keeping them constat, in order to
isolate and hizhlicht the effccis of nlani cize on steel
plant econciizi, This gection briefly dlscv. ses the
approach and the nujor a:sumphic:s that have had to be
made, as well as the lii.itatizns of the stuuv,
Eactors affecting plant >ize end cost relafi-nsin
The principal eleusnts which reduce steel production
custs as plant size incrcases are:
(1) Boiaeedon dp fnvest ant, costy
(&) Icwer invostmen: per ton capacity of major
procucticn fac.lities, and currespondir.ly
lower imieresi and depreciation charges
ver ton cutput,
(b) Lower investmer. on auxiliar; facilities
(tracks, storeges, repair ani maiatenance
shops, etc.) per ton of plant output,

/The study
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The study 1is confined to the consideration of
investment on production and auxiliary facilities
within the plant boundary. In developing countries
such as those comprising the Latin Anerican region,
however, the steel industry often has to incur
expenditure on infrastructure facilities like road
and railway links, port facilities, special transport
equipment, development of raw material sources like
mines and quarries, water and power supply, township,
health, education and other social auenities,

Investment on such items may form a substantial
proportion of the total, especially if the plant is
located in a green-field site raucte from existing
townships, Such developmental expenditure will also
be lower with increasing plant capacity, but the
effect of this factor has not been considered in this
study,

Beductdor in operating coste

(s) Increase in labour productivity, both as a result
of increase in equipment capccity as well as
greater degree of mechanisation feasible, and
better utilisation of managauent and supervision,

(b) Reduction in costs of general facilities such as
centralised maintenance, trensportation, stores-
keeping, etc,, per ton of output,

The effects of the above factors on the owerwall
production costs of iron, steel anc continuously-cast
billets rolled into the same category of products are
analysed for five plant sizes having anmnual capacities
of 25 000 tons, 50 000 tons, 100 OO0 tons, 20C OO0 tone
and 300 000 tons of licuid steel respectively.

/General asswptiona
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General assumptions

In orde: to e:clude the influence of other factors
on tha economies of scale, the following general sssumptions
have been agreed upon with ECLA,

(1) ALl the plants are built at one typical location
in a developing country, well served with road
and rail and other communications, The location
selected assumes optimm costs for raw materials
assembly and dispatch of finished products.

(11) Starting with ironmaking, identical procuction
processes are first selected for all the five
Plant sizes for comparability of data, (Some
additional studies on alternative processes are
also included,)

Whilst. the above assuption serves best the
purpose of camparative study of economies of
scale in hypothetical plants of different sises,
it results in selection of processes which ray
be well suited to the majority of cases but not
necessarily to all the cases, For instance, the
top blown oxygen (LD) corwverter is undoubtedly
An appropriate steelmsking process for the high
hot metal charges envisaged. However, uniform
adoption of this process for all cases results
in an e:treely small converter size of only
J tons for the 25 OOU tor plant and only 6 tons
for the 50 000 ton plant, Such suall converters
are more suited for pilot-plant or steel foundry
operations than for tormage stcel production,
Purther, to cope with as iany a: X0 to 35 heats
produced with a single small converter in 2, howrs
it is necessary to have at least twc continuous

casting machines, resulting in verv low machine
wilisation,

i
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The plant units are expressly designed for the
designated production; that is, no "in-built"
capacity has been provided for the future,
Enough site area is provided and the layout
planned for future addition of at lees: one
more meltshop/rolling mill complex, As the
size of units at this second complex could be
mch larger than the initial facilities, plant
capacity could be expanded at least three to
fivefold,

Designing a steel plant without "in-built"
canacity reduces initial investuent, but this
1»7 not be the right approach for a developing
cou.try where steel deuand inevitably rises
repidly from a low level at the start,
particularly in countries with a good raw
materials base anc a large internal market,
The choice of rolling mill unit for the plant
sizes consiL.ered nay be cited as a specific
irstance, These are designed to give the
specific production required with little
potantial for incressed outwt in fture,

A t'mple cross-ocountry uill with little
asdwnisation meets the recuireuem.s of the
25 (00 ton plant; for the 50 000 ton plant

& contimwus wire rod finishing trein is added,
Por the 100 00D and 200 OOC ton Plarte semi-
ecrit inaous mechanised mills of increaszing
sophistication are consicered, while for the
)OO 000 ton plamt a cont inuous mechanised mill
1s proposed, In the comtext of s developing
region, the 25 000 and 50 UOU ton plarts will
inevitably require expansion quite soon \fter

/they are
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Five plant sizes

sengidered

Siuilar

they are cormissioned, and it would therefore be
advantageous to install a mechanised semi-
cont inuous mill of higher capacity and operate
it initially for only one or two shifts a day.
In the long-term view, this would prove better
than having to duplicate expensive mill
facilities when expansion is taken in hand,
However, as noted earlier, in the interest
of comparability, the production and auxiliary
facilities do not have such "in-built" capacity,
although layout provision for e:pansion has been

e.sressly made,

Capacity 2..! product-mix

The .: sent study, as stated above, relates to five

plant si:es, namely:

Cese I 25 000 tons
Case [I 50 (VO tons
Case III 100 COO tons
Case 1V 200 000 tons
Case V 300 GO0 tons

In order to have a uniform basis of study, the plant

capacities r'ven fcr all five cases are in tcrms of

"liquid stec.", and not as ingot or finished product,
A sii-lar product-uix pattern of rolled steel

products i: ¢ .lected for all of the above ccses comprising
rods, bars a1 merchant sections, to use only one rolling
mill, the size and sophistication of the mill increases
with plant size. The product-nix keeps in view optimum

utilisation of plant and equipment ,
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For the proposed plant capacities, modern proved
processes and equipment are considered., A large number
of alternative processes are now available for iron and
steel making; for this study, processes and equipment
selected are suck as to suit operations in the relatively
small plant capacities selected. The reasons for adopt ing
& particular iron and steel making process are clearly
indicated.

Data on analyses and costs of raw materials and costs
of utilities such as power, water, etc,, are as indicated
by ECLA for this study, and are the same for all plant
sizes, Where other data is used, the source is stated.

For the 25 000 and the 50 000 ton plants, coke ovens
and sinter plant are not envisaged, Purchased coke will
be used as it will be available at a lower price. The
100 00O ton plant will have non-recovery slot-type coke
ovens but no sinter plant., The 200 000 and 300 000 ton
Plants will have regular recovery-type coke ovens and
sinter plart,

In vicw of the high cost of coke in Latin America
(Us$ 50-60 ner ton for foundry coke and US$ 26 for coke
produced from partly imported and partly local coal at
one steel plant), blast furnace operating techniques
oconsiderea are such as would minimise the coke requirement
for iron maliing,

It has been assumed that mining and sising of ores
will yield abtout 30 per cent fines below 10 mm sise.
Availability of adequate quantity of fines and the
metallurgical advantages of using agglomerstes Just ity
setting up of sintering facilities for the two large plant
sises considered,

/Regarding production
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Blast furnace

Fuel oil
injection and
high blast
teaperature
ereration

Regarding procuction of iron (hot metal), an analysis
of the relative economics of alternative proces3ses for
emall scale iron making is included for the X 000 ton
plant size, to indicate the choices available and for the
sake of completeness, However, to make the comparison
meaningful, the same iron making process, namely blast
furnace, is selected for the full range of plant capacities,

Of the direct reduction processes, the Hojalata ¥y
Lamina (HyL) process has advanced beyond the pilot plant
stage, However, the possibility of adopting this process
is limited to locations with abundant resocurces of natural
gas in proximity to high grade iron ore. Operating
experience is confined to one plant. ECLA has suggested
its orission from this study.

The following additional criteria have been applied
in this study for iron making, so that the findings from
this study could be co-ordinated with other studies.

(1) Coke rate: 50C kg of coke per ton iron for the

300 000 ton plant has been considered. Fuel oil
injection of 50 kg per ton of pig iron has been
provided for all ceses. In spite of the small sis
of blast furnace adopted, this low ccke rste is
consicered feasible in view of the high grede of
raw materials (ore with 65 per cent Fe, coke
Wmamcmmwlmnmvﬂ.h

52 per cent CaO), use of 30 per cent self-fluxing
sinter and fuel oil injection with requisite high
blast tempersture. Thorough burden preparetion
is visualised,

(11) Gas credite: evaluated on the basis of cost of fue
odl for equivalent calorific value, taking the coe
of fuel oil at US$ 20 per ton,

(111) No top pressure is contemplated.

(iv) Tempersture of blast: 1 050°C.

/Ream injection
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EXPLANATION OF SIMBOLS

The following symbols have been adopted for %this

report:
(1)

(11)
(111)

(1v)
(v)

(v1)
(+1)

(viil)

Three dots (...) indicate that data are not
available or are not separately reportad;

A dash (--) indicates amount ig nil or
negligible;
¢ mime sign (=300) indicates a defici: or

declecs
A full stop (2.3) is used to indica‘e decimals;

A space 1s used to separate thousands and
millions ( 3 123 425);

A stroke (/) indicates a fiscal year e.g. 1964/ 65;

*Tors" 1n1 "dollars" are metric tore and luited
Statea .Aollare unless otherwise stated;

Billions are thousand millions,
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Steam {~lectisn and oxymgen errichmert ~f the tlast
were not ~onsilerei essent ial tecaure of *he juartity of
ol . lacted and high blast temperature, In view of easy
av: . 111ty of oil, the quartity of oil injected could
boe [ er increased with higher tlast “a. eritures, The
use of oxygen is considered recessary only if adequate hot
blast texperature cannot be ottained, 3ince plants
conisidered are assumed to be new installations with adequate
stove capacities for high blast tem~eratures, exgpenses
incurred on oxygen enrichment would not be justirfied,

Por steelmakin-, the LD converter has been adopted,
as being the most efficient and economic steelmaiing process
under the conditions considered, For one plant size,
namely 50 OO0 tons, coet of electric smelting for iron
mking together with electric arc furrace for steelmaking
have been estimsted, as a matter of wider interest, although
in latin America, as in other developing areas, purchased
scrap is not readily available,

The proportion of scrap usea in the LD converter
charge will be 20 to 25 per cemt, !iith continuous casting
of billets, plant return scrap vill not be adequate to
mest even half this requirement and the balance of the
screp will have tc be purchased, Originally, 30 per cent
scrap charge was considered, for better comparability with
other YWIA studies, dtut on checking the heat balance it
was found that due to Lhe small sise of converters and the
high tempersture of liquid steel required for contimous
easting of small section billets, the proportion of screp
would have to be reduced,

Suitable sise, type and mmber of cortinuous casting
sachines are provided for producing cest billet, followed
by relling mills for the product-aix indiceted. Selection
of rolling mill facilities has kept in view the different

/tonnage outputs
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tonnage outputs for each case, the range and proportion
0" oifferent product sizes however recaining more or less
t.. same for all cases, As already mentioned, "in-built"
canacity for incresased production is limited,
Lot _rogta

T..c plant capital investament estimates are not derived
frez cry actual existing stcolworks ccsts, but have been
developed on the basis of estimates for buildings, equipment,
civil and structural works, erection, etc., for selected
processes und typical plant layouts, This approach permits
& more rational and accurate comparison of investments for
the differert plant capacities.

The capital costs of production units have been
indicated separstely for six major production departaent s
under each of the plant sises, as follows:

(1) Coke-making (1v) Steel-making
(11) Sint ar-making (v) Continuous casting
(111) Iron-making (vi) Rolling,

Capital cost estimates are in US dollars and based
on typical unit construction and materials costs furnished
ty EClA. Ketimtes cover costs within the plant boundary
and exclude “"off-site" costs (such as township; bringing
wter, power and railroads to site; interest on capital
eployed during construction).

Estimates of equipment cost are based on United States
prices. Experience indicates that if the built-in exvess
eapacity of United Statee equipment is campared with the
oapacity of equipment produced to strict specifiocstion
limits by other courtries which quote cheaper prices, the
plant may not be more expensive in the end. As suggested
by EC1A, 20 per cent is added to the f.,0,b, value of
imported equipment to sover ocean freight, insurance,
clearing charges and inland transportation charges to site.

/In eetimating
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In estimating costs of services and auxliary
facilities, ample provision has been made for efficient
operations in developing countries with a relatively small
industrial base and depending mostly on imported equipment,
Provision for these facilities is to some extent open to
the influence of subjective judgement, but the bias,if any,
extenis in the same measure to all cases, and therefore
does not vitiste the validity of the comparison, The costs
of necessary utilities and auxiliary facilities and services
have been distributed over each of the production departments,

The capital cost estimatcs in the study include
& provision of 5 per cent on total equipment costs for
spare parts; this is considered a good margin if spares
are ocarefully selected,

Provision for contingenc’es has been taken at 5 per
oent, and for engineerin:, sujervision of construction and
cliemt's administration during construction at 7 per cent
of the total of the above costis,

The total of the capital cost estimate for production
and suxiliary departaents represents the total cost of the
plant proper, all costs outeide the plant boundary being
excluded,

Breductdon costa

Based on the estimated inputs of rew materials and
supplies and the corresponding unit costs, broad estimates
of the cost of the following products have been made:

(1) Coke (iv) Liquid steel
(41) Sinter (v) Cast billet
(1144) Iron (hot metal) (v1) holled product,

Regarding the physical inputs (that is, specific
consumpt ion of raw materials, supplies, labour, power, etc.,
per unit of output ), these are generally based on average

/world-wide opersting
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Fixed chare--

Complexity of
the study

world-wide operating practices, and nomally attainable
in an efficiently run plant. Some of these may not
correspond with whet actually obtains in individual
Iatin American installations,

To determine total ex-works production costs for
operaticn of all plants, 9 per cent of the investment
figure has been added as capital charges, This is based
on the following hypothesis:

(a) an estimated average plant life of 20 years;

(b) a rate of interest on capital of 8 per cent
per anmum, irrespective of its source, paid
yearly on the portion of capital not yet
amortized, which results in an average interest
rate of 4 per cent per year;

(c¢) a 5 per cent ammual 1ineal anortisation;

(d) interests acciuing on the resulting reserves
are annually compounded «t the same rate as on
the capital until the end of the useful 1life
of the reepective squipment.

The complex nature of the study and the magnitude of
work involved will be evident from the fact that the study
required consideration of five camplete projects, each
with six production and seven ancillary departments, for
sach of which capital and production costs and manpower
requirements had to be woried out,

/3. SEECTION



L/CN.12/76L
Page 31

_e e CTIQV OF PRODUCTION PROCLO:, AND
MAJOR EQUIPMENT

This chapter discusses the selection of processes 1
anu equipment for Lhe .co.vetion of coke, siiter, iron, 1
|

stcal villets and ~olle” oducts in smal. iategrated steel
plasus of it ranging from 25 GO0 to 300 000 tons

a year, A rothe.ical plants at a typical location using
raw mat 'rials .f ziven analyses are considered, only broad
ircicatior, are -ossible; detailed stucies will be required
for any specific case to establish the econ .uics of the
process selected in relation to size of plant, raw materials
available, patterns of demand and other factors,

Main considerations

The mein considerations in the choice of mraocess
are technical feasibility and economic viabili:i'y tor the
size oY operutions contemplated besed on the qi~ ity of
raw materia’s available, The present staie of development
and future potentizl of the process are also laportant
factors influencing the choice,

In meny situations, economy in both cajital and
operation costs can best be achieved by selecting equipment :
g ol opvimm size which may not initially be fully loaded but
would offer attractive economies of scale as the plant
expands., This in-built provision in design and space, |
while not adding much to the initial investiient, can pay
handsomes dividends in reduced investment as plant capacity |
expands, as it inevitably does in a developing economy. 3
However, for the purpose of this study the equipment selected
is for the specific output required, with little reserve
capacity,

As indicated earliesr, for purposes of comparison,
the same production processes (with increasing sise and
sophistication as plant capacity incresses) have been

/adopted for
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Choice of

Yechnology

adopted for ail 11ve cases, Strictly the most economical
processes should be considered for each size of plant even
for establishing the relationship between plant size and
costs; however, for purposes of comparability with similar
T studies, the same processes have bcen selected for
all cases, This serves to portrar the econorics of scale
more vividly than would otherwise be possi_lc,

The production of steel of acceptable quality at
economdc costs is largely dependent on the choice of process
and facilities. In view of the large capital investments
involved in the construction of an integrzted steel plant,
the most suitable and proved processes should be selected,
At the same time, it is desirable to acopt up-to-date
technology to reduce the risks of premature obsoleszence and
prolong the economic 1life of the plant, Thers is a fallacy
thet ceveloning countries have abundant "earap 1tleur', and
bzcause of chis there is no over-riding need to emrloy
advanced tecanology for increasing productivity,

Baw _materials

Xxen ore

The major raw materials influencing process selection
are iron ore and reductant (coal, coke and natural gas).
Latin America is endowed with vast iron ore reserves, The
iron ore deposits are widely distributed and occur in some
13 countries, The types of ore vary widely and include
heamstite, magnetite, limonite and iron sands. Scme ores
ars characterised by chromium and nickel contents and
& fow by high phosphorous cortents,

Of ores of irmediate economic value, some 200 million
tons are reported to contain 48 to 50 per cent Pe with high
phosphorous contents of 0.8 to 1,0 per cent, but the bulk of
reserves contain 58 to 67 per cent Pe and fairly low P,

/These rich
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These rich ores are being used for snelting in blast
furnaces and subwerged electric arc furnaces, and for
production of sponge iron, Considerable quantities are
being exported.

Soa),

Coal deposits occur in Coloutia, lexico, Venezuela,
ceru, Chile, Argentina and Brazil. lost of these deposits
are not suitable for coke making. Coking coal is available
in limited quantities in Coloubia and lHexico, Blendable
coal exists in Brazil, Chile, Colarlbia, Venszuela and
Hexd oo,

Charcoal is being used in some plants for iron
smelting, The production of charcoal is naturally
restricted to areas with suitable forests zud s svch
areas in proximity to other major raw mater: ls and markets
for =tsel are limited, use of charcoal is rot e-ncidered
here,

Limestcne ceposits are abundant in latin Americs,

Ligeatone and it may be expected that limestone of suitzble quality
would be available in the vieinity of a steelworks location.

Principal raw materials analyses taken for the
purpose of this study are indicated in Table J=1,

Table -1
GUEMICAL AMALYSSS OF M MLTERIALS o/
(Durasatades)
» M 8108 ANOY - ) Ngo | P Pl VALt l,
x“ e “ (1 X W“w”, e0e (Y Y] - oo - M
m ”e oo ”o‘ sQe (YY) oo (XY} - hd L d -
Osiee (¢ey) - - 801 232 027 o0 oM . » 1.2
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Captive coke
plamt wereus
mirgbaaed coke

Crui. ;. .cleum reserves of [atin America are abundamt
but the depcsite are unevenly distritutec., Argentina,
Colombia, Mexico and Venezuela are the only ccuntries hs-"ing
aminicat reserves of natural pas which vould aiw f tg
Cunzicera.ion as a fuel, There is oic (,e...ming stexl
plant in latin Auerica using naturel nas for recuctant.

For 1 general study such as this, use of natural cas
as reductant is not considered,

Pewer

In general, purchased power is not reauily available
for steelworks use, The potential for hydro-power generation
1s high, but in view of high capital irnvesimont, inconvenient
locations, etc,, planning of large hydro-po’er generation
primarily fcr steel plant use mey not be jus. iiix,

Loxe 2 king

The -arital cost of a m~dern coks orsn p.iat is high
@8 an economic unit is fairly large. This raises the
question whether to install a captive coie oven or to
purclase coke, If the ex-works cost of coke proauced in
the plani is higher than the market price, it nmay well be
advisable for suall plants to purchase couke.

On the other hand, the use of fresh coke of uniform

composition delivered direct to the blast furnace is
conducive to better blast furnace operation. The moisture
content of coke stored in the open varies widel,, sise
degradation takes place due to excessive handling, and
there is dust and dirt comtanination during storege,
These can result in variations of coke Qality which are
detrimertal to good blast furnace operation., Therefors,
where feasible, it is desireble to integrate coke making
facilities with iron production units.

/Reeslworks in
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steelworks in Latin american ccuntr,es gonerall s
use substantial ‘romertions of imported coals in clendi,.
The cost of imported coal is generally UG$ 2 to 4 per ton
less than the cost of local coal delivered to the plant,
ererL in the case of hexico and Colui -a w3, costs of
lo:2l coels are lower. Por the purpose of tils study, it
is assunmed that the requirement of coal for coxking will be
met partly froam local sources and ~artly by imports, and
where suitable coking coal is not available idigencusly
the entire quantity will be imported,

selection of orogesa

For Case I - 25 000 ton plant and Case II - 50 000 ton
Plant, the run-of-oven coke roquireents are only ahout
40 tons anc 72 tons per day respectively, Fu- piants of
those sizes it will be more economical to p---lLaz2 ooke
frow « tside sources than to make their owr -ox. the
technologi .a_ problews of small-scale cok ng op:rasions
and high production costs would not Justity the provision
of coke making facilities within the plant,

For Case III - 100 0OC ton plant, cole is proposed
to be produced at the plant, The coke requj.euent of
aboul 144 tcns per day is too maall to Justily the
operation of a small number of modern by-product coke
ovens, Modern non-recovery slot-type coke ovens, which are
in operation in United States, and Canada, are considered
suitable, The capital cost of this type of plant is low
compared to corwentional by-product coke ovens, and
operating and maintenance costs are also low, The quality
of coke produced is camparable to that from conventional
Plants. Por plant capacities of 200 000 and 300 000 tons,
the convertional coke oven is adopt ed,
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By-product
Leqovery

Due to ample availatility of petroleum products in
the Latin american countries, there is not much scope for
the sale of cohe oven by-products such as processed tar,
gas and 1ight oil, The recovery of ammonium sulprhate in
by-procuct coke plamts in the United 5talcs has already
reacned the point where it costs more than its sale price
as fertilizer. Most of the fixed nitrogen produced in the
United States is now made from natural gas of which some
Latin Anerican countries also have a large supply.

Therefore, a simple coke oven plant with recovery
of only gas and tar is considered initially; when the plant
is expanded, by-product recovery may be considered, However,
to give an indication of the effect of extensive by-product
recovery on capital and operating costs, a coke oven plamt
with recovery of bensol products and ammoniuw sulphate has
also b~en considered for the 300 000 ton plant; capital and
operating c>sts for this alternative identified as Case V (A)
are compared with Case V in Appendix 3-1 and Appendix 6-2
respectively.

Coke plant facilities

For the purpose of this study, the following analysis
of coal on dry basis is assumed, the analysis being similar
to that of coal used in the Argentinian plant, SOMISA:

Vole*ile matter 9%
Fixed carbon 66 %
Ash 5%

The ooke yield from the asbove coal will be about 75 per ocet,
Table 3~2 summarises the quantities of coal required

for carbonisation, coke requirements and coke yield, and

the type and mmber of ovens,

Table 3-3 indicstes the major facilities proposed
for each case.

/Table 3=2
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Por Case II[, coal will be wilcaded anially from

the wagons stardin - on ar elevated tracr ar.. 4il1 e stacked
out on the stoc.in: grounds by neans of porta.le stackers,
A coal stock of aiout two months supply will te kept. Coal

H&

'L t- reclaluer L, portadle reclainmers and, after crushing,
w'li te <tored in the blending bunkers, Flend» coal will
be sent to the coal service bunxers located in the b tteries,

Ovenis will be charged by electrically operated
charging care, anc coke pushed out after asout 72 hours
coking period, Hot ocoke will be receivsc nn coiie :are,
quenched, screened and delivered to the ir:-i-making plent
stock bins,

In Cases IV and V and V(A), coal will be Lanually
uwnloaded from wagons .n a treck hop.er, anc stacked out on
the coal stockyard by belt smveyors and sirg’s l.aa
swive lag e ackers, Coal wiil be re:laime?! 'y ... .able
recia.sers.  after erushing, coal will by delivares to
olending burucers, and blended coal will be stored in the
servies bunkers, The coke ovens will be modern under-jet
campound ovens heated by coke oven gas or blast furnace
gas and will be prouvided with usual coke oven squipmert and
suxiliaries. Coke will be pushed into ccke cars, quenched
and screened, ind set to the iron-meking plamt stock bins,
The coke handling will be mtirely by belt conveyors.

Msclomaration

Mining and eising of irom ores produces neiderable
quantities of fines, the mownt depending on the type of
ore and methods of mining and ore preparstion, It is
desirable to adopt some method to utilise theee fines,
specially as agglomsretiocn by iteelf offers definite
mstallurgical rdvantages in iron mmelting,

/The use
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The use sf a--loirerzte, sinter or peilcts, has been
increasin, all over tie world due to its significant
contritution in ruisiig blast furnace prouuctivity and in
lowering coke rate, For instance, blast {urnace productivity
1s »al_ed by 45 to 6C per cent and coe rate lowered by
s . 4" per cent vhen 10C per cent ~elf-{luwung sinter is
useu in the bturden, lintering is purticularly suitable for
fines below 10 mm with about 65 per cent in the size range
of 1,0 to 0,1, om, This size range would constitute the
bulk of fines arising in ore mining operations.,

Pelletising 1s another technique whi.h 1s being

Ralleta increasingly adopted particularly for agglouerating very
fine ores and ore concentrates, Pelletising is best suited
for very fine ores of below O.15 mu, with about 75 per cent
below 0,06 mm. Remarkable increases in blast furnace
productivity have been achievad by using iron ora pallets
in the blas: furnace burden., For instancc, gracdually
increasing the proportion of pellets from 10.9 per cent to
T1.7 per cent over the period 1954 to 1960, in the burden
of the 8,55 m diameter hearth furrace at tineir Mdddletown
plant, ARICO Steel Corporation achieved over 84 per cent
increase in production rate from 1 230 tons per day to
2 Z]0 tons per day with 30 per cent reduction in coke rete
from 8,7 kg to 592 kg per ton of 1ron.y

The most recent development in the field is

Ere-reduction pre~-reduction, The use of pre-reduced naterial reduces
the chemical load on the furnace and thereby increases
production rete and reduces coke consumption, The fact

)V l;omnlc Oo:l::;dion ;or Burope, Steel Committee -~ "Economic efficiency
of various s of iron ore preparstion® - FEENorking paper
N® 279/Add.3, 24th March 1964,

/that pre-reduction
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A third aiterracive of cr1l v ttung Lo e fireg

Briguet.ing has ucen Ltrie’ on an e:rerinectal baric, but it has rot pes

been used o.a a <o ocial scale,

‘intering is Lciiy practises at a nutber of Latin
Anerican plants, svclh as altos Hornos de Moxico,

C{a.liderdr ica Nacicaal-Volta Redonna, Cfa.Acos Fspeciain

T

Itabira and Planta oiZerfrgica del Orinoco, to utilise
local ore fi:res,

Snelseden of Jrocens

Sintering facilities are counsiierea crly for Cases [V

and V; tonnaze of fines invelved in other coses will be too

i enall to Justifly installa.ion o sirlerin- facilities,
ﬁ The sist.or rlaut capacities are baseu on the

? Linter plant assumption tiat 30 per cent of the ore will constitute
{ st fines of minus 10 mm si.e requiring siitering, “inter will
thus constitute cbout 30 per cent of metallic bu.den in
teras of Fe contcrt, trounction of self-flu:dng cinter of
unit basicity (CaCiMgl/5iCenlx03) is unvisage!.

The quantities of ore fines to be siicered and
sinter produced for Cases IV and V would be as follows:

B T S e i s e

s J.A, Peart and F.J., Pearce - "Ihe Oper.tica of a coumercial Llast Purrace
with a Pre-recuced curden" - Jovrnz! of netals, De-enler 1507,




Pan-t pe
sintering

St ering area

Laze o o S

A ritity of ore {11 -9
to be sintspra ., tors rear SRRy ¥ lug, 7C
Anter nal e, tors/rear 73 oOC 110 UL
Sinter make, tons/lay P 535

~irterirg of iron ore fires car bte accomplisted
in a contirnuous pr.cess or an inter it.ert .ocess, Frp
cont inuous sinterirg cnain gr-t~ rac.ines of .he Dwight-ll-yd
type are uscq, while for sirterin: iuL tatcnes, pan-‘y,e
machines of the Treenwalt (st.itionery par.) or the Al
(moving pan) cesi n are used,

The pan-type machines nave acvantages over the chain
grate machines up to a production level of about 30C 000 tons
per yerr sinter, For higher outputs, the chain grate
machines are definitely superior both in termis of out,ut
and production costs,

The a.vantages of *“ho pan-type sinter plants for
saall tornages are:

(1) Floxd* 111ty ‘n the ~ontrol of sintering operaticrs

for sach tatch which results in hi‘h qualit; sinter.
(11) Lowsr opzrating ard mainterance costs of small
capacity piants,
(141) Additional cape:ity can be easily accormodated as
needed,

In view of the limited .roduction involved and the
advantages of batch sint ering operations for such small
tonnages, pan-type :irter plants are considered, Both the
rtationary (Greenwalt type) and the moving (A4B type)
machines are suitable for the cajacities envs saged. The
413 type which is more flexible than the stationary type
has been edoplcd fer Lhis study,

AiB type sintering machines can give a daily
procuction rate of 10 t« 30 tons per sqm. In the absence
of actual test cat: on sintering rates with laitir American

/iron ores,
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Case IV Juce V
Plant capacitr tons/day 225 355
Type of wnechine AiB pan AiB pan
Tot.al pan ~ 2 wwer
suction, sq m 15,0 2,.0
Nmber of rare 3 )
Suet ion fan canccity, cu m/mr 10 00O 100
Nvmber of funa 3 p)
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Ircn ore fines, linestone, cokc btrseze and flux cist
from the stocigyzard will hs ccrwoyed by belt conreyors to
sinter plant. I[imesione and coke br.czc will Le crusied
and screened at the sinter plart to minus 3 mm size. Faw
materials anc return sinter will be stcrea in indivicual
birs, ‘elzhied quantities of raw uaterials will be drawn
fron the bins and ccaveyed to a miier fitted with fixtures
for addizion of watar, The mixed cherg? will be stirad in
a bin, Adjaeant to it will be anoilher bin for h-z:h Jyer

sl ter.

/The movalle
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Charging,
ignition and

admtering

vhit oF. Quality

Direct
reduction
processes not

senaldored

“he movable pans will be brought under the heorin
layer bir, ctarged .ith bei layer and the- noved unuer the
charge-mix bin for charrsing. Pans will be ignited ty a
moving ignition hoo'. mrach pan will e provided with
individual air suction fan., The pans will te moved to the
sinter breuxer and tilted by a com:on motor., The broxen
sinter will te screene. to the various size fractions - blast
furraca graie, beduling layver ud return sirter,

sased on chedcal analyses of raw materials given in
Table =1 anu assu.ed prowuction of self-flwidng sinter
of unit bas.city, v.2 sinter is e:pected to analyse
approximate 63,0 per cent Fe, 5.1 per cent Cil2#A1,03 and
5.1 per cent CaCélygu,

AXvimaaking

Selection of procesia

The  rocess .o Le adopted fcr drom-making will depend
on the available raw materials and energy sources, Under
the conditions cons’leced for this study, iron production
has to be based on the ure of 30lid reluct ats guch as ccal
an. coke, Both sponpe iron produced oy direct reduction
processes and molten iron produced either b r electric
smelting or by blast furnace, can be used for steel
production,

A number of direct reduction processes which appear
attractive are [ound on scrutiny to be suitaale only for
a given set. of conuitions and not generally applicable,

In most cases development and application of specific
processes are still confined to the original spc .sors,
Also, reliable capital and operating cost data are not
readily available, In a general study like this only broad
considerations of cuitability of a parti ular ‘rocess can
be indicated, For consiceration of a direct reduction
process, detailed investigations of thc process in relation

/to specifie
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Table 3-C

COIVLRTER SIZES AND HEAT TIES

N ™ - - .. St & o wn s mm— -

Production of Converter Avercge heat
Cage liquid steel size cycle, tap-to-tap
(tons/year) (tons) (min)

I 25 000 3 38

II 50 000 6 38
II1 100 000 12 40

v 200 000 25 42

v 300 000 35 L2

G © GO B B TPCP A B WA T e G D s oot SO, A D Tt AL 1 i D B Gh BN B e O e e A e W D PGS

In all the zbove cases, the plant will have only one
converter blowing station and one operating vessel; a spare
shell and jacking transfer car for relining and replacauent
of the vessel will be provided, With this arrangement, the
investinent for the LD vessel and awdliaries is only about
70 per cent of that required for two vessels both complete
with blowing stations, drives and other awdliaries, one
vessel operating and the other under reline,

It is to be noted that apart frou pilot plant and
steel foundry installations, there are no 3-ton and 6-ton
vessels in operation for the production of tonnage steel
on a cotmercial basis, These have been adopted here only
for the sake of comparability. For the small plant sizes
(Cases I and II), electric arc furnace steelmaking with
high hot metal charge would deserve consideration if scrap
availability to uake up the balance of the charge were
assured,

Rescription of the proceap

The 1D process consists of charging approximately
20 to 30 per cent scrap and 70 to &0 per cent hot metal into
the converter and blowing with oxygen at supersonic velocities.
Q.idgm consumption averages about 50 cu m/ton of steel

/produced, Flux
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Operating
Rrocedures

produced. Flux and other additions are also made during
the blow, The exact weight of scrap, hot metal, fluxes

and miscellaneous additives and quantity of oxygen to be
blown are all calculated and pre-detensined on the basis

of the analysis and temperature of the hot metal, proportion
of scrap and grade of steel required.

Scrap loaded intc scrap boxes is weighed and charged
into the converter by overhead crane. Hot uetal from the
mixer is taken in transfer ladles in the required quantities
and charged into the converter by overhead cranes.

In Cases I and 1I (converters of 3-ton and 6-ton
capacities), manual feeding of fluxes and additives is
proposed with a view to reduce the ca:ital costs. For
Cases III, IV and V, lime from the calcining plant and
other additives are brought by a system of conveyors and
fed into the composite storage bins located above the
converter, Additives are discharged from the bottom of
the bins into weigh hoppers, and from the weigh hopper
through water cooled chutes into the converter.

When the heat is ready to be tapped, the steel is
poured into ladles carried on self-propelled transfer cars
positioned beneath the vessel., Requisite ladle additions
are made during tapping, The steel ladle car moves to the
casting bay where the ladle is picked up by the overhead
crane and placed on the continuous casting machines,

Slag retained in the converter is poured out into
slag pots on self~propelled transfer car positioned below
the vessel., The slag pots are transferred to the charging
aisle and loaded by overhead crane into road-bound slag pot
carriers for disposal to the dump,

/Mhen the
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When the operating vessel is to be relined, it is
removed from its trunnion ring by means of a vessel changing
Jack car travelling on the same track as the steel ladle
car, The vessel is brought to the vessel re-lining bay
adjoining the converter bay and kept on one of the two
vessel relining stands., The spare shell which is kept ready
relined in the second relining stand is transferred on the
Jack car and taken to the operating stand and mounted on the
trunnion, The jack car is returned to the vessel relining
bay,

liajor equipment and facilities

The major equipment and facilities provided for the
five cases under study are listed in Table 3-9,

Identical shop layouts have been adopted in all cases,
the variations being only in the lengths, widths and heights
of the different aisles, The major areas are:

Scrap aisle: equipped with overhead wagnet cranes,
scrap boxes, tranfer oars, etc.,, for transporting scrap from
scrap yard to converter.

Charging ajsle: one end of which forms the casting
bav of the pig iron plant., The mixer is located at the
far end. The aisle is served by two overhead cranes.
Necessary hot metal ladles, transfer ladles and transfer
cars for scrap and hot metal are provided,

Converter aisle: which houses the LD vessel, other
ancillary facilities on the charging iloor provided for
operation and maintenance of the LD converters, the control
pulpit, etc. Overhead bunkers for fluxes and other additives
in Cases III, IV and V are also housed in this aisle,

[Table 3-9
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Converter relining aigle: parallel to and adjoining
the converter aisle., It is provided with two relining

stands, one at either end, for relining the converter shells.
The vessel changing jack car is also stabled in this bay,
The trach for this car runs along the aisle up to the
relining stands at either end.

Casting aisle: parallel to and adjoining the vessel
relining aisle, where continuous casting machines and steel
ladle relining and heating facilities are located, Two
overhead cranes are provided for casting the liquid steel
and for handling the ladles for relining anc heating up.

Gas cleaning

Pease~-anthony system of venturi scrubbers for gas
cleaning are considered in all five cases: there will be no
waste heat or gas recovery,

Electric arc furnace as alternative
The electric arc furnace, though primarily . nsidered
Steelmaking to be an economical scrap melter and to be particularly
m suitable for the production of quality and alloy stee}s,
is now being increasingly adopted for iarge scale proauction
J of tornage carbon steels, Also, its ability to use hot
metal in liuited proportions has been recognisea znd utilised
at some plants,
For instance, at the Brymbo steelworks in United
Hot metal Kingdom, about 50 per cent pre-refined hot metal and
m 50 per cent scrap are used in 4O-ton arc rurnaces.y The

hot metal is pre-refined with oxygen in a special oil fired
furnace. By this treatment the silicon is almost wholly
oxidiged, phosphorous is reduced from 0.,4-0.8 per cemt

L/ "The Brymbo Hot Metal Oxy/Electric Steelmaking Process" - by Bmrys Davies.
Paper presented at the Le Touquct Conference on Oxygen Steelmaking,
September 1963,

/to between
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to between 0,05 and 0.1 per cemt, carbon is burned down to
between 1 per cent and 2.5 per cent depending on the carbon
content required in the finished steel, and the metal
temperature is raised by about 300°C, With such a practice,
arc furnace power consumption varies from 24,0 to 340 kWh

per ton, The total heat time is reported to be 2 to 3 hours,
with a production rate of 15 to 23 tons per hour, Such

high production rates are possihle with highly pre-refined
iron,

At the Chimbote steslworks in Peru, direct hot metal
is used to the extsmt of 45 to 55 per cent of the charge in
25-ton arc furnace., It is reported that power consumption
has exceeded 800 kWh per ton.v

Extensive tests conducted with low phosphorous and
high phosphorous pig iron in 12-ton and 4O-ton arc furnaces
using ore as the main refining agent at the Vol Rull Plant
in Switzerland indicate that the power consumption for the
melting down period using 50 per cent scrap and 50 per cent
hot metal is lower compared to 100 par cent cold charge.Z/
The total power consumption was less than 500 ki’h per ton of
ingot for most of the heats, Trials with 70 to 80 per cent
hot metal in the charge have been conducted and it is
oonsidered possible to utilise successfully such high
proportions of hot metal,

Recent trials carried out by Republic Steel Corporetion
United States, in 150-ton arc furiace at their Chicago
District Flant, showed that 25-30 per cent hot metal could
be used in the charge without difficulty, adopting the

’

3/ “The Chimbote Steelworks" - by William Shapiro, Blast Purnace and
Steel Plant,

pI4 ‘Hot Metal in Electric Are Purnace" - Arthur Durrer and G. Heintze
Journal of the Iron and Steel Imtitut:,’ London, May 1959, pp. 15-23.’

/ore-gcrap-hot metal
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% ore-scrap-hot metal practice without oxygen lancing. Hourly
i production rate increased by about 19 per cent and power
consumption per ton of steel decreased by about 9 per cent,
It is considered that with suitable oxygen lancing technique
up to 50 per cent hot metal could be used, and tap-to-tap
time for single slag heats reduced from 6.00 hours to
3.20 hours.y

In latin American countries, where availability of

i R R

i R

Alternatives purchased scrap is limited, electric arc furnace steelmaking
°°[ naigde:edn even with only 50 per cent scrap in the charge may not be

feasible in regular practice. The Chimbote plant based on
this practice frequently gets into difficulties for want
of scrap, However, for purposes of comparative study,
capital and production costs for different combinations
of iron and steelmaking processes have been estimated for
Case II - 50 000 t/yr plant and indicated in Appendices 5-16,
5-17 and 6-11 and summarised in Table 3~10,
The alternatives considered for steelmaking in
; electric arc furnace are 100 per cent scrap charge and
.3 50 per cent hot metal-50 per cemt scrap charge, One 20/25 ton
: arc furnace of 10 000 kVA transformer capacity is proposed,
With 100 per cent scrap charge six to eight 25-ton heats
per day, and with 50 per cent hot metal-50 per cent scrap
charge eight to ten 20-ton heats per day can be made, giving
a total production of 50 000 tons per year in both cases.
Capital and production costs for the various alternatives
considered are summarised in Table 3-1Q.

Y/  "Use of Hot Metal in Electric Arc Furnaces”= by Arthur W, Schmudde,
Journal of Metals, ipril 1966, pp. 501-503.

/Table 3=10
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ntinuous casting plant

—— -

Continuous casting of mild steel billets of the

quality required for merchant products is now an established
and proved process. Compared to ingot casting and rolling
into internediate roducts, continuous casting results in
better operating yields, savings in space require.ents and
elimination of all facilities for ingot teeming, stripping,
soaking and rolling into intermediate products , thus
reducing capital investuent and operation costs to a marked
extent,

A study was nade to determine the m: nitude of
investment required for conventional ingot practice for
Case V of this study under comparable conditions. It was
estimated that the capital outlay required for the
conventional ingot casting, stripping, soaling and cogging
facilities replaced by continuous casting was about
13,1 million dollars as against an outlsy of about 47 uillion
dollars for continuous casting for a throughput of
300 000 tons/year of liquid steel, The production costs
per ton of billet would also be lower by about 18 per cent
in the case of continuous casting on account of about
10 per cent higher yield and lower operating costs as well
as lower capital charges, Continuous casting, is therefore
the ideal choice for throughputs which are too small for
corventional blooming/billet mills, such as the five cases
under study., Indeed, today the process is being given
serious consideration even for large plant throughputs of
over one million tons per year,

Froduction programe

Based on the requirements of the product-mix and
maximum and minimun section sizes to be rolled, the billet
sizes selected are 75 mm and 100 mn square for Cases I, II
and III, and 75 mm square, 100 mmn square and 125 mm square

/for Cases
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Killed steel

for Cases IV and V, An importamt consideration in this
selection is that continuous cast billets require a certain
minimm amount of hot reduction to break the "as cast"
structure,

Mild steel is to be cast in all five cases.
Considering the rolled steel product-mix, production of light,
medium and heavy billets would be as given in Table 3-11,

Table 3-11
CONTINUOUS CAST BILLETS REQUIREMENTS

e e e e s i g

Case I Case II Case III Case IV Case V

Billet size T/yr T/yr T/yr T/ye  T/yr
75 m square 19 200 38 400 76 800 96 000 144 000
100 mn square 4 800 9600 19 200 57 600 86 40O
125 mm square - - ~ 38 400 57 600
Total 2h 000 48000 96 000 192 000 268 000

-~ e i R e T —

Selection of process and equipment
A variety of steels are now being successfully

produced by continuous casting, These include plain

carbon steels of low carbon content considered in this

study steels of high carbon contents, low alloy constructional
steels, silico-manganese and chrowe-vanadiun spring steels R
stainless steels of both ordinary and stabilised varieties

and some special high alloy steels,

The continuous casting process is suitable for casting
killed steels, Rimning steels can be cast only in large
sections, Though a fully rimmed structure is not obtained,
it meets most of the physical requirements of rimmed steel,
Semi-killed steels cannot be continuously cast, but killed
steels can generally be substituted for semi-killed steels,

/The main
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to specific raw material sources and size of the plant are
obviously necessary., Therefore, the adoption ot direct
reduction processes to produce sponge iron is not considered
for this study.

The choice of the electric smelting process is
largely determined Ly the cost and avallability of power,
Recent developments indicate that pre-reduction of ore in
rotary kilns could substantially reduce power consumpt.ion
for the smelting process, A further reduction in power
consumption is also possible if the prereduced material is
charged hot, The use of hot prereduced charge in electric
smelting is not yet a well-established practice. The use
of cold prereduced charge has been adopted in Japan for
production of iron from iron sands, but the application of
this process also is mainly limited to the original promoters,

In the light of the above facts, electric smelting
and blast furnace smelting of iron are considered to be the
only processes gencrally suitable, For the production of
one ton of hot metal by electric smelting from the given
raw materials, theoretical power consumption is about
1 850 ki/h for raw ore practice and about 950 kWh for hot
prereduced charge, Couwparative estimates of capital
investment and production costs for iron production by the
blast furnace and the electric smelting processes are given
for Case I and Case II in Appendix 6-8, and summarised in
Table 3-5,

The above evaluation indicates that under the
conditions of relative coke and power costs assumed, the
blast furnace rrocess 1s more economical and is accordingly
considered for this study.

/Table 3-5
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The main reason for using semi~-killed steels in ingot

casting practice is their high yields, But killed steels
can give even higher ylelds in continuous casting, and
therefore, the fact that semi-killed steels cannct be
cont inuous cast is no deterrent to the selection of this
process. For casting free-cutting steels, a vertical
continuous casting machine which would require a high
building or deep pit is necessary.

Metallurgically, continuous cast material is generally
uniform, of good quality, free from segregation and relatively
clean in respect of nonemetallic inclusions though some
central porosity is found, The sections cast are for the
most part regular in shape. The slight "ripple" marks forued
by mould reciprocation do not affect the surface quality
of the finished materials and with proper care surface
dressing can be reduced to a minimm, Vide renges of
billet, bloon and slab sizes have been cast successfully
by continuous casting.

Various designs of continuous casting machines have
been developed, The recently developed curved mould type
of machine (the so-called "S% type) has a lower height of
machine structure than the earlier vertical and bending-
straightening types of machines; also, it needs less
mechanical and electrical equipment due to the combination
of withdrawal and straightening rolls in a single unit,

The "S" type machine has thus the acvantages of lower
initial cost of machine, building and foundations. The
curved mould type continuous casting mnachine is therefore
selected for continuous casting of billets for all the five
cases under study.

The nunber of machines and the number of strands
required per machine, for each case under study have been
estimated on the basis of the following assumptions:

/Number of
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Number of LN heats/day 35 (averzge)

Type of ladle Lip-pour
lachine availabdlity 60 per cent
Machine set-up time 20 min (for single-strand

machines in Cases I and 1I)

30 min (for two-strand machines
in Case III)

45 min (for three and four strand
machines in Cases IV and V)

Casting speed Billet 65 mm sq ~ 4«80 m/min
Billet 75 mm sq -~ 4.00 m/min
Billet 100 mm sq ~ 3.00 m/min
Billet 125 mm sq - 2,40 m/min

liax casting time 60 minutes
Yield (liquid steel
to billets) 96 per cent

In view of the large number of LD heats to be handled
(as many as 3% heats in 2, hours), a minimm of two machines
are required in each case, An average of 1 casts per day
for single-strand and twin-strand mechines, and an average
of 12 casts per day for triple-strand anc four-strand
nachines are assumed, It may be noted that teeming of the
3-ton ladle in Case I would require only about 15 to
20 minutes, depending on the billet slze, even with the
single-strand machine, But, because of the set-up time
require, a minimum of two machines are necessary, and the
utilisation coefficient of the equipment is thus necessarily
low, In Cases IV and V three nachines have heen provided
in view of the long set-up time required with multi-strand
machines,

Lip pouring ladles are used to facilitate heating
them during the casting operation for maintaining correct
tamperature of steel, which is an iuportant requireaent for
continuous casting of the small billet sizes envisaged.

/Major. equipment
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Major equipnent and facilities

Major equipment required for the continwous casting
plant are listed in Table 3-12,

Each machine is housed in an independent structure
with three levels, The casting platform will be at the
top level, the ladle operator's platform at the next level,

and the main drives, fans and pumps, withdrawal units and
billet delivery tables will be at the ground floor level,

The continuous casting building consists of three
covered aisles - machine, billet discharge and billet
storage ~ adequately ventilated and lighted, The machine is
located in the machine aisle which is a part of the LD shop
casting bay., The discharge aisle connects the machine aisle
with the billet storage aisle.

For Cases II to V, the billet discharge aisle is long
enough to accommodate a "wash heating furnace", if required,
All roller tables are installed in the discharge aisle and
cooling skids in the storage aisle, The storage aisle has
sufficient room to accommodate one month's stock of billets.
Rolling mills

The type anc general arrangement of the rolling mills
will depend upon product-mix and tonnage to be rolled.

Production prograrme

The patterns of steel consumption, by product
categories, in United States, Japan, India and Latin America
are indicated in Appendix 3-2., The apparent annual
consumptions of rolled steel products in lLatin America
for the five year period 1961-6i4 are given in Table 3-13,
The total consumption has increased from 3,53 million tons
in 1952 to 8,398 million tons in 1964, but the proportion
of rails and heavy sections has declined from 14.7 per cent
to 7.7 per cemt and the proportion of bars, light sections
and wire products taken together has decreased from

/Table 3-12
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Table ’-"

CONTINUOUS OASTING PACILITILS of

Buipsent partieulars 200 Tyr U8 000 T Cuse 11 oS Thir 208 000 Ty
billets r billets f billets billets billets

Mamber of eontimuous

oasting m 2 2 2 3 3
Number of strands per

msaehine Single-strand Single-strund Tvin-strend Triple-strend Pour-strond
Ramber of discharge

reller tables 2 2 ] 9 12
length of dissharge

reller tables % a 4 a 4 a W a 4 a
Rmber of osoling

baniss ] ? 2 6 é
Sise of seeling banie 7axbs 19ax8>» 2€azx8a 20ax8a 7sx8s
Rmber and eapasity

of Mllet handling

oranss One S-ten One S-tom Ome 10-tem Ons 15-ten Twe 15-00n

o/ ldp-pour ype cesting ladles ineluded in steeimelt shep fueilities,
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Table 3-13

APPADBNT ANNUAL OONSUMPTION OF ROLLED STEEL PRODUCTS IN LATIN AMERICA
FOR THE PIVE YR4R PERIOD 1960-1964 of

(Insluding tmports)

1960 1961 1962

000 Pere 1000 Pere  tggp Pene
tons sont- eent- eonnt-

age WM age e g
2943 3659 2901 3428 2 498

™Y 11.66 L

669 10,42

41.39

7 fe  én8 0 608 000 zow 000 Qe

/ "Consume iparente latinsemerissnc de Produstes laminades Sidevdrgiess en ol Quinguenio 1960-6»,
ILAPA, Servisie de Sesies, N° 29, abril de 1966,
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Elat_products

Heavy
structurals

51.5 per cent to 46,37 per cent, while the consumption of
flat products has increased from 33.8 per cent to 45.9 per
cent, However, bars and light sections together with wire
rods, the basic material for drawing wires and manufacturing
wire products, still constitute the bulk of the demand.

Installation of modern strip mill facilities for
rolling flat procucts is not an economically viable
proposition for the small-scale plants under study. Further,
in many Latin American countries where the steel plant has
to depend on the internal market for disposal of its products,
and the total internal demand itself is not high, there will
be no ready market for the output of a modern strip mill,
With continuous casting of steels and hot strip rolling in
planetary mills, economic production of flat products in
plants of 200 000 to 300 000 tons per year capacity may be
feasible, but not in the much smaller plants of 25 000 to
100 000 tons per year capacity. Moreover, continuous casting
of thin slabs, less than 130 mm thick, for these mills in
rimming steel quality presents difficulties which have not
yet been overcome, Many of these problems are still in
the exploratory stage.

Large mills and heavy equipment will be required for
heavy structurals and rails because of the large size of
these sections, The output capacities of the mills will
be much too large for the procuction programme envisaged,
especially in Cases I, II and III, Installation of a mill
to produce these heavy sections will be justified only if
these sections constitute the entire output in Case III
and the greater part of the output in Cases IV and V,

A ready market is not likely to be found for such large
outputs,

/As wire




E/QN,12/76,

Page 09

As wire rods and merchart bars constitute the bulk
demand, only these are considered for a typical product-mix,
This is also helpful for purposes of comparison, as the
mill arrangement and equimuent selected for a rroduct-mix
entirely composed of wire rods and merchant bars are readily
adaptable to installation as a single unit with only the
required capacity for each case,

To minimise the erfect of factors not related to
plant size and thus to make the comparison of costs with
mills of differing capacities more meaninful, a similar
range of products for all the plant sizes has been selected
and the same pattern of production has also been assumed,

The product-mix envisaged for the five steel plant
capacities under study is given in Table 3-14,

Table 3-14
ROLLiD PRODUCTS FOR DIFFERL.T CASES

- cCop o oo o0 s e

Cagse I Case 11 Case III Case IV Case V
t/yr  t/yr  t/yr t/yr  t/yr

Rolled products

Rounds & squares
(6 to 40 mm) 13 980 27 960 60 300 120 480 180 720

Flats (8 to 60 m) 4 200 8000 15 000 30 000 45 000

Angles & ivalent
gecticns (i5 to
55 m) 4 000 6000 L, 000 30 000 45 000

Ictal 220 43960 89 300 180 40 270 720

-~ - - - s & - iR Sy
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Cross-rountry

8 S A

Semi-cont imious
alll

Degree of

Selection of mill

The following considerations are basic to the
gselection of the mill unit:

(1) Its suitaLility for the reage and volume of
production envisaged,

(11) Full utilisation of tne rated capmacity for the
product-nix envisaged, This is importent for
cost comparison,

‘he mill arraigements usually euployed for rolling

merchant bars anc wire rods are cross-country, semi-

cont inuous and continuous, In the cross-country type,

mill stands are placed side by side and driven by a common
driving unit, The complete mill arrangenent can be made up
of elther one, two or more groups of sinilar stands,
Cross—-countxy arrangement is economical in equipment cost,
but is somewhat costly in operation, However, for small
production requirements, this arrangement is invariably used.

The semi-continuous mill is a combination of high
production continuous mill and cross-country mill, The
arrangement is flexdble enough to suit varying production
requirenents in the intermediate range and is therefore
generally adopted for moderate production, Seni-continuous
mills can be mechainised to a considerable e:tent.

The continuous mill is a high production unit
requiring heavy capital investment, Mill stands are
arranged in tandem and rolling is continuous, that is, the
material Leing rolled undergoes reduction in a number of
stands at the same tiume, The inconing billets enter the
mill at one end and finish rolled sections come out of the
mill stands at the other end,

Equipment cost of a mill complex increases vith
increasing mechanisation and automation, This increase in
investment should be justified by a corresvonding decrease

/in production
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in production cost, In an economically advanced country
with high labour costs, it is essential to adopt
sophisticated mechanised squipment. However, for the
selection of mill complex, the product-mix and capacity
required should be the guiding factors in deteru.ining the
degree of mechanisation desirable, In the first two of the
five cases under study, production requirements will not
Justify a high degree of mechanisation,

From Case III onwards the mills are increasingly
mechanised, This characteristic of the mills accounts for
the break in the curve for capital cost per ton of annual
capacity from Case II to Case III (Fig. 2).

Rol}ing mill propoged

A simple cross-country mill has been provided for
Case I; in Case II, a continuous wire rod rolling train
has been provided in addition, For Cases III and IV,

a seni-continuous mill has been provided, with the
difference that in Case IV the mill has a greater number
of continuous stands than in Case III, In Case V, the mill
unit is fully continuous, There will be little in-built
capacity, and mill facilities will have to be fully utilised
for achieving the required production, A brief description
of the facilities is given below.

For Case I, the roughing mill consiste of two 3-high
400 mm stands driven by a 500 Idi AC mill motor through
gear box and pinion stand, The finishing mill consists
of seven 3-high 300 mm stands. The first four of these
stands are driven by a 500 KW AC motor through gear box
and pinion stand and the other three stands by a separate
500 i AC motor through gear box and pinion stand at a
higher speed.

/One pouring
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Mill for
Case II

M4l1l for

One pouring type coiler suit:ble for coiling 5.5 mm
to 16 mm wire rods and an ordinary gravity type cooling bed
for rolled material in straight lengths are included. An
8-ton/hr continuous pusher-type reheating furaace with
side~discharge arrangeient, rollshop and cranes are included,
The mill equipment is complete for the envisagea nroduction
of 21 960 tons per rear,

The first nine stands of the rill selected for rolling
L3 950 tons per year of finished merchant bers anu wire
rods in Case II, are siuilar to that for Case I, In
addition, four 2-high 250 mm continuous stards are
incorporated for rolling wire rods, Two coilers and
bigger cooling beds have been included, The furnace
capacity is 12 tons per hour.

For Case III, a semi-continuous mill with continuous
roughing and cross country finishing stands with mechanised
skew tables, etc., is provided for rolling in straight
lengths, For rolling wire reds in coils, a wire rod
finishing train for double-strand rollin, and suitable
coilers are incorporated, The mill will be ccpalle of
rolling 89 300 tons per year as envisaged.

The nill arrangement consists of one 550 ma vertical
stand with 2C0 KI drive, followed by four 2-high 4LOO rm
continuous roughing stands with two 500 M/ drives, These
are followed by two 550 mm vertical stands each with 200 W
drive, and five 2-high 300 mn stands arranged cross-country
fashion in two trains, one of two stands and the other of
three stands, each train being driven by a 600 kW motor.
The mill arrangement is completely mechanised and rolling
progression can be controlled from the control desk and
pulpit., Six 2-high 250 mm wire rod finishing stands,
suitable for double-strand rolling, are also included; each
two of these stands are driven by a common 220 kW motor,
Four pouring type coilers and a mechanised cooling bed are
provided, The reheating furnace ocapacity is 25 tons/hour,

/To meet
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To meet the orocuction requirement of 160 480 tons
per year a seni-continuous mill with higher ca acity is
selected, There is a continuous train consisting of twelve
stands in three groups followed by five stands in cross-
country arrangenent, Six horizontal stands are also
included to provide for double-strand rolling of wire rods.

The mill arrangement consists of a first group of
four 2-high 450 mmn stands, each pair of stancs being driven
by a common 500 KW motor, This is followed by a group of
four 400 mm stands each separately driven by 500 kW motor,
the second stand being vertical, The next group consists

of four 380 mm alternate vertical and horizontal stands,

each geparately driven by 500 kW motor. The cross-country
portion of the mill arrangement congists of five 300 mm

stands arranged in two groups, each group driven vy a

LOO KW motor. A mecnaniseu high capacity cooling bed has
been provi‘ea for materials rolled in straight lengths.
S8ix 2-hish 250 mm wire rod finishing stands suitable for
double-strand rolling are also provided, of which every pair
of stands are driven by a 220 kW motcr., The continuous
biliet reheating furnace has a capacity of 50 tons/hour,
Four pouring type collers are provided for wire rods,

Por Case V, the mill is a high-capacity continuous
merchant mill with two wire rod finishing trains capable
of meeting the production requirement of 288 00O tons per
year. The continuous mill arranga.ent ensures fast rolling
and a high rate of production.,

The mill consists of a first group of four 2-high
450 mm stands, each pair of stande being driven by a 500 kW
motor. The next group consists of four 2-high 420 mm stands,
each stand driven by a 500 KW motor. The intermediate mill
train consists of seven 380 mm stands each driven separately
by a 600 kW motor, of which the fifth stand is vertical,

/The finishing
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lLaboratory

The finishing train is made up of five 340 mm stands,
alternately horizontal and vertical, each of which is
driven by a separate 600 kW motor. A mechanised high-
capacity cooling bed is included, For fast wire rod
finishing, two separate trains are provided, Each train
consists of six 280 mm stands, alternately vertical and
horizontal, each stand being driven by a separate 200 kW
motor, Four wire rod coilers are provided. The reheating
furnace is of 70 tons/hour capacity.

4. AUXILIARY FACILITIES

This chapter discusses the auxiliary facilities
required for smooth operation of the small integrated steel
plants under study. When thinking of & steelworks one is
apt to think more in terms of the major production facilities
such as blast furnaces, steel melting shops and rolling
mills than of the complex network of utility systems, which
are in effect the arteries of the plant, or of auxiliary
departments like repair and maintenance shops, which are
essential for continuous, efficient operation. ‘I'hese
ancillary facilities not only play a key role but also
constitute a large proportion (32 per cent to 23 per cent
in the five cases under study) of the plant cost,
laborgtories

In all the cases urder study the plants will have
laboratories to provide essential services to production
processes and to exercise camtrol on product quality. As
the plants are all of small capacity and produce only common
types of rolled steel products in regular deuand, no research
facilities are envisaged,

The work of the laboratories will therefore generelly
be limited to the performance of those tasks which are
sssertial to process and product control, namely:

/(1) Chemical
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(1) Chemical analysis of samples of raw materials,
coke, sinter, iron, steel, slag refractories, etc,

(1) Analysis of gas, oils and lubricants, water, etc.

(1i1) Testing of steel and rolled products for physical
properties and metallurgical quality,
(iv) Testing of refractories used in the plant.

(v) Observational and investigational studies of
production processes and suggestions of methods
for improving plant performance.

(vi) Library and information service to disseminate
technical information,

For the effective performance of the above tasks,

certain minimm facilities are essential in all cases;

with increasing plant size, wider range of equipment and

more extensive facilities are envisaged.

The facilities are generally as follows:

1, Qhepical laboratory: In Cases I and II, the laboratory
is provided with sections for sampling of materials,
wet chemical analysis and testing of coke, oils,
lubricants, etc, In Case III, where coke ovens also
are included in the plant, essentially the same
facilities are provided but on a slightly bigger scale
together with facilities for physical and chemical
testing of coal and coke, In Case IV and V, which
include sintering facilities also, the volume of
analytical work will increase considerably. In these :
cases, routine iron and steel analysis will be done
by direct reading optical spectrograph, This would
enable quicker analysis of iron and steel and the
installation of such expensive equipment will be
Justified by the volume of work turned out.

o
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2, Metallurgical section: The metallurgical testing

facilities provided will enable physical property and
metallurgical quality tests to be carried out primarily
for checking and certifying whether the products
conform to specifications, Tensile anc bend testing
facilities are jrovided in Case I, impact testing
facilities are added in Cases II and III, and hardness
testing and laboratory heat-treating facilities are
also included for Cases IV and V,

3. Inspection section: The inspection section will be
provided with gauges and instruments for checking
dimensions of products during rolling and afterwards,
With increasing plant size, inspection facilities
will increase in number and diversity. Ultrasonic
testing and magnetic particle testing of products
are provided for Cases IV and V,

4. Library and informatior, gection: The size of this
unit will be related to the total manpower of the
plant, and the services to be provided,

All the above sections, except inspection, are
fudlding accommodated in one building, to be located centrally.,

There will be no area laboratories. The laboratory may be

housed in a single or double storey building, depending on

the space available and size of the steelworks. Floor
areas of the laboratories range from about 500 sq m in

Case I to about 900 sq m in Caso V,

Electrica) power system
Flanning of the electric system for the different

plant sizes takes into consideration well-tried practices

followed in steel plants all over the world for efficient
plant operation and maintenance.

/The electric




Power

Bl . b A i

Selection of
Rower svstem

E/CN.12/764
Paze 77

The electric power requirenents of various plant
sections have been estimated using data on energy consumption
avallable from similar existing planls, i'hile the actual
consumptions could in practice vary somewhat derending on
several factors, the averages assumed will give a good
approximation of the electrical load demands for the given
production,

The annual energy consumptions for the different
sizes of plants under study are estimated to be as follows:

Table 4=
ANNUAL ENERGY CONSUMPT ION

. - -—

AnIx.ual
30-minute Annual

Plant energy

size max, demand congum el:ici{i;;ty

T/yr kVA tion

kWh x 100  §

Case I 25 000 2 500 12 500 200 000
Case II 50 000 3 700 16 250 292 000
Case III 100 000 7 900 39 000 624 000
Case IV 200 000 14 700 71 300 1 1,0 800
Case V 300 000 22 000 104 4OC 1 670 LOO

- - . o— — Eem s e e -

&/ Calculated on the basis of an average rate of $ 0,016
per kilh energy consumed,

Selection of power gystem voltages

The incoming power supply to the steel plants in all
cases is assumed at 34,5 kV., The incoming power supply for
Cases I and II is considered to be over single-circuit lines,
and for the three larger sizes of plants over doublew=airouit
lines, In the interests of reliability of power supply it
would be desirable to have a double-circuit line for incoming
power for Cases I and II also, but a single-circuit incoming !
line is proposed to keep down the initial cost, A double-
circuit line could be considered at a later date if the

/need for
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nesd for greater reliability is felt. The step-down

power receiving substations for conversion to plant
distribution supply voltage are of the outdoor type, It

ir assumed that the system from which power is fed to the
plant will be rigid enough to take care of the peaks lipcsed
on the system by the mill drive,

Taking into consideration the motor sizes for the
mills and for other applications and the likely load~centre
capacities, a plant H,T, power distriiution supply voltage
of 4 160 volts would be satisfactory for all the five cases.
The low tension power distribution considered is 480 V,
3-phase, 60 cyoles,
flant_power digtribution

Power at 4 160 volts from the step—down outdoor
receiving station would be carried to appropriate load-
centres over cables, The location of the load-centres
would depend on the layout of the various facilities, but
generally speaking there would be two main H,T. load-centres
for each plant, one located near the rolling mills and the
other in the blast furnace - steelmelt shop area. H.T, power
to individual facilities would be distributed from these
load-centres over cables, The shop L,T, distribution would
be at 480 V, 3-phase, 60 cycles, 3-wire, and the light
supply at 110 V, single-phase,

In this connexion it is to be noted that the blast
furnace blowers for the 25 000 ton/yr plant would be
electric motor driven, while for the other plant sizes under
consideration the blowers would be steam turbine driven,

Blast furnace gas would be used for steam generation,
coke oven gas being taken for plant use, In all cases the
entire quantity of steam raised is used for process
requirements and turbo-blower drives; no steam will be
avallable for power generation,

/Cranep
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Crines

All cranes operate on 480 V, 3-phase, 60 cycles
supply. Wherever cranes are to be provided with 1ifting
magnets, additional cost of suitable rectifier conversion
equipment has been taken into account,

Power generation

No power generation within the plant is envisaged,
as the fuel required would in any case have to be purchased,
As indicated in Appendix 4-1, Plant Fuel Balance, purchased
fuels like fuel oil and LPG gas would have to be used even
for some of the other heating requirements such as
calcining, billet reheating, torch cutting, etc,

Water supply system

A well designed system to supply adequate quantity
of water, suitable treated to meet the requirements of
various production processes and equipment and at the
required pressure, is essemtial for satisfactory operation
of an integrated steel plant,

The cooling water supply system differs according to
the composition of raw water and conditions of use such as
once~through or recirculated., Once-through cooling system
may prove to be economical where the source of water is
close to the plant site, the water does not require any
treatment and discharge does not create pollution problems,
Keeping in view the need to conserve water in a rapidly
developing economy and the problem of water pollutinn, the
open recirculating cooling system has been adopted for
all cases,

The total estimated wvater requirements in cu a per
hour are given in Table 4=2,

/Table 4~2
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Water
distribution

auatem

Table 4=-2
PLANT VATER REQUIREMENTS

- men o > Em—

Case I Case II Case III Case IV Case V
cu m/hr cu m/hr cu w/hr cu m/hr cu m/hr

Cooling water:
Water in
circulation 1100 2100 4 000 7 300 10 000
Make-up water 160 290 515 880 1130
Boiler feed water 5 6 11 16 2
General purpose
water 20 30 50 80 100
Total pake-yp
sxsten 8 3% 16 76 L2

— -

The quality of water available at plent site is
assumed to be normal surface 'mater, requiring only
flocculation and clarification with adequate chemical dosing
for make-up cooling water, Boiler feed water is given a
further filtration and demineralisation treatment. Filtered
water with chlorine dosing for drinking and general purpose
use is supplied throughout the plant,

The clarified water having turbidity not more than
10 ppn (silica scale), total hardness not more than 40 ppm
(expressed as Ca.003) and pH value in the range of 7.0 to
7.5 is stored in a ground reservoir with storage capacity
adequate to meet the plant's water requirement for twenty-
four hours, Make~-up ang drinking water pumps, filtration
units and chlorinacion units are provided. Separate mains
with appurtenances supply make-up to the various
recirculation systems, drinking water and general service
water, Demineralisation plant for boiler feed water is
included,

/Separate recirculation
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Separate recirculation systems are provided for
clear water and for contaminated water with pumping station,
hot well, cold well, cooling tower, supply and rcturn pipes
complete with valves and controls,

All raw water and recirculating water treatment units
are located centrally in Cases I and II., In the other
three cases individual recirculating systers are located
close to the respective production units which they are
inmtended to supply. Horizontal centrifugal pumps are of
positive suction type, Vertical pumps are orovided in the
scale pit pumphouses of the mills and continuous casting
machines. All pumphouses are provided with about 30 per
cent standby capacity.

all pipes and specials above 65 mm nominal bore are
mlld steel welded, and below 65 mm galvanised iron screwed.
}ild steel pipes in the yards will be laid underground
with a minimum cover of one metre and properly protected.
In the plant buildings, mild steel pipes carried on trestles
and column brackets will be protected with anti-corrosive
paints, Valves and instruments are located generally inside
the shops and buildings., In the yard, they are installed
in valve pits, Air relief and scour valves are to be
provided as required,

The standby pump will oome into operation to maintain
continuity of supply when a pumping unit fails, In an
emergency arising from power failure, supply of cooling
water to minimise risk of damage to blast furnace, reheating
furnaces, LD lances, etc,, will be met from overhead storage
tanlis, with adequate capacity and staging height, floating
on the supply lines.

For fire fighting purposcs, adequate number of stand
post type fire hydrants in the yard, and wall mounting type
hydrants in the shops and building are provided on the

/drinking water
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drinking water main, An overhead tank with adequate
capacity and staging height is connected to the drinking
water main to take care of fluctuations of demand during
peak hours and during fire fighting.

Rilities

Fuel system
The fuel balance of an integrated iron and steel plant

is largely influenced by the production processes and
techniques selected, Adoption of basic oxygen furnace
steelmaking and continuous casting of billeits for the
small scale integrated steel plants under study, has
eliminated conventional fuel needs for steelmaking and
ingot heating, O0il injection in blast furnaces is envisaged
to reduce coke consumption,
In large integrated steel plants, the greaier part
Fuel of the heat requirenents are normally met from by--product
Avallability gaseous fuels (blast furnace and coke oven gas), the
balance beirg met by purchased fuels., However, fcr the
cases under study availability of by-product gaseous fuels
will be limited because of the low coke rates assumed,
resulting in lower tonnages of coal being carbonised and
correepondingly lower volume of coke oveh gas generation,
and elso lower volume and calorific value of blast furnace
gas. The plant will have to depend to a large extent on
purchased fuel oil for the heating furnaces,
For Cases I and II coke ovens are not considered;
By~-product for Case 1II pusher type non-recovery coke ovens are
envisaged and hence no coke oven gas would be available for
heating purposes. ror Cases IV and V, by-product coke ovens
have been considered and surplus coke oven gas would be
available, But on account of the low coke rates of only
500 kg per ton of hot metal, the volume of gas available
would not be adequate to meet all heating requirements.

/Surplus hlast
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o hotrietol requirement for the varicus coae o g
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The high c.:t of zcie in latin americ as well as

Overating efficiency ol 17.:. Zurhace operation necessitate aue tion
technique . . : ,
2ECACHR of operating t¢: 7 ves which would reduce ti.c cole

cons gt omod Llast furnzce, Raw iaterials presaration has
.ot al oo considerabtle Lrovement in tlast furnace

econo.y, and therefore use of prcperlv-sized raw cterials

-5 sug.ested, It is however assumed tiat crushing ana

screening facilities are located at the mines, and the plants

are suphlied with sized raw materials,

Recent developments in stove design and refractory

High blast meterials have enabled operation of blast furnaces with
temperature high blast temperat which has also brought about

1 and fuel oid g peratures, which has also brought a
injection savings in coke rote, The stoves considered for the study

are rated for blast preheat temperatures up to 1 10007,
with normal operation at 1 050°C, For smooth furnace
operation and effective utilisation of stove heat it is
necessary to control the flame temperature at the tuyere
zone, For this purpose, fuel oil injection to the extent
of 50 kg per ton is proposed. This would also bring about
a saving of at least 1,12 kg coke per kg of oil, 1In the
emaller size plants in which no sinter is used, the
replacement ratio could be slightly higher,

For attaining a blast preheat temperzture of 1 050°C
it would be recessary to use for stove heating a fuel gas
having a higher calorific value of about 1 100 Kcal/N cu m
(as campared with B,F. gas having a calorific value of about
900 Kcal/N cu m), This can be done by enriching the blast
furnace gas with 6 to 7 per cent of coke oven gas, Case IV
and Case V under study incorporate recovery-type coke ovens,
and the requisite surplus C.0, gas could be made available
for this purpose, In other cases, the B.F, gas would have

/to be
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Surpius blast furnace gas after providing for stove heating
is available for general use in all the five cases, The
extent to which heat requirements can be met from surplus
gaseous fuels generated in the plant is indicated in
Appendix 4-1, Plant Fuel Balance,

In the LD steelmaking process large quantities of
gases are generated., During tiz blowing period the
quantities of gases generatcd fluctuate considerably
according to the rates of decsraonisation, The gas
temperature at the converter m:uth is in the range of
1 400°C to 1 600°C, The gay contains a high proportion
of CO amounting to about 70 per cent for nearly three
quarters of the duration of the blow, Processes for economic
utilisation of the sensible heat comtent as well as calorific
value of the gases have been developed, However, the
additional capital investment required for the installation
of such waste heat or gas recovery equipment is economically
Justified only for the larger sizes of converters with
more than one operating vessel, Hence, for 2ll the five
cases under study waste heat recovery from LD gases is not
envisaged.

The major fuel consuming units are the blast furnace
stoves, coke ovens, sintering plant, lime kilns, billet
reheating furnaces and boilers. Fuel is also required for
hot metal mixer heating, ladle heating, tundish heating, etec,
Surplus blast furnace gas after meeting the requirements
of stove heating would be used for boiler firing, In
Cases IV and V, surplus coke oven gas after meeting the
coke oven requireuents would be utilised for sinter-mix
ignition, calcining and mixer and ladle heating in the
steelmelt shop, Fuel oil would be used for all heating
in Cases I, II, III, and for reheating furnaces in Cases IV
ad V,

/The annual




E/N.12/764
Page 84

Blast furnace

The aarmual regtirements of purchased fuel oil and
liquified petroleum gas are given in Table 4-3.

Table 4-3
PURCHASED FUFL
Plant fuel o1l LFG b/
capacity egt o N cu m/year
T /Vr naenus
' T/yr
Case I 25 000 I, 600 70 000
Case II 50 000 7 100 81 000
Case III 100 000 13 250 92 000
Case IV 200 000 18 950 100 000
Cass V 300 000 71 500 120 000

-

a/ Includes oil injection in blast furnace at the rate
of 50 kg of oil per ton of hot m-tal.

b/ Liquifi A petroleum refinery gas \LPG) is a gaseous
fuel of high calorific value, very coivenient for use
in heating the ladles, tundishes and torch cutting of
the billets in comtinuous casting.

Ruel_distribution

The maia consuming units of blast furnace gas, viz
blast furnace stoves and boiler plant are located near the
blast furnace plant, The blast furnace gas would be piped
to these at low pressure, A bleeder stack would be used
to burn excess blast furnace gas.

Coke oven gas would be used in sinter plant, lime
kiln, steelmelting shop and continuous casting plant,
Two boosters, each of about 250 N cu m per hour capacity
for Case IV and 375 N cu m per hour capacity for Case V,
would boost the gas pressure to 3 000 mm w,g. For coke
oven underfiring low pressure gas would be used, A bleeder
stack would be used to burn excess cole oven gas,

/There will
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There will be little excess gzs bleed-off in Cases I,
II and III, In Cases IV and V excess gas bleed—off may
amount to 13 per cent and 22 per cent respectively of the
surplus gas ma. e, The total quantity is subject to wide
fluctuation and would consist of bteth blast furnace gas

and coke oven gas in varying amc.ait;. Jf the e:icess gases
were to be used for power genersz.ion, it would suffice tc
meet only 10 to 15 per ceni of the plant power requirements,
which is too small to just:r?s nldditional investment for
pcwer generation, The gases :cild be used in the reheating
furnace to meet 25 to 35 peo cent of the heat requirements,
but this proportion is too small to justify installation
of gas holders, gas mixing station, mixed gas boosters and
additional piping to rolling mills. The reheating furnace
moreover would have to be designed for boih o0il fuel and
gas firing.

Fuel c?l is required for injection in blast furnaces
and for heating, Since iron and steel production would
suffer if oil supply is inmterrupted, adequate storage
facilities to meet about 20 days'! requirenients, amounting
to 370 tons, 6%0 tons, 1 200 tons, 1 300 tons and 2 000 tons
for Cases I tou V respectively are provided,

Onygen

The LD converters are the major oxygen consuming
units, Oxygen is ai1so required in small quantities for
general use such as cutting and welding, The total daily
oxygen requirements, estimated on the basis of 65 Ncum
of oxygen per ton of steel amount to appro:dimately 16, 20,
40, 80 and 100 tons for Cases I to V respectively. Oxygen
plants of these capacities have been considered,

The type of plant to be selected depends on the
proportion of liquid to gaseous oxygen that would need to
be drawn from the air separation units, In order to

/mairtain regular
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maintein regular supply of o:xygen to the steelmelt shop
during short shut-down of oxygen plant, about 7 to 8 per
cent of the oxygen generated should be drawn off as liquid
and stored, Either a low or medium~pressure plant would
be suitable for generating this quantity of liquid oxygen.
A low-pressure plant has been coiu:ldcred for this study,
as capital and operating costs ce lc.er and plant
availability higher campared to a medium-pressure plant,
The low-pressure plant can alsc generate nitrogen of up
t0 99.99 per cent purity. Ths oxygen distribution system
also includes buffer vessels to augment gaseous oxygen
supply during LD blowing.

Sompressed alr

Compressed air would be required for all hydreulic
gystem in rolling mills, and pneumatic operation of furnace
doors, disappearing stops, locking arrangements of slag
cars, pneumztic hand tools such as ch:ppers and grinders an
for flushing and cleaning,

Compressed air supply system can either be centraliss

Air compressors r zonal, The advantages of the former are less number cf

and auwdlisries standby units and easier maintenance, but larger size
distribution pipes are required, For the decentralised
system more standby units are required, but piping costs
would be less, As a decentralised system could be taken
advart age of even during the construction stage, and more
units oould be added later as required, it is advisable to
install decentralised system,

One compressor each would be located in the maintenar
shop, rolling mills and steelmelt shop, with two mobile
standby units for the whole plant, Line pressure of 7 kg
per sq am gauge would be maintained, Compressed air
requirements, the number of air compressors and their
capacities are given in Table 4=,

[Table 4=l
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Tehle 4=L

COMPRESSED AIR SUPPLY

Compressed air reguirement
Case T ki ° _3 Number of units

N cu m/hr (Max) N cu m/day

— - oo - - - v

I 800 7 000 3~ 300 cu m/hr(42 standby)
I 1 500 12000 3- 500 v "
oI 2 500 2000 13- 90 ¢ "
v 3 500 30 ¢C 3-120 " "
v 5 000 L5 G)) 3-1700 n "
Stean:

The main steam consuming units are the turbo blowers.
Steam would also be required for coke oven plant, fuel oil
heating and atomising, and other miscellaneous uses, The
requirenents are given below:

Stean requirements

Plant/equipment Case 1 Case II Case I Case IV Case V
Thr T/w b T Tr

Turbo blowers - 3¢52 4,50 9.20 13,00
041 heating 0,20 0.36 0.2 0.0 1,10
Other uses 3.00 Le&0 8.00 11,50 15,00
Total .20 828 132 .0 2248

A A DRSS s B & B

Water tube steam boilers, generating steam at 16 kg
per sq om gauge pressure and 220°C temperature are cons'dered
for all cases, The boiler capacities are 4.0, 9.5, 15, 25
and 35 tons per hour respectively for Cases I to V, The
boilers are provided with dual fuel burners, for firing
with either blast furnace gas or oil; normally blast furnace
gas would be used, The installation would be complete

/with feed
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with feed water treatucit plant, piping, etc. The boiler

would be housed in the same buildin: with the turbo blowers,
Process steam vould be piped to the various consuming units,
Distyiyition piping for utilities
The yard piping ror all utility services suchi as fuel
oil, coke oven gas, blast furnace gas, stem1, compressed
air, oxygen, etc., would be grornsd together and supported
on trestles and pine bridges. \later piping would be taken

uncerground and generelly toia Ly the side of the pipe

tre:sles, Overhead yard pipin; would be routed by the
side of the plant roads at a height of about 7 metres from
ground level,

The distribution piping would be suitably painted
and identified by colours, lettering, etc. ladders,
walkways, etc,, necessary for the maintenance and operat.ion
of valves and accessories are includid,

Air corditioning and ventilation systens

Air conditioning would be required jor furnace control
Air condationing rooms and laboratory rooms having sensitive instruments and
for comfort cooling of offices and administrative buildincs,
In this study air conditioning of control roous and
laboratory ruuars with room type package air conditioners has

been consldered,
The systems for room ventilation would generally
ent ion consist of supply and exhaust fans, For ventilation of
shop rooms where a slight positive pressure is to be
maintained, the system would consist of filters, fans,
air washers, ducting, supply and exhaust grills, etc..
with cooling water systems,
Works transport
As the plants are of relatively small capacity designed
to produce in a single mill unit only one category of rolled
products, viz, merchant bars and wire rods, systems of
transport and mechenised handling of materials have been
kept to the minimm required,
/Incoming raw
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Incoming rew materials, in process raterials and
outgoing procucts will be handled nostly Ly rail transport,
Wagons bLringing incowdng materials will be unloaded :t the
regpective locr.uions and the enpties talien Lo the rolling
mills for despatch of finisued procucts, In Cases 1 aad Il
where production is comparatively small, no Jarpe rau
meterial yards are envisaged, b'.. in unce other three cases
ample provision is iade foo ro.u wcterial storage.

The road network is p.:-.:d on a grid system. For
small capccity plaits, maleric:s move ent leids itselfl
readily to road transport. 4l roads are dcsi~aed for
two lane traffic, Ample turn around aprons for trucis and
traffic islands are provided for snooth and e:peditious
movenent of materials,

Por transport and handling of naterisls within the
plant, rolling stock and mobile ecuipm-nt viz, trucis, fourk
1ift, platforu trucks, tractors, truilers, etc., are
provided in adequate numbers, It is envisaged th:ot all
heavy materials and large lots will be moved uy rail wagons
and the light materials and small lots Ly mobile equipuent,
For movement of rolling stock, 150 HI' dicsel electric
locomotives will be used in Cases I and II, and 275 IiP dlesel
electric locomotives will be used in the other three cases,
The nunber of locomotives provided increases from one in
Case I to six in Case V,

Road and track weighbridges of recuired capacities
are provided for weighing incoming and outgoing materials,
In addition, small weighbridges to weigh uaterials within
the departuents are also provided, For loading and
unloading of materials to and from wagons and trucks as
well as for doing miscellaneous work inside the plant,
yard cranes will be used, Mobile cranes are provided for
this purpose in Cases I and II and both mobils crawlers and
loco cranes for the rest, Refuelling of locos will be done
in a loco refuelling station located at a convenient spot,

/Repalr. and
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Bepadr end_maintenance shop

The repair and mairtenance shops in an integrated
steeiworks require to be provided with certain basic
facilities even though some of these may be used only
occasionally. This is necessary in order that expensive
steelworks equipment can be properly maintained and
operated at high levels of availanilily. Unlike
industrialised countries where spares can be obtained
from original equipment menufaciurers st short notice,
the repair and maintenance shcy3 at steelworks in developing
countries need to be well eguipped. They must have adequate
capacity and flexibility to cover a broader spectrum of
repair jobs and to meet breakdowns.

Punctions and facilities provided

The functions of the repair and maintenance complex
provided for each case in this study are equipment repairs,
manufacture of some spare parts, and general maintenance.,

As production units are widely dispersed in an
integrated steelworks, maintenance is difficult to
certralise, On the other hand, it is not desirable to
leave maintenance entirely to production depertuents.

In practice, & cowiustion of centrelised and decentralised
systens of maintenance is considered to be effective,
Therefore, in addition to the oentral workshops whers major
repairs can be oarried out and spares manufactured, a few
essential facilities have been provided in the iron/
steelmaking and rolling mill aress to cary out the
day-to-dey work of preventive maintenance and minor repairs.

The functions of the various units which comprise
the oentrel workshops are as follows:

/8hop




E/CN.12/764

Page 91
— —weShop Purpoge of ghop
1, Foundry Manufacture of iron and none

ferrous castings, pattern
making and works carpentry

2, liachine shop Manufacture of spares and
repairs of wocn out parts;
incluccs forping facilities

3, Structural shop Repairs to and manufacture of
fetricated parts or equipment,
In-~'cces facilities for

we; :n repair
4s Mobile equipment Servicing and waintenance
maint enance shop of plant vehicles including

locomotives, mobile cranes and
other handling equipment

5 General maintenance, Supplying facilities for major

pipe shop and plant overhauls - heavy tools
tuilding service and tackles, maintenance of
plant building ard roads
6. Rectrical repair Overhauling and repair of
sliop electrical equipment

For the five sizes of steelworks under study, type
and size of equipment commensurate with the requirenents
have been selected, The number or capacities of maintenan:e
machinery proposed cannot obviously decrease proportionately
with decreasing sigss of steelworks, Certain basic machine
tools of minimm capacity have to be installed even in the
smallest steelworks, Equipment provided may appear to be
excessive in some cases, but this is preferable to prolonged
break-downs due to lack of adequate maintenance facilities.

Squipment proposed together with their capacities
wre listed in Appendix 4~2.

/Though the
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Thongh tl.e central repair anc naintenance ghops are
ecuipped for manufacture of a number of parts which need
frecuent replccemant, certain items such as specially large
structures, machined parts, castings or forgings and mill
rolls, for which manufacturing capacity is not provided,

will have to be procured from outsid:: sources,.
Bulldings and miscellsneous fa-'''iies

The offices and ancillary buildings are generally
designed as load bearing stru:tures, The archiitectural
treatuent, finishes and other :teus of civil work will
conform to the building practice followed in the country.
The building ventilation and other services will be
designed to suit the climatic conditions &and the local
regulations.

Adnizdstrative building

This is asswied to be a single-storeyed bullding
in Case I ani II and two~storeyed in iLhe otiier three Cases.

The area ie calculated on the basis of an average of 10 m2
per person working in the building, This building will
house the ofiices of the General lianager and his staff of
engineering, seles, accounts, purchasing and personnel

departments.

Superintendent's office

This office building provides accomnodation for the
General Superintendent, his assistants and shop
superintendents and their staff, Working space has been
provided on the basis of 10 sq m per person.

St een

Canteet. space as well as facilities have been decided
on the basis of the labour force for the different sizes
of plants,

/Change rooms
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to be enriched with purchased fuels such as natural gaos,

liquified petiolew. gas, etc,, depending on the location,

8 the required heal input in terus of calosies has been

taiien for stove heating in all cases and as the cest per

million kilo-caloriecs is assuined to be the same for all
fuels, the estimated cost for heating the blast would not

be affected,

Table 3-6

HOT METAL REWUIREMENT AND OPERATING PRACTICE

Case I - Ouse II - Case III - Case IV. Case V -

Hot metal requirement 25 0Q0 &0 000 100 000 200 000 300 0CO
T/yr T/yr /yr T/yr T/yr
Hot metal/ton liquid steel, kg 909 898 876 833 833
Hct metal make, tons/yesr 22 800 45 600 88 500 167 000 252 500
Hot metal make, tons/day 65 130 253 479 721

rat) reotice

Ors preparation and agglomeration

Hrt blast tempereature
Top pressurs

0l injeotion per ton
Coke rete - kg/ton
Plux rate - kg/ton
Hot metal analysis

100 per sent sized rav ore Sized ore ard solf-
fluxiug sinter in the
retio of 70230 (in
terns of P coitent)

1 050°C for nll eases
Normal for all cases

50 kg for all eases

560 5M5 535 505 500
126 124 128 103 103
81-1.00, 8-0,0M%, Mn-0.5%4, and P-0,30% max in

sll cases

/Secause of
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Change rooms

Change rooms with showers, lockers, toilets and
urinals have been taken into consideration in the estimates,
To facilitate water piping and sewerage, change room
buildings are located next to canteens,

Sanitary blocks

All office buildings and wziTare buildings will be
provided with adequate toilet facilities, Ablution blocks
are provided at suitable loca‘i~ns depending on the labour
force for various production eni ancillary facilities.

Fire fighting systen

No provision has been made for any fire-fighting
stations inside the plant boundary. Instead, fire
extinguishers and fire hydramts have been provided {or
all plant buildings. For the fuel oil and lubricant stores
provision has been mede for foam extinguishers,

Cax parks, cycle gheds and cther miscellaneovs items

The estimate provides for the cost of car parks,
cycle sheds, gate house, etc,, for each of the plamts and

they have been suitably designed for size and capacity
of the plants,

A site perimeter fence about 2,5 m high with precast
concrete posts and unclimbable barived wire fencing has been
assumed,

7.0 metre wide, two lane asphalt roads camplete with
soling (consisting of stone boulders about 200 mm thick),
macadam surface (about 125 mm thick), carpeting (36 mm thick),
kerb stones and side berms have been asswned, The roads

will have adequate drainage and 1i-hting arrangemente.

All tracks inside the plant wall be standard tracks
complete with concrete sleepers, standard rails, ballasts,
etc, The turnouts will conform to the regulations governing
in the country,

/Seperste drainage
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Plant general

Separate drainage systems for storm water and plant
sewerage have been provided, The storm water drainage
system will take care of the run off from plant buildings,
roads and open areas of the site, The drainage system
has been designed on the basis of maximum rainfall
intensity of 25 mm per hour, Lired drains in the plant
area are provided on either side of rcad and railway
embaniments and for carrying the discharge from roofs
through downtake pipes. The types and sections of drains
in the plant vary from unlined or lined Vee to rectangular
drains., Vhere drains cross roads and railway sidings,
hume pipe or RCC box culverts have been provided.

The plan sewerage system is designed to cater for
domestic sewerage from ancillary buildings as well as
from production buildings.

5, CAPITAL COST ESTIMATES

This chapter deals with the capital cost of installing
integrated steelworks of capacities ranging from 25 000 tons
to 300 000 tons a year, based on processes, equipuent and
facilities proviced as discussed in the preceding chapters,

Typical plant general layout considered for the
capital cost estimates is illustrated in Fig. 1, for
Case V - 300 OO0 tons plant, The relative juxtaposition
of plants and facilities is similar in all other cases,

The layout envisaged is compact, and designed for
unidirectional flow with minimum handling by road or reil
transport of "in-process" materials,

The blast furnace cast house is adjacent to the mixer
building of the steelmelt shop and iron is tapped into
ladles placed on a rail track within the mixer building.
The oasting end of the pig casting machine is located at
one end of the mixer building, Thus, hot metal traffic has

/been eliminated,
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been eliminated. Liquid steel is cast into billets in
continuous casting machines located in the teeming bay of
the steelnelt shop, and the comtinuous cast billets are
delivered to cooling beds located in the billet storage
bay of the mill building, Thus, liquid steel and semis
traffic is also eliminated, The layout is arranged to
facilitate future expansion, but except for the land area
required no other in-built provision for future expansion
is considered,

The estimates cover costs within the plant boundary
and also the cost of the adninistrative building which is
located cutside the plant boundary, adjacent to the main
entrance, (The administrative building is not shown in
Fg. 1.) Al off-site facilities such as township, water,
power supply, rail/road ~onnections to site and development
of raw material sources, interest on investment during
construction, and recruitment, training and commissioning
expenses are excluded,

The estimates are based on representative unit
construction and meterial costs generally prevailing in
Latin American countries furnished by ECIA and indicated
in Table 5-1,

It must be emphasised that the cost estimates presented
are indicative and are intended for the purpose of assessing
the relative economies of selected steel plant capacities
under study, While these estimates, based on assumed
average conditions at a hypothetical location, are valid for
& comparative study of this nature, they camnot be expected
to be entirely valid for a specific plant or a particular
location, For an actual plant, product-mix would have to be
detemined, processes selected and facilities installed to
suit the raw materials available and other circumstances
peculiar to the locaiity, The capital and operating costs
of such a plant ocan differ from the estimates presented hers.

/Table 51
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Table 5-1
IXDICATIVE LABOUR AND MATERIAL PLICES PFOR HEAVY CONSTRUCTION
Untt Anno‘o“ oost
A, labour
1, Unskilled labour hour 1.20
2. Salied lebour
Poremen hour 2.10
Ereotion riggers and welding hour 2,00
Bricklayers, sarpenters hour 1.80
B. }_gtoﬂtls
1. Strusiural steel shapes and platee ton 180.00
2. Reinfareing steel ‘on 140.00
3. Oravel, all types Py 3.75
“o Sard ou B 2,00
50 Cement ton 22,00
6. Brioke 1 000 Nos 20,00
7. lugber for shuttering aun 100.00
C. Upit rtes (imporyant eivil engineering {tens)
1. Foavation in erdinary soil innluding bask
f1iling snd neeessary lead ani shift:
o) Fechanised um 0,70
b) Shorel ou a 1.75
2. Pla.irg reinforeed oonorete for foundations,
basemente, walls oun 25.00
J. Supplying, ewtting, bending and plasing steel
re; afoesnent don 200,00
4, Providing, ereoting, suriking and remeving
straight shuttering Qe 2,00
5. Supplying snd fabrisating heavy etruotural
eteslwork for buildings son 930,00
6. Bupplying and fixing galvanized steel eheets for
reofing and oladding [T ] 3.30
7. Erection of strusturel steelvork inoluding painting ton 60,00
8. Erection of squipment end mashinery tom 80.00
De Other sal a0
1, land hestares 500 to 900
2, Butldingss
1) Varehouss type, witheut erene me €3.00
11) Oftiee Ype X ) 85,00
111) Mght industrisl building (5=¢ erens) %) 60,00
1v) Heavy industrial building (25-% erens) "X 85400
3. Mandard track, somplete with generete Rlsepere,
reils, aggregate, ote, ] 32 000.00
U, Tve lane asphalt road (7 m vide) vith seling,
meadan surfass, earpeting and eide berws [ 25 000,00

/As noted




Similar
facilities

"In~-built®
capacity not
Rprovided

E/QN,12/764
Page 97

As noted earlier, in order to establish a comparable
basis for studying the economies of scale it has been found
desirable to consider identical production processes for
iron-nali*ng steelmaking, tillet production and rolling
in all cases, although they may not be the most
appropriate for the production tomnazes involved., For
instance, for Case I (25 000 t:: 3 per year plant) one
operating 3-ton LD converter and two single strand
cont inuous casting machines have been considered, and
for Case II (50 000 tons per ycar plant) one operating
é-ton LD converter and two eingle strand continuous casting
machines have been considered., With such small heats
maintenance of the metal temperature at the necessary high
level from beginning to end of the continuous casting
operation requires preheating of the ladle to very high
temperatures and strong heating of the ladle, tundishes,
etc., during casting also. Handling numerous small heats
and casting as many as 18 heats in one continuous casting
machine during 24 hours would present other operational
difficulties such as inadequate set up time, ete, For
the small daily outputs envisaged, production of a smaller
number of larger size heats in electric arc furnaces would
better suit the production requirements,

Again, in the interests of comparability, equipment
capacities and layout of facilities are tailor-made to meet
the requirements of production in all cases, without
in-built capacity to facilitate future e:gpansion, In
actual practice it would be advisable for developing
countries to select production and auxiliary units of
optimum size to enable rational expansion to large
capacities in future,

Equipment capacity ratings have been taken on a
realistic basis, Facilities are assumed to operate at
reasonably high levels of efficiency attainable in normal
practice,

/Equizment gost
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Equippent cost

The capital cost of the plant includes the cost of
land, civii work, structural work, mechanical and electrical
equipment, ercction, spares, c.i.f, charges including ocean
freight, insurance, carriage to and delivery at site,
design, engineering and supervision of construction and
administrative expenses of project during construction.

Equipment costs include mechanical and electrical
equipment and spares for ¢l wroduction and awdliary
departaents, These costs have been estimated from
quotations anc estinate prices from several countries,
mainly from United States, obtained for a nunber of
projects., It is to be noted, however, that equipment
oosts can vary merkedly depending on the circumstances
under which orders are placed, For ensuring low costs,
equipment should be procured on competitive basis against
tenders based upon carefully prepared equipment
specifications, But if equipment supply is limited to
one source due to restricted foreign exchange availability
or is tied to financial credit from any particular country,
it is possible that equipment may not be the best suited
to project recuireuients nor the prices the lowest obtainable.
Under these conditions the capital cost of a plant may be
higher than estimated,

The capital cost estimates include a provision of
5 per cent on total equipment costs for spare parts which
is considered adequate for a selective spares purchase
programe, For ocean freight, insurance, delivery at site
and storage up to the time of installation, the amount
provided is 20 per cent of equipment costs which proportion
is understood to be normal for Latin American plants, The
provision for contingencies is 5 per oent of the total cost.

/Civdd work
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Civil work

The estimate of cost for civil and structural work of
building and civil works in equipment is based on preliminary
designs and w.'t prices obtained from two buildirng
construction contractors - one in Chile and one in Argentina,
All the civil and structural work has been designed in
accordance with the Indian 3tand:rd Specifications and
Codes of Practice in the absence of specifications governing
the materials, loacing and decisn in South American countries.

In the plant site corsiccred, area has been provided
for additional steelmaking/wolling mill complex within the
boundary, There can be a three to fivefold increase in
plant capacity when required, depending on equipuent types
and capacities adopted for future expansion, The area of
land within the plant boundary is as follows:

Case egtare
I 15
b8 23
U1 35
v 45
v 60

For the purpose cf esiimate, it has been assumed that
the s0il is reasonabiy firm with an average bearing pressure
of 2 kg/an? at a depth of about 1.5 m below ground level
and that no piles are necessary for heavy columns and
equipment foundations,

Lavel of ground water table has been assumed to be
fairly low as not to warrant any water proofing membrane
for basewents and tunnels, However, for deeper underground
structures cost of water-proofing has been taken into
account,,

/The floors
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The riocors of the mai: anc au-diliary ivildings are
reis.o.ced concretc slabs on a well consolidzted hard core,
In storage sreag and scrap yard orainary hard flooring on
boulder soliag has been provided.

structural steelwork

Blast furnace cast house, steelmaking shop, concast
buildings, rolling mills, rep:.ir and aaintenance shopr and
other production bvildings are cesigned with steel frame
work. Sides and gobles of builuings are covered with
galvanised corrugeted iron sheues, LD shop and Blast Furnace
cast house roofs are ccversl with ribbed mild steel plates
to guard ~gainst the possibility of excessive accunulation
of dust, and roofs of all other production buildings are
covered with galvanised corrugated iron sheets.

xcept for the heavy crane girders in the LD shops
which are rivetted, all other crane girders are taken to be
of welded ccnstruction,

R-of Lrusses are of Fink type or paraliel chord design
depending of the size of the building. suildings are
provided with continuous glazing for natural lighting and,
in internal bays, transparent sheets at suitcble intervals
have been ti::n, Ventilation is provided by opening in the
bottom portion of the wall and by continuous monitors at
ridge.

Chequered plate access platforms to crane are provided
at two end bays only and each access platform is served b
one safety cat ladder from the floor level, Adequate gutters
and downpipes have been provided for draining roof water to
the drainage system around the plant building.

Total plant costs

Capital cost estimates are presented in Appendices
5.1 to 5-6 separately for each of the major production
departmnents, namely:

/(1) Coke
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Because of fuel oil injection,blast huwiidification
with stean is likely to confer little additional benefit
and is therefore not considered necessary., If furnace
oper<tion ecalls lor acditional injectant, the quantity of
0il could be increased to the required e:tent, Oxygen
enrichment of the blast has to be rcsorted to only in such
cases where high tlast temperatures cannot Le obtained from

xisting stoves. In new installations it would he more
economical to design the stove facilities with adequate
heat capacity rather than to plan for o:ygen injection from
the inception, (The high purity oxygen usec for 1D
operations is costly and enriching the blast with high

purity oxygen is not justifiable, If oxygen addition to
the blast is to be adopted in regular practice, consideration
should be given to the installation of a separate low cost,
low purity tonnage o:ygen plant.,)

With the above mentioned operating techniques, it
is estimated that the coke rate for the largest unit
considered would be 500 kg per ton, For smaller furnace
sizes the coke rate will be somewhat higher due to greater
heat losses and slightly increased direct reduction, The
coke rates are indicated in Table 3-6.

Plat facilities

The major iron-making plant facilities considered
suitable for the different plant capacities are swmarised
in Table 3-7, It is to be noted that for the purpose of
proper comparison of capital and operating costs in all the
five cases, installation of only one blast furnace of
increasing size has been considered for each case,

/Table 3-7
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The choice ol steelmaldng process is governed by
the quality of hot metal, availability and price of
purchased scrap in relation to hot metal cost, and
comparative econowics of production by the various
alternative processes, In this study, basic oxgen
furnace (LD converter) process has heen considered for
all cases, and for Case II electric furnace steelmaking
has also been compared,

Selechion of process

Of the several steelmaiing processes, Lhe proven
ones relevant to this study are tiie Open Hearth, Llectric
Arc Furnace and Basic Oxygen (LD) Converter, An open hearth
plant requires about 50 per cent more investuent than an
LD plant of equal capacity, ana the production cost of open
hearth steel is also higher than 1D steel,

The LD steelmaking process combines the advantages
of relatively low investment and rapid refining rates of
pneumatic converter process with the fle:dibility and steel
quality of the open hearth process, It offers low investmernt
and operating costs for the production of ca:bon steels.
With mediun size units, the production of heats at regular
short intervals nakes the process an ideal choice for use
with continuous casting,

Further, the shortage of market scrap in lLatin
Anerican countries and the limited quantities of internal
plant return scrap that would be available due to adoption
of continuous casting also favour the choice of LD process.
For this study, it is estinated that screp would conetitute
20 to 25 per cent of the metallic charge in the converter,
Flant return scrap from all sources, however, amounts to
only about 8 to 10 per cent and the balance of scrap

/requirement has
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Side=-blown
gonverter

1D steelmaking
aslocted

Deain baals

requirement has to be purchased, Cost of purchased scrap
has been taken as $ 30 per ton, and credit for plant return
scrap has been assumed at the same value,

Basic lined side-blown converters can also be used
for steelmaking, Its application to commercial steel
procuction has so far bLeen confined to small non-integrated
steel plants in China, The size of the converters range
from a capacity of 3 ton to 8 tons per blow, Side=-blown
corverters are also used in steel foundries, Investigations
made in a 4 ton basic lined side-blown conve:ter at the
National Metallurgicai Laboratory, Jamshedpur (India) with
Indian pig irons containing 0.30 to 0.0 per cent phosphorous
have demonstrated the technical feasibility of the process,

Though it is feasible to make steel in side-blown
converters and sme)l size converters of this type are in
operation in China, the process nas not yet established
itself on a comercial basis, Until large scale plant trials
are carried out and critical operating datz such as
refractory consunption, yield, quality of steel, productivity,
etc,, are determined and the economics proved, this process
cannot be considered,

In view of its economic and technical adventages for
high hot metal charges, LD steeluaking process is considered
for all the five different plant capacities under study.

Hot nmetal of the analysis assumed in this study can readily
be converted to steel by LD operation, using normal single
slag process,

Converter sizes and heat times assumed are ~iven in
Table 3-8 below, The number of operating days in a year 1s
taken as 330 in all cases,

/Table 3-8
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(Oese 1L - 50 600 tens/yesr)
Produstion sos 3 per ton, Us$
Lim (hot metul) Liquid. stael Oenenst billets
AMtermatives Wi thout Vit Vithous With W1thout With
fixed fi:ed fixed fixed fixed fined
shargas oshaiges osharpses sharges sharges sharges
1. Blest fumase - LD
sonvertare 48,14 58,51 85.7¢ 102,76 93.93 119,43
2s Blast furmaes - Are
furnace %.82 7151 79406 92,24 90,37 107.1)
3¢ Rlectric smelting (vith
pre-reduction) - Are
hnuu “o“ 7’0“ 6307’ “035 ”0” lu.”
4, Electrio smelting (vitheus
pra-edustion) « Ang
Puinace 80,04 90.61 89.65 101,64 101,90 16.%
S¢ Are furmaee (100 per oemt
ssrep shargs) - - €7.86 74,26 78.5¢ 8.6

/7. ECONONIES
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100 000 tors
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7. ECCGI0I.IES OF SCALE

This chapter reviews the carital and production cost
estimates presented earlier for five integrated steelworks
of increasing capacities in the sualler range of the size
sre~run, The trend of variations indicated b graphs and
tablec are discussed, to draw general conclusions in regard
to economies of scale,

Carita) and production costs

The following relationships are plotted graphically:

Fig, 2 - Capital costs (ircluding allocations for
auxiliary depactments) of blast furnace plant,
LD steelmelt shop, continuous casting plant
and rolling mills per ton annual capacity of
respective product against nominal plant
capacity,

Fig, 3 - Capital costs of the seven esuxiliary
departmerts against nominal plant capzcity.

Fig. 4 - Total plant capital costs per ton annual
capacity in terms of liquid steel against
noninal plant capacity,

Fig. 5 - Production costs (including fixed charges)
per ton of product against nominal plant
capacity.

It will be noted (Fig, 2 and 5) that there is a steady
increase in departmental capital and operating cocts with
decreasing capacity down to about 100 000 tons capacity,
below which costs increase at much more rapid rates, The
negative slope of the curves approaches or exceeds unity
at about 50 000 tons capacity. These trends are clearly
marked in the case of total plant capital cost (Fig. 4).

If ooke and sinter plant facilities “as also been provided
in Cases I and II, the rate of increase in plant capital

cost below 100 000 tons capacity would have been even more
marked,

/The curves
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The curves in Fig, 3 depicting the auxiliary department
costs per ton annual capacity show a similar trend, the
slope of the curves generally indicating a slightly greater
rate of iucrease in costs with decreasing plant capacity than
production department costs. This » as has already been
indicated, is due to the fact that for each plant capacity
certain minimum essential facilities are necessary which
cannot be reduced at the same rate as the plant capacity,

On accourt of this » the cost of awdliary departments
increases from 23 per cent to 32 per cent of total plant
cost with decreasing plant capacity,

The curves in all cases are fairly smooth, e:xcept in
the case of departmental capital cost per ton annual
capacity of the rolling mills which shows a distinct break
between 100 000 tons and 50 000 tons capacity, This arises
from the fact that a small capacity mill which is not
suitable for a high degree of mechanisation is being changed
over to a mill with almost complete mechanisation without
which high speed rolling and high productinn rates cannot
be obtained, That higher productivity - od iower operating
costs adequately compensate for the increase in capital
cost will be evident from the production cost curve for
rolled products (Fig, 5) which does not show a break at
100 000 ton capacity.

Based on the trends of the cost-capacity relationship
curves, without consideration of actua! costs or selling
prices and other special circumstances, the lower limit of
capacity for integrated steelworks under the conditions
assumed and for the processes and products considered in
this study, would be placed at around 100 000 tons per year.
It is at about this capacity that practically all curves,
and particularly those showing total capital cost-capacity
relationship (Fig. 4) and production cost per ton - capacity
relationship (Fig, 5), commence their rapid upward trend.

/EBroduction cost
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Broruction gost camponents

"Cost of Materials", "Cost Above Materials", "Fixed
Charges" and "Totzl Cost" for the four major products - iron,
steel, concast billets ana rolled products - in the five

plant sizes considered are given in Table 7-1, The three

eumperents of production cost expressed as a percentage of
the tot=1 cost are also given in the same tavle, All cost
estinates are based on full utilisation of plant,

Total production cost per ton of product decreases
steadily with increasing plant size, lihile the cost of
rateri:'s per ton of product decre-ses with increasing plant
size, Llic cost of .zterials e:pressed as a percentage of
the total production cost increases with increasing plant
size, Coc* above materials, both in dollers per ton as
well as expressed as a percentage of total cost, decrease
with increasing plant size, These trends are indicative
of the extent of tie economies of scale, Ac regards fimed
charges, although actual values decrease as the plant size
grows, exprassed as a percentage of the tctal cost they
Qo not show the same steadily decrcasing trend, 7This is
because of the addition of coke ovens in Cases III, IV and V
and sinter plant in Cases IV ard V, which are included in
the total plant cost for calculating fixed charges.
Cost_indices

Relative capital and production cost indices for the
four higher plant capacities are given in Table 7-2, with
the 25 00C ton plant taken es 100 index, The plant capital
cost per ton annual capacity drops to less than half as the
pPlant expands from 25 000 to 300 00O tons, Production cost
indices for the final rolled product drop even more. In
deciding plant capacity, these indices suggest that
int egrated plants below 100 000 tons capacity would be at
& considerable disadvantage compared to their larger
competitors within the same area,

/Table 7-1
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Table 7-2

GAPITAL ANND PAGDUCTION OOST INDICES

Case I - Onss II - Oase IIT =  Ouss IV - Case V =
25 000 T/yr 50 000 T/yr 100 000 T/yr 200 000 T/yr 300 000 Tjye

inden of eameily 100 m Yo -] 1200

Saaital eost index per ten
Sraml enpesity

Blast furnase

Steclmels shep
Consast plamt

Melling

Tatal alents

Nomival eagasiy ia terms
of 1iquid steel 2.5 6.1 of 55.5 o/ L AT
In verms of reiled produet 2%.5 6.1 »/ £4e0 b/ vay

Predystien seet Lodex per ten

Ircn (hot metal) 100 8.8 7.6 6%.0 6.0
Liquid steel 100 2.7 66.2 57.1 51.8
Censast billets 100 76.7 66.% 5.l .0
Mlled predusts 100 ol 59.5 89,6 .3

o/ In Osse III, the plant ineludes soke ovens (mem-recovery type) in adcdition ts blast furrass,
steelnelt shop, sonoest plamt and rolling sills; in Cases IV and ¥ the plant includes
sonventional resovery i-pe eoke ovens and also sinter plant. Without thess additionc, the
eapital sost indisss per ton meminal annual eapasity in terms of 1iquid stesl weuld 58 enly
e73, 50,90 and 43.98 for Oases III, IV and V respectively as ecapared $o 100 for Case I.

3/ Vithout coke ovens in Case In,udvlmmmnmlm"phmMMnIVnM',ﬁu

) itai sost indiees per tem anrual eapseity of rellsd preduct would de 63.73, 49,08 and h2. 0%
respestively for Casee I1I, IV and V as compared to 100 for Ouse I.
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Selling prices

Selling prices of sieel materials produced at a
steelworks must be fixed at levels which will give a fair
return on total investment, including interest during
construction, deferred charges, wcrking capital, etec,
Assuning say 10 per cent as return on total investment,
the average selling prices of rolled products produced in

the plants under study would have to be approximately as
given in Table 7-3,

Table 7-3
ESTIMATED SELLING PRICES FCR ROLLED PRODUCTS

Nt ooty brmes ks e il
$/ton $/ton
25 000 A9 283
50 000 163 a2
100 000 130 172
200 000 108 139
300 000 ¥/ i

Prp———

Current United States and United Kingdom export prices
in dollar equivalents are given in Table 7=i;.

/Table 7=k
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Taule T-4
UNTTED STATES AND WNITED KINGDQRI PRICES

- - ——— - - -—

United States United Kingdom

Product export price a/ export price b/
$/ton $/ton
Basic pig iron 62 61
Billets 93 93
Merchant bars 139 115
Wire rods 144 122

a/ Ircn age, 2lst April 1966.
b/ Hetal Bulletin, 5th April 1966,

Comparing the estirated selling prices (Table 7-3)
that would have to be fixed for products rolled in plants
of the sizes considered in this study with selling prices
prevailing in many Latin American countries or with current
United States and United Kingdom export prirces (Table T-4),
it will be evident that integrated steel plants below
about 100 000 tons capacity stand no reasonsble chance of
being able to compete with imported materials without
excessively heavy protective tariffs or with materials
produced within the country in larger plants.

Cogt indices for alternative iron and steslmaking oroceadtd

Taking the capital cost per ton annual capacity and
production cost per ton respectively as 100 for the blast
furnace-LD corverter combination considered in this study,
capital cost and production cost indices per ton annual
capacity and per ton of product respectively for the
four other slternative combinations of iron and steelmaking
processes considered for Case II are given in Table 7-5.

/Table 7-5
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Table 7-5

GAPITAL AND PRODUCTICN COST INDICKES FOR ALTERNATIVE COMBINATIONS
OP IRON AND STEEIMAKING PRCCESSES

(Oass IT - 50 000 ton/year)

PP-LD BP-EAP ESP(FR).RaP  ESP-EAF BAP
Sepitel sost index per %op
ahnuel sepacaty
Iron making 100,0 190.3 o/ 125.0 ¢/ 1139 o/ -
Stoelmeking 1000 87.7 87.7 87.7 .5 ¢/
Continuous cesting 100,0 89.7 b/ 89.7 v/ 89.7 ¥/ 979 o/
Rolling 1000 100.0 100.0 100,0 9.8 o/
Totel piay 190,0 86,4 By &.6 6l
Produstion sost indsx per ton
Iren (hot matal) 100,0 122.2 3/ 1361 o/ 1549 o/ -
ldquid sieel 100,0 89.8 &/ 9.7 ¢ 9.9 &/ 72.3 o
Coneast billets 100,0 .7 93.2 97.9 M)
1ld produsts 100.0 9.7 9.5 98.3 71

8/ Mot matal constitutes enly 50 per sent of the metallic sharge for steslmaking in these three eases.
Oapasity required for iren mking plant ie only about half that required with LD converter
steslmaking. Therefors, sapital cost index per ton annual oapacity of iron an' production eost

index per ton are higher than 100, although the total sapital cost of the iron making plant 1s
lovar,

b/  Lower capital nost as a result of shangsover from two single-strend to one doubls-strend
continuous vasting mashine,

[} Variations duo to diffsrenes in allooations of suxiliary department sosts,

4/  The low sost of § 30 per ton aseumsd for serap vhich constitutes 50 per sent of the metallle
sharge has largely compensatsd for the high cost of hot metal, To some sxtent the lewer eest
19 alss due to lowsr ''eost above" and lower "fixed charges™.

¢/ Tt lew cost of stesl 10 mostly dus to lov cost of serep which constitutes a'most the entire
miallls sharge and to some extent dus to lower "fixned sharges”.

/Por the
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Blast furnace
metal costs

iovest

Arc furnace
steelmaking
best choice
for s=mall

gadacity

For the conditions assumed in this study hot metal
produced in the blast furnace is found to be the cheapest
even for the smallest capacity plant, in spite of somewhat
higher fired charges (see Appendix 6-8) as compared to
electric smelting.

Serap is a scarce commodity not readily available in
large quantities in Latin america and, therefore, steelmaking
in electric arc furnace with 100 per cent scrap charge, or
even with 50 per cent hot metal - 50 per cent scrap charge,
may not be feasible from this view-point, However, several
alternative possibilities with electric arc furnace
steelmaking have been considered as a matter of interest.
The capital cost of a 50 000 ton per year capacity plant
with blast furnace - electric furnace combiiation is only
about 86 per cent of the cost of a plant with blast furnace
and LD converter considered in this study; and the same
capacity plant based on electric arc furnace steelmaking
entirely from scrap charge, without the need for installing
ironmaking capacity, costs only about 65 per cent of the
plant with blast furnace - LD converter, The preduction
costs per ton of steel for the same two alternatives are
89.8 per cent and 72,3 per cent respectively, and production
costs per ton of rolled product are 91,7 per cent and
79.1 per cent respectively, For a small scale plant of
25 000 T/yr or 50 000 T/yr capacity, semi-integrated
operation with steelmaking in electric arc furnace from
100 per cent scrap is obviously the best choice. This
conclusion would be valid even if the scrap price is
somewhat higher than $ 30 per ton, and scme of the scrap
has to be imported,

The economies of arc furnace steelmaking as compared
to LD steelmaking for amall capacities, under the speeific

conditions assumed for this study, arise chiefly from the
following sources:

/(1) lower
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(1) Coke making
(11) Sintering

(111) Iron making
(iv) Steelmaking (1p)
(v) Continuous casting, and
(vi) Rolling,
Capital costs of auxiliary departments are estimated
in Appendices >~T to 5-13. The total capital cost is given
in Appendix 5-14 and sumarised in Table 5-2,

Table 5-2
SUMMARY OF CAPITAL COST

Case I Case II Case ITI Case IV  Case V
25 000 50 000 100 000  2CC 000 300 000
T/yr T/yr T/yr T/rr T/yr
'000 $§ 1000 $ 1000 $ 1CO0 § 1000 $

Production departmonts
Coke ovens - - 1 070 3 180 4 152
Sinter plant - - - 1 329 1n?
Blast furnaces 2 652 4 255 6 659 10 442 13789
Steelmelt shop 1 910 2 861 L 879 7 226 8 901
Concast plant 761 1 033 1 860 3 519 4 12,
Relling mit1s 2 262 3 338 7172 11 92 16 553
2ubl total 1375 1n.u7 A.60 3767 42.83%
: Separtnents
Plent laborztory 123 133 U2 2 308
Pocer system 575 990 140 1779 1 957
babter systenm 676 118 1 955 3 o028 401l
Uilitiss 612 906 1330 176 29
Works iransport 457 658 1010 1,88 2 002
Repair and maint, shops 35 1 201 1652 2345 2 810
Miscellaneous buildings,
faci’ities and storages 374 509 72 102 128
bt 152 S5 82 Ll oy
Totay 12 17032 29 882 W 308 64 5N

- o 2 o

/For estimating
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(1) Lower investment on smaller capacity ironmaking
plant with 50 per cent hot metal - 50 per cent
scrap charge, and camplete elimination of
ironmaking with 100 per cent scrap charge,

(11) Lower investment on arc furnace steelmaking plant
&s ocompared to LD converter plant with small
converters of less than 10 tons capacity.

(41) Lower cost of metallic charge, if scrap is
available at less than $ 4O per ton,

(iv) lower fixed charges and lower operating costs for
cort inuous casting eight to ten arc furnace heats
in one double strand continuous casting machine
&s againgt thirty to thirty-five very small 1D

heats in two single strand continuous casting
machines,

Eroductivity and investment

In Latin America, as in other develoring countries,
skilled labour and trained technical personnel are not
readily available, Operational and technicsl skills have
to be acquired through "on the job' training, Urder these
conditions the tendency is to employ too many men in the
beginning, who later become surplus, but whose services
cannot be dispensed with due to restrictive labour union
Practices or welfare labour legislation. In the cases
under study, preliminary manpower estimates are based on
operational requirements, without provisisn for extra
labour in the initial phase.

Productivity expressed in tons of liquid steel per
man-year and capital investment in thousands of dollars
Per person employed are given in Table 7-6 and shown in
relation to plant capacity in Fig, 6,

/Table 7=4
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Table 7-6
PRODUCTIVITY AND CAPITAL INVESTMENT

Production Canital investmemnt
Flant capacity Tons/man-yecar 100C $ per worker

25 000 26 11.7
50 000 45 15,2
100 000 P! A.2
200 GO0 105 26,0
300 C00 139 31,0

Capital investment per person employed increases
nearly threeiold with increasing plant capacity, from
$ 11 700 to $ 31 000, Productivity shows even more rapid
increase, over fivefold, from 26 tons per man-year to
139 tons per man-year,
Lost structure

The production cost structure for the plant sizes
under study is given in Table 7-7.

Table 7-7
COST STRUCTURE FOR STEEL PRODUCTION

Percentage of tc.al cost

Case I Case II Case III Case IV

Raw materials 20 26 3 n
Power and fuel L N 5 5

Wages and
salaries 4l 33 7 2

All others 35 37 37 36
lgtal 0 10 00 100




Wages and

salarles

Capital/output
ratle
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The proportion of the cost of "raw materials" to the
total cost increases from 20 per cent in Case 1 to L1 per
cent in Case V, while the proportion of "wages and salaries"
decreases from 41 per cent in Case I to 19 per cent in
Case V, These variations with plant capacities are shown
in Fig, 7. "Power and fuel costs" and "other costs" do not
show marked variation,

Labour cost amounting to $ 1,50 per man/hour assumed
for this study is more than double the labour cost in India
but less than half that in United States. The decrease in
the proportion of wages and salaries to total cost from
L1 per cent in Case I to 19 per cent in Case V is the result
of over fivefold increase in productivity, Low productivity
and the consequent high proportion of wages and salaries
are mainly the result cf extending integration to very
small scale operations,

\iages are bound to increase with rising standards
of living. 1In a basic industry such as steel, the effect
of rising wages on production costs has to be effectively
countered by increased productivity, by adoption of improved
processes and through economies of scale, Otherwise, the
result of increasing wages will not be rising living
standards but rising costs,

Viithin certain limitations depending on type of
industry, tax rates, etc., the ratio of capital investment
to gross sales value of annual output serves ae an indicator
of the effectiveness of i.vestment, Assuming an average
selling price of $ 150 per ton of rolled product, capital/
output ratios for the five cases under study are given in
Table 7-8,

/Table 7-8
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Nodean

Table 7=-E

RATIO OF CAPITAL INVESTIENT TO VALUE
OF ANNUAL OUTPUT

(WLWJ)@_VM
in sillion dollars

Case I Case II Case III Case IV Case V

Total plant

capital cost 11,138/ 17.03a/ 2v.88 L9.36 64,59
Gross sales

value b/ 3.30 6,59 13,40 21,01 40,62
Capital/output

ratio 1:0,30 1:0039  UiQeks  L:Qa95 10,63

&/ Cases I and IT do not include coke ovens and sinter plant.
Capital output ratios would be even more disadvantageous
if these facilities were provided,

b/ Average selling price taken at US$ 150 per ton,

The low capital/output ratios for Cases I and II
present an untavourable picture,

The production processes adopted in all five cases
under study are based on the most economic, efficient and
modern techniques suited to the quality of raw materials
assumed vigz, blast furnace operation with oil injection,
high blcst tempcrature and prepared burden, LD steelmaking
and continuous casting. The raw materials considered are
of high quality - iron ore with 65 per cent Fe, coke with
8 per cent ash and 90 per cent FC and limestone with
52 per cent CaO and 5 per cent insolubles. It is because
of these circumstances that the capital investment required
for the 300 000 ton plant is only US$ 215 per ton annual
capacity (in terms of liquid steel) which compares favourably
with the investment figures of approximately the same order
for recently built large integrated steel plants of 1.5 to
2,0 million tons capacity using conventional facilities,

/The capital




Integration
un-economic
for very small

capacities

Possible
alternatives

Separation of
rolling
facilities
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The capital investment rises rapidly from $ 215 to
$ 340 and $ 445 per ton annual capacity and production cost
per ton of merchant products rises equally rapidly from
$ 97 for the 300 000 ton plart to $ 163 and H 219 per ton
for 50 000 ton plant and 25 000 ton piant respectively,
This trend clearly indicates that even with efficient
technology and high quality raw materials, integratcd
operations including ironmaking cease to be economic at
snall capacities,

For plants of annual production capacity below
100 00O tons seni-integration with steelmaking in electric
arc furnace would prove economic if regular supplies of
scrap at about $ 30 per ton could be ensured,

Another alternative that could be considered is to
separate rolling from steeimaking, In the interests of
stimulating regional economic and industrial development
within a large country, rolling mills can be set up in
various parts of the coutry, each mill specialising in
the production of a few items which would find a ready
market in the region, The semis for these mills - billets,
blooms and slabs - could be supplied from medium to large
integrated steel plants having capacities of 300 000 tons
or more, located in areas which have a strong raw materials
base or at locations which would ensure minimum over-all
costs fcr raw materials and other supply and service
facilities, Satellite mills could also be set up in the
same area, Practically all steel materials other than hot
rolled flat products could be econonically produced in
this manner in mills of amall to medium capacity,

The concept of confining steel and semis production
to medium and large integrated steel plants, and rolling
the semis into finished products in mills of varying
oapacities set up in widely dispersed areas to suit the

/market demands
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market demands of those areas, can be extended, particularly
in the case of small countries, to encompass several
adjacently located countries in the region taken together,
if decided advantages in terus of raw materials, economic
resources, transport facilities and enlarged markets offer
greater scope for exploiting economies of scale, The

concept is feasible only if trade and political barriers
do not stand in the way,
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Appendiz 3-1

CAPITAL COST ESTIYATL POR OOKE PLANT HAVING COAL CARBONISATION CAPACITY OF
186 000 TONS PER EAR WITH AND WITHOUT AMMONIUM SULPHATE AND BENZOL RECOVIXY

(Thousands of §)
Case V Case Voi
(vitheut Amenium (vith Amenium
Sulphate and Benzel Sulpiate and
resovery) Bensol resovery)

A Civil end pevetrel
1. Civil werks:
Poundations, masonry and .\CC works
for equipment and niseellaneous huilding 723 8%
2 Struetural steslworis:
Strustural work inolesladding and
glazing for building as srected

& 2

Bub-total

Be sleo L]
1o Ceul presessing equipnent inele
equipment fer soal handling,
srushing, blending sto, 132 %
2o Coke svens inslerefrastories,
serviee mashine eto, 18 1180
3. Coke handling equipment 13 125
4, Gas eondensation plant insle gas
oselers, ecndensers, sxhausters ots, 160 160
S« Ny-preduet plant inslebenzol plant,
ammenis plant ets, - m
6o Instruments and eleotrieal equipmens,
slestrieal distridution and fittings
inside the plant, building utilities ete, 25  + ]
7+ Equipment erestion 59 730
up-totel 1% Lo
, Spares 2t 55 of equipnent eest o 10k
Pk Preight, clearance and insurenes
Y charges m 208 equipment end
: spares eest
Sub-tetal
A Omtingmetesnt 55
Design, erginsering, mpervisim

of omatrustion and elient’s
asdsiaistration % 76

s
e s

G s
§




E/N,12/764
Page 127

‘uttonpesd ayio. dnes® eyy ug peputwmy
OI% SPOJ SJIa L(uc *MITPOId IV GITA SIQNI PUV GIOTINES JYPET PUS SJUq GITA PepNIeu] Sav eeqny SENTEOSS YL, T sierpead Jene % pwe g/
ov syemposd v 03 s30BuT Wou) PIOTA M NPy ‘UOTIVITOT-Xowq £q POUTIQE ee3s POUSTIT] Jo oBwmioy “euoy 3 oM sueTeATRLS W] 6aea seaniyy
SSOTIOIXY OTOJEN0D P SOLIUNIY £ WIIINIPIS Op OJTETINNIG O3NG IIGUT PUR 0280y (9P £ Oddefy TeP GUDS IR TIW] OIMITII] WOL) BIW TWOTIsTINgg \
‘sNdodey Lnspuy T9035 PU 308A3QY TVTISTINMS WO “sdwes jusmbesqns aqg ‘H61 ‘xo TISRSIS 4510 WOy IG6T 493 vywp wegpuy 5
09T Frv 9T ‘41 FHGWOU TR TISTIVIS 4510 Wy weder a0; vyeg A
TOIMITIMT T003S PUY UOS] UBSTMEY U3 AR peusTId TFET THA0IGY TSSTISTVERS TSTERIY ouy wouy wywp yyr, /e

0001 ¥T§ 000T 05 € O00GOT &M T 00T 9WE T 00OT ok ol 6’00t 0% ¢ oot 00z &% aﬂi

6°0T 104 L9C4 SR 11 T I 4 9%t 47 6 6T gt N9t 606 $°9T  OQZOT (' O CT syenpeud s

O ZUNT EC TWIT 41 0T 9 Imy 9°Th Wy '™ 602 (95 6 S 0l it menpead ey

9°%6€ WS T #%€ WET ooy o0 T E%C 6Ty P g€ T oa 1l €°T 0STIT 9%z o612t smeryess
Wit pwe ey °2
g°ot 069 L°HT 61§ 9z w9 0°sZ  §2E L€t St o°s,t vy 6% oks § t 309 oty meeee
L&vey pue 17wy °T
I I e e ST e - e - N
uwﬁ-!-wé .....m..!-rxﬁ n....&-!.cwiﬁ Mﬂm-}p “ﬂo} F}w} un-}
096t %6t t 733

e imEy unyey 2 wwuy /N wedne onws PImg

VOTWENY NILV] GNV VIGNI "MV4VP VIR NI SII0008d AR NOIIERE00 WIS
€ Zowddy




BuTIEY SASRE O] SBY SOBLI] ISUIQ 0N WPTN 8!!39.-!u5!3.8!§88\«
“Maguwess o ssTe NI 1[I0 20 opum uesiacud (O e Pesn wud sowiany jevig A4
*ovswe [[v Ul pesn [i0 ooy /¥
‘dogs JuTISwe PROTITIUCO UTI SIPTTIQ JO Mupyme
Qeaes puUR JTIVeY QS TPURI PUG STPET 495 Peon oul B UOTITPPY UT 4 PUB 47 SSeus Ul peen sul UWSAs enes puu € pwe T €T sesws uj pesn Tio Teryg ¥
‘®ny ss pesn el ueas wyop K

*doys BuTISee ENGrITINs Ul L(uS poep  “WRey/TeeY 069 JZ - vl W Tealed peryTwbiT JO entua eLjidorey B
*pepnisut 30u S UCTISE[U] SGSUR; 3SUTQ S0J TI® JO safea ywey “My /{90y 000 OT = TV® J© enTea sidervy S5
‘s3mmsIinbes
SuTivey meac exoe Rujjesm S v ‘snyding se sTUITEAY 5] pervasuel s0f Was ex0e ;O gOC INeqy .’l\n'u 007 & = o9 jo enTwa 031207V \m

‘yase
~satnbsa Buljeey saoys Butisen xe3Je ‘surdine se e IqUITRA® ST Pegwseusd sed eowasn] 18e1q JO 09 INeqQy nl'l\dl!. 006 - 8 30 enTea 91)IOTH) )

L3 T 9% € L' 94T ( €0t 0ZE # 10 w9 90°0 \mt'ao.ﬂ

000 It THTl3 TP ST WoE Wy tht w0 01 Rt TWE 0T ™=

009 It 05°T oong 00°t 00Z 4  0§°0 00t Z 62 00/, T 02% 0800 puv musmsd fnbea Jouty */
05T {92 €4°TE 0€n 96T TI°€2 066 (01 0/°21 000 /S SH*L 009 of 9°€ /A sastiog °9
000 0S™ 00°6Z 000 90T §§°gT 000 §§ 00°TT 000 6Z 09°S 000 §T  0°¢ . /B seowumy TiTi JarTIOM °S
000 0€  g#°t 000 S 06°Z 000 ST #(°t 000 6 #o°1l 000 § 9°0 /3 dems Surisvo emormuyiucy 4
000 0f gh°€ 000 §Z 06°Z 000 1 #("1 000 6 Wz 000 § 90 \w doys Bupiremreess °f
00§ 61 @Z°0 000 €T  Z5°t 0059 9% 962 € g0 $29 1 z°0 /3 mim eury g
05, % €0 SEg T w0 137 N ™ Tw T U /8 saetd eourg °g

ToTAeecilY 900

Wo 09 06, TWsoiq BB Wow [nd olgtit go91 &Te K ™y
. S8z %0 %9z €0 oz 6€2% 00 2 - /B voswyeand ‘oud oy °y
000 90T SS°gt #9098 TUB°HT 066 [h 92°9 - possgeand ‘rye Tevg °C
€ég t¢ oOT°01 4 141 14| i 13| €690 ongdme mP ueas exop °g
€66 9TT P6°9 9TH 6IT €T°HAT OH €9 HS°L T T~ 92 1 /B oapdams ‘oud® eowary 3ew1g °1
T{®Treay 3905

Joe £ anog ek anoy s £ oy ook oy (sore oad l’

Al %) II1 oew; 11 eowp 1 emey

oTIRINNY
(Teey uoryitm) °‘uorydmmmuo) ﬁo:\te«czloo ey -hz e3j100dg

I0UVIVE TR04 Y4
T~ XTpueddy




E/N.12/764
Page 102

For estimating the investment on production facilities
per ton annual capacity of procuct, the total cost of
auxiliary departments has been allocated to production
departments on the basis of relative utilisation of
facilities, as follows:

Table 5-3

DISTRIBUTION OF AUXILIARY DEPARTMENTS CAPITAL COSTS ANONG

PRODUCTIVE DEPARTMENT'S

Coke ovens
Sinter plant
Blast furnaces
Steelrelt shop
Concast plant
Rolling mills

Total

Case I Case II Case 1I1 Case IV Case V

_ % 4 % '
- - 10 10
T > 3w %
18 18 15 14 1
2, 2, 22 20 20
L, 1, 1 10 10
bl Ly 43 40 40

A0 400 plss] 9 100

Electric
smclting of
es

- avemun

For Case II, the 50 000 tons per year plant, four
alternative combinations of iron ard stee’naking processes
in addition to the one under study have been considered.

1. Hast Furnace - LD converter (case studied in

this report)

2, Blast Furnace - Electric Arc Furnace

3. Electric smelting (with pre-reduction) - Electric

Arc Furnace

4o Electric Suelting (without pre-reduction) - Electric
Arc Furnace
5. Electric Arc Furnace only (no iron making ).
Capital cost estimates of procuction and suxiliary
departaents for all the alternatives are presented in

Appendix 5-16. Canital costs of production facilities
including allocations for auxiliary departments and costs

per ton of annual capacity are given in Appendix 5-17 and
summarised in Table 5-4,

/Table 5-4
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LIST CF EQUIPLENT PR THE REPAIR AND MAINTENANCE SHOPs

1. Poundry
Medius frequenay orueible inducstion
furnmos for iren melting o/

Uit eeil induction erucible furnace
for non-ferreus selting b/

Sand plant

Moulding machines

Type
Table size
Pattern making machines

2o Mpshine Shop
Rydraulic press, 500 t
lathes, 1 000 x 5 000 mm
lathes, 1000 x 9 000 ema
Vertieal lathe, 1 200 am
Horizental borinz, 75 mm spindle
Openside planer 900 x 3 000 mm
Shapers, 600 end 900 um
Slotting machine
M1ling machine, 1 600 x 0 rm
Radial arill, 50 m
Portable redial dril}
Pillar and benoh drills
Surfase grinder, 300 x 1 200 sm
Vertical spindle grinder 400 x 1 500 am
Cutter, saw blade and sarbide
tipped tool grinder
Heat treatment furnaces

3¢ Foree shop
Pnoumatie hasmers
b § 1
Ouillotine shear, 10 mm
Universal puneh and shear
Plate bending rolls, 20 x 2 000 mm

Velding equipment (slestrie and gas)
Radial drill, 50 am

5e¢ looo bile h
[ d re sh
Pusl injeotion test benoh
Fydraulio 11£¢, 5T and 8 7
Hydreulie prees, 25 ¢
Drill
lathe, 300 x 3 000

Pipe bending and thresding mashine
Wcodworking machine

Unit Case I Case II Cage II1 Cease IV Case V
kg 750 750 750 1 500 3 000
Ke - 25 50 100 100
t/r 1 3 3 b 5
Noss 1 2 2 2 2

Jelt Jolt¢ Jolt

Mnual Manual  squesze 2quUeeze  squeezs

- 6500450 650450 650400 900x600  900x500
”Ol. - - - 2 2
iloa, - 1 1 1 1
Hos, 3 § 4 10 -
Nos, - - - - 10
Nos, 1 1 1 1 1
Nos, - - - - 1
Nos, 1 1 1 1 1l
Nos, 1 ? 2 2 3
Ne, 1 1 1 1 1
No, 1 1 1 1 1
Noo - - - - 1

No, - 1 1 1 1
Neso 2 3 3 3 4
hc 1 1 1 - -
Koo - - - 1 1
Nes, 2 3 3 3 3
Nes, 1 2 2 2
Noo, K¢ 150 150 1100 1300 1500
Nes, - - - 1 1
Nos, - - - 1 1
Hemo - - - 1 1
Ness 2 2 3 4 b
Noao - - - 1 b}
Ne, - 1 }§ 1 1
Nos, - 1 1 2 |
Noo - 1 1 1 1
Nes, - 1 1 1 ]
Neo - - - * 1
Kooy b | 2 b ) 3 4
Nos, 1 2 ] 2 |
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LIST OF EQUIPMENT... (Qm.lud.d)

Unit Case I Oase II Case III Case IV Case V

7+ Beetrieal repair shop
Universal ooil winding maehine
Infre~red heating
Yasum impregnating, varnishing
and drying oven
)0 tests sets and eontrols
Censtant potential 1D sets and eentrols
Hydraulie press, 60 T
lathe, 250 x 2 500 m
Shaper, 600 =m
Mlling sashine, 600 x 355 =
Portable wood saving mshine

8. Srapes
37210 000 == span

37 x 21 000 ms span
§ Tz 10 000 =m span
§Tx 21 000 am span
10 7 x 18 000 wm span
10 72 21 000 =m span
Total Cranes

9 Total area, R and N Shep Complex, apprex, N ]

[
”

[
&z
& -
o

PO PO DS Bs Bt pb B B
B g B P beb B B0
Bo B0 Db Db po Bh P Po
PO B B e B B P
a0t DS Bt PO Bs B0 B

1
)

530 (60

gultwlll
gnulaoan
w i =l =l e

-~

[
“w
§nl.n!ll

o/ ™is squipment 1s based m 360, 600, 600, 1 000 and 1 500 tens/year of CI enstings, and 750, 750, 750,
1 500 and 3 000 kg maximm ‘as sast’ weight of individual sasting for Oases I %0 V respestively,

)/ Tis squipnent is based an 25, 50, 100 and 100 tens/year of nem-ferrous sastings, and 25, 50, 100 and
100 kg maxioum ‘as east' weight of individual easting for Cases II %o V respostively.
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Appendix 5.1
CAPITAL COST ESTLATE FOR COKE PLANT y
Case III Cage IV Case V
100 000 7/ 200 000 T/yr 300 000 T/yr
(theusands of ) (thousands of %)  (theusands of ')
Ao
1. Civil Werks:
Poundations, maonry and ROC
works for equipment and misee-
llanecus buildings 188 556 729
2, Strustural Steelworks;
Strustural work inoluding
tladding and glasing for building
a8 ersoted 1] 204 262
Sub-tol P 260 %
B el ieal

1¢ Ceal prosessing squipment including

squipment for seal handling, erushing,

blending ete, 74 15 232
2, Coks evens tml.ontuotoun, oven

servieing maehines ote, 252 918 1148
Jo Ceke handling equipment 88 8 125
4, Gas eendemsation plant inelegns
soolers, eondensers, exhaustere ots, - 118 160
5o Instruments and oleetrical osquipment,
elestriel distributien and fittings
inside the plant, building utilities ete, 1 ] 2%
6o Kquipment erection 152 L 1 59
Pt » 17% Lk
Spares at %% of oquipment eest 22 (<] s
Preight, elearence and insurense
sharges at 208 of squipment and
pares sost n m »3
Sub-teta) % L9% pFid
Centingeneses at 9% "] . Y 105
Design, mngineering, suervisien
of eenstruetion and slintly
sainistration at 7% (] 199 260
ol 190 3% Lin

o/ Dsin e tadle 3=5 ~ Ooks Mant Metlities,




E/CN,12/764
Page 132

Appendix 5-2
GAPITAL COST ESTIMATE POR SINTER PLAN? Y

Cass IV Cane V

200 000 T/yr 300 000 T/yr
(thousands of $) (thousands of $)

Ao Civil snd gggotwd
1o Civil Woris:

Foundations, masonry and RCC works for
squipment and uiseellaneous buildings

2, Struotural Steelworks:
Strustural work inols cladding and glazing
for building ae ersoted

Sub=total

B¢ Machanical and electrical equipment
1. Mterisl handling and blending
equipnent inol.vibratory soreen oonveyer
2. lischanieal equipment
3, Electrioal equipment
4, Dedusting equipment
5s Equipmont ersotion
Sub-total

Spares st 5% of equipaent cost

Preight, olesrancs and insursncs

oharges at 20% of equipment and spares sost
Sub=total

82
3%
b

bo
140
[l A
b
1
118

Oontingenciss at 5%

Design, enginesring, supervision of
oonstruotion and olient!s
adainistration st 7%

Iote)

b <
~8

k -

g/ Dests: See Table 3-6 ~ Mjor Fesilities for Sinter Pant,
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Appendix 5-3
CAPITAL COST ESTIMATE POR BLAST FURNACE PLANT sy

(Theugands of ¥)

Case I Case IX Case IIl Case IV

Case V
25 000 50 000 100 000 200 000 300 000
tyr Uy t/yr T/yr thyr
A Civil and strvetigel
le Oivil Works:
Poundations, msonry and ROC
worlks for equipmsnt and misee
1lanecus buildings 190 230 91 503 o
2¢ Struotural Steelworks:
Struotural work inel.oladding
and glazing for building as sreoted 90 140 270 7 5%
Sub-total 280 Xo 661 920 11
Bs Mechaniosl and eleotricel guipaent
le Rav mterial handling 158 280 N0 (< T,] 750
2, Stockhouse and charging equipment %0 1o 320 620 680
3¢ Blast furnace inclerefrectories
and ocaethouse equipment 4o 680 990 1 36 1
4o Hot blast stoves inclerefractories %50 510 660 910 1 208
5. Oas oleaning plant 130 230 330 54 786
6s Cold blast eupply 105 180 250 o 665
7« Pig casting mechine, ladle repair
shop and relling stock 90 160 320 620 798
8¢ Ieotrical equipment inel,ZOT erenss [ ] 150 300 580 1052
9¢ Building utilitiee and miscellanecus
squipment 25 50 %0 150 165
10, BEquipment ereotion 260 430 660 1 030 1 bod
ISR izle zflo  hge g8 gum
Sparesat 56 of squipment oost 7 119 184 293 s
Preight, olearance and insuranes
sharges &t 20% of equipment and
spares ooet 085 500 m 1209 148
\ ub-totel 18 m i m oum
| Oentingenoiesnt 56 18 1%0 /4 héé (4T4
% Design, engineering, supsrvision
| of sanstruction and olientt's
1 sdministration at 7% 166 266 ¢ 683 86
Jotal 16 Y S Mg 020

' % Msis: See Table 39 « Iren making plant facilities,
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Appendix Sl
CAPITAL COST LSTLATE POR STEELIELT SHOP '
(INCLe CIYGE! PIANT AND CALCINIMG PLANT)
(Thousands of S)
Case I Care IT Case III Casse IV OCase V
2% 000 £0 200 100 000 200 000 900 000
T/ /ye yr TAr T/yr
Ae Givi} apd structural i

1s Civil works - Foundations, |
msonry and RCC works for |
equipment and niecellansous
buildings 206 236 3% sé2 701
2, Structural steelworis -
Struotural work inel.oladding,

glasing for building as srected 320 423 ” 109 1 %0
Sub-total 526 (3] 111 1 602 2 o
3. Meshanieel end eleetrical squipment
1, Hot metal mixer inelerefrectories 131 1 24k 383 383
2¢ LD Converters inel.lances
and refraotories 32 69 128 229 296

3¢ Plant and procese auxiliaries sush
a8 sorep boxes, ladles, slag pots,

transfer oare ote, 48 103 192 ) s

o Oas cleaning plant: Serubbers,
duoting eto. 70 100 150 200 275
S, Eleotrisl equipment S | 16 29 7 56
6o [EOT eranes 265 ho8 456 791 /2]
7¢ Ogygen plant 175 3% 90C 11% 1 hoo
8, Oaleining plant 20 90 146 212 3%
9¢ Building utilities inelelighting 1 17 25 n W
10, Ifsosllanecus equipment 15 2 k4 60 7
11, Equipment erection 126 201 339 814 (444
nb-total % o1 286 3
* Spares et 5% of equipmnt eost 42 ] us 172 210

4 Preight, olearance and. insurence
sharges &t 206 of equipment and

o spares soet 176 262 L 723 880

U, Sub-tetal 1 706 2 554 b 56 6 w1 7 38

Contingmetos o 5% 8 28 om0 m  owm

g Design, engineering, supsrvieien of

13'; sonstruestion and elient’s adainis-

ok trationat 7% 119 179 ) ] use 556

Ay

'L,m% .
: Total 1910 2 861 4 & 7 né 8

o/ Dasist Ses tabdle 3-11 - Majer equipment farilitios for LD steslmaking,
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Appendix 5.5
CAPITAL COBT ESTIMATE FOR CONTINUOUS CASTING PLANT L

(Thousands of g)

Case I Case II  Case III Case IV Case V
25 000 50 000 100 000 200 000 300 000

Y thr Yer e tr
' 1
1, Civil Verks:
Fewmdations, wasonry and RCC
wverke for equipment and butldings 20 /] 92 215 ns
2o Strusturel Steslwerks:
Strusturel work including
eladding and glazing for
buildings as erected 50 /] 163 hoz2 L 72}
sub-total L T Y
B Meshanise) and slestriosl equipment
1. Continuous easting machines
ineluding out off equipment,
dissharge roller tables, cooling
banks eto. 400 5% 950 1 6% 2 200
2+ EOT orane 20 25 52 104 1%0
3+ Building utilities imel.lighting 1 18 20 59 83
4¢ Equipment erection b6 (] 108 209 268
Sub-total /7] 28 Ly 1 270
Spares at 5% of equipment ¢ost n 29 52 ” 122
Preight, elearence and insuranse
sharges at 205 of equipsent sost n n 217 » s
Sub-total & b} 1 661 R b n8
Omtingeneies at 9 [ ] N (] w m
Design, engineering, supervisin
of emstrustion and slimntly
aduintistration at 7% W (] 116 no ) )
bl L 1 1% oy Mo

&/ Msiss See hable 304 - Camtiomeus Casting Musilittes,
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Appendix 5-6
CAPITAL COST ESTIIUYE FOR ROLLING MILLS y
(Thousands of £)
Case 1 Case II Case 1IX Case IV Case V
25 0op 50 000 100 000 200 000 300 000
T/ T/ hr T/ T/r
Ae
1, 0ivil vorks:
Poandations, masonry and RCC
works for squipment and nisce=
1lansous buildings 203 900 538 1029 1%
2o Strustural steelworks:
Strutural work inel,
eladding and glasing for
building as erested 302 w3 m 1 6% 2 o5
sub-total 5% 1w 16
B. Meshenjesl and sleetricel syijment
l¢ Reheating furnace 72 120 208 466 629
2, i1l housings and meshanical
equipmsat 684 1012 209 3 1% & W60
3. Hill eleetrical equipment 230 04 1085 1 700 2 60
4o ZOT eranes 26 26 1% 8 221
Se Other handling facilities 10 0 13 4y 81
6o Milding utilities imele
lighting 15 20 29 » 43
7« Roll turning shep & 110 123 213 255
8, Misesllanecus 13 21 30 ks 5}
9. Equipsent erestion m 162 L /4 58 ()7 )
Sub-total 1225 1 ZEE 4 oo % ,__1_2
Spares A 96 of equipmnt sost 56 [} 164 299 Wy
Preight, slearance and insuranes
sharges ot 204 of equipsmnt and
;?\,’; spares cost 29 M ™m 119 1 760
Bub-total 2 020 25% € hov ook 7
? Contingeneies »t % 101 7] 320 (3 79
i% Design, engineering, supsrvision “
%}! of smstruetion and elimnt's
£ adninistration n477 10 209 Wad o] 1 095
i
# Iowl 2 262 3 38 7 172 u m 16 553
il

o/ Msisr See Bill feellities as detailed in cupler 3

s i )

v e s

L
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Appendix 5.7
CAPITAL COST ESTLHATE POR PLANT LABORATORY
(Theusands of £
Case I Case II Case III Case IV Case V
25 000 50 000 100 000 200 000 300 000
t/rr e tyr tr 7%
' Civil werlcs:
Fondations, meserwy, ACC werks
for squipment and miscellansous
buildings and fumniture 43,5 46.8 §2,0 635 6.0
Be electrical t
1. Ohemical hb.l‘tﬂ" squipment 20,0 20,0 20,0 80,0 90,0
2s Ibtallurgical laboretory equipment 15,0 17.0 17,0 26,2 n.0
3+ Inspection equirment 2.0 2.5 3.0 7.0 7.0
Y Eleotrical (inel.erection) 5¢5 6.0 646 8.8 99
5¢ Depteutilities (water, ns,
ooup » m‘) 540 55 6.0 8.0 9.0
6s Illseellanecus items §s0 54 59 7.8 8.8
7+ Rquipment ersstion 0.5 046 0s7 2,5 3.0
Sub-total 5340 5740 5942 139.3 158,7
Spares at 5: of equipment cest 2.6 2.8 249 e 78
Ossan freight, elearanee and
insurance charges at 205 of equipnent
and spares ocost 11,0 11,8 123 28,7 .7
Sub-totel 110,1 18,4 126,4 2l 8.2
Contingencies ot 55 55 549 63 12.2 13.8

Design, sngineering, supervisim
of samstruction and slient's

Mi.hﬁﬂ ® 7’ 7'7 8;’ 8.0 1701 l,.’
Totel 12%.3 1326 10,5 937 08,3
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Appendix 5-8
CAPITAL COST ESTIMATE AR CLECTRIC POIR SYSTRM

(Shouserids of §)

. gxid

Civil werks:

Poundntims, mesonwry, RCC weria
for equipnmt and aissellanecus
ildings

S. Mpshanies) and eleetrieal equipment

1.

2
3
LN

Elestris povir distribution
and emergney pover supply 3/
Plant ssmmnication

Read, perisster and yard
lighting

Equipnmt wrestion

Sub-tote]

Spares ot Wef oquipment cest
Preight, slesranss and insurense
oharges ot 005 of equipment and
spares sont

Sudb-total
Oentingmoies at 5%
Design, mginesring, supervisien

of emptruetion and viient's
adninistration a$ 7%

sl

Case 1
25 000
L

Case 11
$0 000
yr

Case 111
100 000

yr

g£l8 e 2B s 3%

¥ =

"
L

vl 8z 8
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Padle 5.4

m:.mummmmmmormmm
mmrmmmnlmmum

(%as2 I - 50 000 vonfyear)
[TT) -  kpm) . mr _BP . mr “w
Bopartuent Toal 8/ Gt/ Total g/ Cost/ Teval W oot/ Tetal o/ cess/ Temal o/ Goor/

ot T Teemy e Wy Tty e oy P

Steelunking Yt 88 s6n 9 3 735 sen ns “@ n
Cemtirueus sasting 18000 9.7 160 338 160 338 160 3.8 1% %
Relling ST 14 s 14 578 1 598 13,4 5650 18,8
Towl Zm e 220 pLE 3] PLE Y L_ok¢
Zotal eapitel sors
Nr tan 1
1n torm of 1qee ., 90,6 9.4 w1 1. .y
Por ton of relled predues 307.4 N0 326.5 . 292.2

¥ Ineludes Mnfortduww.

/6. PRODUCTION




E/CN.12/764,

Page 139
Appendix 5-9
CAPITAL COST ESTIMATE POR WATER SUPPLY SYSTEM
(Thousands of §)
Case 1 Case II Case IIX Case Iv Case V
25 000 50 000 100 000 200 000 300 000
T tyr Yyr /e Ve
Ae Sivid
Civil works - Peundations,
moewy and RCC works fer
oquipment and miscellansous
buildings 29 250 600 960 1243
3. d sleetrical ecui
le later treatment plant ” o ” L] 192
2, Pumps and aneillaries 116 204 %0 Sho 704
3. Ceeling towver and auxiliaries ] L) 236 96 468
4e Piping 9 51 ] m 170
5S¢ Iquipment erection 6 110 1% 251 [ )
Sub-total b 53 )] 1 48¢ 3_22
Speres & 53 of equipnent ecest 1) 22 % (] 78
Preight, clearsnse and insuranse
sharges &t 200 of equipment and
spares eost 4 o 158 251 né
ST ] 1 im 172
Cantingeneies ot 5% 0 51 8 l_’ b vh )

Design, engineering, supervisiem
of emstrustion and elimnt's

sdainistration ot 7% L] 7 121 19 m
Dol ¢ 1w 13% 208 ta
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Appendix 5-10
CAPITAL COST ESTIIATE POR UTILITIES

(Thousands of §)

Cane I Case II Case III
25 000 50 000 100 000
trr Thr tyr

Ao

1, Oivil worke:
Poundations, masonry and RCC
werks for equipamnt and misee-
llaneous buildings

2, Strustural steelworks:
Strustural work ineluding
oladding and glasing for
building as erested

Sub-total

. Moshgnjeel and elcotricsl squipment
le Alr sompressors and auxiliary

equipment:
3 « Alr sompressor stations eash
with one electrio driven compressor
and 2 mebile sompressors

Mael ol pumping equipment and

storege tanks:
3 « Unleading pumps, 2 ~ oirsulat.
ing pumps, 2 - stean o1l heaters,
1 = main storage tank, 1 - storege
tank for blast furnace o1l injestion

Beilers and auxiliaries:
2 - wmter tube pacinge stean
boeilers, feed wmter treatment
plant, piping ete.

Yerd piping, building utilitiss

and misesllaneocus

Bguipment erection

Suyb-tote]

Spares ot 55 of equipment cost
Preight, e¢learencs and insurence
sharges st 208 of eost of equipment
snd spares

Sub-total
Centingenoles &t 55
Design, sugineering, supervision

of sonstrustion and elimt's
adninistration ot 79

Total
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Appendix 5.11
CAPITAL COST ESTLIATE PR VORKS TRANSPORT
(o rsands of $)
Cage I Casze I Case III Cage IV Case V
25 500 50 009 100 000 200 000 300 000
750 yr T/yr yr e

4 Svil
le Civil verks « Pomdations,
magonry and RCC works for
Squipnent and aiseellaneous
building, ell roads within
the plant boundary, roed
bridges eto. 3] 59 66 ] 104
2 Ruilwy trecks - all traes,
points and erossings eto.

vithin the plant boundary 103 112 160 208 256
Sub-totl 13 m 126 m o0
Bo leghanteal and_.leotriea) equippent
1, Ralltng steek: locomotives, wagons 70 i sko 520 es
2¢ Trucisr road trucks, rear dump
trueks, tractors, trailer, fork
14rt, side loader eto. 66 108 138 2k 90
3 Yard e1-0n 15 15 70 120 120
be Watghbridges N 29 b)) k9 %
5¢ Loso refuslling station 4 § 8 15 25
6e Signalling é vi 8 15 20
7+ Dquipment erection 19 n 50 76 105
SN R T R
Spares et 5% of equipment sest 9 15 25 » 53
Preight, olearance and insurense
shargesat 204 of equipment and
soares ot » 104 160 220
Sub-total L] 1) = 1 Wi J
Contingencies at 5§ 20 29 s 6 o

Design, wnzineering, supervigion
of eonstrustion and olient's
siuinistration ot 7%

Tot)

3 b 123

i s
£ -
Z
I
"
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Appendix 5-12
OAPITAL CNST ESTILATE PR RAPAIR AT MAINTINACE SLOPS
(Thousands of £)
Cesn I Cass 1I Cass I1I Case IV Case V
25 (00 50 020 100 000 200 000 300 000
yr T/yr Tr t/yr T/yr
- Civil and etrveturel

1, Civil works:

Foundations, masonry and RCC

works for equipsent and aisee- .

llansous buildings 2 k6 6 115 133
2¢ Strustural steslworks:

Structural work insluding

oladding and glazing for

building as erveted %* 148 204 01 b
Sub-totel 126 1% i ] ué a

Be Mpshanioal erd clegtpiesl squipment
le Prardry « Ferrous and non-ferreus
Aopattern sheps Major equipsent:
Mains froqueney eorsless indueticn
wid 11t ooll induotion and orvall’e
furr.aces W a 120 160 302
2+ Muohine shop ineleforge shop and
teel roems Major equipment: heavy
lathes, vertieal borer, epensids
plarner, shaper, milling machines,

redial drills and forging hamers 103 220 270 1] o
3¢ Strusturel shop inelewmgen

repair shop - - - 58 ]
Ue Ibbils equipment repair and

servieing shop 12 L 16 23 26

5¢ GQenerel maintanance, pips shep
and building gervioss ined pips
threading and bending mchinss,
achile motur generator wlding,
mebile water pumps, heavy tools

and tackles » » » L 5
6e EBleetrical repair shep inel.

' varnish tank and daking oven 106 166 7 yu yn
e B0 sews 2 » 7 T
8. Duilding utilities 50 a s 1% 250
4 ¢ [Equipment srestion ¥ @ 90 M 152
4 Bub-tetel ] £} L] S} L
Sparssatih of squipment esst 1 2 "N a 73
. Preight, cleareanes and insuranes
; oharges ot 208 of equipment and
% spares sost a 1% 108 1 6
{ Sub-tatel @ 1m 1o ;15
3 Omtingsneies M55 ] 5 ™ 108 128
2% Design, sngineering, supervisien
i of censtrustion and oliemi®s

¥ adaintstration at7% w 7 10 W vé
Tl + ST WY ST BT "
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Appendix 5-13
CAPITAL COS? ESTIMTE POR MISCELLANMIOUS WILDINGS, PACILITIES AND STORAGKS
(Theusands of 3)
Case ! Case 11 Case III Case IV Case V
25 000 50 000 100 000 200 000 300 000
¥ t/yr t/yr /yr e
9 L7 o 106 13
20 12 25 2 »
54 ] Vol 90 108
m ) U] a6 ]
5 8o 107 i b vy
2o Generul superintendent's office 13 v ] 26 b) 39
3¢ Oanteens 26 4o 6 8 102
4, Ohange rooms 20 b 6 0 105
Se h‘ﬁﬂ blesks b § s ] 22
6o Pire trigade statien 3 3 b ] é
7e Car parks and ayele sheds 4 5 ’ 8 10
8. Moeellanceus 1teme 5 5 ] ) L) n
Sub-tota} m Y.} m 2 b}
Oo Storages
le BDuildings 60 990 150 210 20
2. Yards and fenoings 5 8 12 18 2%
3¢ Rasks and misesllaneeus 12 20 » 50 - ]
¥e Orenes and hetste s 5 8 10 18
Sub-teta] 82 11y 205 200 o
Ton) ). -] £ 21 LYY
Oentingenetes ot 9% v 2 » W 4
Deetgn, nginesring, supervision
of smastruetion and sliently
edninistratio ot 7% 3 ” W (-]
vl e !o_,_ -7_63_ 1 0m 198
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Appendix 5-16
COMPARISON OF PLANT CAPITAL COSTS PCR ALTERNATIVE IRON
AND STEEL:AKING PROCESSES, CASE II = 50 000 T/YR
(Thousands of §)
Cass 11
Blast Blast Eleetri Electr furna
furnac tm:ty ;:MIS/ "";: p Aro oo
- W - Are mﬂ\ o (Wwithout pre- 100% serep
sonverter furciass -r::‘o“ tu::n).ol 5’33‘?3&’-« sharge
Prequetion depertmenty
Iren making 4 255 2 652 2 N0 2 043 M1
Steslmaking 2 8 2 279 229 229 27
Continuous casting 1033 L ol Sk Sl
Relling 338 3 330 3 3% 3398 338
Subd-total 1 W 113 im 8 504 6 L&y
uxiliary departmenty
Plant laboratory 133 133 133 133 125
Power system 990 1 100 1178 1150 8so
Water system 1148 1100 1 000 1 000 800
Utilitics 906 906 90§ 906 750
Vorks trencport 656 658 658 658 500
Repair and maintenanse

shsps 1 201 1200 1201 1201 11%

liseellaneous buildings,
faollitiss and storages 509 509 509 509 Lso
Sub-total 55 387 55 559 déas
fetal 17 032 14 720 14 1 1 086

&/ Nast Numace hot metal ecenstitutes about 805 of the metallic charge fer steslmaking,
Y Blast fumnace or elestric melting furnace het metal eongtitutes about 50% of the metallie charge for
steslmiing,
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3
53
3
g

Ao Profusties dopgrimenty
Cols ovene

sinter plant

Blast furnaes plant
Steolmelt shep
Coneast plant
Relling mills

Sub-tetal

Sxiliary deperteeniy
Eleetrie power and servises

Vater gystem
Rergy aid comntny
Flant laberatery
Mepair and saintemnes

shop
Transpertation

Sub-total

O Admiaiswatiss snd pmers)
Geanerel administration

PMlaming and sontrel
Steres and puremse
Sales

Ohief engineer's office
Porsuns]l departnmnt
Asomnte doparinnd

Sub-tetal
Ml

R EE83 .
‘355‘&0 ’
SEgns

109
»
%
>
T
»
=

lglﬁ gezzuse B B8 wesl &
P 2hzencw MBS 2828 ¥ tRESsw

hl! siune s K 3% =228 B 2

Elﬁ szspkcs |[EEE 23ee N

RIE sexetan

P
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o/ Yspowr ineted 50 the Sriing fores, ealeulated m e Wsis of U8 how wesk, Exive mupor
Por N0L”, 1aawe end adoentesisn has not boen ineluded, as due sllevmnes fer this has been given
a the hourly wge rates,
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6, PRODUCTION COSTS AND MANPGWER

This chapter gives estimates of production costs for
various departments, and manpower requirements for each of
the typical plant capac.ties under study, Production costs
have Leen worked out separately for coke, sin‘er, iron
(hot m-tal), liquid steel, continucus cast billet, and
rolled products.

A2oumotiong

Lrcad estimates of production costs have been
develcuid for the major products in each typical plant
undes study on the basis of the specific inputs of raw
materials end supplies required and the corresponding unit
costs, Unit costs are based on data supplied by ECLA and
given in Tahle 6-1,

The inputs of raw materials for each production
Process have been calculated on the basis of tieir chemical
compositions, The estimates of the physical inputs of

other items such as supplies, fuels, power, etc. per unit
of production, are generally such as would ottain in
average operat.ng practices, with a viev to arriva at

conservative estinates which are considerad appropriate,

Labour costs are based cn detailed manning lists prepared

for direct and indirect labour in production and auwxiliary

depariments, and also for administration and general services,

Direct and indirect labour costs have been calcilated on the

basis of the following wage rates which include provision for

leave and weekly "offs" and fringe benefits such as pension

schemes, health, ecucation, and other social welfare items:
Labour oategory Annual, recuneretion §

Unskilled

Semi-skilled

Clerical

Skilled

Middle supervision
Top supervision and administretion
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Appeadix 6-3
PRODUCTION COST ISTIMATE OF SINTER

. AT S I R ——

Case IV = 200 000 T/yr Case V = 300 000 T/yr
(sinter = 93 000 Tyr) | (sinter - 110 000 T/yr)
Price/ton Price/ton

'ton  Cost/ton
mterisl o/ i e twigd

w_én nl—vs* ) L) (vst)

aty/ton  Oost/ben

Oost of mterinle
Ore fines 9.50 950 9,02 9450 950 2.02
Nus dust - ua.s - - “05 -
Linestone 7400 9140 0464 7400 91,0 0o
Ccke breese 20,00 48,5 0.9 20,00 L] 0.97
Totel sopt of mierigly 10,63 10063
Copt sbeve mtsrials
Direet labeur 10 30/ube 0,756 miw 0,98  1.295/mw 04502 mhw 0,65
Idirest labour 1.02/ubw 0,099 shw 0,10  lJBN6/mhr 0,065 mhr 0,12
Nel o/ 250107 Keal 0,05 26x10> Xoal 0,05
Pover 0e2lt 0024
Utilitsies 0001 0,01
Repair and maintenanes 0455 04148
Tools, swpplioe and lubricente 0e25 0,22
Oeneral plant expenses 0455 042
Tete) sost above materiale 281 229
Zotai vorky sort of pinter 1 a3
Pixed charges b/ ot 9% 2,51 22)
ol ex-verks oost of ginter 15.% We95

(inel . fixed charges)

v Estimted on the basis of eost of ¢l st} 20/ten, fer equivalent sslerifie values
y/ Pixed sharges have beemn saloulated on sepital sest of sinter plant (insluding allseation for auxtiliary
¥ departnmts )
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Appendix 6=9
ESTIMATE OF COST ABOVE MATERIALS FOR LIQUID STESL ilADE IN ELECTRIC
ARC FURIACE OASL II = 50 000 TONS/YTAR
:z g::‘;b::’;. 1005 Serap Chargs
Cost/ton US § Cost/ton US §
Segt gheve pptorisls

Direst ladour 3490 390
Indireet labour 0.8k 0484
Nel 0016 0,16
Pover 7420 8.80
Utl1dde0 045 0445
Trenspertation 0485 0455
laberatery 04530 0450
Repadr end mintensnce 1420 1020
Teels, supplize and lubricante 0sb0 0,80
Slestrodes 2400 2,50
Refrectories 1,50 1,50
Provision for relining 3400 3400
Generel plant expenses 8.30 8,%
Dl _sest sbove meterials 2e0 2.0

oo S R R e

MBI o v
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Table 6-1
INDICATIVE COSTS OF RaAl MATERIALS AND SUPPLIES

Typical cost
Us$/ton
Iron ore 9.50
Coal 18,00
B.F, coke, purchased 30.00
Manganese ore 30,00
Qaitzite 2,00
E.F, linestone 7.00
Steel scrap 30,00 g/
SIS grade limestone 7.0
Burnt, < ime 30.00
Dolomite, tefractory grade 10,00
B‘“Jdt. 9.00
Fluorsper (imported) 150,00
Nil oil 20,00
M1l scale 6.20
Oxygen (varies with sige of plant)
Average labour (plant ), man-hours 1.50
or, kiwh 0.016
Gas credit, evaluated at equivalent
fuel oil price
Watar, cu m 0.005

& A Nat rate of US$ 30 per ton of scrap has bz2en taken
as the price of 90 per cent of the cost of hot metal
used in other ECLA studies was found to unduly inflate
the already high cost of steel produced in the amaller
size integrated steel plants on account of the high

The production costs include cost of materials and
oost above materia)s (conprising labour ang supervision costs,
00st of fuel, water, power and other supplies and services,
Baintenance and general Plant expenses, etc,), Fixed charges
on capital invested is calculated at 9 per cent, as suggested
by BCIA, Credits for gas, scrap and other hy-products have
been given whare these are recovered,

/On the
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On the above basis, production cost estimates for
Production cost coke, sinter, iron (hot metal), liquid steel, continuous
satimetes . __ cast billel and rolled products are presented in Appendices
6-2 to 6-7 and summarised in Table 6-2,

Table 6-2
PRCDUCTION COSTS INCLUDING FIXED CHARGES

L T

Case I Case I1 Case III Case IV Case V

Froduct USB/t US$/b  USS/b USH/L USP/b
Coke - - 33,26 32.80 30,57
Sinter - - - 15.95 14,95
Iron (hct metal) 71.51 58051 52.6h h9032 hS.OB
Liquid stesl 130,51 102,76 86,37  Th.52 67.64
Concast billets 155.73  119.43 99.43 84N 76.22
Rolled product 218,66 162,59 130,04 106,34 96.92

- - — -

The production cost structure in tems of total cost
Cost structure incurred annually for raw materials, power and fuel, wages

and salaries, and all other items (including depreciation)
are given in Table 6-3,

Production cost estimates for iron, steel and
ocont inuous cast billets for the five alternative combinations
of iron and steelmaking processes considered for Case II
- 50 000 T/yr plant are presented in Appendix 6-11 and
sumarised in Table 6-i,
¥anpower

The total manpower requirements of production,
maintenance, service and administrative departments for
all the five cases under study are given in Appendix 6-1,
These estimates of manpower requirements are based on the
study of the various operations involved in the operation
of the plant capacities envisaged and are primarily imt ended

/Jto derive
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to derive the labour component of production costs for
various departments, In each case, the standard force
required for each operation for the specific size of plant
is taken into consideration,

Productivity in terms of tons of liquid steel

Ereductivity Production per man-year are indicated below,
Case Total manpowar Direct labour V
as T/man-y» T/aar-yr
I 26 46
II 45 80
111 n 136
v 105 19,
v 139 210

Y Direct labour exaludes adninistration services, top and middle d
supervision, and clerical staff not wrking on the production floor,

/Table 6-3
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Table 6.3
PRODUCTION COST STRUCTUAE
Case I - Case II - Cage III - Cese IV - Case V «
25 000 T/yr 50 000 T/ye 100 000 T/yr 200 000 T/yr 300 000 T/yr
./ Pey- Per-. I'ere  Cont Por< Per-
?;( o' 3;' :;!‘W- ?833/"" :;x.xt c“t/‘r cent- 830/3‘” :“ ‘:t- 1000/". nm-
fav mterials o/ 98 19,5 1849 26.0 365 517 7127 36.5 10721 40,9
Powver and fusl b/ 201 b2 298 be2 532 46 1028 5.3 1463 546
labour 1963 4008 2360 33.0 3125 26,9 M 285 21,9 499y 19,0
Mot others o/ 1708 35,5 2640 36,8 L 280 96,8 7113 6.9 9061 9S8
ol $006 00,0 214 1000 J1612 100,0 1955 200.0 2639 20,0
v In:ludu iren ere, soal, limestons, Mn ere, alloy additions, bumt lime, fluorepar, and purshased oeke
and surp,
¥V Includes slestrie pevsr, steam and fusl oil.
&/ Insludes Pized sharges and all other eomponents of produstion eoss.
t
I
%x
/Table &4
4
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We regret that some of the pages in the microfiche
copy of this report may not be up to the proper
legibility standards, even though the best possible
copy was used for preparing the master fiche.
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Appendix 6-10

muwmmmmmsmcmtuum HNiDE oM
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~ Consast Mllets of

iy
Coot/ton bller
wy
Seat sbeve mverisls

Direst ladew 2.5

Indirest ladeww o/ -

Pl 0456

Pover 0,16

Utsltities 1511

Repatr and mainternance 0,15

Toels, supplies and lubricants G2l |
Copper meulds 022
Refrastarioes 2,18 ;
Generel plant wpenses 2.8

2l sort shove mptorialy S

v Insluded in Cost Abeve for Steslmabing,
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Pigure 6
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