v ce e E R o ’ oty

v " R :.:_1 % Y e T
- - =l £t
1'3‘:§sz“>.<°_ Ceowi g _:_*é E?‘.”-( )
i’ PR L N — ootk iy
P r s, Ti%m

UNITED NAT:ONS S

.Eg‘smmm,
EC O N O M 5 C LTV BleN.12/ 764
AND | i
SOCIAL COHNCIL

L TR AN ER TV ] BT LA R L LR L E I M T L LR L LR LR TR L T M LR TEIA Y T LI BAELAR A P PR ETR IR RS L AR ML LRI SR EY T LU PR IR T2 R T M PR T DL L E LU A LN R L LI AL R ML TR LA LA EA AR LR R LI RLEL LS ST TR D A LT T

ORIGINAL: ENGLISH
ECONCOMIC COMMICEION £OR LATIN AMERICA

- v

ECONQ@INES OF SCiTd AT SMALL INTECRATED STRMIWCIRD
Faper prepared by

M.Nq Dastur & Co., Private Ltd,, Consulting Engineecrs,
Ceileubia, upon requect of the Economic Cormisgion
for Iatin Americs in co-operation with the Joint
ACLA-TILPES «IDR Mvogramme on Integration
of Industrial Development






The

report:

(i)
(i)
(iii)

(iv)
()

(vi)

{#i1)

{viii)

E/CN,12/ 764

Pape iiid

EXPLANATION OF SYMBOLS
following symbols have been adopted for this

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

A dash () indicates amount is nil or
negligivlie;

4 mims sign (=300} indicates a deficit or
dioressss

A& full stop (2.3) is used to indicate decimals;

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

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

"Tons" 2nd "dollars" are metric bons and United
States dollars unless otheirwise staved;

Billions are thousand millions.
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FOREWORD

Due to the relatively large expansion of steel capacity now
contemplated by the developing countries of Latin fmerica and the necessity
to use the limited capital available in the most efficient manner, it is
highly relevant for the region to carefully investigate, ipter »lila, economies
of scale in the ccariiuction of integrated steelworks. The steel industry
is particularly sensitive to the effects of plant size on both lnvestment
and operating costs, ECLA has already done excellent work in this field,
and the present study seeks to extend the size-cost relationships to small
integrated steel plants in the range of 25 {0f to 3C¢ U0 tons of annual
capacity.

For this study five plant sizes (25, 57, 100, 200 and 300 thousand
tons liquid steel production capacity per year) have been selecteds In
ovder to highlight the effezts of varying size on sieel plant eccnemizs,
the influence of factors not related to plant sizes have besen niniiused as
far as practicable by kesving them constant, Thus, for the purpo:c of
comparability, the same prcduction processes and product-irix pattiern have
been taken for all cases, in consultation with ECLA, Where feasible, higher
production is secured through increased capacity of a single operating unit.
All plants are considered to be in the same hypothetical location and to
use the same qualities of raw materials. There is no provision of in~built
equiprent capacity for future expansion although space is provided for suech
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 ranidly to provide same extra in~built capacity initially,
to facilitate exmansion,

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 4CC tons to 300 OCC tons per year. At the 30 OGO ton
stage, the per ton capital cost is only about 48 per cent and the production
cost per ton of rolled product (including depreciation and interest) only
i per cent of the 25 OCC ton plant, This dowrnward trend would continue
~ but at lower rates — as plant size increases beyond 300 0CO tons.

/Our study
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Qur study indicates that even utilising modern technology which has
greatly extended the lower size limit for viable steelworks, small integrated
plants below 1C0.000 tons capacity are likely to be very uncompetitivé. at
such small capacities, there is a case for semi~integration, that is, an iron
and steel making vlant located in an area which has a strong raw materiels
base and supplying s=iis to two or three rolling mill plants located in
areas closer to markets. 7 | .

It needs to be emphasized that the techng—economic_cqnsiderationé
outlined in this report for process and equipment selection as well éé‘for
cost estimates are valid only under the specific conditious selectéd for
this study. They cannot be expected to be wholly vélid for a spseific-
plant or a particular location, For a spgcific plant, the.type end quality
of raw materials actually avaiiable, the demand for steel, the availebility
of power, water, fuel, transpori, etec. and other special circumsharices
peculiar to the location.will influence preduct-mix, process selaction,
plant capacity and costs.

Nevertheless, information in this report on production tecisiques and
process selection, utilities and services, layoqt, papital and‘prbdgction
costs, and manpower would be applicable even for a specific project, if
due consideration is given to locational factors and necessary adéustments
effected,

/SUMMARY AND
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SUMMARY AND CONCLUSIONS

L1, The Latin American countries covered by the United Nations
Economic Commission for Latin America represent a wide range
in tems of their land area, population, national income,
gernizval level of industrial development, raw materials and
resources for steelmaking, size of the steel industry where
it exists, and steel market, All of them are developing
nations with low per capita national incomes in the range
of 9. to 716 dollars per annum. The averzge per capita
income for the region as a whole was 303 dollars in 1963,
There is thus a substantial leewsy to be made up in economic
development in these countries.

2+ Industrialisation is vital to rapid economic growth of the
region and steel is basic to industrial develonpuent,
Consideriag only the eight steel producing countrics out of
twenty~dwo ir the region, the per capita consumpiion varied
in 1964 from about 25 kg in Peru to 86 kz in Chile, The
average per capita consumption for the region as a whole is
about 50 kg. This is much higher than 15 kg in India, but
is mach lower than 258 kg in Japan, 357 kg in United Kingdom,
504 kg in West Germany and 540 kg in United Stsles. It is
obviocus that steel consumption in the Latin American countries
should rise considerably from the current low levels.

3. The ECLA region is generally well endowed with raw materials
for iron and steelmaking, with the exception of coking coal
the major portion of which has to be imported from outside
the region, mainly from the United States. At present, the
region produces about 75 per cent of the steel consumed in it,
Many countries in the region are contemplating expansion of
existing steel capacity or installation of new capacity.

/Indications are
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Indications are that for the region as a whole the demand for
steel would increase to about 19 million inget tons by 1970
and to 28 million ingot tons by 1975. Production of steel is
expected to increase to 16.25 million tons by 1970. At the
current rate of population growth (about 3 per cent per annum
in 1950-65) the per capita steel consumpbion in the region
way Lhus be about 68 kg in 1970 and 88 kg in 1975.
Lo Due to the relatively large expansion of steel capacity
Purpose contemplated, and the necessity to use the limitoed capital
of study available in the most efficient mermer, it is highly relevant
. for the region to carefully investigate, inter alia, 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 country, there
‘is widespread interest in the installation of small as well
as large integrated steel plants. The scope of th=z present
study, commicsioned in Séptember 1565, is limited to small
integrated steel plants.in the range of 25 (00 to 300 OO0 tons
annual capacity.'
Approach and assumptions
5¢ The effect of plant size on capital and operating costs is
inluenced by many elements, and these have to be analysed
- project by project. For the purpose of this study, a number
of assumptions necessarily had to be made, The object of the
study is limited; namely, to secure a broad perspsctive on
the size-cost relationship at the lower end of the size
spectrum, %While the trends indicated and the relative cost
- data are valid for this purpose, actual cost at specific
installations may be widely different.
-6, The study relates to hypothetical plants at a typical
Estimates location in a developing countiy well served with road and
gﬂigcative 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,
/7. To
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To facilitate comparative study of the economies of scale,
the plant design and 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,
particularly for a developing country where steel demand
risna rapidly and where some in-built capacity in expensive
equapment (such as rolling mills) would pay handsome dividends
in future, In this study, while no in-built capacity has been
provided, the plant has been laid out and space provided to
facilitate expansion from three to five bimes the initiel
capacity, Such provision need not add much to initial
investment if the plant is properly engineercd,
The steel industry is particularly sensitive to economies of
scale, The extent of economies would depend on how expansion
is effected. Expansion can be brought about by increasing the
number of production units of the same capeci®y in each
production d=spartment, in which case econowl-s icsulh from
reduced overheads, reduced costs for repairs and maintenance,
supply and service facilities, etc., which need not increase in
the same proportion, Greater economies result from increasing
the sizes of the production units themselves, In this study,
plant size is inereased through increased capacity of a single
operating unit, wherever feasible, as for instance in the case
of blast furnace for iron making, LD converted for éteehmaking
and rolling mills for the prodguction of wire-rods and merchant
products, X
Adoption_of medern iron and steelmaking technologies have been
considered, In order to isolate and highlight the effects
of varying size on steel plant economy the effect of factors
not related to plant size have been minimised as far as
practicable by keeping them constant. Thus, to make the
comparisons meaningful the same production processes have been
assumed for all the selected plant capacities, although strictly
the most economical processes could be considered for each size
of plant, -

/In integrated
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In integrated plants with large capacities, product#mix
may be diversified and the tonnages of different types of
rolled products may still be adequate to install mill units
of economic size., But product diversification in & small
plant will largely result in elimination of economies of
suale 50 far as the rolling operation is concerned., In
fact, over-diversification of output to meet the requirements
of a limited home market 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, as in this study, serves the purpose¢ of comparability,
it results in the selection of processes suited to the
majority of cases but not to all cases. Thus, the adoption
of LD process for the 25 0CO ton end 50 000 ton plants,
taken in conjunction with the other limiting assumption
of full w%ilisation of installed canazity, Fas racsulted in
the choice of 3-ton and O~ton 1D corverters, more suited
to steel foundries or pilot plants than for economic
operations in a steel plant, Electric arc furnace
steelmaking has been considered as an alternative for the
56 000 ton plant,
The selection of process for a specific plant is influenced
by locational factors, The data on available raw material
resources and other operating conditions obtaining in
Iatin American countries furnished by ECLA have been assumed
as holding good for all plant capacities under study.
The processes and major equipment selected for this study
are indicated in Table 1, Some alternatives have also been
considered, such as electric smelting compared to blast
furnace for iron making in the 25 000 ton and 50 COO ton
plants, and electric arc furnace as compared to LD converters
for steelmaking in the 50 000 ton gplant, to broadly evaluate
the relative economics of these alternative processes for
small steel plant capacities,

/Table 1



Table 1

SUMMARY OF MAJOR FACILITIES

Coke making

Sintering

Iranmaking

Etoalmaliing

Continuous dmsting

Holling mills
Reheating farnace

Roughing mill

Finishing miil

WoxET/

Cass I = 25 000 T/yr

Case II = 50 000 T/yr

Case ITI - 100 000 T/yr

Case IV -~ 200 0OD T/fyr

Case ¥ - 300 000 T/yr

One =~ 2 m hearth dia blast
furnace

One - $=ton LD convertar
installation; one epare vessel

Two = aingle strand sontinuous
cast}ng mzchines (osurved mould
tyEpe

8~ton por hour continucus
pusher iype

Twe = 3-hi, 400 mn stands;
500 KT AC Drive

Seven « 3-hi, 30D mm stands;
two « 500 K51 AT Drives

One - 2,75 m hearth dia blast
furneoe

Cnie = 6-ton LD converter
installation; one spate vessel

Two - single strand sontirous
oasting epachines {curved mould
wype

i2=ten per hour scniinuous

pusher

Two - 3-hi, 400 mm stands;
500 X aC Drive

Seven - 3-hi, 300 mm stands;
two w 500 i AC Drives

Four - 2-hi, 250 mm oont.
v’ ra rod finishing stands;
500 14§ AC Drive

Cne - battery of U8 pusher
trpe non-recovery ovens

One ~ 3.5 m hearth dias blast
furnsoe

One - 12-ton LD converter
installation; on¢ spare vesaal

Two « twin strend contimious
sasting machines (ourved mould
type

25-ton psr hour cantinucus
pusher type

Cnes - 550 mm vertical stand;
200 KW D¢ Drive

Pour = 2-hi 400 mm stends;
two - 500 K DG Drives

One - %50 mm vertioal stand;
200 KW DC Drive

Two « 300 mm & Three - 300 mm
stands « zlg-zag

two 500 KW DC Drives

One 550 vertical standy 200 KW
DG Drive

Six - 2=hi 250 mm wire rod
finishing stands;

thres =~ 220 k4 DG Driwves

Cne - battery of 20 by=-
product ovens

One - (HH pan type sintsring
machine, 4 pans of 4,62 sg m
area each

Cne - 4.3 m hearth dia blast
furmaoe

(ne - 25-ton LD corverter
installation; one apare vessel

Thres - triple strand sontinuous

esasting machines {ourved mould

type)

£0-tan per hour continuous
pusher e

Four = 2-ht 450 mm stands;

two = 500 1) DC Drives

four -~ 400 om sf.?nds (second
stand-vertioal };

four 500 k¥ DC Drives

Feur - 380 om alternate
vertloal & horizontel stands}

four 500 W DC Prives

Five = 300 mm stande - zig-zag;

two ~ 400 K7 DC Drives

Six - 2-hi, 250 wire rod
finishing stands;

theee ~ 220 K DC Drives

One - battery of 130 by~
product ovens

One - GHH pan typs sintering
nachine, % pans of 7 sq m
araa each

One ~ 5.0 m hearth dia blast
furnace

One - 35-ton LD converter
installation; one spape vessel

Three ~ four strand oontinuous
casting maehines (ourved meuld

type)
F0O-ton per hour ocontinuous
pusher type

Four - 2-hi U450 mm stands;

two 500 k¥ DC Drives

Four - ?-hi H20 mm stands;

four 500 K DC Drives

Seven - 300 mm stand {fifth
stand~vertisal

Seven 600 kW DC Drives

Five = 340 mm stends Salt-
horizontal & vertlcal);
five 600 kW DC Drives
Wirs rod finishihg - twe
trains each consisting of:
six - 280 mn (elternate
vertical and horizontal)
stands; )

gix = 220 ¥ DG Drives for
eash train

¢ o8ng

Fa LT N0 /T
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Avdliary
facilities

13,

1.

15,

Layout, :

Plant general layout envisaged is compact, and designed
for unidirectionsl flow with minimum handling by road or
rail tfansport- of Mineprocess® materials. The mixer
building of the steslmelt shop is located adjacent to the
blast furnace cast house, Contimuous cast steel billets
are delivered direct to cooling beds located in the billet
storage bay of the mill building, Hot metal, liquid steel,
and semis traffic is thus reduced to a minimum. The layout
is such- as to facilitate future expansion but no in-built
provision is made for the same.

Capital cost estimate

Thel plant caﬁital investment estimates are not derived irom
investuents on any actual existing steelworks, but have
been developed or the basis of estimates for buildings,
equipment, civil and structural works, erection, ete,, for
selected processes and typlcal :plant laycubs, This approach
permits & more rational and accurate comparison of
Inwestments for the different plant capacitiss., Capital
cost estimates are in dollars and based on the same unit
construction and materials- costs which have been used in
other ECLA studies, and on United States equipment costs,
Auxiliary departmenits such as power, water and utilities
systems, internsl transport, repair and maintenance shops,
laborateries, miscellaneous buildings, storages, ete.,
account for a substantial proportion of the cost, increasing
from 23 per cent of the total plant cost for the 300 Q00 ton
plant to 32 per cent for the 25 000 ton plant, There are
no recognised standards for the extent of provision to be
made for repair and maintenance shops, service and other

+ facilities. For steel plants located in countries without

well developed engineering industries such provision has to
be on an ampler scale than in highly industrialised countries

Juhere spares
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where spares and replzcements are procurable at short notice.
The provision made for the plants under considerzstion may
appear excessive; but the bias, if any, extends in the same
measure to all cases and therefore does not affect
conparability,

Capital costs of the auxiliary departments have been
evtimated separately, and then allocated to the.production
departments on the basis of relative utilisation of the
supply and service facilities for calculating the "fixed
charges" component of production cost, Plant capital costs
and coets per ton annual capacity are swmarised in Table 2,
Mangowef ' ‘

The estimates of manpower requirements, primarily intended
for the purpose of evaluating production costs of typical
plants, are optinum levels to be aimed ab, and are based on
general study of the various operations invelved. IExtra
mannewes for "offM, leave and abs-nheeisn bos no0 been
included, as due allowance has been made for this in the
hourly wage rates,

The total labour force, liquid steel production in tons per
men-year and capital investment per person employed for the

selected plant capacities are given belcw:

R v S

Case I Case II (Case III Case IV Case V
25 000 50 0C0 100 O0C 200 GO0 300 COO

Tyr  Tyr  Myr  Mr T/
Total force 949 1122 12410 1900 2146
Tons/man~year 26 L5 71 105 139

JIavestment

per worker $11 730 $15 180 $21 190 . $25 980 $30 900

- s o

~ /Table 2
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Table 2

g =l
B .
PLANT CAPITAL CQST FOR SELECTED CAPACITIES &/ Uc?: cz)
o0 -
)
Gaze l- Cage II- Case III- Case IV. Case V- '-\\J
5 909 T/yr 50 000 T/yre . __loo coo T/ 200 000 T/yr 360 000 T/yr ;.‘l‘
Produstlon departmemts Tagal Cost Total Cust Total Cost Total Cost Total Cost
sost per ton cost per ton eost per ton cost per ton cost per ton
000 § TG00 § too0 $ 000 § 1000 $ $
Coke ovens - C- - - 1 81z 35,85 L 354 Wroi2 5 628 bo. 43
Sinter plant - - - - - - 2 033 27.85 2 b2 23.65
Blast furnace 3 291 1h4, 34 5 253 115,20 7 895 89.21 12 088 72,16 15 855 62,92
Steelmelt shep (LD) 2 763 110,52 4 192 83.8' 6 692 66,92 9 574 47,87 11 852 39.51
Continuous easting 1 248 52.00 1 809 37.69 2 767 28,82 L 693 2h. 4l & 200 21.53
Rolling mills 3 825 174,02 5 778 13144 10 716 120,00 16 618 92.08 22 456 82.95
Total 11 127 17 032 29 882 9 358 &4 593
Total plant cost per ton
annyal capacity:
In terms of liquid stesl ishs, o8 340,64 298,82 246,79 215.31
In terms of rolled product 506,30 34, 64 273.49 238.59

387 .47

The oapital costs of productirn departments includs the ellosatlons Jor eopital costs of euxilizry Facllities on the besis of relative
utilisation of these supply and zervise fanilitiesg.
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Capital investment 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
plants ere inherently unsuited to full integration,
Production costs

Broad estimates of proguction costs per ton output of the
production departients in each of the plant sizes considered
are arrived at on the basis of specific consumption of raw
materials computed from their chemical analysis, and
physical inputs of other items such as supplies, fuels,
power, etc,, on the basis of average efficient practices,

In estimating procduction costs it is assumed that the plants
are utilised fully, Works production costs and total
production costs (including fixed charges at S nsr cent of
capital investiment) are sumarised in Table 3. These costs
are indicative and valid only under the specific cenditions
selected for study, UWhile they serve well for the purpose
of assessing the relative economies of operations as affected
by plant size, they camnot be expected to be wholly valid
for a specific plant or a particular location. 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 0OCO tons capacity,
but below 100 OC0 tons the rates of increase are rapid, and
below 50 000 tons capacity they become quite steep., Capital
cost indices per ton annual capacity and production cost
indices per ton rolled product decrease with rise in plant
capacity, as follow:

/Table 3
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Tabla 3
PAODUCTION COST ESTIMATES PUR PLANTS OF SELECTED CAPLCITIES
(a1l sosts in dollars per ton)
Case I. Case II- Cese 111~ Caso IV Case Ve
25 000 50 000 g0 0pC 200 000 300 Q00
T/yr T/ye kVids T/yr THr
1. Coke
Oost of materials - - 2745 26,60 26,60
Cost above materials a/ - - 2.2 _L.65 =0.04
Works produsction oost - . 29,33 20.25 26456
Fixed oharges - - 3.1 4263 .01
Total cost 33.26 32,88 30,57
2, Sinter
Cost of materials - - - 10,63 10.63
Cost above materials - - - 2:81 2,19
Works production cost - - 13,44 12.32
Fixed chrrgos - - 2.51 2,13
Total cost 15.55 14,95
3¢ lron ' .
Cost of materials 13426 32.80 32.40 32.36 31410
Cost above materials b/ 25.26 15,34 - 10,37 7.03 5. 40
Works production cost 58.52 48.14 42,77 39.39 36.50
Pized charges 12.99 10,37 - _2.87 _9.92 8.58
Total cost 71.51 58451 52,64 4g.32 45,08
b, Liguid steol (1D}
Cost of matasicls o/ 6l 54,39 bg.29 b%,59 43.18
Oost elove matarisls 44,88 31,37 22,32 R 13.68
Works produntion voat 108.32 85,76 71.61 61,90 56.86
Fixed cherges 22.19 17,00 1. 76 12,62 10,78
Total sost 130,51 102.76 86437 74,52 67.64
S« Concast billet co
Cost of materials o/ 111,90 88.44 73.72 63,63 58,38
Cost above materiels 16,45 3-89 L) 5.7 .67
Vorks production auet 128.33. 98.33 Ba.k6 62,36 63,05
Fixed ohuvgas .22.3 21,10 17.97 15,495 13.17
Total cost 156,73 119,53 99,43 84,71 76,22
é, Rolling | _
Cost of materials %/ 138.06 105,28 85.95 72.51 65.80
Cost sbove materials 4,88 22,45 13.97 11,22 9.64
HWorks production anst 172.94% 127.73 99.92 £3.73 75444
Fixed oher;>s | 45,72 34,86 30,12 24,61 21,48
Total coss 218,66 162,59 130,04 108.34 96,92

e e

g/ Ret after allowiag credit for ges, tar and bresza.
b/ Net efter allouing oredit for B,F. gas,
¢/ Net after alloving credit for rocoverable soreps

/Case 1
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Case I Case II Case III Case IV CaseV
25 0C0 50 000 100 0CO 200 000 300 000
T/yr T/yr T/yr T/yr  T/yr

B R e - e 2 A

Capital cost
per tonnominal
Gapac:ity : 100 76- 5 6701 . 55 . 5 48011-

Production cost
per ton rolled
product 100 Theky 59.5 49.6 .3

= i e oL o 1 ee A AR W S - M e

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

Production cost structures for the five plant sizes under
study (Table L) indicate that the proporticn of "wages and
salaries" to "total costs" varies from 19 per cent for the
300 ton plant to 41 per cent for the 25 0CO ton plant, The
rapid increase in the proportion of weges and salaries is
due to decrease in;productivity. The effect of rising wages
on production costs can be effectively coﬁntered only by
increased productivity, by the adoption of improved processes
and through economies of scale,

Table 4
COsT STRUCTURE FOR STEEL PRODUCTION

(Perceatage of total)

— s e cle_ ey .l

Case I Case II Case III Case IV Case V

Raw materials 20 26 31. 37 41
Power and fuel A 4 5 5 6
Wapes & salaries 41 33. 27 22 19
A1l others 35 3T 3 36 34

Total 100 100 100 100 100

—— £

/20, Within
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Capital/
gutpyt ratio

Electric
smelting
of iron

224

Within limitations depending on the type of incdustry, tax
rates, etc., the ratio of capital investment to gross sales
value of annual output serves as an indicator of the
effectiveness of investment, Assuming an average selling
price of 150 dollars per ton of rolled product, the
capital/output ratio for the five plant capacities under
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 withoul pre-

reduction, is as follows:

Cost indices

N

Electri Llectric
Cost items gLrLc smelting
Blast smelting (without
furnace (with pre~ pre-
reduction) reduction)
25 000 ton plant:
Capital cost 100 87.1 77.0
Production cost/t 100 111.4 126.7
50 Q00 ton plant:
Capital cost 100 85.4 76.9
Production cost/t 100 115.3 138.3

- e o A L W E - T A —— . 1 iy T L ¢

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
investment required.

It is understood that in Latin America scrap is not readily
available in large quantities or at competitive prices and,
therefore, plants based on market scrap are likely to run
into trouble, However, as a matfer of interest, alternative

combinations of iron and steelmaking processes are considered

/for the
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for the 50 000 ton plant. Plant capital cost per ton
annucl capacity and production cost per ton of rolled
product with these alternative process coumbinations are
given as percentages of the capital and production cost
of the blast furnace - LD converter combination selecued
for this study, in Table 5,

Table 5
CAPITAL AND PRODUCTION COST INDICES.FOR ALTERNATIVE

IRON AND STEEIMAKING PROCESSES
(CASE II ~ 50 000 T/YR)

LM P g KA e

R e e

s Total plant Production cost a/
Iron_&ugzselmaLlng capital cost/ton per tcn rolled
s .
annual capacity ~ products

1, Dlast furnace -

ID converter 160,0 100,.0
2. Blast furnace - |

Arc furnace bf 86,4 9.7
3. Hlectric smelting

(with pre-

reduction) - Arc

furnace b/ 8L.3 .6
L, Blectric smelting

(without pre-

reductiong ~ Arg

furnace b/ 82.6 98.3
5. Arc furnace ¢/ 65.1 ; 79.1

a/ OScrap price assumed at 30 dollars per ton for
caleulating production costs,

i BAtE AT G § 6 R E SRTERSTE WLTEDEEIE W OER T elm fO T ENMED @ T 8 T AR el S el e T e

b/ 50 per cent scrap ~ 50 per cent hot metal charge for
steelmaking,

¢/ 100 per cent scrap charge for steelmalking,

/Pro ject costs
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Organisation
of projects
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25,

Project cests

The capital cost estimates cover costs within the plant
boundary. In estimating total project cost, all off-site
cost such as township, bringing water, power and railroads
to site, ete., have also to be considered, These costs as
well as the costs of infrastructure Items of strengthening .
the region, such as transport, water and power resources,
are higher in a developing country. But their provision
should be regarded as an essential social investment in the
larger context of raising the living standards of the people
as a whole, accelerating the development process.

Plan construction

While considering total projsct 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 eguipment. Delays beyond
the scheduled period of completion will greatly increase
total costs of the project, by additional interest charges
during construction, escalation in the costs of contruction
and ecuipment, administrative overheads, etc., and will
prevent the large investment from being utilised quickly.
To ensure speedy execution of the preoject, arrangements
have to be made at the start for appointment of a project
head and of a steel plant design organisation for the
engineering of the project, procurement of equipment,
supervision and management of construction. The project
head and other personnel appointed for supervision and
management of construction should be gualified and
experienced to take up operation jobs, if necessary, when
the plant goes into production. Advance action has also
to be taken regarding financial and other arrangements,

government and local procedural reguirements, site

/acquisition and
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acquisition and preparation, provision of infrastructure
facilities, recruitment and training, These will remove
many of the botilenecks thot hamper the smooth progress of
the project and its completion within the scheduled

programmed period.

© Conclusion

For this study of economies of scale at small steelworks,
five integrated steelworks having capacities of 25 €00,
5G 000, 100 000, 200 000 and 300 OCO tons per year
reépééﬁively are considered, The produétion processes

selected are based on efficient and modern techniques of

‘proved econcmy viz. blast furnace operation with oil

‘injection, high blast témperature apd prepared burden,

LD steelmaking, continuous casting of btillets, and merchant

- mill. The major raw materials consifered are of high

qﬁality - iron ore with 65 per cent F2, coke with 8 per cent
ash and 90 per cent FC and limestone with 52 per cent Ca0
and 5 per cent insolubles, Despite these favourable
conditions, very small iﬁtegrated'steélworks of 25 0CO ton
and 50 000 ton annual capacities, producing ordinary
varicties of merchant steel products, are not likely to

be economically viable under normal market conditions.

Study of alternative iron and steelmaking processes
indicates that for small size plants of 50 OCO tons

capacity or less semi-integration with only steelmaking

in arc furnace would prove more econcriical provided purchased
scrap is readily available at reasonable prrices.

Another possibility that can be considered in the interest
of stimulating regional development within a large country
is to separate rolling from steelmaling, Production of
steel and semis could be confined to medium and large
integrated steel plants located in areas with a strong

raw materials base, and the semis could be rolled into

/finished products
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finished products in satellite mills set up in the same
area to roll a diverse range of products, or in market
based mills dispersed in varicus 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 whele, 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
technigues and process selecuion, utilities and services,
layout, capital and production costs and menpower are
relevent 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 adjustments
effected,

/1. INTRODUCTICHN
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1, INTRODUCTION

- The Latin American region comprises twenty-two

 countries from Mexico in the north to Argentina and Chile

in the south, and constitutes nearly half the land area of
the Western Hemisphere. Intensive effort is taking place
in this region for rapid eéonomic development, The Latin
American countries present wide disparities in meny aspects,
including national income per capita and rate of growth,
Steel din Latin America

It is well-lnoun that industrial ezpansion is vital
to rapid growth and, in turn,.requires steel, A4s the ICLA
region is well endowed with economically exploitable
supplies of iron ore and, to a limited extent, with coking
coal, there has been considerable interest in iron and
steel productien in the region,

Steel production in Latin America'has risen from
half—a;million tons in 1940 to about 9 million tons in 1966,
The total apparent steel consumption, éxpressed in terms of
equivalent ingot-tons and excluding the steel content of
imported plant and equipment, was 11,6 million tons in 1964
0f this tonnage, 6.0 million ingot tons were produced in the
region and the balance imported, The per capita steel
consumption for'the region as a whole was 50,4 kg and the
overwall average per capita national income was 303 dollars
in 1963, Comparing these two indicators of economic well-
being with those of developed countries like United States
(540 kg of steel and US$ 2 790 per capita in 1963) and
Japen (258 kg and USy$ 628 per ca@ita) it is obwvious the
there is still a considerable leeway to be made up by the
countries in the region, partiéularly in respect of steel

consumption,

/ECLA's projected
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ECIA's projected demand estimates of rolled steel
Future products by 1970 and 1975 are 18,61 and 27.86 million
sapacity eguivalent ingot tons respectively.;/ Possible production

by 1970 has been estimated at 16,25 nillion tons, that is
more than double 1963 production.l/ 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 ironmeking, steelmaking and rolling aill
capacities in these plants, The shortfall that would need
to be covered by iuports in 1970 would still be considerable,

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

The main cauvses of high costs of steel products
menufactured by Latin American plants are considered to
be unbalanced plant eapacities, failure to adopt the latest
technological developients, uneconomically smell units
particularly for flat products, over-diversification of
output tc meet the requirements of a limited home market,
and lack of adequate numbers of trained personnel, When
expanding existing capacity or installing new capacity,

O ol St

1/ la Economia Siderdrgica de América Lating, ST/ECLA/Conf.23/1,29,
E/CW,12/727, preprint, Table 67, p, 271.

/due consideration
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due congideration has to be given to factors thet can keep
down capital investment and production costs, such as
limiting the range of products manufactured in case the
size of the market does not permit diversity, adoption of
proved technicues suited to the raw materials available and
production reguired, and economies of scale.

The fields of choice in regard to size, technology
and locations in installing new capacity are now greatly
extended as a result of the tremendous technological changes
the steel industry has witnessed in recenv years. A4s
Latin dmerica - like other developing arcas - is generally
capital short, it is of the utmost importance that investment
in this vital but capital-intensive industry is most
effectively utilised.

ECLA has sponsored a number of conferences and
studies on the steel indvstry in the region, and much
valuable data has been compiled and distributed. The
current study is in regerd to the economies of scale In
small Jntegrated steel plants, that is, the eifect of plant
size on investment and on production costs., An ECIA study
on this subject was made in 1965, for integrated steel
plants in sizes from 100 COO tons to 2.5 million tons per

- annum ingot capacity., This study is mainly confined to

small plants in the 25 000 tons to 300 000 tons per year
range,
Structure of report

This report is presented in seven chanters. The scope,
general approach and limitations of the study are discuszed
at the beginning of the report. A nuaber of assumptions
have had to be made to make the data comparable with
previous ECIA studies, and these have been dstailed. The
metallurgical and engineering considerations in selecting

production processes and uajor eguipnient are then discussed

/for each
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for each of the five plant sizes in the range of 25 0CO

to 300 000 tons covered here. The auxiliary facilities and
utilities required are outlined. The Study then presents the
capital ond opernting cost estimates os well 2s manpower
requirements for ench case. The results of the study are
presenved in appendices and graphs, and conclusions are
discussed in the last chepter,

2, APPROACH TO THE STULY

Plant capital and operating costs at inlegrated
steelworks are influenced by a varichy ol Tastors such
as plant size, raw materials, product-mix, technological
options and locationzl factors. For the puroose of this
report, wihich is limited to a broad pavspective of the
economies of scale in the steel industry, the effacts of
factors not related to plant size have been mininised as
far as practicable by keeping them coastant, in order to
isolate and highlight the effects of plani size on steel
plant econcmics, This section briefly discusses the
approach and the mojor assumpticns that have had teo be
made, as well as the limitaticis of the study,

Factors affecting plent size and cost relationship

The principal elements which reduce steel production
costs as plant size increases are:
(1) PBoduction in investmant cosis
(a) Icwer investment per ton capacity of major
production facilities, and correspondingly
lower interest and depreciation charges
per ton cuiput,
() Lower investment on suxdliary faeilities
(tracks, storzzes, repair and maintenance

shops, etc,) per ton of plant output,

/The study




(i1)

E/CN,12/764
Page 2L

The study is confined to the consideration of
investment on production and asuxiliary facilities
within the plant boundary. In developing countries
such as those comprising the Latin American 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 querries, water and power supply, township,
health, education and other social amenities,

Investinent on such items may form a substantial
proportion of the total, especially if the plant is
located in a green-field site remote 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.

Reduction in operating costs

(2) Increase in labour productivity, both as a result
of increase in eguipment capacity as well as
greater degree of mechanisation feasible, and
better utilisation of management and supervision,

(b} Reduction in costs of general facilities such as
centralised maintenance, transportation, stores-
keeping, etc., par ton of output,

The effects of the above factors on the overwall
production costs of iron, steel and continuously-cast
billets rolled into the same category of products are
analysed for five plant sizes having annual capacities
of 25 000 tons, 50 000 tons, 100 0CO tons, 200 GO0 tons

and 300 CO0 tons of licuid steel respectively.

/General assumotions
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General assumptions

In order to erclude the influence of other factors
on the economies of scale, the following general assumptions
have been agreed upon with ECLA,

(i) A1l 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 optimum costs for raw materials
assembly and dispatch of finished products.

(i) Sterting with ironmaking, ideatical production
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 assumption serves best the
purpose of comparative study of economies of
scale in hypothetical plants of different sizes,
it results in selection of processes which may
be well suited to the majerity of cases but not
necessarily to all the cages., For instance, the
top blown oxygen (LD) converter is undoubtedly
an appropriate steelmaking process for the high
hot metal charges envisaged. However, uniform
adoption of this process for all cases results
in an extremely small converter sigze of only
3 tons for the 25 GO0 ton plant and only 6 tons
for the 50 0CO0 ton plant. Such small converters
are more suited for pilot-plant or steel foundry
operations than for tonnage steel preduction,
Further, to cope with as nany as 30 to 35 heats
produced with a single small converter in 24 hours
it is necessary to have at least two continuous
casting machines, resulting in very low machine
utilisation,

/(iii) The
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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 fulure addition of at least one
move meltshop/rolling mill complex, As the
size of units at this second corplex could be
much larger than the initial facilitiss, plant
capacity could be expanded at least three to
fivefolid, -

Designing a steel plant without "in-builth
capacily reduces initial investment, but this
way not be the right approach for a developing
corstber vhere steel demand inevitably »rises
repidly from a low level ab the stard,
prarticularly in countries with a good raw
miterials base and a large internzl market,
The choice of rolling mill unit for the plant
slzes considered may be cited as a specific
irnstance, These are designed to give the
specific production required witi. little
rrlential for increased ontpat in robure,

f cimple eross~country miil witlh litble
mechianisation meets the reguiremcits of the

25 000 bon plant; for the 50 Q0C ton plant

a continuous wire rod finisiing tr2in is added,
Fuir the 100 €CO and 200 0CO ton rlents semi-
crnvinuous mechanised mills of imcreccliag
sophistication are considered, while for the
300 OCO ton plant a continuous mechanised mill
is proposed, In the context of a develoving
region, the 25 000 and 50 CCO ton plants will
inevitably require expansion quite soon after

/they are
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Five plant sizes
gonsidered .. ..

Similar
product-mix

they are commissioned, and it would therefore be
advantageous to install a mechenised semi-
continuous mill of higher eapacity 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 suxiliary
facilities do not have such "in-built" capacity,
although_layout provision for expansion has been

expressly made,

Capacity and productmmix
The present study, as stated above, relates to five

plant sizes, namsly:

Cagse I 25 000 tons
Case II 50 000 tons
Case JII 100 CO0 tons
Case IV 200 000 tons
Case V 300 000 tons

In order to have a uniform basis of study, the plant
capacities piven for all five cases are in terms of
"liquid steeiV, and not as ingot or finished product,

A similar product-mix pattern of rolled steel
products is celected for all of the above cases comprising
rods, bars and merchant sections, to use only one rolling
mill, the size and sophistication of the mill increases
with plant size, The product-mix keeps in view optimum

utilisation of plant and equipment.
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Process and main equipment

For the proposed plant capacities, modern proved
processes and equipment are considered. A large nunber
of alternative processes are now:available for iron and
steel making; for this study, processes and equipment
selected are such as to suit operations in the relatively
-small plant capacities selected. The reasons for adopting
a 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, etec., 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 OCO 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.
100 000 ton plant will have non-recovery slot-type coke
ovens but no sinter plant, The 200 000 and 30C 000 ton
plants will have regular recovery-type coke ovens and
sinter plant,

In view of the high cost of coke in latin America
(Us$ ' 50-60. per 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
considered are such as would minimise the coke requirement
for iron maldng.

It has been assumed that mining and sizing of ores
will yield about 30 per cent fines below 10 mm size.
Availability of adequate quantity of fines and the
metallurgical advantages of using agglomerates Jjustify
setting up of sintering facilities for the two large plant
sizes considered,

/Regarding production
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Regarding production of iren (hot metal), an analysis
Blast furnace of the relative economics of alternative processes for
for iron maidng small scale iron meking is included for the 50 000 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 adepting this process
is limited to locations with abundant resources of natural
gas in proximity to high grade iron ore, OUperating
experience is confined to one plant, ECLA has suggested
its omission from this study.
The following additional criteria have been applied

Fuel oil in this study for iron making, so that the findings from
injection and this study could b inated with other studi

high blast is study co € co-ordina witn other studies.
temperature (1) Coke rate: 500 kg of coke per ton iron for the
operation . 300 00O ton plant has been conaidered, Fuel oil

injection of 50 kg per ton of pig iron has been

provided for all cases, In spite of the small sizes
~ of blast furnace adopted, this low coke rate is

considered feasible in view of the high grade of

raw materials (ore with 65 per cent Fe, coke

having only 8 per cent ash and limestone with

52 per cent Ca0), use of 30 per cent self-fluxing

sinter and fuel oil injection with requisite high

blast temperature, Thorough burden preparation

is visualised,

(ii) Gas credits: evaluvated on the basis of cost of fuel
0il for equivalent calorific value, taking the cost
of fuel oil at US$ 20 per ton.

(ii1) No top pressure is contemplated,

(iv) Temperature of blast: 1 050°C,

/Steam injection
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Steam injection and oxygen enrichment of the blast

were not considered essential because of the quantity of

oil injjected and high- blast temperature, In view of easy

ava:il zbility of oil, the -quantity of oil injected could

be ke increased with higher blast temperatures., The
use of oxygen is considered necessary only if adequate hot
blast temperature cannot :be obtained. Since plants
congidered are assumed to be new installations with adequate

' stove capacities for high blast temperatures, expenses

incurred on oxygen enrichment would not be justified.

For steelmaking, the LD converter has been adopted,
as being the most efficient’ and economic steelmaking process
under the conditions considered., For one plant size,
namely 50 000 tons, ‘cost of electric smelting for iron
maling £ogethér-with electric arc furnace for steelmaking
have been estimated, 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 used in the LD converter
charge will be 20 to 25 per cent, With continuous casting
of billets, plant return scrap will not be adequate to
meet even half this requirement and the balance of the
scrap will have to be purchased. Originaliy, 30 per cent
scrap charge was considered, for better comparability with
other ECLA studies, but on checking the heat balance it
was found that due to the small size of converters and the
high temperature of liquid steel required for continuous
casting of small section billets, the proportion of scrap
would have to be reduced,

Suitable size, type and number of continuous casting

" ‘machines are provided for producing cast billet, followed

by rolling mills for the product-mix indicated, Selection
of rolling mill facilities has kept in view the different

/tonnage outputs
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American
equipment
prices

tonnage outputs for each case, the range and proportion
of different product sizes however remaining more or less
the same for all cases, As already mentioned, "in-built"
capacity for increased production is limited.
CGaoital costs

The plant capital investment estimates are not derived
fromw any actual existing steelworks costs, but have been
developed on the basis of estimates for buildings, equipment,
civil and structural works, ersction, etc,, for selected
processes and typical plant layouts. This approach permits
a more rational and accurate comparison of investments for
the different plant capacities.

The capital costs of production units have been
indicated separately for six major production departments
under each of the plant sizes, as follows:

(1) Coke-making (iv) Steel-making
(ii) Sinter-making (v} Continuous casting
(iii) Iron-making (vi) Rolling,

Capital cost estimates are in US dollars and baged
on typical unit construction and masterials costs furnished
by ECLA, Estimates cover costs within the plant boundary
and exclude “off-site® costs (such as township; bringing
water, power and railroads to site; interest on capital
employed during construction)}.

Estimates of equipment cost are based on United States
prices. Experience indicates that if the built-in excess
capacity of United States equipment is compared with the
capacity of equipment produced to strict specificetion
limits by other courtries which quote cheaper prices, the
plant may not be more expensive in the end, As suggested
by ECIA, 20 per cent is added to the f.,o.b, value of
imported equipment to cover ocean freight, insurance,
clearing charges and inland transportation charges to site.

/In estimating
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In estlmatlng costs of serv1ces and auxiliary
Se?v?ce and 1F‘au::.l:..tie:-x, ample provision has been made for efficient
?:i;i;i?g:e operations in developing countries with a relatively small
industrial base and dependlng_mostly on imported equipment,
Provision for these facilities is to some extent open to
the inflﬁence of subjective judgement, but the bias,if any,
extends in the same measure to all cases, and therefore
does not vitiate the validity of the comparison, The costs
of necessary utilities and awxzliary facilities and services
have been distributed over each of the production departments,
The capital cost estimases in the study include

Spares estimated a provision of 5 per cent on tstal equipment costs for
at_5 per cent ‘

-spare parts; this is conéiderad a good margin if spares
are carefully selected.
Provision for contlégenc'es has been taken at 5 per

Contingencies cent, and for engineering, supervision of construction and
and engineering ' e

charges client's administration dvring construction at 7 per cent

of the total of the above costs.,
The total of the capltal cost estimate for production

and auxiliary departments represents the total cost of the
plant proper, all costs outside the plant boundary being
excluded.,
Production costs

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

(i) Coke {iv) Liquid steel
(ii) Sinter (v) Cast billet
(iii) Iron (hot metal) (vi) Rolled product,

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

/world~wide operating
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Fixed chargss

Complexity of
the study

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

To determine total ex-works production costs for
operation 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 annum, 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 annual lineal amortization;

(d) interests accruing on the resulting reserves
are annually compounded at the same rate as on
the capital until the end of the useful life
of the respective equipment,

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 complete projects, each |
with six production and seven ancillary departments, for
each of which capital and production costs and manpower
requirements had to be worked out,

/3. SELECTION
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3. SELECTICN OF PRODUCTION PROCESS AND
}MAJOR EQUIPMENT

This chapter discusses the selection of processes
and equipment for the production of coke, sinter, ivon,
steel billets and rolled products in swall inftegrated steel
plants of capacities ranging from 25 000 to 300 COO tons
a year. As hypothetical plants at a typical location using
raw materials of given analyses are considered, only broad
indications are possible; detailed studies will be reqguired
for any specific case to establish the econtiwics of the
process selected in relation to size of plant, raw materials
aveilable, patterns of demand and other factors,
Main considerations

The mzin considerations in the choice of process
are technical feasibility and economic viability for the
sizg of operohions contemplated based oun the que.ity of.
raw materials available, The present stete of development
anc future potential of the process are also important
factors influencing the choige,

In meny situations, economy in both capital and
operation costs can best be achieved by selecting equipment
of opiimum 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 investment, can pay
handsome dividends in reduced investment as plant capacity
expands, as it Inevitably does in a developing economy,.
However, for the purpose of this study the equipment selected
is for the specilic output required, with little reserve
capacity.

As indicaled earlier, for purposes of comparison,
the same production processes (with increasing size and
sophistication as plant capacity increases) have been

J/adopted for
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Choice of
technology

adopted for all five cases., Strictly the most econcmical
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
HClA studies, the same processes have bhzon selected for
all cases, This serves to portray the economiss of scale
more vividly than would otherwise be possible.

The production of steel of acceptable quality at

economic costs is largely dependent on the choice of process

and facilities, In view of the large capital investments
involved in the construction of an integrated steel plant,
the most suitable and proved processes should be selected,
At the same time, it is deéirable to acopt up-to-date
technology to reduce the risks of premature cbsolesnence and
prolong the economic life of the plant, There is a fallacy
that ceveloping countries have abundant "cheap Iohour!, and
because of this thers is no over-riding need to employ
advanced technology for increasing producuivity.

Raw msterdals

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

heametite, magnetite, limonite and iron sands. Some ores

are characterised by chromium and nickel contents and
a few by high phosphorous contents,

Of ores of immediate economic value, some 200 million
tons are reported to contain 48 to 50 per cent Fe with high

~ phosphorous contents of 0.8 to 1,0 per cent, but the bulk of

reserves contain 58 to 67 per cent Fe and fairly low P.

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

Coal deposits occur in Colombia, liexdico, Venezuela,
Peru, Chile, Argentina and Brezil, HNost of these deposits
are not suitable for coke making. Coking coal is available
in limited quantities in Colombia and lexico, Blendable
coal exists in Brazil, Chile, Colombia, Venezuela and
Mexico,

Charcoal is being used in some plants for iron
smelting, The »nroduction of charcoal is naturelly
restricted to areas with suitable forests and as svch
areas in proximity to other major raw materi-is and markets
for stzel are limited, use of charcoal is not conzidered
here,

Limestone deposits are abundant in Latin America,

Limestone and it may be expected that limestone of suitable quality
would be available in the vicinity of a steelworks location,
Principel raw materials analyses talken for the
purpose of this study are indicated in Teble 3-1,
Table 3-1
CHEMYCAL AMALYSES OF R4 MATERIALS af
{Parcentases)

e Mn $102 Al03 a0 Mg0 s P FuCe VW Me/LaOula
Iron ore 65 1Y) |+.0(S:I.02+£12 03) see YY) - eae - 4,0
wms@ ore sen 2510 ree ese ars vee - ~ - -
Coke (dry) - - .0l 2,52 0,27 0083 0,70 - 90 1.2
ldmestbne 0-35 - H.OO 1.00 5200 1.60 - - - ang

9_/ These are generally the samc as have been used in previous ECLA studies and have been adopted for the
pressnt study, but oondltions in the region vary so videly from country to country that they cannot be

ealled typioal.

/Natural gas
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Natural gas

Crude. petroleum roserves of Latin America are abundant
but. the deposits are unevenly distributed, Argentina,
Colombia, Mexico and Venezuela are the only countries having
abunieat reserves of natural gas which would allow of its
consideraiion ag a fuel, There is one operating steel
plant in Latin Awerica using natural gas for recductant.
For a general study such as this, use of natural gas
as reductant is not considered.

Poyer

In general, purchased power is not readily available
for steelworks use, The potentisl for hydro-power generation
is high, but in view of high capital investment, inconvenient
locations, etc,, planning of large hydro-pouer gzperation
pirinarily for steel plant use may not be Jjusvifisd,
Soke, 1 3king

The wepital cost of a modern coliz oven piant is high

Captive coke as an economic unit is fairly large, Thls raises the
plant versus
purchased colt

-y

question whether to install a captive coke oven or to
purchase coke. If the ex-works cost of coke produced in
the plant is higher than the markst price, it may well be
advisable for small plants to purchase coke,

On the other hand, the use of fresh coke of uniform
composition delivered direct to the blast {urnace is
conducive to better blast furnace operation. The moisture
content of coke stored in the open veries widely, size
degradation takes plaée due to excessive handling, and
there is dust and dirt contamination during storage,
These can result in variations of coke quality which are
detriméntal to good blast furnace operation. Therefore,
where feasible, it is desirable to integrate coke making
facilities with iron production units, '

/Steelworks in
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Steelworks in Latin American countries generally
use substantial proportions of imported coals in blends.
The cost of imported coal is generally US$ 2 to 4 per ton
less than the cost of local coal delivered to the plant,
except in the case of lexico and Colombia where costs of
loal cozls are lower, For the purposs of this study, it
is assumed that the requirement of coal for coking will be
met partly from local sources and partly by imports, and
where suitable coking coal is not available indigenously
the entire quantity will be imported.

Selection of process

For Case I - 25 000 ton plant and Case II = 50 OCOC ton
plant, the run-of-oven coke requirements are only abvout
40 tons and 72 tons per day respectively. For plants of
these sizes it will be more economical to purnnzse coke
frow citside sources than to make their ownr cokwu: the
technologia. problems of small-scale cokling onsraiions
and high pxoduction costs would not Jjustily the provision
of coke malking facilities within the plant,

For Case III - 100 00Q ton plant, colkz is proposed
to be produced at the plant, The coke requirement of
about 144 tons per day is too amall to justily the
operaticn of a small number of medeérn by-product coke
ovens, lModern 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 convenvional by-product coke ovens, and
operabing and maintenance costs are also low, The quality
of coke produced is comparable to that from conventional
plants, For plant capacities of 200 000 and 300 Q00 tons,
the conventional colce oven is adopted,

/Due to
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By-product
recovery

Due to ample évailability of petroleum products in
the Lotin American countries, there is not much scope for
the sale of coke oven by-products such as processed tar,
gas and light'oil. The recovery of ammonium sulphate in
bymproduct.cdke'plants in the United Stabes has already
reached 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 natuiral gas of which some
Latin imerican countries also have a large supply.

Therefore, a simple coke oven plant with recovery
of only gas and tar is considered 1n1t1al s 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 plant
with recovery of benzol products and ammonium sulphate has
also bzen considered for the 300 0CO ton plant; capital and
operating cosbs for this alternative identified as Case V (4)
are compared with Case V in Apvendlx.B—l and Appendix 6~2
respectively, :

For the purpose of this study, the following analysis
of coal on dry vasis is assumed, the analysis being similap
to that of coal used in the Argentinian plant, SOHISA:

Volatile matter 29 %
Fixed carbon 66 4
Ash - . 5%

The coke yleld from the above coal will be about 75 per cent,
Table 3—2 summarises the guantities of coal required
for carbondsation, coke requirements and coke yield, and
the type and number of ovens.
Table 3-3 indicates the major facilities proposed
for each case,

/Table 3-2
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COKE REQUIREMTNS AND GOKEING FaCILITIES

(Basis: 350 vorking daysfyear)

Cran I m Caze II = Cose III =~ Case IV - Case V =
28 G Phyr 56 000 Tfyr 100 on¢ T /fyr 200 000 Plyv 360 000 T/yr
Iron requirement {tons/year) 22 800 45 600 83 soo 167 500 252 500
Iron production (tons/dey) €5 130 253 179 720
Coke rate (kg/ton iron) 560 shg 535 505 500
Blast furnase ooke (tons/year) 12 768 24 852 47 348 8% 588 126 250
Oven soke required {tons/yeer) 14 187 o/ 27 613 &/ 52 608 93 986 130 278
Oven coke required {tons/day) n 79 150 269 Lol
Cosl requirement (toms/year) - - 67 Whs 125 315 187 037
Coal requirement {tons/dey) - - 192 358 534
Numbor of aoke ovens - - 48 20 . 30
Type of ovens - - Pusher-type By-produst Byeproduot
Non-reeovery ovens vons ovens
Yield of gas/day
& 300 N ou m/Ton of coal -~ N cun - - - 107 Loo 160 200
Surplus gas {55 % of gas meke) - K ou m - - - 53 ¢7C 88 110
Yield of tar - Tons/year - - - 5 013 7 482 v &
tm O
— - o =
a/ Purchased ooke, \.':3} %
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For Case 111, coal will be unloaded manually from
Plant the wagons standing on an élevatedatrack and will be stacked
descrintion out on the stocking grounds by means of portable stackers.,
A coal stéck of about twe months supply will be kept, Coal
will be reclaimed by portable reclaimers and, after crushing,
will be stored in the blending bunkers. Blendzsd coal will
be sent to the coal service bunkers located in the batteries,

Ovens will be charged by electrically operated "
charging cars, and coke pushed out after about 72 hours
cbking_period. Hot colke will be receivad an colze cars,
quenched, screened and delivered to the ircn-malting plant
stock bins, _

In Cases IV and V and V(4), coal Will be rianually
unloaded from wagons in a track hopper, and stacked out on
the coal stockyard by belt cnnveyors and siryle buon
swivelling stackers, Coal will be reclaimet by soruable
reclabmers., After crushing, coal will bz deliversd to
blending bunkers, and blended coal will be stored in the
service bunkers, The coke ovens will be modern under-jet
compound ovens heated by coke oven gas or blast furnace
gas and will be provided with usual coke oven ascuipment and
auxiliaries. Coke will be pushed into ccke carp, guenched
.and screened, and sent to the ironemaking plant stock bins,
Tﬁe coke handling will be entirely by belt conveyors,
Agglomeration

Mining and sizing of ircn ores produces considerable
quantities of fines, the amount depending on the type of
ore and methods of mining and ore preparation, It is
desirable to adopt some method to utilise these fines, -
specially as agglomeration by itself offers definite
metallurgical advantages.in iron smelting.

/The use
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The use of agglomerate, sinter or pellets, has been
increasing all over the world due to its significant
contribution in raising blast furnace productivity and in
lowering coke rate, For instance, blast furnace productivity
is ralised by 45 to 60 per cent and coke rate lowered by
25 te 40 per ¢ent when 100 per cent self--fluwing sinter is
used in the burden., Sintering is particularly suitable for
fines below 10 mm with about 65 per cent in the size range
of 1,0 to 0,15 mm. This size range would constitute the
bulk of fines arising in ore mining operations,

Pelletising is another technique which is being

Pellets increasingly adopted particularly for agglomerating very
fine ores and ore concentrates, Pelletising is best suited
for very fine ores of below 0.15 ma, with about 75 per cent
below 0,06 mm., Remarkable increases in blast fuvnace
prodictivity have been achieved oy using iron ore p2llets
in the blasi furnace burden. For instance, gradually
increasing the proportion of pellets from 10.9 per cent to
77.7 per cent over the period 1954 to 1950, in the burden
of the 8,55 m diameber hearth furnace at their MNiddletown
piant, ARICO Steel Corporation achieved over 84 per cent
increase in production rate from 1 230 tons per day to
2 270 tons per day with 30 per cent reduction in coke rate
from 847 kg to 592 kg per ton of iron.é/

The most recent development in the field is

re-reduction pre-reduction, The use of pre-reduced material reduces
the chemical load on the furnace and thereby increases

production rate and reduces coke consumption, The fact

1/ Economic Commission for Europe, Steel Committee - "Economic efficiency
of various methods of iron ore preparation' - STEELMorking paper
N° 279/4dd.3, 24th March 1964,

/that pre-reduction
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that pre-reduction can be effected by solid reductants
inferior to metallurgical coke, or by gaseous reductants
where available, is an added advantage whers metallurgical
coke is a scarce commedity, The Steel Company of Canada
has established that for each 10 per cent metallic iren in
burden there is § per cent reduction in colke rate and

1/

A third alternative of briquetting the ore fines

9 per cent increase in production.

has been tried on an experimental basis, but it has not yet
been used on a commercial scale,

Sintering is being practised at a number of Latin
American plants, such as Altos Hornos de Mexico,
Cia.Siderfirgica Nacional-Volta Redonda, Cfa.Acos Especiais
Ttabira and Planta Siderirgica del Orinoco, to utilise
local ore fines,

Selection of process

Sintering facilities are considered only for Cases IV
and V; tonnage of fines involved in other cases will be too
small to justify instaliacvion of sintering facilities,

The sinter plant capacities are based on the
assumption that 30 per cent of the ore will constitute
fines of minus 10 mm size reguiring sintering, Sinter will
thus constitute about 30 per cent of metallic burden in
terms of Fe content, Production of self-fluxing sinter of
unit basicity (CaO%MgO/Si024A1203) is envisaged.

The quantities of ore fines to be simtered and

sinter produced for Cases IV and V would be as follows:

e Y P R i A N S

1/ d.A, Peart and F.J. Pearce - "Ihe Operction of a Commercial Dlast Purnace
wilh a Pre-reduced Burden® — Journal of letals, December 1955,

/Case IV
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Pan~type
sintering
machine

Sintering area

Case IV Case ¥
Qﬁantity of ore finss .
' to be sintered, tons/year 69 500 104 500
Sinter make, tons/vear - 73 000 110 000
Slnter make, xons/dav" o 225 335

- Sintering of iron ore fines can be accomplished
in a continuous process or an 1nterm1ttept process, For
continucus sintering chain grate machines of the Dwight~Lloyd
type are used, while for siﬁtéring.in batches, pan-type
machines of the G&eenwalt (stationary pan) or the AiB
(moving paﬁ)'design are used,

. The pan-type machines have advantages over the chain
grate machines up to a production level of about 3C0 COO tons
per yesr sinter, For higher‘outputs, the chain grate
machines are definitely superior both in terms of output
and production costs, |

The advantages of the pan-type sinter plants for
small tonnages are:
(i) Flexibility in the contirol of sintering operations
for cach batch which resvlts in high quality sinter.
(1i) Lower operating and maintenance costs of small
R capacity plén‘bs. _ R _
(iii) Additional cepacity can bé eésil& accommodated as
needed, _ ;
In view of the limited production involved and the

advantages of batch sintéring opérations for such small

" tomnages, pan-type sinter plants are considered. Both the-

stationary (Greenwalt type) and the moving (AiB type)
machines are suitable for the capacities envisaged. The
AiB type which is more flexible than the stationary type
has been adopbed f{er Lhis study.

AiB type sintering machines can give a damly
production rate of 1O to 30 tons per sq m. In the absence
of actual. test data on sintering rates with Latin American

/iron ores,
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iron ores, a dajly production rate of 15 tons per sy iy,

L3

which is norwmally attainable in average practice, has been

assumed, The total wintering areas required for Cases IV

and V are about 15 sg m and 23 sq m respectively,
Sinber plapt facilities

The wajor plant facilities are given in Table 3~4,

Table 53-4

HAJOR PACILITIES FOR SINT'ER PLANTS

s e AL R CHE ST it . S WA e W By D £ S O S S e AT KA M T I T R e ST TR R TG TR W el S S

Case IV Case V

Plant capacity, tons/day 225 335
Type of machine AiB pan LiB pen
Tohal pan arca under

suction, sq m 15,0 25.0
Number of pans _ 3 5
Sucticn fan eapecity, cu m/hr 10 000 19 000
Numhsr of fans 3 5
Type of dust collector Cyolone Cyclone

- - PR . - G o T S T AL SIS ATt o FLRTIRRS e o

Iren ore finzs, limestone, colke biresze and flux dust
Baw msterials from the stecckyard will be conveyed by belt conveyers to
sinter plant. ILimestone and coke breeze will be erushed
and scieened at the sinter plant tc minus 3 ma size, EHaw
maberlals and return sinter will be stcred in individual
birz, Welghed granmhities of raw mabterials will be drawn
from the bins and ccnveyed to a mizer fitted with fixtures
Tor addition of water, The mixed charge will be stored in
a bin, Adjacent to it will be another bin for hsarth leyer

3 am “
sincer

/The movable
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Charging,
ignition and
sintering

Sinter guality

Direct
reduction
processes not
congidered

The movable pans will be brought under the hearth
layer bin, charged with bed layer and then moved under the
charge-mix bin for charging., Pans will be ignited by a
moving ignition hood., BEach pan will be provided with
individual air suction fan. The pans will be moved to the
sinter breaker and tilted by a comion motor., The broken
sinter will be screened to the various size fractions - blast
furnace grade, bedding layer and return sinter,

Based on chenical analyses of raw maberials given in
Table 3-1 and assumed production of self-fluxing sinter
of unit basicity, the sinter is e:xpected to analyse
approximate 63,0 per cent Fe, 5,1 per cent Si02#41,03 and
5.1 per cent CaO#g0.

Selection of process

The process to be adopted for iron-making will depend
on the available raw materials and energy sources., Under
the conditions considered for this study, iron production
has to be based on the use of solid reductents guch as coel
and coke, Both sponge iron produced by direct reduction
processes and molten iron produced either by electric
smelting or by blast furnace, can be used for steel
production,

A number of direcdt reduction processes which appear
attractive are found on scrutinylto be suitable only for
a given set of conditions and not generally applicable.

In most cases development and applicatidn of specific
processes are still confined to the original sponsors.
Alsoc, reliable capital and operating cost data are not
readily available, In akgeneral study like this only broad
considerations of suitability of a parti:ular process can
be indicated, For consideration of a direct reduction

process, detailed investigations of the process in relation

/to specific
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to specific raw material sources and sizeléf the planc are
obviously necessary. Therefore, the adoption of direct
reduction processes to produce sponge iron is.not considered
for this study. _

The choice of the electric smelting brocgss is
largely determined by the cost and availability of power,
Recent developments indicate that pre-reduction of ore in
rotary kilns could substantially reduce powsr consumption
for the smelting process, A further reduction in power
conswmption 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, bﬁt 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
onlj processes gencrally suitable, For the production of
one ton of hot metal by electric smelting from the given
raw materials, theoretical power consumption is aboub
1 850 W for raw ore nractice and about, 950 kith for hot
prereduéed charge, Comparative estimates of 6apital
invesiment and production costs for iron producﬁion 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 process is more economical and is accordingly
considered for this study.

~ /Table 3-5
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Table 3-5

e
o S
ga O3
CAPITAL AND PRODUCTION COSTS FOR BLAST FURNACE ® =
" SMELTING 4ND ELECTRIC SMELTING OF IRON =4
.
)
Cace I ~ 25 000 T/yr steel Case II « 50 000 T/yr steel _g}
Blast Elsotris emelting Blast Elestric smelting
furnaoa \iith pre- Without fureace With pre- ‘dithoug
reduotion pro-reduction reduction pre-preduction
Iren requirement (tons/year) 22 800 22 860 22 Boo L5 600 L5 600 L5 600
Furnase size 2.0m & 700 kVa 7 560 KVA 2.75 m 9 500 kVi 15 000 kVA
hearth dia transf capaclty irensf oapacity hearth dia transf ocepacity trensf capacity
Capital cost $ 2 652 OGO $ 2 310 Q00 $ 2 o43 000 $ 4 255 000 $ 3 635 00O $ 3 273 000
ton $/ton ton ton ton ton
Production vost/ton irvon:
Cost of materials 33.26 28,32 27.40 32,80 28.32 27.40
Smelting power - 15,20 29,60 - 15,20 29.60
Cost Above Materials (less gas oredit) 25426 2i,49 23,64 15.34 16.55 15,50
Pized oharges & 3 % a/ 12,99 11,64 10.57 10,37 Ge 14 8.43
Total ex-works cost of hot metal .
(inoluding fixed gharges) 71,51 79.65 90,61 58.51 69,21 80.93

9_/ Pixed ocharges galculated at 9 per cent on the gapital ocost of fronmaking plant, insluding alloeations for awriliary departments.
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The hot metal requirement for the various cases and The
operation practice considered are given in Table 3-6,

The high cost of coke in Latin America as well as
efficiency of blast furnace operation necessitate adoption
of operating technigues which would reduce the coke
consumption in blast furnace. Raw materials preparation has
brought about considerable improvement in blast furnace
econony, and therefore use of properly-sized raw meterials
is suggested. It is howsver assumed that ecrushing and
screening facilities are located at the mines, and the plants
are supplied with sized raw materials,

Recent developments in stove design and refractory

meterials have enabled operation of blast furnaces with

high blast temperatures, which has also. brought about
savings in coke rate, The stoves considered for the study
are rated for blast preheat temperatures up to 1 100°C,
with normal operation at 1 050°C, For swmooth furnace

operation and effective utilisation of stove he&t\iﬁ is

necessary ©o control the flame temmerature 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, In the
smaller size plants in which no sinter is used, the o
replacement ratio could be slightly higher,

For attaining & blast preheat tempersture of 1 050°C

it would be necessary to use for stove heating a fuel'gas
‘having a higher calorific value of about 1,100 Keal/N cu m

{as compared with B,F. gas having a calorific value of about
900 Keal/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 cocke 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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1o be enriched with purchased fuels such as natural gas,
liquified petroleun gas, ets., depending on the location,
As the required heat input in terms of calories has been
taken for stove heabting in all cases and as the cost per
miilion kilo-calories is assumed to be the same for all
fuels, the estimated cost for heating the blast would not
be affected.

Table 306

HOT METAL REWUIREMENT AND OFERATING PRACTICE

Case I = Cage II -« Case 1IX ~ Case IV -~ Case V -

Hot metal requirement 25 000 50 0G0 100 GO0 200 000 300 00O
' T/yr T/yr Phyr T/yr T/yr
Hot metal/ton ligquid steel, kg 909 898 876 833 833
Hot metal make, tons/year 22 800 45 600 88 500 167 000 252 500
Hot metal make, tons/day 65 130 253 U479 721

Oparating prectice

Ora preparation and agglomeration 100 por cent mized raw ore Sized cre and self-

Hot blast temparature
Top pressura

Gil injection per ton
Coke ruta - kg/ton
flux rate - kg/ton

Hot metal analysis

fluring sinter in the
ratie of 70530 {in
termns of Po content)
1 050°C for all omses
Normel for all cases
‘50 kg for all cases
560 545 535 505 500
126 12k 123 103 103

Si-l. r] SG-OQOL;‘%’ I'TI'A-U.E}E, and 9-0.30?5 max in
all oases

/Because of
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Because of fuel oil injection,blast hunidification

Blast humidi- with steam is likely to confer little acdditional benefit
fication and

oxygen enrich-
ment not operation calls Jor additional injectamt, the quantity of

essential oil could be increased to the required extent. Oxygen

enrichment of the blast has to be resorted to only in such

and is therefore not considered necessary, If furnace

cases where high blast temperatures cannot be obtained from
exdsting stoves. In new installations it would be more
economical to design the stove facilities with adequate
heat capacity rather than to plan for cxygen injection from
the inception, (The high purity oxygen used for LD
operations is costly and enriching the blast with high
purity oxygen is not justifiable, If cxygen 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 technicues, it

Low coke rates 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,

Plant facilities

The major iron-making plant faocilities considered
suitable for the different plant capacities are summarised
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 bean considered for each case,

JfTable 3-7
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IRON MAKING PLANT PACILITIES

Raw mpaterials hendling

Stesking and reolaiming equipment

Blast furhaos

Number of furnacss

Furnace velume - sum
Hearth diametsr - m

Het blast stoves

Number of stoves

Ges oleaning plant

Number of dust satcher

Gas weshers

Eleotrostatio precipitstors

Hot metal bhandline .

Eot metal ladle capaeify
For emergency use '

Slag hendline

Mode of handling

Dispocal

Cold bloot supply

Blover

Electris motor
driven blower

Stesn turdine
driven biowsr

Steam turbine
ériven blower

Steam turbins
driven blcwer

Case I Case II Case I1X Case IV Caga V
{22 8c0 tons {45 600 tons {88 500 tons {167 ©OO tons {252 560 tons
of iron/yr) of tiron/yr) of iron/yr) of iron/yr) of iron/yr
Poy loader Pay loeder Track hopper, Track hopper, Track hopper,
esonveyors and aonveyors and eonveyors enia
stacker oum stacker cum stacker cum
reglaimer reclaimer moleimer
Cne tne One Une . One
50 90 170 910 L5
2,0 2.75 3.5 4.3 5.0
3 3 '3 3 3
Cne Cne Cne One Cne
Two Two Two Two Two
“Tvo Twa Two Two Two
3 Nos ~ 20T 3 Hog - 30T 4 Nos - 307 4 Nos - 60T 5 Nos - 60T
- - Hg ocasting Piz easting Pig casting
mashina - maohine machine
Slag pit Slzg pit Slag pit Slag pit Slag pit
Dumperp Dumper Dumper Dumper Dunpear
5 8§00 cum/hr 11 999 eum/hr 20 800 sum/hr 39 000 cum/hr 58 500 cum/hr

Steam turbine
driven blows:

/n
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sSteelmaling
The choiee of sbeelmalking process is governed by

the quality of hol metal, availability and pirice of
purchased scrap in relation to hot metal cost, and
comparative econouics of production by the various
alternative processes. In this stundy, basic oxygen
furnace (LD converter) process has been considered for
all cases, and for Case II electric furhace steelmaking
has alsc been compared,

- Qelection of process

T Of tiie several steelmalding processes, the proven
Open hearth not ones relevant to this study are the Open Hearth, Electric
e Arc Furnace and Basic Oxygen (LD} Converter, An open hearth
plant requires about 50 per cent more investment than an
ID plant of equal capacity, and the production cost of open
hearth steel is also higher than 1D steel,

The 1D steelmaking process combines the advantages
of relatively low investment and rapid refining rates of
pneumatic converter process with the fle:ibility and steel
quality of the open hearth process. It offers low investment
and operating costs for the production of carbon steels.
With medium size units, the production of heats at regular
short intervals nakes the process an ideal choice for use
with continuous casting,

Further, tlie shortage of market scrap in Latin
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 estimated that scrap would constitute
20 to 25 per cent of the metallic charge in the converter.
Plant 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
converter

1D steelmaking

selected

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
production has so far been confined to small non-integrated
steel plants in China, The size of the converters range
from a capacity of % ton to 8 tons per blow. Side-blown
converters are also used in steel foundries, Investigations
made in a % ton basic lined side~blown converter at the
National Metallurgical Laboratory, Jamshedpur (India) with
Indian pig irons containing C,30 to 0,40 per cent phosphorous
have demonstrated the technical feasibility of the jprocess.

Though it is feasible to make steel in side-blown
converters and smell size converters of this type are in
operation in China, the process has not yet established
itself on a commercial basis, Unbtil large scale plaht trials
are carried out and critical operating datz such as )
refraciory consumption, yield, quality of steel, productivity,
etc,, are determined and the economics proved, this process
cannot bhe considered,

In view of its economic and technical advantages for
high hot metal charges, ID steelmaking process is considered
for all the five different plant capacities uwider study.

Hot metal of the analysis assumec in this study can readily
be converted to steel by ID operation, using normal single
slag process,

Converter sizes and heat times assumed are given in
Table 3-8 below, The number of operating days in a year is

taken as 330 in all cases,

/Table 3-8
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Table 3-8
CONVERTER SIZES AWD HEAT TIIES

- - - e £ N =Y e

Production of Converter Average heat

Case liquid steel size cycle, tap~to-tap
(tons/year) (tons) (min)
I 25 000 3 38
1T . 50 €00 6 38
I 1C0 000 12 40
v 200 GO0 25 42

v 300 000 35 42

s A o LAY

-—

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

It is to be noted that apart frow 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 commeércial 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 make up the balance of the charge were
assured,

Degceription Qi the process

The LD process consists of charging approximately
20 to 30 per cent scrap and 70 to 80 per cent hot metal into
the converter and blowing with oxygen at supersonic velocities,
Oxigen consumption averages about 50 cu m/ton of steel

/procuced, Flux
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Operating
procedures

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~determined on the basis

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

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

In Cases I and II (converters of 3-ton and 6-ton
capacities), manual feeding of fluxes and additives is
proposed with a view to reduce the capital costs. For
Cases I1I, IV and V, lime from the calecining 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 mechines,

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 lcaded by overhead crane into road-bound slag pot
carriers for disposal to the dump,

[/When the
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When the operating vessel is to be relined, it is
removed from its trunnion ring by ﬁeans 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 eguipment 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 aisie: equipped with overhead magnet cranes,
scrap boxes, tranfer cars, etc.,, for transporting scrap from
gcrap yard to converter,

Charging aisle: one end of which forms the casting
bay 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 floor provided for
operation and maintenance of the 1D 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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Tabie 3.9

MAJOR EQUIFMENT AND PACILITIES FOR LD STEELMAKIRG

" Qase II

Equirment Cage I Case III Case IV Caga V
25 000 T/yr 50 000 T/yr 100 000 T/yp 200 000 T/yr 400 000 T/yr
Hot metal mixer 1-.100 7 1.100 T 1.250 T 1-500 T 1-500 ¢
LD gonverter complete with )
blowing equipment, eto. -3 7 167 1-12 7 1.25 7 1-35 7
Spers converter shell 1 1 ' 1 1 1
Converter relining stands 2 2 2 z - - 2
Hot metal transfer ladles 6 6 é 6 6
Steel ladles 10 10 10 10 w0
Slag pots 14 16 16 16 16
Stesl ludle transfer oar 1 1 1 1 1
Slag pot transfar oar 1 1 1 1 1
Vossel changing Jack oayr 1 1 1 1 1
Hot metsl weighing seale 1 1 1 1 1
Ladle relining end heating stations i 4 4 by )
EQT Crares
Serap hendling magnet crane 37 1-3 T 15T 1.10 7 1-10 T
Hot metzl charzing orane 2+35/10/3 T 2-50/15/5 T 2.50/15/5 T 2-100/26/10 T 2-100/20/10 T
Service orene for vesssl reline 1.1 7 1l 7 1.3 T 1.5 T 1.5 T
Cacting oranes 1-5/2 T 2.10/5 T 2-25/10 T 2-50/10 T 2-60/15 T
Gxygen plant 10 T/dey 20 T/day 40 T/day 80 7/day 100 T/dey
Caleining plant One shaft Cne shaft One shaft (ne shaft Ctne’ shaf't
kiln 10 Ton kiln 15 Ton kiln 30 Ton kiln 60 Ton kiln 100 Ton
por dey per day per day per day per day

9¢ o3eq
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Converter relining aisle: 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 alse stabled in this bay.
The track 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 and 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 furnece, though primarily ronsidered
to be an economical scrap melter and to be parbticularly
suitable for the production of guality and alloy steels,
is now being increasingly adopted for large scale production
of tonnage carbon steels, Also, its ability to use hot
metal in limited proportions has been recognised and utilised
at some plants,

For instance, at the Brymbo steelworks in United
Kingdom, about 50 per cent pre-refined hot metal and
50 per cent scrap are used in 40-ton arc furnaces.;/ The
hot metal is pre-refined with oxygen in a special oil fired
furnac¢s., By this treatment the silicon is almost wholly
oxidized, phosphorous is reduced from 0.4-0.8 per cent

-——

1/ "The Brymbo Hot Metsl Oxy/Electric Steelmaking Process" -~ by Emrys Davies.
Paper presented at the Le Touquet Conference on Oxygen Steelmaking,
September 1963,

/tc between
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to between 0,05 and 0.1 per cen?, carbon is burned down to
between 1 pef 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, Uith such a practice,
are furnace power consumption varies from 240 to 340 kith

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

high productioﬁ rates’are:poésible with highly pre-refined
iron. : " '
' At the Chimbote steelworks in Peru, direct hot metal
is used to the extent 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.Y

Extensive tests condﬁcted with low phosphorous and
high phosphoroﬁs.pig iron in 12-ton and 40-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 pe}iodAusing 50 per cent scrap and 50 per cent
hot metal is lower compared to 100 per cent cold'chargetg/
The total power consumption was less than 500 K'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
considered possible to utilise successfully such high
rroportions of hot metal, )

Recent trials earried out by Republic Steel Corporation,
United States, in 150-ton arc furnace at their Chicago
District Plamb, showed that 25-30 per ceat hot metal could
be used in the charge’without difficulty, adopting the

1/ “The Chimbote Steelworks" - by William Shapiro, Blast Furnace and
Steel Plant,

2/ Mot Metal in Electric Arc Furnace! - by Arthur Durrer and G. Heintze,
Journal of the Iron and Steel Institute, London, May 1959, pp. 15-23.

/ore~scrap-hot metal
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ore-scrap-hot metal practice without oxygen lancing. Hourly
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 usad, and tap-to~tap
time for single slag heats reduced from 6,00 hours to
3.20 hours.é/

In latin American countries, where availability of

Alternatives purchased scrap is limited, electric arc furnace steelmaking
considered . ; .
for Case II even with only 50 per cent scrap in the charge may not be

feasible in regular practice., The Chimhote plant based on
this practice frequently gets into difflculties for want
of scrap, However, for purposes of comparaztive study,
capital and production costs for different coubinations
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 3-10C,

The alternatives considered for steelmaking in
electric arc furnace are 100 per cent scrap charge and
50 per cent hot metal~50 per cent scrap charge, (ne 20/25 ton
arc furnace of 10 CQ0 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 sumnariged in Table 3-10.

1/ "Use of Hot Metal in Electric Arc Furnaces" by Arthur W, Sclumudde,
Journal of Metals, April 1966, pp. 501~503.

/Table 310
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Table 3-

CAPITAL AND PRODUCTION COSTS FOR ALTERNATIVE COMBINATIONS OF IRON AND STEELMAKING PROCESSES
(Case II - 50 Q00 tons/year) .
BRfLD o/ BIMEAP s/ Esw(m}-om sf ESFHEAR y EAP of
. Per t -Per Per ton &
Total b/ onnual Total b/ annual Total b/ annual Total b/ annual Total b/ a.nm:;
1000 § capad~ GO0 $ sapac- 000 § sapag—  $Gg0 $ cepas- 1000 §  eapas-
ter § tty § 1ty § 1ty § 11y §
Cé.p_ital gosts
Dopartments:
Iron making 5 253 115.2 3 650 of 160,10/ 3283 8/ 1.0 e/ 2 991 ¢/ 131.2 o/ - -
Steel making L 1h2 83.8 3 672 73.5 3 672 7345 3 672 73.5 3 667 7343
Continuous casting 1 8o7 57s 1 620 33.8 1 620 33.8 1 620 33.8 1 763 36.9
Rolling 5 778 1314 5 778 1314 5 778 1314 578 1314 5 650  128,5
Total d/ 17 032 14 720 14 353 14 061 11 086 .
invastment per ton: : o ' o
Rolled product 387.4 334.8 326.5 319.9 252,2
Production costs o/ (§/ton)
Iron (hot metal) 58451 71.51 79465 90.61 o -
Steal (ligusd) 102,76 92.24 o 96,25 4 101.64 Y 74,26
Continuous sest billet 119,48 107.13 111,30 116.96 88,69
Rolled produst 162.59 143,15 153,72 1659.84 128,58

y BF+LD
BMEAP - (I,;;n making in blagt furnase and steelmsking 1n eleotric are furnage with 50 per aent hot metael = 50 per sent serep
rcs
ESF{PRHEAP ~ Iron meking in electris smelting furnace with pre—reductlon and steelmaking in eleotriu ero furnace with 50 per gent
- ot matal ~ 50 per oent sorap sharge. .
ESFHEAR - Iron making in eleastrig smolting furnaee without pre-reduction and stealme.ks.nb tn elaotris aro furna.ea with 50 per ocent
hot metal - 50 per sent scrap charge. . . )
EAP - Steel making in electric arc furnece with 100 per cent sorep cherge.
b/ Including allocations for auxiliary departments.
g/ Sinoe hot metal constitutes only 50 per cont of ths charge, iron making eapaocity of Czse I is aedequate; capital end production costs

considerad for hot metal are therefore those of Case I.

Complete plant gapital sost insluding all the facilitles within the plant boundary.
Ex.works aost ineluding fixed oharges @ 9 per sent of sapital cost.

= Iron making in blast furnace and steelmeking in LD converter, the prosess csonsidersd for all oasas ﬁt thie report.

09 98=g
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Continuous casting plant

Continuous casting of mild steel billets of the
quality required for merchénﬁ products is now an established
and proved process, Compared to ingot casting and rolling
into intermediate nreducts, continuous basting results in
better operating yields, savings in space’reguireaents and
elimination of all facilities for ingot teeming, stripping,
soaking and rolling into intermediate products; thus
reducing capital investmernt and operation costs to a marked
extent,

A study was made to determine the megnitude of
investment required for conventional ingot practice for
Cagse V of this study under comparable concitions, It was
estimated that the capital outlay required for the
conventional ingot caéting, stripping, soaking and cogging
facilities replaced by continuous casting was about .

13,1 million dollars as against an outlay of about 4,7 million
dollaxs for continuous‘casting for a throughput of

300 0CO tons/year of liquid steel. The production costs
per ton of billet would alse be lower by about 16 per cent
in the case of continuous casting on account of about
10 per cent higher yieid and lower operabing costs as well
as lower capital charges, Continuous casting, is therefore
the ideal choice for throughputs which are too small for
conventional blooming/biliet nills, such as the five cases
under study. Indeed, today the process is being given
serlous consideration even for large plant throughputs of
over one million tous per year, B

Production prozramme

Based on the reguirements of the product-mix and
maximum and minimum section sizes to be rolled, the billet
sizes selected are 75 mm and 100 mm square for Cases I, II

and III, and 75 mm square, 100 mn square and 125 mm square

/for Cases
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Killed steel
required

for Cases IV and V. An important consideration in this
selection is that continuous east billets require a certain
minimum 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 2-11,

Table 3-11
CONT INUOUS (CAST BILLETDS REQUIRERENTS

ek i 2 st 1 AR i 8 S T A R, i Ce——

Case I Case II Case IIl Case IV Case V

Billet size T /yr I!??L T[XEM_ T/yr  T/yr

75 mm square 19 200 38 400 76 800 96 0CO 144 000
100 mm squere 4 800 9600 19 200 57 600 86 400
125 mm square - - ~ 386 400 57 600
Total 2 000 48 000 96 000 192 CCO 288 000

s o . 8 AL by 5 R W S by b A S S ——————

Seiection of process and ecuipment

4 variety of steels are now being successfully
produced by continuous easting, These include piain
carbon steels of low carbon content considerced in this
study steels of high carbon contents, low alloy constructional
steels, silico-manganese and chrome-vanadium spring steels,
stainless steels of both ordinary and stebilised varieties
and some special high alloy steels,

The continuous casting process is suitable for casting
killed steels, Rimming steels can be cast only in large
sections, Though a fully rimmed structure is nol obtained,
it meets most of the physical requirements of rimmed steel.
Semi-killed steels camnot be continuously cast, but killed
steels can generally be substituted for semi-killed steels.,

/The main



B/CN.12/764
Page 63

The main reason for using semi-killed steels in ingot
casting practice is their high yields.” But killed steels

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

Metallurgically, continuous cast matverial is generally
Product ' uniform, of good quality, free from segregation and reiatively
quality clean in respect of non-metallic ineclusions though soue
central porosity is found, The sections cast are for the
most part regular in shape, The slight "ripple" marks formed
by mould“réciprocation do not affect the surface quality
of the finished materials and with proper care surface
dressing caﬁ be reduced %0 .a minimua, Vide renges of
billet, bloom and slab sizes have been cast successfully
by'continuous.casting.

Various designs of continuous casting machines have

Curved mould been developed. The recently developed curved mould type
type machine '

selocted of machine (the so-called "S* type) hes a lover 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, bullding and foundations., The
curved nmould type continuous casting machine is therefore
selected for continuous casting of billets for all the five
cases under study.

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

Jihumber of
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Number of 1D heats/day 35 (average)

Type of ladle Lip-pour
Machine availability 80 per cent
Machine set-up time 20 min {(for single~-strand

machines in Cases I and II)

30 min (for two=strand machines
in Case IITI)

L5 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 sg - 3.00 m/min
Billet 125 mn sq = 2.40 m/min

Max 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 35 heats in 24 hours), a minimum of two machines
are required in each case. An average of 1§ casts per day
for single-strand and twin-strand machines, and an average
of 12 casts per day for triple-strand and four~strand
machines are assumed, It may be noted that teaming of the
3~ton ladle in Case I would require only about 15 to
20 minutes, depending on the billel size, 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 eguipment is thus necessarily
low, In Cases IV and V three machines have been provided
in view of the long set-up time reguired with multi-strand
machines,

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

/tzjor eguipment
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Major eguipment and facilities

= frows

Major equipment required for the continuous 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 fleop 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 furnacei, if required.
All roller tables are installed in the discharge aisle and
cooling skids in the storage aisles., The storage aisle has
sufficient room to accommodate one month's stock of billets.
Rolline mills

The type and general arrangenent of the rolling mills
will depend upon product-mix and tonnage to be rolled,

Production programme

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 latin Awmerica
for the five year period 1961-64 are given in Table 3~13.
The total consumption has increased from 3.53 million tons
in 1952 to 8,398 willion tons in 1964, but the proportion
of rails and heavy sections has declined from 14.7 per cent
to 7.7 per cent and the proportion of bars, light sections
and wire products taken together has decreased from

/Table 3-12
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Table 312

CONTINUOUS - CASTING FACILITIES &/

4 500 1/ 48 600 1y 65350 Tor 195000 T/r 288 900 7A
uipment partisulars 24 000 T/yr o0C T/yr g yr yr yr
Equip P billets billets billets billets biliets
Number of sontinuous

easting machines 2 2 2 3 3
Number of strunds per

maohine Single-strand Single-strand Twin-atrand Triple-strand Foursstrund
Nurber of discharge

roller tables 2 2 4 9 12
Length of dissharge '

roller tables 25 m Lo m Lo m bom 4o m
lunber of scoling

banks 2 2 2 ) 6
Size of ¢noling banks 7ux8m Boxlon 26nx8n 20mx 8 mzxdm
Number and capaoity

of billet handling :

eranas Cne S-ton One 5=ton One l0-ton One 15«ton Two 1l5-ton

af ‘ Lip-pour type casting ledles included in steelmelt shop facliitles,

/Table 3-13
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Table 3«13 -

APPARENT ANNUAL CONSUMPTION OF ROLLZD STEEL PAODUCTS TN LATIN AMERICA
| FOR THE PIVE YEAR PERICD 1960-1964 a/

(Including smports) -
1960 . 1961 . 1962 . 1963 1964

Qo Pap- 1000 Por= 1000 Par- 1000 Par. 000 Fer-
cont- - oent- . - cente~ . aent- ) oent-

tong age tons age tons age tons age tong age
Bars and light seotions 2 31&5 36453 ;2 301 34428 2 438 . 35.55 é‘glm ‘ 33.08 2931 34,92
Wire products : 747 11,66 778 . 11.56 867 12,65 966  13.65 959 141
Ratls and heavy sestions : 669 10.,k2.. 492 7.32 535 7.80 ‘ 458 R 650  72.73
Flat produsts 2 655 439 3147 4684 3 016 14,00 33207 686 3858 U594

Tatal 6uly . 678 6 856 7 08k 8 398

&/

“Consumo Aparente Latinoemeriecsno de Productos laminados Sidaxﬁrgmns on el quinquenio 1560-64m,

ILAFL, Servieio de Sosios, N° 29, abril de 1966.

/515 per
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gtructural s

and rails

51,5 per cent to 46,37 per cent, while the consumpiion 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 flabt products 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 inbernal market for disposal of its products,
and the total internal demend 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 sirip rolling in
planetary mills, economic¢ production of flat products in
plants of 200 000 to 30C 000 tons per year capacity may be
feasible, but not in the much smaller plants of 25 €00 to
100 000 tons per year capacity, Moreover, continuous casting
of thin slabs, less than 130 mm thick, for these mills in
rimning steel quality presents difficulties which have not
yet been overcome, HMany 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 production 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
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As wire rods and merchant 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 znd equipment selected for a productb-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 effect of factors not related to
plant size and thus to make the comparison of costs with
mills of differing cepacities 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 {ive steel plant
capacities under study is given in Table 3-l14.

Table 3-l14
ROLLED PRODUCTS FOR DIFFERLELT CASES

A B e . — R AT A G TR 61 @k S W o e A e R T

Case 1 Case II Case ITI Case IV Case V
t/yr tfyr  t/yr  tflyr tfyr

Il d, o ER AR

Rolled products

g . e

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

Flabs (8 to 60 mm) 4 000 8 000 15 000 30 COO 45 00O

Angles & equivalenl
sections (315 to

55 mm) 4 000 £ 000 14 Q00 30 GO0 45 OCO
Lotal 2L 980 43 960 89 300 180 A8Q 270 720

- R SR L T S G M ML T e A A T e e S et

/Selection of
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Cross~country
mill

Semi-continuous

Continuous mill

Degree of
mechanisation

Selection of mill

‘The following considerations are basic to the
selection of the mill unit:

(i) Its suitability for the range and voluime of
production envisaged.

(ii) Full utilisation of the rated capacity for the
product~mnisx envisaged. This is important for
cost comparison,

The mill arrangements usually employed for rolling
merchant bars and wire rods are cross-country, semi-
continuous and continuous. In the cross-country type,
mill stands are placed side by side and driven by a common
driving unit, The complete wmill arrangement can be made up
of either one, two or more groups of similar stands.
Cross-country 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 flexible enough to suit varying piroduction
requirements in the intermediate range and is therefore
generally adopted for moderate production, Semi-continuous
mills can be mechanised to a considerable extent.

The continuous mill is a high production unit
requiring heavy capital investment, Mill stands are
arranged in tendem and rolling is continuous, that is, the
material being rolled undergoes reduction in a number of
stands at the same time, The incoming 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 with
increasing mechanisation and automation, This increase in
investment should be justified by a corresponding decrease

/in production



E/CN.12/76L,
Page T1

in production cost, In an economically advanced country
with high labour costs, it is essential to adopt
éophisticated mechanised eguipment, However; for the
selectbion of mill. complex, the product-mix and capacity
required should be the guiding factors in deternining the
degree of mechenisation desirable, In the first two of the
five cases under study, production requirements will not

. Justify a high degree of mechanisaiion,

| From Case III onwards the mills are increasingly
mechanisad, 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 IIT (Fig. 2).

Bolling mill proposed |

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

a semi-continuous mill has been provided, with the
difference that in Case IV the mill hag a greater number

of contimious 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 bs fully utilised
for achieving the required production, A brief description
of the facilities is given below. '

For Case I, the roughing mill consists of twe 3-high
4C0 mn stands driven by a 500 KW 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 Kil AC motor through gear boi and pinion stand at a
higher speed,

- /One pouring
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Mill for
Case IT

Mill for
Case TII

One pouring type coiler suiteble for coiling 5,5 mm
to 16 mm wire rods and an ordinary gravity type ccoling hed
for rolled materizl in straight lengths are included., An
8-ton/hr continuous pusher-type reheating furnace with
side-discharge arrvangement, rollshop and cranes are included.
The mill equipment is complete for the envisaged nprocduction
of 21 980 tons per year,

The first nine stands of the mill selected for rolling
43 940 tons per year of finished merchant bars and wire
rods in Case II, are similar to that for Case I, In
addition, four 2~high 250 mm continuous stands 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 crosg country f{inishing stands with mechanised
skew tables, ete,, is provided for rolling in straight
lengths. For rolling wire rods in coils, a wire rod
finishing train for double-strand rolling and suitable
coilers are incorporated, The mill will be capable of
rolling 89 300 tons per year as envisaged.

The mill arrangement consists of one 550 mm verdtical
stand with 200 W drive, followed by four 2-high 400 mm
continuous roughing stands with two 500 W drives. These
are followed by two 550 mm vertical stands eéach with 200 KW
drive, and five 2-high 3C0 mm stands arranged cross=—country
fashion in two trains, one of twe 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 coitrolled from the control desk and
pulpit, 8ix 2«high 250 m wire rod finishing stends,
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 capacity is 25 tons/hour,

/To meet
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To meet the production requirement of 180 480 tons

Mill for . per year a semi-continuous mill with higher capacity is
Gase I . selected. There is a continuous train consisting of twelve
stands in three groups follewed by five stands in cross-
country arrangement, 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 mm stands, each pair of stands being driven
by a common 500 W 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 separately driven by 500 kW motor, The cross-country
portion of the mill arrangement consists of five 300 mm
stands arranged in two groups, each group driven by a
LOO KW motor. A mechanised high capacity coocling bed has
been provided for materials rolled in straight lengths.
Six 2-high 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 motor. The conbtinuocus
billet reheating furnace has a capacity of 50 tons/hour,
Four pouring type coilers are provided for wire rods.

For Case V, the nill is a high-capacity continuous
Mill for merchant -mill with two wire rod finishing trains capable
fase V... of meeting the production requirement of 268 0CO tons per
year. The continuous mill arrangement 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 stands 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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Scope

Laboratory
work

The finishing train is made up of five 340 mm stands,
alternately horizontal and vertical, each of which is
driven by a separate 600 K 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 a steelworks one is
apt to think more in terms of the major procuction facilities
such as blast furnaces, steel melting shops and rolling
wills 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. These
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.
Laporatories

In 2ll the cases under study the plants will have
laberatories to provide essential services to production
processes and to exercise control on product quality, As
the plants are all of small capacity and produce only common
types of rolled steel products in regular denand, no research
facllities are envisaged,

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

/{1i) Chemical
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(i) Chemical analysis of samples of raw materials,
coke, sinter, iron, steel, slag refractories, etc.
(i1) Analysis of gas, 0ils and lubricants, water, etc,

(iii) 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 minimum facilities are essential in all cases;

with increasing plant size, wider range of equipment and

more extensive facilities are envisaged.

i,

The facilities are generally as follows:
Chemical 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 guicker analysis of iron and steel and the
installation of such expensive eguipment will be
Justified by the volume of work turned out.

/2. Meballurgical
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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 and bend testing
facilities are provided 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.  Ingpection 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 information section: 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 insvection, are
Building - 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 Case V,

Elsctrical power system
Planning of the electric system for the different

plant sizes takes into considepation well-tried practices

followed in steel plants all over the world for efficient

plant operation and maintenance,

/The electric
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The electric power reguirements of various plant
sections have been estimated using data on energy consumption
available from similar existing plants. i/hile the actual
consumptions could in practice vary somewhat depending on

several factors, the averages assumed will give a good

approximation of the electrical load demands for the given
production, A

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

Table 4~1

ANNUAL ENERGY CONSUMPTION

e, A AT o

. . Annual N
. Anmual
Plant 30-minube  energy electricity

T LI e o

size max, demand consump- bill 9._/
T/yr - kVA tion
' Kih x 103 $

Case I 25 000 2 500 12 500 200 000
Case 11 50 000 3 700 18 250 292 000
Case IIX 100 000 7 9GO0 39 000 624, 0CO
Case IV - 200 QCO 14 700 71 300 1 1.0 BQOO
Case V ~ 300 000 22 000 104 400 1 670 40O

- Lo o T e ok . b g

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

Selection of power system 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,

‘ang for the three larger sizes of plants over double~cireuit
‘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. 4 double-

| circuit line could be considered at a later date if the

/need for
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Power
distribution

need Tor greater reliability is felt., The step-down

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

is assumed that the system from which power is fed to the
plant will be rigid enough to take care of the peaks imposed
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 distribution supply voltage
of 4 160 volts would be satisfactory for all the five cases.
The low tension power distribution considered is 480 ?,
3-phase, 60 cycles.,

Flant power distribution

Power at 4 160 volts from the step-dowm 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 airea. H.T. power
to individual facilities would be distributed from these
load-centres over t¢ables, The shop L.T, distribution would
be at 480 V, 3-phase, &0 cycles, 3-wire, and the light
supply at 110 V, single~phase,

In this connexion it is to be noted that the blasb
furnace blowers for the 25 0CU 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
avajlable for power generation,

/Cranes
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Cranes

ke .

All cranes operate on 480 V, 3-phase, 60 cycles
supply. TWherever cranes are to be provided with lifting

magnets, additional cost of suitable rectifier conversion

‘equipment has been taken into account,

Power generation N

No power generation within the plant is envisaged,
as the fuel required would in any. case have {o 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, ete.
Water supply system -

A well designed system to supply adequate quantity
of water, suitable treated to meet the féquirements of
various production processes and eguipment and at the
required pressure, is essential for satisfactory operation
of an integrated stesl 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 pollution, the
open recirculating cooling system has been adopted for
all cases,

The total estimated water requirements in cu m per
hour are given in Table 4-2,

/Table L-2
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Table 4-2
PLANT WATER REQUIREMENTS

A 4 A s o — ek ] -

Case I Case II. Cage III Case IV Case V
cu m/hr eu m/hr cu w/hr cu m/hr cu m/hr

Cooling water:

Water in
eirculation 1100 23100 4000 7 300 10 000
Make-up water 160 290 515 880 1 130
Boiler feed water 5 6 11 16 24
General purpose
water 20 30 50 80 100

Total make-up
system 185 326 516 96 L2584

e o e ————

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

The clarified water having turbidity not more than
10 ppm (silica scale), total hardness not more than 40 ppm
(expressed as CaCOB) 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 and drinking water pumps, filtration
units and chlorination units are provided., Separate mains
with appurtenances supply make-up to the various
rec¢irculation systems, drinking water and general service
water, Demineralisation plant foxr boiler feed water is
inecluded,

/Separate recirculation
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Separate. recirculation systems are provided for
¢lear water and for contaminated water with pumping station,
hot well, cold well, cooling tower; supply and return 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 systems are located
close to the respective production units which they are
intended to supply. Horizontal centrifugal pumps are of
positive suction type. Verticsl pumps are »nrovided in the
scale pit pumphouses of the mills and continuouvs casiing
machines. All pumphouses are provided with about 30 per
cent standby capacity, :

All pipes and specials asbove 65 mm nominal bore are

mild steel welded, and below 65 mm galvanised iron screwed,

Mile 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 coluwm 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 velve pits, Air relief and scour valves are to be
provided as required,

The standby pump will come into operation to maintain
continuity of supnly when a pumping unit fails. In an
emergency arising from power failure, supply of cooling

_water to minimise risk of damage to Dblast furnace, reheating

furnaces, LD lances, ete,, will be met from overhead storage
tanl:s, with adequate capacity and staging height, floating
on the supply lines.

For fire fighting purposes, 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 fluctustions of demand during

peak hours and during fire fighting.

Utilities
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 billets for the
small scale integrated steel plants wnder study, has
eliminated conventional fuel needs for steclmaking and
ingot heating, O0il injection in blest furnaces is envisaged
to reduce coke consumption,

In large integrated steel plants, the greater part
of the heat requirements are normally wet from by -product
gaseous fuels (blast furnace and coke oven gas), the
balance being mel by purchased fuels. However, for the
cases under study availability of by-pioduct gaseous fuels
will be limiited because of the low coke pates assumed,
resulting in lower tomnages of coal leing carbonised and
correspondingly lower volume of coke oven gas generation,
and also lower volume and calorific value of blast furnace
gas. The plant will have to depend to a large extent on
purchased fuel oil for ths heating furnaces.

For Casas I and II coke ovens are not considered;
for Case III pusher type non-recovery coke ovens are
envisaged and hence no coke oven gas would be available for
heating purposes, For 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 requirenents.

/Surplus blast
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Surplus blast furnhace 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 Iuels senerated in the plant is indicated in
Appendix 4=1, Plant Fuel Balance,

In the LD steelmaking process large quantities of
gases are generated, During the blowing period the
quantities of gases generzied fluctuate considerably
acecording to the rates of deeivroonisation, The gas

temperature 2t the converter mouth is in the range of

- 1 400°C to 1 600°C, The gas contains a high proportion

of CO amcunting to about 70 per cent for nearly three
quarters of the duration of the blow., Processes for economic
utilisation of the sensible heat content 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 ecuipment is cconomically
Jusvified only for the larger sizes of ccnverters with

wore than one operating vessel, Hence, for all 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, etc.
Surplus blast furnace gas after meeting the reguiremenis
of stove heating would be used for boiler firing. In
Cases IV and V, surplus coke oven gas after meeting the
coke oven requireents would be utilised for sinter-mix
ignition, calcining and mixer and ladle heating in the
steelmelt shop, Fuel oil would be used for all heabting
in Cases I, II, III, and for reheating furnsces in Cases IV
and V,

/The annual
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The annual recuirements of purchased fuvel oil and
Licuified netroleum gas are given in Table 4=3.

Table 4~3
PURCHASED FUEL

Fuel oil

Plant e LEG b/
capacity megis o/ N cu m/year
T/ T /yr
Case I 25 000 L, 600 70 000
Case II 50 000 7 100 81 0CO
Case IIT 100 0Q0 13 250 92 000
Case IV 200 000 18 950 100 000
Case V 300 000 27 500 120 000

s r— = e R M e T i A o b T o — T LD

2/ Includes oil injection in blast furnace at the rate
of 5C kg of oil per ton of hot metal,

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

Pyel_distribution

The main consuming units of blast furnace gas, vize
blast furnace stoves and boiler plent are located near the
blast furnace plant, The blast furnace ges would be piped
to these at low pressure. A bleeder staclk 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 uvsed. A bleeder
stack would be used to burn excess cole oven gas,

/There will
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| There will be little excess gas bleed-off in Cases I,
Bleed-off II and III, In Cases IV and V excess gas bleed-off may
' ' amount to 13 pe cent and 22 per cent respectively of the
surplus gas make, The tolal quantity is subject to wide
fluctuvation and would consist of both blast furnace gas
and coke oven gas in varying amourws, 1T the excess gases
were to be used for power generzi.ion, it would suffice to
meet only 10 to 15 per cent of the plant power requirements,
which is too small to justil sdditional investment for
power generation, The gases iculd Le used in the reheating
" furnace to meet 25 4o 35 pse cent of the heat requirements,
but this proportion is too small to justify instellstion
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 both oil fuel and
gas firing.
Fuel oil is required for injection in blast furnaces
Fuel oil and for heating., Since iron and steel production would
suffer if oil supply is interrupted, adeguate storage
facilities to meet, about 20 days' requireuents, amounting
to 370 tons, 6C0 tons, 1 200 tons, L 30C tons and 2 0C0 tons
for Cases I to V respectively are provided,

Oxrgen
The LD converters are the major oxygen consuning

Oxygen © units, Oxygen is also required in swall quantities for
requirenent i
s general use such as cutting and welding, The total daily

sygen requirements, estimated on the basis of 65 N cu m
of oxygen per ton of steel amount to appro:imately 10, 20,
40, 80 and 100 tons for Cases I to V respectively, Oxygen
plants oi these capacities have been considered.

The type of plant to be selected depends on the
proportion of liguid to gaseous oxygen that would need to

be dravn from the air separation units. In order to

/maintain regular
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maintcin regular supply of oxygen to the steelmelt shop

during short shut-down of oxygen plant, about 7 to & per

cent of the oxygen generated should be drawn off as liquid

and stored. Rither a low or mediww-pressure plant would

be suitable for generating this quentity of liquid oxygen.

A low-pressure plant has been consicered for this study,

as capital and operating costs are Jower and plant

availability higher compared to a medium-pressure plant,

The low~piressurs plant can alsc generste nitrogen of up

to 99.99 per cent purity., Ths oxygen distribution system

also includes buffer vessels Lo augment gaseous oxygen

supply during LD blowing.

 Compressed air
Compressed air would be required for all hydraulic

system in rolling mills, and pnewmatic operation of furnace

doors, disappsaring stops, locking arrangements of slag

cars, pneunztic hand tools such as chinpers and grinders and

for flushing and cleaning,

Compressed air supply system can either be centralised

Alr compressors or zonal, The advantages of the former are less number of
and medliaries standby units and easier maintenance, but larger size
distribulion pipes are required, Fopr the decentralised
system more standby units are required, but piping costs
would be less, As a decentralised system could be taken
advantage of even during the construction stage, and more
units could be added later as required, it is advisable to
install decentralised system.

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

/Table 4=l
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Tablé Lty

COHPRESSED AIR SUPFLY

- R e o

Corpresszed air reguirements

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

- ORI - P .

Case Number of units

I 800 - 7000 3~ 300 cu m/hr(42 standby)
T 1 500 12000 3- 500 ¢ "
11X 2 500 20 060 3= 9 n "
AT 3 500 30 00 3-1 200 ¢ n
v 5 0CO 45 GO 3-1 700 v "
Sbeamn

The main stean consuming units are the turbo blowers.
Steam would also be required for coke oven plant, Iuel oil
heating and atomising, and other miscellanszous uses, The

requirenents are given below:

- sy o

e A A T A ol s ———

Steam requirepents

e T T T T . T D

Case I Case Ii Case 1L Case IV Ca,s'e v
T/ar T/hwe  T/hr  T/hr T/

o et A e Rl el TR g e 0SS b R T R SR

3.52 4,50 9,20 13.C0

Plant/equipment

Turbo blowers

0il heating 0.20 0,36 0,62 0,70  1.10
Other uses 3,00 L.t0 - 8,00 11,50 15,00
Total 3,20  £8.28 - 13.12 2L40 290

- . s — e o S W e v - -

Water tube steam boilers, genecrating steam at 16 kg
per sq om gaugé pressure and 22050 temperature are considered
for all cases, The boiler capacities are 4.0, 9.5, 15, 25
and 35 tons per hour respectively for (ases 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 treatment plent, piping, ebtec, The boiler
would be lioused in the same building with the turbo blowers.
Process sbeam would be piped to the various consuming units,

Distribntion piping for utilities

The yard piping for all utility services such as fuel
0il, coke oven gas, blast furnace gas, stezm, compressed
air, oxygen, otc,, would be grouped together and supported
on trestles and pipe bridgss. VWater piping would he taiken
underground and genecally la’d by the side of the pipe
tresties, Overhead yard pipir: would be routed by the
side of the plant roads at a height of about 7 metres from
ground leval,

Tne distribution piping would be suitably painted
and identified by colours, lettering, etc. Ladders,
walkways, stc,., necessary for the maintenance and opsration
of valves and accessories are includ:d,

A3z conditioning and ventilation systens

Air conditioning would be required for furnace control
Adr conditioning rooms and laboratory rooms having sensitive inmstruments and
for comfort cooling of offices and administrative buildings,
In this study air conditioning of control rooms and
laboratory rooms with room type package air conditioners has
been considered,
The gystems for room ventilation would generally
Ventilabion coitsist 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, stc,,
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 mechanised handling of materials have been
kept to the minimum required,

/Incoming raw
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Incoming rair materials, in process materials and
2

Internal rail oubgoing products will be handled mostly by rail transport.
transport , e . .
AR e e e Wegons bringing incoming materials will be unloaded at the

-respective locations and the empties taken to the rolling
mills for despatch of finished prodvcts, In Cases I and II
where production is comparatively small, no large raw
meterial yards are envisaged, but in the other three cases
ample provision is macde for raw material storags.

The road network is plannad on a grid system, For

Internal road small capacity plante, meterials movenent lends ivselfl
transport

readily to road transport, ALl roads are designed for
two lane traffic., Ample turn around aprons for trucks and
traffic islands are provided for smooth and expeditious
movement of materials.l

For transport and handling of materials within the

Plant plant, rolling stock and mobile ecuipment viz. trvcks, fork
facilities

1if%, platform trucks, tractors, trailers, etc,, are
provided in adequate numbers, It is envisaged that all
heavy materials and large lots will be movec oy rail wagons
and the light materials and small lots by?nobile ecuipment,
For movement of rolling stock, 150 HP diesel electric
locomotives will be used in Cases I and II, and 275 HP diesel
electric locomotives will be used in the otiher three cases,
The number of locomotlves 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 maeterials,
In addition, small weighbridges to weigh materials within
the departments are also provided, For loading and
unloading of materials to and from wegons and trucks as
well as for doing miseellaneous work inside the plant,

Yard cranes will be used, Mobile cranes are provided for
this purpose in Cases I and II and both mobile crawlers and
loco cranes for the rest. Refuelling of locos will be done
in a loco refuelling station located at a convenient spot.

/Bepair and
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Facilities

Parpose

Repair and maintenance shop

The repair and maintenance shops in an integrated
steelworks require to be provided with certain basic
facilities even though scme of these may be used only
occasionally. This is necessary in order that expensive
steelworks equipment can be properly meintained and
operated at high levels of availubility. Uniike
industrialised countries where spares can be obtained
from original equipment manufaciurers at short notice,
the repair and maintenance sheps at steelworks in developing
countries need to be well cquipped. They must have adequate
capacity and flexibility to cover a broader spectrum of
repalr jobs anc to meet breakdowns.

Functions and facilities provided

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

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

In practice, a combination of centralised and decentralised
systems of maintenance is considered to be effective.
Therefore, in addition to the central workshops where major
repairs can be carried out and spares manufectured, a few
essential facilities have been provided in the iron/
steelnaking and relling mill areas to carry out the
day~to-day work of preventive maintenance and minor repairs.

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

/Shop
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Shop__ ‘ ' Purpose _of shop
1. Poundry Manufacture of iron and non-

ferrous- castings, pattern
making and works carpentry

2, liachine shop bMamifacture of spares and
repairs of worn out parts;
includes forging facilities

3. Structural shop Repairs to and manufacture of
fabricated parts or egquipment.
Includes facilities for
wagen repair

L. lobile equipment Servicing and maintenance
maintenance shop . of plant vehicles including
' " locomotives, mobile cranes and
other handling eguipment

5. General maintenance, Supplying facilities for major

pipe shop and _piant overhauls -~ heavy tools
building service and tackles, maintenance of
" plant building and roads
6, Electrical repair Qverhauling and repair of
shop electrical equipment

For the five siges of steelworks under study, type
and size of equipment-commensurate'with the requirements
have been selected. The number or -¢apacities of maintenance
machinery proposed'cannot obviously decrease proportionately
with deéreasing sizes of steelworks., Certain basic machine
tools of minimum capacity have to be installed even in the
smallest steelworks., Equipment provided may appear to be
excessive in some cases, but this is prefersble to prolonged
break-downs due to lack of adeguate maintenance facilities,

Equipment proposed together with their capacities
are listed in Appendix 4-2, ' ‘

/Though the
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Though the central repair and raintenance shops are
equipped for manufacture of a number of parts which need
frecrent replacement, certain items such as specially large
structures, machined parts, castings or forgings and mill
rolls, for which manufacturing ecapacity is not provided,
will have to be procured from outsice sources,

Buildinge and miscellaneous faciiihizs

The offices and aneillary buildings are generally
designed as load bearing strvociuces, The architectural
treatnent, finishes and other items of eivil work will
conform to the building praciice followed in the country,
The builcding ventilation and other services will be
designed to suil the climatie conditions and the local
regulations.,

Administrative building

This is asswaed to be a single-storeyed building

in Case I and II and two-storeyed in ithe other three Cases.
The area is calculated on the basis of an average of 10 me
per perscon working in the building. This building will
house the offices of the General lianager and his staff of
‘engineering, sales, accounts, purchasing and personnel
departments.

Superintendent!'s office

This office building provides accommodation 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.

Lanteen

Canteen 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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Crange rooms

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

Ssnitery blocks

All office buildings and wrifare buildings will be
provided with adequate toilet fééilities. Ablution blocks

are provided at suitable loca:inns depending on the labour
force for various productioﬁ and ancillary facilities.
Fire fighting systen
No prcviéion has been made for any five-fighting
stations inside the plant Soundary. Instead, fire
extinguishers and fife hydrants have been provided for
gil plant buildings. For the fuel oil and lubricant stores
provision has been made for foam extioguishers,
Car parks, cycle sheds end ohher mlscel’aneous items
7 The estimate provides for the cost of car parks,
cycle sheds, gate house, ebte., for each of the plants and
they have been suitably designed for size and capacily
of the plants.
A site perincter fence about 2,5 m high with precast
Fencing concrete posts and unclimbable barbed wire fencing has been
assumed. . _ A
7.0 metre wide, two lane asphalt roads couplete with
Roads . soling (consisting of stone boulders: about 200 ma thick),
macadanm. surface (about 125 mn thick), carpeting (38 mm thick),
kerb stones and side berms have been assumed. The roads
- will have adequate drainage and lishting arrangements,
A1l tracks inside the plant will be standard tracks

-3
]
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complete with concrete sleepers, standard rails, ballasts,

|
|

etc.- The turnouts will conform to the regulations governing
in the country,

/Separate drainage
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Lrainage

Plant general
layout

Separ-te drainarz systems for storm water and plant
sewerage have beei: provided, The storm water drainage
svstem 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 masxiiram rainfall
intensity of 25 mm per hour. ILined drains in the plant
area are provided on either sids of rcad and railway
embankments and for carrying the disciarge from rcofs
through downtake pipes. The i pes and sections of drains
in the plant varv from unlinec or liuned Vee to rectangular
drains, Uhere drains cross roads and railway sidings,
hume pipe or RCC box culverts have been provided,

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

5. CAPITAL COST LESTIHATIES

This chapter deals with the capital cost of installing
integrated steslworks of capacities ranging from 25 CO0 tons
te 300 OCO toms a year, based on processes, equipament and
facilities provided 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 CCOO tons plant, The relative juxtaposition
of plants and facilities is gimilay in all other cases,

The layout envisaged is compact, and designed for
unidirectional flow with minimum handling by road or rail
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 casting end of the pig casting mechine is located at
one end of the mixer building. Thus, hot metal traffic has

/been eliminated.
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been eliminated. Iiquid steel is cast into billets in
ponﬁinudusvgasting inachines lﬁcated in thé'téeming bay of
the steeluelt shop, and the ¢ontinuous cast billets are
deiiﬁered bo cuoling beds lacated in the billet storage
bay of the mill building. Thus, liquid steel and semis
traffic is also eliminated, The layout is arrangedAto
facilitate future expansion, buf except for the land area
required no other in-built provision fqr future expansion
is considered.

The estimates cover costsz within the plant boundary
and also the cost of the administrative building which is
located outside the plant boundary, adjacent to the main
entrance, (The administrative building is not shovm in
Fig. 1.) All off-site facilities such as township, water,
power supply, rail/road connections to site and development
of raw material sources, interest on investment during
construction, and recruitment, training anc cormissioning

henses are sxcluded,

" The estimates are based on representativé unit
construction and meterial costs generally prevailing in
Latin American countries furnished by ECLA and indicated
in Table 5-1. o o

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 plani capacities
under study. While these estimates, based on assuméd.
average conditions at a hypothetical location, are valid for
a comparative study of this naiﬁre, they cannot be expected
to be entirely valid for a specific plant or a particular
location, For an actual plant, product-mix would have to be
determined, processes selected and facilities installed to
suit the raw materials avéilable and other ciréumstances.
peculiar to the locality, The capital and operating costs
of such a plant can differ from the estimates presented here,

/Table 5-1
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Table 5«1
INDICATIVE LABOUR AND FATERIAL PAICES FOR HEAVY COJSTRUCTION
Unit ‘ Averagg oost
A«  labour
1., Unskilled leboup hour 1.20
2. Skilled labour
Foremen hour 2,10
Ereotion riggers and welding houp 2.00
Brieklayers, earpentars hour 1.80
By Moterials
1. Structural steel shapes and plates ton 180.00
2, Reduforaing steel ton 140,00
3. Gravel, all types cu m 3.7%
4, Sand e m 2,00
5. Cement ton 22,00
s Bricks 1 000 Hos 20,00
7. lumber for shuttering um 100,00
C. Unit_rotes (impertant oivil ensineering i%ems)
1, Proavation in erdinary soil inocluding beok
filling and nonessary lesad and shift:
&) Mashenlzed ou m 0,70
b) Shivel ou m 1,75
2» Placing reinforssd consrete for foundstions,
basements, walle ou m 25.00
3+ Supplying, eutting, bending and placing steel
roeinforgement ton 200,00
4, Providing, erooting, striking and removing
straight shuttering ‘ sq m 2,00
5. Supplying and fobriecating heavy structura
steslwork for buildings ton 330.00
B« Supplying and fixing gelvanized stesl sheets fer
reofing and sladding aq m 3.30
7« Eracticn of strustural steelwork including painting ton 60.00
84 Breotion of equipment and meohinery ton Bo.co
D, Other jpibal sosts
1. land hectaras 500 to 900
2. Bulldings:
1) Warehouse type, without eérane sq m 63.00
11) Office type gq m 85.00
111) Light {ndustrial building (S5-t srane) sq m 60,00
iv) Heavy industrial building (25t orane) sq m 85,00
3 Standard track, complets with gonerste sleepers,
rails, eggrsgate, etc. km 32 000,00
4, Two lane asphalt road (7 m wida) with soling,
nacaden surfaqe, carpeting and side berms kem 25 0Q0.00

/As noted
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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-meliing steelmaling, billet production and rolling
in all cases, although they may not be the most
appropriate for the production tonnzges involved. For
instance, for Case I (25 000 toas per year plant) one
operating 3-ton LD converter and two single strand
cont inuous casting machines have been considersd, and
for Case II (50 OCO tons per year plant) one operating
6~ton LD converter and two single 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,, curing casting also, Handling numercus small heots
and casting as many as 18 heats in one continuous casting
machine during 24 hours would present cther 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 expansion, 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
ecapacities in future,

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

/Equipment cost
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Equipment cost

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

Equipment costs include mechanical and electrical
equipment and spares for ail production and auxiliary
departments, These costs have been estimated from
quotations and estimate prices from several countries,
mainly from United States, obtained for a nuber of
projects.s It is to be noted, however, that equipment
costs 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 eguipment
specifications, Dut if equipment supply is limited to
ons source ¢ue to restricted foreign exchange availability

or is tied to financial credit from any particulasr country,
1t is possible that equipment may not be the best suited
to project reguireients 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
programme, 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 cent of the total cost.

/Givil work
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Civil work
The estimate of cost for civil and structural work of
building and eivil works in equipment is based on preliminary
designs cand wiit prices oblained from two building
‘construction contractors - one in Chile and one in Argentina,
A1l the civil and structural work has been designed in
accordance with the Indian Stancizd Specifications and
Codes of Practice in the absence of snecifications governing
the materials, loacding and design in South American countries.
In the plant site consicd:red, area has been provided
for additional steelmaking/rolling mill corplex within the

boundary, There can be a three to fivefold increase in

plant capacity when reguired, depending on equipment types

and capacities adopted for future expansion, The area of
land within the plant boundary is as follows:

Case Hectares
I 15
iI 23
11T 35
v | L5
v 60

For the purpose of estimate, it hes been assumed that
the soil is reasonably firm with an average bearing pressure
of 2 kg/em? at a depth of about 1.5 m below ground level
and that no piles are necessary for heavy columns and
equipment foundations.,

Level of ground water table has been assumed to be
fairly low as not to warrant any water oroofing membrane
for basements and tunnels, However, for deeper underground
structures cost of waber-proofing has been talien into

account.

/The floors
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Flooring

The floors of the main and auxiliary builldings are
reinforeced concrete slabs on a well consolidated hard core,
In storage areas and scrap yard ordinary hard flooring on

boulder soling nas been provided,

structural steelwork

Blast furnace cast house, steelnaking shop, concast
buildings, roclling mills, repair and maintenance shops and
other production buildings are designed with steel frame
work, Sides and gables of buildings are covered with
galvanised corrugated iron sheevs, LU shop and Blast Furnace
cast house roofs are covered with ribbed mild steel plates
to grard against the possibility of excessive accumulation
of dust, and roofs of all other production buildings are
covered wivh galvanised corrugated iron shests,

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

Roof trusses are of Fink type or paral_el chord design
depending of the size of the building. Buildings are
provided with continuous glazing for natural lighting and,
in internal bays, transparent sheets at suitable intervals
have been taken, 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 by
one safely cat ladder from the floor level. Adequate gitters
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
departments, namely:

/{i) Coke
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(1) Coke making
(ii) Sintering
(iii) Iron making
(iv) Steelmaking (ID)
(v) Continuous casting, and
{(vi) Rolling,
Capital costs of auxiliary departments are estimated
in Appendices 5-7 to 5-13. The total capital cost is given
in Appendix 5-1/ and summarised in Table 5-2.

Table 5-2
SUMARY OF CAPITAL COST

Case I Case II Case IJII Case IV Case V
25 000 50 0G0 1C0 CCO 200 000 300 000 |

T/yr T/yr T/yr T/yr T/yr
'000 § 1000 $ 1000 $ 1000 $  '0C0 $
Production departments :
Coke ovens - - 1 070 . 3 180 L 152
Sinter plant - - - 1 329 1 717
Blast furnaces 2 652 4 255 6 659 10 442 13 789
Steelmelt shop 1 910 2 861 L 879 7 226 8 901
Concast plant 761 1 033 1 860 3 519 L 124
Rolling mills 2 262 3 338 7172 11 921 16 553
Sub-boba) 7575 1L487 L6k 3767 43836
Auxiliary departments
Plant laboratory 123 133 142 - 274 308
Power systenm 575 990 1 410 1 779 1 957
Water system ' 676 ‘118 1 9236 3 058 4 011
Utilities 612 906 133 1746 2 391
Works transport A 457 656 1 010 1 468 2 002
Repair and maint., shops 735 1 201 1 652 2 3L5 2 810
Miscellaneous buildings,
facilities and storages 374 509 762 1021 1 278
Sub-toral 3552 5 545 & 202 LLTAL 1L 757
Tobal L1277 17032 20882 L9358 64593

= o= f—1 el Sl Sy Wl e A el ¢ WP N -

/For estimating
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For estimating the investment on production facilities
per ton anmual ezpacity of product, 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 AHMONG
PRODUCTIVE DEPARTMENTS

Cagsa I Case 1l Case II1 Case 1V Case V

% % 5 ¢« %
Coke ovens - - 9 10 10
Sinter plant - - - 6 6
Blast furnaces 18 18 15 L4 1l
Steelmelt shop 2 2, 22 20 20
Concest plant 1} 14, 11 10 10
Rolling mills L Li 43 50 A
Total 100 100 100 160 100
For Case II, the 50 000 tons per year plant, four
Electric alternative combinations of iron and steelmaking processes
?'.:':‘\. 71.‘]:1 i 2 f - » * 1
gr;n 1p§‘§teQL in addition to the one under study have been considered,

1, Blast Furnace - LD converter (case studied in
this report)

2. Blast Furnace ~ Electric Are Furnace

3. Blectric smelting (with pre~reduction) -~ Flectric
Arc Furnace _

Lo Electric Smelting (without pre-reduction) — Electric
Arc Furnace

5. Electric Arc Purnace only (no iron making)e.

Capital cost estimates of production and awdliary
departments for all the alternatives are presented in
Appendix 5-16, Canital costs of production faeilities
including allocations for auxiliary departmernts and costs
per ton of annual capacity are given in Appendix 5-17 and
sumnarised in Table 5-/4.

/Table 5~4
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DEPARTMENTAL CAPITAL COSTS AND COSTS PER ANNUAL TOR OF CAPAGITY POR PLANTS
WITH ALTECNATIVE IRON AND STEELMAKING PROCESSES

{(Cars II - 50 000 ton/vear)

EF - LD BP - EAP ESF(FR) - 24P 7SP . EAF EAF
Department Total g/ Cm_b/ Total a/ Cost/ Totel g/ Cost/ Tolel s/ Cost/ Total a/ Cost/
cost ton soct ton sosth $on 200% fon cost ton
o $ $ oo $ § 000§ 9o 3§ 1000 §
Iron making 5253 115.2 365 160.1 3283 1wk, 2991 13,2 - -
Steelmaking b1z  83.8 3672 73.5 3672 735 3672 735 3667 T3
Continuous ¢asting 189 37.7 162 33.8 1620 33.8 1620 33.8 1769 36.9
Rolling 5978 13l 5778 1314 S5 778 13Lb 5978 1314 5650 128.5
Total 17 032 14 720 2 359 LYY 11 086
Total cagg:_a_l- sost:
Por ton neminsl ecapnotty ' '
in terme of liquic steel © 1340,6 2944 287.1 281.2 221,7
Per ton of rolled product 3087.4 34,8 532645 31%.9 252.2
&/ Inoludes allosation for auxiliary departments,
/6, PRODUGTION
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6, PRODUCTION COSTS AND MANPCHER
This chapter gives estimates of production costs for
Scope various departments, and mampower requirements for each of

the typical plant capacities under study. Production costs
have been worked out separately for coke, sinter, iron -
(hot metal), liquid steel, continuous cast billet, and
rolled products.
Assuymptions
Broad estimates of production costs have been
developcd for the msjor products in each typital plant
under study on the basis of the specific inputs of raw
meterials and supplies required and the corresponding unit
costs. Unit costs are based on data supplied by ECLA and
given in Table 6~1.
The inputs of raw materials for each production
Basis of cost process have been calculated on the basis of their chemical
O 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 obtain in
average operating practices, with a view to arrive at
conservative estimates which are considered appropriate,
Labour costs are based on detailed manning lists prepared
for direct and indirect labour in production and auxiliary
departments, and also for administration and general services,
Direct and indirect labour costs have been calculated on the
basis of the following wage rates which include proviéion for
leave and weekly "offs" and fringe benefits such as pension
schemes, health, education, and other social welfare items:

Labour category Anmual, remuneration $
Unskilled 2 400
Semi-skilled 3 000
Clerical 3 0C0
Skilled . 3 600
Middle supervision 5 CO0
Top supervision and administration 10 00

/Table 6~1
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Table 6-1
TWDICATIVE COSTS OF RAW MATERIALS AND SUPPLIES

Typical cost

Us$/ton
Iron ore : 9.50
Coal : _ 18,00
B.F, coke, purchased 30.C0
lManganese ore . 30,00
Cuartzite 2.00
B.¥. liwestone 7.00
teel scrap 30.00 af
SMS grade limestone 7.C0
Burnt iime 30,00
Dolomite, refractory grade 10,00
Bawxite ' 9.00
Fluorspar (imported) 150,00
Fuel oil 20.C0
Mil) scale 6,00
Oxygen (varies with size of plant)
Average labour (plant), man-hours 1.50
Pover, Kih 0,016
Gas credit, evaluated at equivalent

fuel oil price

Water, cum 0.005

st — - ——— B - ——

af A flat rate of US$ 30 per ton of scrap has been 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 smaller
size integrated steel plants on accowrt of the high
cost of hot metal,

The production costs include cost of materials and
cost above materials (comprising labour and supervision costs,
cost of fuel, water, power and other supplies and services,
maintenance and general plant expenses, etc.), Fixed charges
on capital invested is calculated at 9 per cent, as suggested
by ECIA, Credits for gas, scrap and other by-products have

been given where these are recovered,

/On the
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Production cost
estimates . __

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

Table 6-2

PRODUCTION COSTS INCLUDING FIXED CHARGES

Case I Case II Case III Case IV Case ¥V

Froduct US$/t  USS/t  USB/t UG/t US$/t
Coke - - 33.26 32,88 30.57
Sinter - - - 15.95 14,95
Iron (hot metal) 71,51 58, 51 52,64 19,32 45,08
Liguid steel 130,51 102,76 86,37  TL.52 67.64
Concast billetrs 155073 1190’-]—3 99-43 82}071 76s22
Rolled product 218.66 162,59  130.04 108,34 96,92

Gost structure

The production cost structure in terms of total cost
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
cont inuous cast billets for the five alternative combinations
of iron and steelmaking processes considered for Case Il
- 50 COO T/yr plant are presented in Appendix 6-11 and
summarised in Table 6-4.

Hanpower

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 intended

J/to derive
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to derive the labour component of production costs for
various departmenis., Ih each case, the standard force

required for each oneration for the specific size of plant
is taken into considerat.ion,

Productivity in terms of tons of liguid steel

Produchivity production per man-year are indicated below,
Case Total manpower Direct labour Y
T/man-~yr T/man-yr
I 26 L6
I 45 5
I1Y : 7 136
w 105 194
v 139 270

1/ Direct labour excludes administration services, top ard middle departmental
supervision, and clerical staff nobt working on the preduction floor,

/Table 6-3
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Tebie 63

FRODUCTION GOST STRUCTUAE

Raw materials af
Power and fuel b/
Labour

Net others o/

Total

Case I - Case IT - Case III . Case IV - Caga V «
25 000 Ty 50 000 T/fyr 100 000 T/yr 200 000 T/yr 300 000 T/yr
Cocsfyp Terw Cost/yr Per-  Costfyr F3P~  Costfyr Pf-"" Cost/yr p‘“'"-
1000 3 Q" to00 §  SOS- roo0 §  SOMP- roo0 § ITO%- tooo§  oomt

938 19.5 1849 26,0 3675 3.7 7127 36.5 10721 H0.9
201 4.2 298 B2 532 4.6 1020 5.3 1 483 5.6

1963 L4o.8 2360 33.0 3125 26,9 U4 285 21.9 4993 19,0

1704 45,5 2640 368 4280 368 7113 36,3 9 061 3.5
4 806 100,0 7147 100.0 11 612 100,80 19 853 100,0 26 238  100.0

8/ Includes ironm ore, coal, liusstone,

and corap.

L <

Insludes eleotria power, steam and fusl o1l,

¥n ore, alloy additions, burnt lime, fluorspar, and puiehased ooke

Includes fized sharges and ell other componantn of produstion eost.

/Table 6wl
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Pable 6-4

PRODUCTION COST ESTIMATES FOR IRON/STEELMAKING ALTERNATIVES

(Case II - 50 000 tonsfycar)

Produstion costs per ton, US$

Irm (hot motal) Liquid stzel Concast billats
Alternatives Without With Hithout With Without With
Pizad fixed fixed fixad fixed fixed
charzes sharges oherges chargss shayges eharges
1. Blest fuwnace « LD
sonvertors 48,1k 58.51 85.76 102,76 58.33 113,43
2. Blagy furnace « Are
furnaca 58,52 71,51 79406 92,24 90.37 107.13
3+ Electris smelting (with
pra=-raduotion) - ars
furnace 68,01 79.65 83.73 96,25 95.23 111.30
4, Electric smelting {without
pre-tziustion) - are
furnage 80.04 40,61 89.65 101.64 101.39% 116.50
5. Are furnasse {100 per cent
sorep sharge) - - 67,66 Tha26 78.50 88.69

/%7, ECONQMIES
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Rapid cost
inercase below
100 OCO tons

Capacity

7. TFCONCLIES OF SCALE

This chapter reviews the capital and production cost
estimates presented earlier for five integrated steelworks
of increasing capacities in the smaller range of the size
spectrum, The trend of variations indicated by graphs and

tables are discussed, to draw general conclusions in regard

~to economies of scale,

Gapibal‘anq:prodqugon costs
The following relationships are plotted graphically:
Fig, 2 - Capital costs (including sllocations for
auxiliary departments) 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 auxiliary
' departments against nominal plant capacity.

Fig, 4 - Total plant capital costs per ton annual -

capacity in terms of liquid steel against
- nominal 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 onersiing costs with
decreasing capacity down to about 100 000 tons capacity,
below which cosis 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 coke and simter plant facilities has 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

Auxiliary costs per ton annual capacity show a similar trend, the
departmernt:

costs slope of the curves generally indicating a slightly greater

rate of lncrease 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 account of this, the cost of awxdiliary 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, except in
Break in mill the case of departmental capital cost per top annual
capital cost 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 production rates cannot
be obtained. That higher productivity and lower 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
1C0 00O ton capacity,
Based on the trends of the cost-capacity relationship
Economic limit curves, without consideration of actual costs or selling
fo;oéogbgagiézty 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 0CO 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,

/Production cost
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Production cost components ‘ : ‘
uCost of Materials", "Cost Above Materials", "Fixed
Charges" and "Total Cost" for the four major products - irom, -

steel, concast billebs and rolled prodicts - in the five
plant sizes congidered are given in Table 7-l. The three
component s of production cost expressed as a percentage of
the total ‘cost are also given in the same table, All cost
estimates are based on full utilisation of plant,

Total production cost per ton of product decreases
steadily with increasing plant size. Uhile the cost of
materizls per ton of product decreases with increasing plant
size, tile cost of materials expressed as a percentage of
the total production cost increases with increasing plant
size, Cost above materials, both in dollars per ton as
well as expressed as a percentage of tobal cost, decrease
with increasing plant size. These trends are indicative
of the extent of the economies of scale., As regards fised
charges, although aciual values decrease as the plant size
grows, expressed as a percentage of the total cost they
do not show the sane stéadily decrensing trend., This is
because of the addition of coke ovens in Cases III, IV and ¥
and sinter plant in Caases Iv anﬁ V, which sre included in
the total plant cost for caleulating fixed charges.

Cost indices |

Relative capital and production cost indices for the
four higher plant capacitiés are given in Table 7-2, with
the 25 000 ton plant taken as 100 index, The plant capital
cost per ton annual capacity drops to less than half as ithe
plant expands from 25 CCO to 300 COO tons, Production cost
indices for the final rolled product drop even more. In
deciding plant capacity, these indices suggest that:
integrated plants below 100 OCO tons capacity would be at
a considerable disadvantage compared fo their larger
competitors within the same area,

| | /Table 7-1
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Table 7.1

PRODUCTION COST COIFONGRTS

Cese I - 25 000 T?yz-

Case II - 50 000 T/yr Cese LI~ 100 000 T/yr Gase IV - 200 000 T/yr Case V - 300 000 T/yr

Product Paraent- Pzroent- Pereeri= Feroant. Poroent-
Cosi/ton age of Cost/ton egs of Cost/ten acs of Cost/ton age of Cost/ton age of
total $ tot=l S total $ total $ total
ocet - gost gost sast sost
Iron (hot motel)
Cost of materials 33,26 Lg.50 32.80 56,00 32,40 61,50 32.36 65,60 31.10 69.00
Cos% above matorials 25,26 35,30 15.34 26.20 10.37 19,70 2,03 14,30 5,40 12.00
Fixei oharges 12.99 18.20 10,37 17,80 9.87 18.30 o/ 9.93 20,10 8/ 8.58 19,00 a/
otal ¢ost 71,51 180,00 58.51 100.00 52.£Y4 160,60 he532 100.00 k5, 08 100,00
Liguid steel {ID} .
Cost of materals 6,44 L9, 4o 54,39 52,90 49,29 57,10 45,59 61.20 43,18 63.80
Cost above materials 43,88 33,60 31,37 30.50 22.32 25.50 16,31 21,90 - 13.68 20,20
Fized oharges 22,19 17.00 17.60 16,60 14,76 17.10 o/ 12,62 15.90 o/ 10,78 16.00 o/
Total oost 130,51 100,00 102,76 100,00 86.37 100,00 THe52 100. 10 67,64 100,00
Conoast billet |
Cost of materials 111,90 71,80 88. 74,00 73472 74,10 63.63 75.10 58.38 76.60
Cost above materials 16.45 "10.50 9.89 8.30 7.7 7.80 5.73 6.50 L.67 6,10
Fixed chapzes 27.38 17,70 21,10 17,70 17.97 18.10 &/ 15,35 18.10 o/  13.17 17.30 s/
Total cost 185.73 100,00 139.k3 100,80 99,43 1C0. 09 8471 100.00 76422 160,00
Rolling
Cost of materials 128,74 £3.20 108,28 €u, 70 85,95 £6,10 2.51 656,90 £5.80 §7.00
" Cost abova eateriala 34,68 15,50 22,b5 13.80 13.97 10.70 11,22 10.40 G 64 10,00
Fized oharges §5.72 20,90 34,66 21.50 30.12 23.208/ 2461 22.70 b/ 21,48 22,10 b/
Total cost 218,65 130,00 1€2,59 160.00 130,04 100,00 108.34% 100.00 96.92 100,00

g./ Bocause of the addition of coks ovens in Cases IIY, IV and V, and sinter plent in Casos IV end ¥V which are ineluded in the total plant
o05t for caloulating fized charges, the fixed charges expressed as a percentzge of the total cost do not show a steadily deorezsing trend
with inorsasing plent size although the actual values of the Fixed charges do show & dscreaslng trond. Th:ls is ‘the result of the itotal
cost deervasing a% a fastor rate than the fixed charges.

9/ In the ease of rolling mills, higher degree of mechanisation also contributes to some axtent %o higher proportion of fixed charges in

Cases IXII, IV and V,

€1T 93ed
i JEL*ND /2
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Tabla 7-2
CAPITAL AND PRODUCTION COST INDICES
Cage I = Case II - flage ITI -~ Case 1V = Casa V «
25 000 T/yr 50 000 T/yr 1C0 00G T/yr 200 000 T/yr 300 000 T/yr
Index of gupagity 100 200 Yoo 800 1200
Capital cost index per ton
annual canacity
Bles$ fuinave 100 79.8 €1.8 50,0 3.6
Stoelmelt shop 100 75,9 60.6 43.3 35.8
Cincast plant 100 72.5 55,4 7.0 4.4
Roiling 160 75.5 69,0 52,9 7.7

Tetal plants

Hominal sapasity in torms
of liquid sbeel 100 765 67.1 o/ 5545 a/ h8.4 of
In terms of rolled product 100 7645 66,1 b/ clha0 b/ ¥7.1 b/

Procuctinn sost indsx par ton

Iron (hot metal) 100 8.8 73.6 63,0 63.0
Liquid steel 100 78.7 66,2 57,1 51.8
Oonenst billeta 100 76.7 664 Shb 49,0
Rolled produsts 100 744 5945 Ly 6 4,3

&/ In Case III, the plant includes coks ovens (non-recovery type) in addiiion to blis% furvace,
gteeluelt shep, corcust plant and roliing mills; irn Cases IV and V the plent includes
conventional recovery type occke cvens and alse sinmter plant, Without there edditicns, the
qepital ocost indices per ton hominal mnnual oapacity in terms of liquid steel would s mmly
64,73, 50,38 and 43,98 for Cases IIX, 1V and V respectively as compared to 100 for Case I.

b/ Without coke ovens in Case III, and without coke ovens and sinter plent in Cases IV &nd V, the

supital cost iniloes per ton annual sapacity of relled product would be 63475, 49.08 and 42,84
rospeotively for Jases III, IV end V as compared to 100 for CTase I.

/8elling prices
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Selling prices of stecl 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, working capital, ete, .
Assuming say 10 per cent as return on botal 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

Ran ety e e NS
$/ton $/ton

25 000 29 283

50 000 _ 143 22

100 GO 130 172

200 G00 108 139

300 €00 97 127

- - woe e g i

Current United States and United Kingdom export prices

United Stetes in deollar equivalents are given in Table 7~h.
and United Kingdom

prices . .. .

e —

/Table 7-4
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Table T-4
UNITED STATES AND UNITED KINGDCUH PRICES

e o s - -

United States United Kingdom
Product export price a/ xport price b/
$/ton $/ton o
Basic pig iron 62 61
Billets 93 93
Hevchant bars 139 115
Wire rods 144 122

2/ Iron Age, 2lst April 1966,
b/ Hetal Bulletin, 5th April 1966,

Comparing the estimated 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 prices (Table 7-4),
it will be evident that integrated steel plants belew
about 1C0 000 tons capacity stand no reassonable chance of
being able to compete with imported materials without
excessively heavy protective tariffs or with materials
produced within the country in larger plants.

Cost indices for alternative iron and steslmalking processes

Taking the eapital cost per ton zmmual capacity and
production cost per ton respectively as 100 for the blast,
furnace-LD converter 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 alternative 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

CAPITAL AND PRODUCTION COST INDICES FOR ALTERNATIVE COMBINATIONS
OF IRON AND STEELMAKING PROCESSES

(Case 1T - 50 000 ton/vear)

BF.LD BF-EAF- ESP{PA)-EAP  ESF-EAP EAP
Capital cost index per ten
annual gapecity
Iron maling 100.0 130.3 &/ 125.0 &f 113,39 8/ -
Steslaating : 100,0 87.7 87, 87.7 8745 o/
Centinuous sesting 100.0 89.7 v/ 83.7 v/ 89.7 b/ 9743 of
Rolling 100,0 100.0 200.0 100.0 97.8 of
Total plant : ' 100.0 86.4 8l.3 - 82.8 65,1
Prednotion sost Sndsx mer ton
Iran {hot metal) 100,0 122.2 of 136.1 8/  15%.9 8/ -
Lfquicd stesl 100,0 89.8 4/ 93.7 o/ 98.9 g4/ 72.3 of
Concast billets 100,0 89,7 93.2 9749 743
Rolie2 produsts 100,0 91.7 9445 58.3 79.1
8/  Hot motal eonstitutec only 50 per oont of the motallic charge for steslmaking in these thrae cases.
Capacity required for iron making plant is only sbout half that required vith LD converter
steelmaking. Therefore, capital sost index per ton anmual capeelty of iron ru! produstion cost
i.ndex per ton are higher than 100, although the total capiial cost of the irin miiing plent is
OWa Ty
9/ Lover eapitel ecost as & result of shangeover from two single-strand to ene double-strand
sontizuous sasting mechine,
[Y4 Veriaiions Gus to difference in sllocations of auxiliary department costs.
4/  The low oozt of § 30 per ton sssurmed for sorap which constitutes 50 per sent of the metallls
oherse has largely oompensated for the high coet of hot metal, To scue extent the lower oost
is alzo due to lower "ecst above' and lowor "fixed oharges™.
g/ Tha low cost of steel is mostly dus to low cost of scrap whish constitutes almest the entire

metoillo sharge and to some extent due to lower "fixed charges'.

/For the
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Blast furnace
metal costs
lowest

Arc furnace
steelmaking
best choice
for small

copacity

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

Scrap 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
sven with 50 per cent hot metal - 50 per cent scrap charge,
mzy not be feasible from this view-point. However, several
alternative possibilities with electric arc furnace
steelmaking have been considered as a metter of interest.
The capital cost of a 50 000 ton per year capacity plant
with blast furnace - electric furnace combination 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 steelmsking
entirely from scrap charge, without the need for instaliing
ironmaking capacity, costs only about 65 per cent of the
plant with blast furnace - LD converter. The production
costs per ton of steel for the same two aliernatives 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 CO0 T/yr capacity, semi~integrated
operation with steelmaking in electric arc furnace from
100 per cent scrap is obvicusly the best choice. This
conclusion would be valid even if the scrap price is
somewhat higher than § 30 per ton, and some of the scrap
has to be imported.

The economies of arc furnace steelmaking as compared
to LD steelmaking for small capacities, under the speecific
conditions assumed for this study, arise chiefly from the

following sources:
/(1) Lower
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(i) Lower investment on smaller capacity irommaking
plant with 50 per cent hot metal - 50 per cent
scrap charge, and complete elimination of
irconmaking with 100 per'ceﬂt screp charge,

(ii) Lower investment on arc furnace steelmaking plant

' as cbmpared to LD converter plant with small
converters of less than 10 tons capacity.
(iii) Lower cost of metallic charge, if scrap is
available at less than $ 40 per ton.

(iv).Lower fixed charges and lower operating costs for
cortiruous casting eight to ten arc furnace heats
in one double strand continuous casting machine
&8s against thirty to thirty-five very small LD
heat.s in two single strand continuous casting
machines,

Productivity end investment

In Latin America, as in other developing countries,
skilled labour and trained technical personnel are not
readily available, Operational and technical skills have
to be acquired through "on the job" trainivg. Under 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 provision 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 Capital investment

Flant capacity Tons/man-year 1000 $ per worker
25 000 26 11,7
50 €00 L5 15,2
100 €00 7L 21,2
200 GO0 105 26,0

300 00 139 31,0

Capital investment per person employed increases
nearly threefold with increasing plant capacity, from
$ 11 700 to $ 3L 000, Productivity shows even more rapid
increase, over fivefold, from 26 tons per man-year to
139 tons per man-year,
Cost structure

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

Table 7-7
COST STRUCTURE FCR STEEL PRCDUCTICON

Percentage of total cost

Case I Case II Case III Case IV Casea V

Raw materials 20 26 31 31 41
Power and fuel 4 4 5 5 6
Wages and
salaries 41 33 27 22 19
A1} others 35 37 37 36 34
Tobal 100 100 100 100 100

/The proportiuvn
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The proportion of the cost of "raw materials" to the
total cost increases from 20 per cent in Case I to 41 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
41 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 of extending inmtegration to very
smgsll scale operations,

Wages are bound to increase with rising standards
of living, In 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,

Within certain limitations depending on type of
industry, tax rates, ete,, the ratic of capital investment
to gross sales value of annual output serves as an indicator
of the effectiveness of investment, 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,

[Taple 7-8
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Modern

technology

Table 7-8"

RATIO OF CAPITAL INVESTLENT TO VALUE
OF ANNUAL OUTPUT

(,_pltal cost and gross sales value
"7 in million dollars)

- -

Case I+ Cage I1I Case III Case IV Case V

e - .

Total plant -~ . . . . . _
capital cost 11.13a/ 17.032/ 29.88 L,9.36 64,59
Gross sales ' i

Cwvalue B/ T 3,300 6,59 13,40  271.01 40,62
Capital /output : :
ratio - 1:0.30 1:0.39.  L:0.45  1:0.55 1:0.63

'a/ Cases I and IT do rot include coke ovens and simter 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 unfavourable picture, .

. The production processes adopted in all five cases
under study are based on the most economic, efficient and
modern techniques suited to the guality of raw materizls
assumed viz. blast furnace operation with oil injection,
high blast temperature and prepared burden, LD steelmsking -
and-continuous casting, The raw mcterials 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 Ca0 and 5 per cent insolubles. It 1is becausse
of these circumstances that the capital irvestment required
for the 300 OCO ton plant is only US$ 215 per ton annual
capacity (in terms of liquid steel) which compares favourably
with the investment figures of spproximately the same order
for recently built large integrated steel plants of 1.5 to
2,0 million tons capacity using conventional facilities,

/The capital
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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 plant to $ 163 and $ 219 per ton
for 50 0CO ton plant and 25 C00 teon plant respectively.
This trend clearly indicates that even with sfficient
technology and high quality raw materials, integrated
operations including irommaking cease to be economic at
small ecapacities,

For plants of annual production capacity below
100 000 tons semi~integration with steelmaking in electriec
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 steelmaking, 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 cowtry, 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 COO tons
or more, localed in areas which have a strong raw materials
base or at locations which would ensure minimum over-all
costs for raw materials and other supply and service
facilities, Satellite mills could alsc be set up in the
same area. Practically all steel materials other than hot
rolled flat products could be economically produced in
this manner in mills of small to medium capacity,

The concept of confining steel and semis producbion
to medium and large integrated steel plants, and rolling
the semis into finished products in mills of varying
capacities 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 courtries in the region taken‘together, _

- if decided advantages in terms 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.

[appendix 1-1



Appondi
BASIC DATA ON LATIN AMERICA

Data corr nding to the 1963)
Groﬁgi:atio Steel (ingot)
Area E'/ Population Pap Rverge Produs= Anmuzal eonsumption _e_/
Country (mi1120n Y G&Pit& lnoreaee tion g/ Tatel
12 ) 955—60 & a Per sepita
(st1itons) }pemg o {mt1llon  (m1110m {xg)
(dollars } ager 4ona} tons}
Latin fmeriezn gountrios
Argentina 2,796 22,12 541 0.8 0,913 1,658 75.0
Bolivia 1,098 3.95 ol w242 - 0,033 8.4
Brazil 8.5913 76.7% 156 2.7 2.832 3.838 50.0
Central Ameriocs 0464 12,00 235 0.8 - 0174 14,5
Chile 0,742 8.18 457 1.4 0.521 0.687 8.0
Colombla 1,138 16,82 294 1.1 De222 o481 28.6
Cuba 0,114 7a22 - 0,167 23.0
Pomind ean Republia 0.048 3.35 201 - 0.057 17.0
Rouador 0,270 4,73 189 1.3 - 0.065 13.8
Haitd 04028 4.32 - vea ees
Jemat ca 0,011 1,69 “er eee - 0.068 40,3
Mexi a0 1,969 39.86 394 2,9 2.017 2,046 51.3
Panaza 0,075 1.15 Y27 2.5 - 0,035 .
Parzguay o407 1.91 188 3,1 - 0,15 7.9
Peru 10205 10,56 220 24 0,076 0.271 24.7
Trinidad and Tobazo 0, 005 0,92 £50 - 0.117 126,9
Uruguay 0.187 2,59 £62 0,09 04007 0.082 31.7
Venezuela 0.912 8.k 7 2.5 0,358 0,576 70,9
Total Latin Amerisan Coutries 20,062 226.65 cor 1.8 6.6 10,203 8/  46.5 &/
Other seleected ecuntrios : : y E/ _/
United States 9.347 189,37 2 796 1.8 99.120 102,309 540.0 g
Japan 0.370 95.67 ? 628 10,2 2// 3150k g/ 24,796 b/ 258.
- Imdia ' 3.289 460,49 g/ 74 4.0 g/ 5.971 g/ 7.280 1/ 16,0 g/

U.H, Desgraphio Year Book, 1963,

Arnarie Demogrdifice de Naolones Unidas, 1963,

Year Book of National Agsounts Statisties, 1954,

Estudlo Eoondmlco de Anérlca Latins, 1964 (E/U“.IZ/?II - CEPAL),

Instituto Latimcamericans del Flerro ¥ del Acsro ¥ Amiarioes de Comercis Exterior, excludes ateel content of plant and equipment,
Dogs not inolude Cuba for whioh the data 1z only provisionsal.

U, N, Stailstioal Year Dook 19\,4-.

The Burcpean Stool Market Ta isc3,

""\"”\‘Q“\‘{“‘\Q{

GZT odeg
7oL/ N0 /"
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Appendix 1

' CA;PITAL COST ESTIVATE FCR COKE PLANT HAVING COAL CARBONISATION CAPACITY OF
186 000 TONS PER YEAR WITH AND WITHOUT AMMONIUM SULPHATE AND BLNZOL RECOVERY

{Thousands of 7)
Cage V Case Va4
(vithout Ammonium {vith smmonivm
Sulphate and Benzol Sulphate and
recovery) . ~ Benzol recovery)

Ae Civil and structural
Y. Civil works: ‘
Foundationg, masonry and RCC worls
for equipment and misogllaneous huilding ‘ 723 8s0
2. Structural steelworks: -
Strustural worlk inelesladding and

glazing for building as erscied 262 - 320
Bub-total ' 985 1210

Bs Meohonical and elastrical eguipnant

le Coal processing equipnent incle
equipment for coal handling, :
orushing, ‘blending ete, 232 o232

2+ Coka ovens inelersfractorios, - .

‘service machine eto. 1148 ‘ 1148
3« Colis handling eguipment 126 - . 125
Y, Gap oondensation plant inclegas

gcoolers, condensers,; exhausters etc. 1460 ) 160
Se 'Qv-produut plant inelsbenzol plant, . .

amnonia plant eto. - ' © g9l

6« Instruments and eleotrical equipment,
elactriosl distributlon and fittings

inside the plant, bullding utilities atc. 25 25

7« Egquipment ereotion 592 720
Sub~total 2 282 2 §m

Spaves st §% of equipnent sost 3g ch

Freight, clearance and insurange
charges st 20% equipment and

spares cost 355 L3y
Sub-total 3 707 b4 552
Continganolest55h ' 135 228

Dasign, enzinecring, supervision
of congtruction and client's _ , -
administration at 7% : © 260 319

Totsl 4 152 5 099




Appendix 3-2
STERL CONSUMPTION BY PRODUCTS IN USA, JAPAN, INDIA AND LATIN AMERICA

United States a/ Japan bf India o/ Latin Amerion Qé
1952 1960 1952 1960 1952 1960 - 1952 1960
o - P 7 - - - P - -
Thmﬁ‘and*‘ °g:€_. Thogsfands “;t ?hogf_andseggg_ Thog%ands ogﬁi.- Thoggandsogg_ Thogg_ands“:ur: Thogg_andsesgn Thoggandsqggg_
tons ages tons agas tons agas tons ages tons BgeS tons ages tons ages tons ages
1. Rall and heavy
seotions & 130 P2 5 530 8.9 612 12.0 2 343 13.7 325 25.0 761 22.6 519 14,7 690 10,8
2. Bars and light ) )
seotions 12 190 20,6 11150 17,9 1 h4zo 28,1 3812 25.6 49 33,3 1 30  Uo,0 1392 394 2551 39,6

3. Flat products 27 470  46.5 35 307 56,7 209 H1,5 6204 1.6 bu7 4.6 1052 314 1191 33.8 2472 38.7
I, Other produstz 13 310  22.7 10230 16,5 909 18.4 2 81 19.1 95 7.1 196 5.8 428 124 761 10.9

Total finished
§TeeL 52 100 100.0 62 200 100,0 5 050 100.0 14 900 100.0 1 296 100.0 3 349 100.0 3530 100.0 6 3% 100.0

5/ USa data from the Anmual Stehistfoal Report, 1960 published by the American Iron and Steel Institute,

b/ Data for Japen from BISF Sietistical Handbook, 1954, 1956 and 1960,

g/ Indlan data for 1952 from BISF Statisticnl Handbook, 1954. For subsequent years, from Statlstfoal Abstract and Steel Minlstry Reports,

g/ Statisticrl deta from Instituto Letinsesmard gang del Fierro y del Acero and Instltuzto Brasileire de Siderurgis y Anunrics de Comereios Exterior,
Pigures were in equivaleont ingot tons. Tonnsge of finished steal obtained by back-celoulation, taking the ylald franm ingote to flat products as
70% end %o other products as 757 Seamless tubes are inoluded with bers end 1ight seotions ard tubes with flat produsts, Only wire rods are
insluded in the group "Other producta‘,

LET o8eg
9L/ /2



Appendix 41
PLAYY FUEL BALANCE

Specific Heat
Genepatio

Heat Generation/Heat Consumption. (million Koal)

Particulars onsumptio Case I Cass II Cage III Case IV Cese V
will,
tonpredict)  hoe  bete DM e boie  Doar har  be R b
Heat Available
1, Blast furnsce gas, surplus g/ 1426 .1288 3,86 32504  7.5% 63420 14,23 119 426 26,98 216 933 38,62 321 925
2. Coke oven gas surplus b/ © 0.693 N1 Rl IV PR Y | M1 . M1 10.1c 34 893 15.30 128 621
3. Fuel ofl, purchased g/ - 4,15 24§20 8,95 b7 o3¢ - 143 88 8% - 18,55 106 000 25.00 150.000
4, Puel gas, purshased d/ - 0.25 2005 .29 - 2.320 0,33 - 263 0,36 285 oh3 3438
Total ‘ 8.26 59129 16.08 113 670  29.47 210 926  S4.99 M0 691  79.35 603 5%
Heat Allocation
1, Sinter plent of 0.025 M1 1) Ns1 - BMd N1 M1 .. 0.24 . 1835 0,32 . 2750
2, Lime kilns £/ 0.65 0.2 1625 0.38 3250 0,76 6500 1,52 13000  0.28 19 500
3, Steelmelting shop £/ 0.2 = 0,1 0.6 . 5000 1.0 9000 1.4 15 000 2,90 . 25 000 . 3.48 30 ooo
4, Continuous casting shop g/ 0,2 = 0.1 0.6 5000  1.04 9000 274 15000  2.90 25000 348 30000
5. Rolltng M111 furnaces g/ 0.6 -05 30 15000 5,80 29000 311,00 55000 18,55 105 000  25.00 150 000
6. Bollers b/ 0.9 3.6 30 é00 7.45 57 000. 12,70 107 950 23,11 196 430 3143 267 150
7. Miror requirements and losses 0,20 1 700 0.25 2 100 0,50 4 200 1.00 8 Loo 1.5 12 600
Total ' 8.20 58528 15.96° 109 350 2844 203 650  50.22 375 €65  67.49 512 000
. Bleedwoff 1/ 0,08 6o 012 % 320 1,03 7 278 4,77 35 026 11.86 91 384

_/ Calorifio value of gas - 900 Keal/Ncum. About 60}a of blast mrnace gas gematad iz avalleble as surplus, after meecting stove heating require-

ment.

_/ Calorific value of gas = 4 200 Kual/Neum. Abou‘t 555 of sake oven gas generated is ava!.lable az surplua, a.ﬁ:er meeting coke ovens heating

requirenents,

_/ Calorifie value of oll -A10 000 Kual/kg. Heat valve of oil For blast furnase injection is not inoluded,
g/ Calorifio value of liquified petroleum gas - 23 550 I’oaJ./Ncum. Uaed only :I.n contlnuoua mtirg 8hope

_/ Coke oven ges used as fudl,

_/ Fuel o1l used in eases 1, 2 and 3 and cole oven gas
gutting of billets in conmtimuous ozstinz shop,

g/ Fuel 011 used in all cases,

Q/ Blast furnase gas ussd as fuel; provisioz;l iizaﬂe for oil firing also as standby.,- -
y The surplus coke oven gas qan be used to enrich the blast furnsoe gas for stove heating,

used in cases IV and V; in additfon LPG gao used for ladle and tundish heating snd torch

82T e8ed

9L/eT ND/2



LIST OF EQUIPMENT FCGR THE REPAIR AND MAINTENANCE SHOPS
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1, megz_g

Medium frequency orucible induetion

furnace for iren melting a/

Lif% coil induotion orucible fwrnace

for non~ferrous melting b/
Sand plant
Moulding machines

Type
Table size
Pattern making machines

2+ Muchine Shop
Hydraulic press, 500 t

Lathes, 1 000 x 5 QCO wmm
Lathes, 1 GO0 x 9 COO mu
Vertical lathe, 1 200 mn
Horizontal boring, 75 mz spindle
Opemside planer 900 x 3 000 mm
Shapers, 600 and 900 mm
Slotting machine

M1ling machine, 1 500 x 360 nm
Radial drill, 50 um

Portable radial drill

Pillar and bench drills

Surface grinder, 300 x 1 200 mm

Vertical spindle grinder 40D x 1 500 mm

Cutter, saw blade and oarbide
tipped tool grinder
Heat freatment furnaoces

3¢ Peroe shop
Preumatic hammers

Y. Struetural shop
Guilletine shsear, 10
Universal punoh and ghesr

Plate bending rells, 20 x 2 000 mn
Welding equipment (eleotric and gas)

Radiel drill, 50 om

5s futo, looo and mobile heawy equipment

servicing and repair shop
Fuel injeotion test benoch
Hydraulie lift, 57 and 8 T
Hydraulis press, 25 T
Drill
lathe, 300 x 3 000 mm

s Cenersl maintenance, pipe ghop
and building servieces

Pipe bending and threading machine

Wepdworking rachine

Unit Caseo I Case II (Cage IIX {ase IV Case ¥
Kg 750 750 . 750 1500 3 000
Ke - 25 50 100 100
t/h 1 3 3 b 5
Nosze 1 2 2 2 2

Jolt Jolt Jolt

Manual Ienual  squeeze sSgqueeze  squesze

i) 650x450  650xU5C  650xMO0  S00x600  300x500
Nose - - - 2 2
Mou, - 1 1 1 1
Woz, 3 6 7 10 -
Foae - - - - 10

Hose 1 1 1 1 1
Nose - - - - 1
Hogs 1 1 1 1 1
Nose 1 2 2 2 3
Noa b 1 1 1 1
Mo, 1 i 1 1 1
Yoo - - - - 1
Woe "~ 1 b} l b
Hos, 2 3 3 3 4
Noe 1 i 1 - -
Nos - - - 1l 1l
oz, 2 3 3 3 3
Nose 1 2 2 2 2
Nos, Kg 1=-50 1-50 1=100 1300 1=500
Hoge - - - 1 1
Hos, - - - 1 1
NoGe - - - 1 1l
Nose 2 2 3 h L
Nog, - - - 1 1
oy - 1 1 i 1l
Noge - 1 1 2 2
Moo - 1 1 1 1
Hoge - 1 1 1 2
Nos - - - - l
Nose 1 2 3 3 k
Nog, 1 2 2 2 2
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LIST OF CQUIPZNT.ss {cotioludad)

Unit  Case I Case IT Case IIT Case IV Cage V

7+ Eletirical repalr shop

Universal ooil winding machine Nose i 1 1 1 2
Infra~rad heating ' Hose 1 2 i L S

Vacuum impregnating, varnishing
and drying oven ‘ Set 1 1 1 1 1
M3 tosts sets and controls Set 1 1 1 1 1
Constant potential M3 sots and controls Set 1 1 1 1 1
Hydraulio press, 60 T = : © . los 1 1 1 1 1
lathe, 250 x 2 500 my * : Nose 1 1 1 1 1
Shaper, 600 mm - . Hos,e 1 1 1 1 1
1411ing machine, 600 x 355 nm Wose 1 1 1 1 1
Portable wood sawing mashine ’ Nos, 1 1 1 1 1

3. Cranen

3 T x 10 000 mz span Nose - - 1 -1 -
3 Tx 21 000 mm span Hose - - - - ]
5 7x 18 000 mm span Hose - - - 1 1
"5 T x 21 000 mm span Hoss 1 1 - - -
10 T x 18 000 mm span Nose - - - 1 -
10 T x 21 000 mm spen  iMose - - 1 - 1
Tetal Crenes ‘ . Hoge b 1 2 3 3
9s Total aroa, R and M Shop Complex, approx, 8q 1 8ou 3 000 4 ooo0 5 300 6 600

8/ This equipment 1s based on 360, 600, 600, 1 000 and 1 500 tons/year of CI sastings, and 750, 750, 750,
1 500 and 3§ 000 kg maximum Yap oast' weisht of individual casting for Ceses I to V respeotively,
y This equipment 15 based on 25, 50, 100 and 100 tons/year of non=ferreus castings, and 25, 50, 100 and
100 kg maximum ‘as oust! weight of individual casting for Cases II to V respeotively.
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QAPITAL COST ESTIMATE FOR COKE PLANT &/
Case III- Case IV Case V
100 GO0 T/yr 200 000 T/yr . 300 000 T/yr
(thousa.n.ds of ¥). (thousands of #) (thousends of %)

As Civil and astructural .
1., Civil Works:
Foundantions, masonry and RCC
works for egquipment and misoe-
llaneous buildinge 188 L) 723
. 2+ Strustural Steelwvorks:
Structural work including
" 6ledding and glazing Por building o
as erected . &7 204 262

" Sub-total . 255 760 985

B, leshanical snd slectrical equipment -
ls Coal prooessing equipment including
equipment for ¢oal handling, crushing,

blending eteée 74 151 232

2 GCoke ovens inclereiractories, oven . _
. servising machines. etey @ - U 252 918 1 148
3« Coke handling eguipment : e 88 82 125
4, Gas condensation plant inclegas o
soolersy dondenser, exhausters atce - 115_ 160

S5+ Instrunents end. sleotriczl equipment,
electrical distribution and fittings

- inside the plant, building utilities ete. 2 25 25
6¢ « Bquipment erection . - 7 152 Lg2 592
Sub-total e 587 1743 2 282

‘Spares at 5% of equipment cost . - - 922" €5 85

Freight, olearance and insuranve
charges at 206, of equipment and . :
spares oost 5 9a .. 271 355

Subf-total" oL 955 2 879 3797
Contingencies at 5% I It 12 a 185

Design, englineering, supervisicn
of congtruction and elientis

administration at 7% 67 19 260
Totel . .. - _ 1 oyo 5 180 4 152

a/ Basis: Ses teble 3-5 -hoke?la.nt Facllitiese
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Appendli 5=2
&,
+CAPITAL COST ESTIMATE FCOR SINTER PLANT &/

A. Clvil and structurel

1,

24

Qivil Yorlks:
Foundstiong, macenry and RCC works for
equipment and migesllaneous bulldings
Struotural Steelworks:

Strustural work inels oladding end glazing

for bullding es ereoted
Sub-total

Bs Mechanigal and eleotrical equipment

1,

24

3 .

ba
e

Material handling and blending
equipment inolsvibratory soreen ocnveyor
liechanical equipment
Eleotrical equipment
Dedusting equipment
Equipment erec¢tion
Sub=total

Spareg =t 5% of eguipment oost
Frelght, clearanse and insurance
charges at 20% of equipment end sparos oost

Sub-.total

Contingencies at 5%

Design, engineering, supervisien of
osonstruoticn and client's
aditinistration at 75’5

Total

Cage IV
200 000 Tfyre
{thousands of $)

Caga V
300 000 Tfyr
(theusands of §)

103

160
283

B2
390
95

140
Zf‘l

30

127
1 18y

59

135

230

510

&/ Basis: Sea Table 3-6 ~ injor Faoilities for Sinter Plant.
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CAPITAL COST ESTIMATE IFOR BLAST FURNACE PLANT E/
(Thousends of ¥)
Casa I Case II Case III Case IV Case V
25 000 50 000 100 000 200 000 300 000
T/ T/yr T/yr Tyr T/yr
Ae Civil and struetural
1. Civil Vorks:
Foundations, masonry and RCC
worls for equipment and mlsoew
1laneous buildings 150 230 391 503 677
2e Structural Stealworis:
Strustural worlk inel.cladding
and glazing for building as eracted 90 140 270 iy 534
Sub-total 280 370 661 920 1211
Be HMpochanioal and electrical eguipnment
1, Raw material handling 155 280 k1o 640 750
2+ Stockhouge end charging equipment 8o 140 520 £20 630
3e Blast furnace inclerefractories
and oasthouss eguipment o €80 950 1 376 1 508
4, Hot blast stoves insl.rafrastories 360 510 £60 910 1 288
5¢ GCas ecleaning plant 130 230 430 5i5 786
Gs Cold blast supply 105 180 250 Lo 665
7« Piz casting wachine, ladle repair ]
shop and relling stoslc 90 150 320 620 798
3a Flectrical equipment inel.ZOT cranes 95 150 300 580 1 052
9¢ Bullding utilities and misoellaneous
equipment 25 50 90 150 185
104 Equipment erection 260 U30 660 1 030 1 Lod
Sub-total ' 1710 2 810 4 330 é 881 9 100
Spares at 5% of cquipment vost 73 119 184 293 305
Freight, clearanse and insuranse
shargesat 20 of equipment end
spares cogt 505 500 771 1 229 1 6815
Sub-total 2 368 3799 5 946 9 323 12 311
Contingenciesnt 5% 118 150 297 Lés 615
Design, engineering, supervision
of congtruction and olientts
sdninistration at ¥% 166 266 Li16 653 862
Total 2 652 4 255 & 659 10 by 13 789

g./ Begla: See Table 3+9 - Iren maling plant facilities.
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CAPITAL COST ESTITATE FOR STRELIMELT SHOP §/
(IHCLs GXYGRI PLANT AND CALCINING PLAKT)

(Thousands of §)

Cage I  Osse II Case III Cace IV  Case V
.25 000 50 000 160 000 200 000 300 000
v Tfyr I/yr Tyr  Tyr

Asa Civil and structural

le

2e

Civil vorlm - Foundations,

magonry and RCC works fop

squipnent and miscellaneous : .
buildings N 206 236 390 . 562 i)
Structural steelworks « a :

Strustural work inel.cladding,

1.
2e

glazing for wuilding as erected 320 423 721 1039 - 130
Sub-total 526 5] 1111 - 1 601 2 o1
Bes llechanical and eleoctriesl equipment
Hot matal mixer inolsrofrastories 121 13 2l . 983 - 383
1D Convertors ineol.lances .
and refractories . 32 : 69 128 229 296
Plant and process auxilicries such

3e

4.

S
be
7e
8.
Da
10,
1l.

es serap boxes, ladles, rlag pats,

transfer cars otes Lg 103 192 . 3kl Yhs
Gas oleaning plant: Sorubbers, . "
duoting eto. ' 70 160 15 - 200 275
Eleotrical equipment 11 16 S T T 56
EOT eranen ‘ ' 265 408 Ls6 791 879
Oyzen plant .o 175 350 500 1135 1 Lgo
Ualoining plant _ . 76 50 146 212 355
Building utilities inolelighting o n oy 25 43 48
idsoellaneous eguipment C 15 21 74 .60 73
Equipment erection 126 201 . 839 51k 627
" Sub-total 962 1546 2646 . 3955 3.8_17'

Spares st 55 of equipment qost b2 &7 115 e 210
Freight, olearance and insurancae ‘ ‘
charges ef 205 of equipment and

spares eost 176 282 Ly . ey 880
Sub-total 1 706 2 554 4356 6k 7 948
‘Centingenoles ab 5% . o _8_5_ ' lz_g _gLB_ 323 4

. Deslgn, engineering, supervision of

canstruotion ahd clientts adninig- R Y . o L : :
tration at 7% 119" 173 . 305 . b5z 558

Total 1 910 2 861 4 879 7 226 8 s01

y Basls: See table 3-11 - b jor equipment facilities for LD steelmaling,
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8
CAPITAL COST ESTIMATE FCOR COMNTINUCUS CASTING PLANT '/
(Thousands of %)
Cage I Case II Casa II1 Caze IV Cage V
25 000 50 000 100 000 200 000 300 000
T/ye T/yr /yr T/ T/yr

Ae OCivil and strueturel
1., Civil Worls:
Foundationg, sasonry and RCC
woprks for squipment and buildings 30 iy 92 215 313
2+ Struotural Steslworks:
Strustural work including
oladding and glazing for

buildings as erected 50 87 183 Loz 571
Sub-total L1 134 25 617 884

Be HMechanilecal and electrical eguipment
1, Conilnuous ocasting mashlneg
Ineluding out off' equipment,

discharge roller tables, sooling

banks otce koo 535 550 1 &80 2 200
24 EOT crana 20 25 52 104 150
Js Building utilities inclslighting 1 18 30 59 83
Lk, EZquipment ersotion L6 &0 105 203 268
Sub-total &.7.2. _6_3_@ 1 12 2 oké 2 701
Spares at 5% of equipment cost 22 29 52 92 122
Freight, clearance and insurance
charges at 205 of equipment oost o1 in 217 387 51l
Sub-total &0 922 1 661 3 142 4 218
Gontingencies at 555 4 46 83 157 211
Design, engineering, supervision
of construction and clientls
administration at 7% Ly T 65 116 220 295
Total 751 1033 1 860 3 519 Y ol

a/ Basis: Ses table 3-14 = Continuous Casting Facilitiess
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CAPITAL COST ESTLATE FOR ROLLLIG MILLS e/

L (Thousands. of_g)

Cage I Case Il Case III Case IV Capa V

s 25000 - 50 000 100 <oC 200 €OO 300 000

T/yr T/yr T/yr _?/yr ) T/srr

Ae Civil and structural
1, Civil works:
' Foundetions, mesonry and RCC
works for equlipment and nizce- ‘
llanecus mildings 203 400 530 1023 o1 357
2, Structural steeclworks: S
Strutural work inol,
eladding and glezing for

building as ercoted 302 W3 g1 . 1636 . 2.085
Sub~total 505 773 1 409 2 665 - 3 Loz
Bs Mechanical and slectrical equipment : .

1, Roheating fwrnece : 72 120 208 LT . 629

24 111 housings and mechanioal S
) equipment . (40 1012 2079 3190 4 Leo
3. 111 electrical equipment 230 304 1 0ls 1 700 "2 870
k, EOT orshes 26 26 146 373 221
S« Other handling facilitiss- : 10 10 13 oo k3l 51

6¢ Bullding utilitics inols

lighting 15 20 29 M 43
7+ Roll turning shop _ 6l 110 123 . 213 255
8 Miseellancous 13 21 30 : 43 51
9. 'Equipment ersction 11 162 367 . 587 18
.Sub-total 1229 1 485 - L olo ... & b5y 9 198
Spares ot 5% of equipment oost 56 81 8y 293 big

Freight, clearance and insurance
oharges ot 20/5 of equipment and

spares cost o Y M vze) 1292 1 760
Subtotal ... L. wep020 2566 4k T 16w 1k 9y9
Contingencies ot 55 101 iha . 220 532 © 759

Design, englmoering, supervision
of construotion and ollentts

adminlstration ot 7% L5 209 448 745 1 035
Totel 2 242 5 338 7 172 11 921 16 553

s/ Basis: Soe mill fecllities as deteiled in ehapier 3
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CAPITAL GOST ESTIHATE FOR PLANT LABCRATCRY
(Thousands of g)
Cage I Cage 1X Case IIX Case IV Case V
25 000 50 000 100 000 200 000 300 000
Tyr T/yr yr T/yr yr
A, Civil
Civil wvorks:
Foundations, masonry, ROC works
for equipment and miscallanaous
buildings and furniture 43,5 L4.8 5240 6945 7640
Be Mechanlcal and electrical squipment
l, Chemical laboretory equipment 20,0 20,0 20,0 80.0 90,0
2. lMetallurgical laboratory equipment 15,0 17.0 17,0 2642 31,0
3¢ Incpection equipment 2,0 2:5 3.0 7.0 740
Y. Electriocal (incleersotion) 5e5 640 646 8.8 9.9
5+ Depteutilities {water, gas,
comps airs) 540 5e5 640 8.0 940
6e iilsceilanecus Items 5.0 Selt 549 7.8 4.8
7+ Egquipment ersction 0,5 046 0.7 2.5 3.0
Sub~total 5340 5740 5942 13943 158,7
Spares at 5% of egulpment cost 246 2.8 249 649 748
Ooean freight, clearance and
insurance charges st 205 of equlpment
end spares cost 11,0 11.8 12.3 28.7 3207
Sub-total 11041 118,k 12644 2hl b 2752
Contingencies at 5% 55 5¢9 643 12,2 138
Design, engineering, supervision
of eongtruction and olient's
admninistration at 7% 747 8.3 8.8 i7.1 1943
Total 12343 13248 141,5 27347 308,3
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CAPITAL COST ESTIVATE POR SLECTRIC PCLR SYSTEM
{Thousands of §)
Cage I Case II Case III Cage IV Case V
25 000 50 000 oo aoo 200 000 300 QOO
Tfye T/yr Tfyr /yr T/yr
4o Civil
Civil worlks: ’
Foundations, masonry, RCC works
for equipment and misosllancous :
builaings : : 118 218 237 zho 260
Bs Mechanical and elegtrical equipment
ls Electric power distribution
and emergensy pover supply o/ 2Lt 390 620 810 85
2 Plant sommunicaticn ' 0 70 20 125 150
3« Road, perimeter and yard
lighting 10 12 15 22 30
L, Zquipment erection Lz 71 109 143 158
Sub~total 322 i) 834 1 100 1213
Spares et 5% of equipment obyt i 24 35 43 53
Frelght, olecarance and insurance
charzes at 205 of equipment and
spares cost 59 99 . 152 201 . 222
Subw-total 513 884 1 259 1 539 1 748
Contingencies at 5 26 Ly 63 49 &
Desim, engineering, supsrvision
of construction end.olientts
adninigtration at 74 36 62 ‘ 84 1 122
Totel 575 990 1 k1o 1778 1957
R . - - —— - Ap——pf " I —— pp—r—

g/ For cumergency pover supply, & stand-by Diesel electric generator set is provided.
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CAPITAL COST ESTIMATE FPOR WATER SUPPLY SYSTELNL
{Thousands of $)
Cage 1 Cage II Case IIX Cage IV Case V
25 000 50 000 100 000 200 000 300 Q00
T T/ye Wyr T/yr Tfyr
Ao Civil
Civil works - Foundatians,
pagonry and RCC vorks for
equipnent and miscellaneous
buildings 218 350 %o %60 1 243
B Mechanieal and electricel eguipment
le Uater treaiment planmt 32 54 93 148 192
2e Pumps and ancillarles 116 204 340 540 F0k
3+ Cooling tower and auxiliaries 8o 1ko 236 376 458
L4e Piping 29 51 Bl 131 170
5. Equipment erectien 62 110 180 291 380
Sub-total 319 559 933 1 486 1 934
Spares & 5% of equipment sost 13 22 38 40 78
Freight, clearance and insursnce
charges 8 207 of equipient and
spsres cost 5l ol 158 251 326
Sub-total 60k 1025 1729 2 757 3 581
Contingenciss &t 5% 30 51 &6 138 179
Design, engineering, supepvision
of construotion end clientls
administration at 75 La ¥2 123 193 251
Total €76 1 148 1 9356 3 ofig L o1l
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CAPITAL COST ESTIMATT FOR UTILITIES

(Thougands of §}

Case I Case I3 Cage II1 Case IV Case V
25 000. . 50 600 ) 1¢0 000 200 000 300 Q0O
e . Tfr T/yr Tyr - T/yr

Ae Civil and structural
ls Civil works:
Foundatiocns, masonry cnd RCC
works for equipment end misce-
1laneous buildings 39 62 g1 12, 135
2. Strustural steelworks: |
Struotural work including
oladding and glazing for

building as erected 21 28 Yo 55 88
Subetotal © . m 12 197 223

Ba Meshanleal and electrical ecuipment
1. Afr ocompressors end auxilisry
equipment:
3 - Alr oompressor stations cach
with one electric driven eompressor .
end 2 mobile coupresgors 30 50 70 120 180
2. PFunl oil pumping equipnent and
storage tanks:
3 « Unloading pumps, 2 = circulats
ing pumps, 2 - steam cil heaters,
1 = main storege tank, 1 - storage -
tank for blast furnase oll imjeation 20 % 62 68 _. 108
3¢ Bollers and awciliaries: '
2 - water tube paclage steam

beilers, feed water trostment . . .
plant, piping ete. 152 214 338 Lok .5'18
4, Yard piping, building utilities '
and uiscellangous A 137 195 269 0 516
5« Equipment eregtlon - A S S ) . 136 169 250
Sub-total 399 590 875 1142 1569
Spareg at 5% of equipment cost 17 25 74 48 &6

Frelght, olearance and lnsurance
sharges et 200 of ceat of eguipment

and spares 7 104 155 202 277
Sub-total 547 Bog 1188 1 559 2 1%
Contingencies &t &’ 27 4o 59 78 ey

Design, onglneering, supervision
of sonstruotion and elientts
administration at 74 38 57 83 109 L

Total 612 906 1 330 1 746 2 391
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CAPITAL £0OST BSTILIATE PCR WORKS TRANSPCRT
. {Thousands of 3}
tasa I Case II Case 111 Cage IV Case V
25 D00 50 oo | . 100 Q00 200 000 300 000
T/yr T/yr i/yr /yr T/yr
4, Civil
1. Givil works = Foundations,
magonry and RCC works for
equipment and mizcellansous
building, all roads within
the plant boundary, road )
bridges elo. 53 59 66 84 104
2+ Bellway tracks - sll trasls,
points and erossings eote.
within the plant boundery 103 112 160 208 256
Sub-total 156 m 2286 292 360
Be Moohenival ond elsstrical squipment
ls Rolling stock: locomotives, wagons 70 145 240 320 465
2. Trucks: road trucks, rear dump
trusks, iractors, trailler, fork
14t sido loader etes 46 105 "138 244 330"
3+ Yerd orones 15 15 70 120 120
Y, Holghbridges 2l 29 33 4 90
5« Looo refuelling station L 6 8 15 25
6 Sigualling '3 7 8 15 20
7. Iquipment ercction 19 1 50 76 05
Sub-total 20k 338 547 832 1155
Sparesat 5% of equipment cost 9 15 25 38 53
Froight, clearance and lnsuranoce
chergesat 205 of equipment end
gperes cost 39 &l ich 160 220
Sub-total Log 588 902 1329 17%
Contingencies at 5% 20 23 45 66 83
Dezign, enginesring, supervision )
of construction end cllantts
adninistration st 75 29 41 63 93 125
Total ‘_"52 §§§ 1 010 l..lis_a. 2 002
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CAPL L COST ESTIMITE FOR REPAID AND MAINTENANCE sHOPS
(Thougands of %)
Case I Case II Case TII Case IV Cage V
25 000 60 000 100 000 200 000 300 000
T/yr T/yr yr T/yr T/yr

Le Civil end structural
1, Civil worlias:
Foundations, masonry and RCC
works for equipnment and misoe-
llanecus buildings 32 46 69 115 133
24 Strustural steelworits:
Struetural werk ineluding
cladding and glazing for

building as ereoted 9l 148 Cooas - 301 389
Sub-total 126 14 283 g 522

Be Mochanlenl and elegirical eguipment
ls Poundry = Ferrous and non-ferrous
inclspattern shops FMajor equipment:
tains frequenay soreless induotion
and 1ift coil industion and crusible
furneces b8 8 120 160 . 202
2 lhchine shop incleforge shop and
tool room: Major equiptient: nheavy
lathes, vertical borer, opsnside
planner, shaper, milling machines,

radial drills and forging hammers 103 228 270 312 h1o
3s Structural shop inclewvagen

repaler shop - - - 56 é5
L, Mobile equipment repair and

servicing shop 12 4 16 23 26

5« Genmeral maintanante, plpe shop
and building services incls pipe
threading and bending machines,
moblle motor gensrator welding,
mobile water pumps, heavy tools

and tackles 30 36 38 45 51

£s Elcctrioal repair shop incls
varnish tank and baking oven 106 166 212 342 2
7+ EOT cranes 38 48 73 98 110
84 Building utilitios 50 f 145 187 250
9« Equiptent spestion 43 é7 90 134 152
Sub-total k30 7 ‘ gﬂ 1 359 1 6oB
Sparesa55 of equipment aocat 19 a2 4 61 73

Freight, olearance and insuranse
charzes at 206 of equipment and

spares oast 81 135 184 257 306
Subwtotal 656 1072 1475 2 093 2 509
tontingencies at§y 33 Bl 74 105 125

Design, englneering, supervision
of sonstruction and client's
adninistration at 7% Le vl 103 1y 176

Total 135 1 201 1 €52 2 35 2 810
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CAPITAL COST ESTIMATE FOR MISCELLANEOUS BUILDINGS, FACILITIES AND STCRAGES

(Thousends of S)

Caga I . Case Il Case III Cese IV Case ¥
25 000 50 000 100 000 200 000 300 000
Tfyr T/yr T/yr Tfyr T/yr
As land end goneral site works ‘
1. Lend end site preparatlon 7 4 8l 106 : 139
2+ Perimeter fencing 20 22 25 30 30
3« Severage and drainage 54 65 74 90 108
Sub-total 111 133 183 226 282
Bs Buildings and znoillary weorks
le Administrative building 56 80 07 . 145 _ 170
2+ Ceneral superintendentis office 13 o v A 26 _ L3 59
4e Canteens 26 Lo [T 8 102
ki, Change rooms 30 43 &8 90 105
5. Sanitary blocls y 4 8 8 12
6s Fire brigade station 3 3 i b 6
7+ Car parkis and cycle scheds b 5 -7 . 8 10
8. Hiscelleneous itens 5 5 8 i 21
Sub-total LY 18 292 £/ kes
C. Storages .
l. Bulldings €0 90 150 210 270
2. Yards and fencings 5 B 12 1B 24
3+ Backs and miscellaneous 12 20 35 . 50 : 65
4, Cranes and hoists 5 5 8 10 15
Sub-~total 82 123 205 288 : 74
Totel a4 s 680 ar 1M
Contingensies at 57 ' 17 23 3 46 57
Desim, engineering, supsrvisien
of congtruction and ¢lientls o
edministration &t 75 23 12 48 é4 8o

Jotal ' 74 509 762 1021 1278
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SUMMARY OF TOTAL PLANT COST

M1 eded
W9L/2T N/

Case J - 25 000 Cage II ~ 50 00O Czse III « 100 0Q0 Cagse IV - 200 000 Casa V -« 300 00O
Tye /yr T/yr T/yr T/yr
Total cost Total ocost Tatal cest Total osost _ Total cost
Thousands  Percantage Thousznds Percentage Thoucands Percsentege Thousands Percentzzge Thousands  Percentage
of 8 of total of § of total of 8 of total of g of total of of total
Produsticn depertments
Colie ovens - - - - 1 ¢70 3458 3 180 Gelih 4 152 643
Sinter plant - - - - - - 1 329 2,69 1 717 2.66
Blast furnaces 2 652 23,83 4 285 213,98 € 659 22.28 10 4h2 21,16 13 789 21,35
Steelment shop 1 910 17,17 2 861 16.80 L 89 16433 7 226 1h,84 8 901 13.77
Conoast plant 751 6475 1033 6.06 1 860 6.22 3 519 7413 L oyoh 731
Rolling mills 2 262 20,33 3 338 19.60 7172 24,00 11 921 2kt,15 16 553 25.63
Sub-toial 7 575 68408 11 48y 67 o114 21 6ho 72,41 37 617 76421 Lg 836 77415
Auxiliary depariments

Plant labopatory 123 1,10 133 0.78 142 0448 274 0456 208 ol
Power system 575 5.17 990 552 1 4o b7z 1779 3460 1 957 %03
Vater system 676 6408 1 148 674 1 93 6,48 3 088 6a26 4 on 621
Uttlities 612 5450 906 5e32 1 330 Lu5 1 744 3a5% 2 391 3.70
Works transport Usy h.10 658 3406 1 010 .58 1 488 3401 2 002 3610
Repair and maintenanca shops 735 6461 1201 7405 1 652 5¢53 2 S L5 2 810 Loy

iiscellaneous buildings,
facilities and storages 574 3436 509 2499 762 2455 1 021 2407 1 278 1,99
Sub-total 3 552 392 5 5hy 32.56 8 2he 2759 11 741 23.79 W 757 22.65

—p—

Total 11 127 100,00 17 032 100,00 29 882 100,00 49 358 100,00 64 593 160,00




Appendix 5-15

SUMHARY OF DEPART:THTAL CAPITAL COST AND COST PER AIMMUAL TON

Coke ovens
Sinter plant
Blast furnaces
Steslmelt shop
Concast plant

Relling mills

Total

Case I ~ 25 Q00

Cage IT « 50 QOO Cage TII = 100 000

Caga IV - 200 COO

Case V ~ 300 000

'Pﬁ&w,. g iI{l”f‘ Produca Aux?.?-’-r Produa- AuxK{r Produg- At:rﬁl: . Produc. .ﬁuxiiiyr
dggﬁ%t- d;ﬁ%j{' Totel C:::/ dg%'};t- a;mbi- Totel c::t/ ' dééé'%t_ dg%%{%- Total c:::/ d;g%‘t. a;é%{- Total c:::/ dgégxét- dgé%’{" . Total C:::/
Thousands of ¥ 2 Thousands of g 4 Thousands of § f:4 Thousands of g 4 Thousands of ¥ 4
- - - - - - - 1 oyo 71;2 1 B2 ' 35465 3180 1174 bogsy W0 B 1se 1 Ly6 5 628 LoA3
- - - - - - - - . - - o= 1 329 7ok 2 .033 27465 1717 885 2 602  23.65
2 652 639 3291 4.4 b o2ss 998 5 253 115.20 6659 1236 7 895 Bgo.21 10 4ha X il 12 086 72.14 13 789 2 066 15 855 62492
1 91¢ 853 2763 110,52 2861 1331 L 192 O3.84 4879 1813 6692 G6.52 7 236 2 w3 9s5TH WGy .a' 901 2951 11 852 39.51
751 4y 1248 52,00 1033 776 1809 .69 1860 o7 2767 2882 3519 1% 4693 oM W7ok IWE 6200 21,53
2262 1663 3825 17,02 3338 240 5978 13144 7 172 3 s4% 10 716 120,00 1 92 L4 697 16 618 32.08 16555 5 903 22 H56 02,95
7575 3552 111 1r W87 554 17 032 21 6o 8 242 29 882 3768 1y b 358 4o 83¢ 14 757 64 593

ST 9FrRg
W9L/2T KO/2
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Appendix 516

COMPARISCN OF PLANT CAPITAL COSTS FCR ALTERNATIVE TROW
AHD STRELMSKING PROCESSES, CASE IT w 50 0CO T/YR

{Theusands of §)
Case 11 =
Blaat Blast Eleotrio Eleotri
i‘urna.oe?'./ fmcak/ smelting® smeltingg/ dra furnace-
- 1D w dxo (with pre< {without pr)e- 1007 sarap
e
Produstion dgga_simsn‘g_g_

Iron making 4 255 2 652 2 o 2 Uha 12F)
Steelmaldng z 861 2 279 2 779 2279 2273
Continuous casting 1033 Bht ke 84 Bl
Rolling 3338 3338 - 334 3338 3338

Sub~total 11 1{»82 2 112 8 771 8 504 & 461

Auxiliary departments

Plant laboratory 133 133 133 133 - 128
Power syatem 990 1 108 1175 1150 850
Yater sysatem 1 148 1100 1000 - 1 000 800
Utilities 906 904 906 906 750
Works trancport 658 658 658 é58 500
Repair and maintenance
shops 1 201 1200 1 201 1 201 1150
Iigesllanpous bulldings,
facilitles end storages 509 509 509 509 Lon

Sub-total 5 55 5 607 5 582 5 557 4 625

Total 17 032 14 720 4 383 14 061 11 086

&/ Blaat furnape hot metel constitutes ebout B80S of the metelllc charge for steelmalking.
b/ Blast furmace or electric smelting furnace hot metal sonstitutes about 50% of the metallic charge for
steelmaking.



Appendiz 5-17

A1 STESLMAKING PROCESSES: CASE II - 50 000 T/YR

DEPARTIZENTAL CAPITAL COSTS AMD GOST P:R AFNUAL TON FOR ALTERMATIVE IRON

T RF_LD o/ BR.EAP b/ ESP(PR)-EAP o/ ESP-EAF &/ EAF of
Prodn.  Aux, Cost/ Prodn,  Auxas Coat/ Frodns  Aux s+ Gost/ Frodn, Aux. Cest/ Prodns  AuX . Total Cost/
Departnent depte - depts Total ton dept o dept ¢ Total ton dept s depte Total ten dept « dept e Total ton dept e depta o ton
Thousands of § $ Thousends of § H Thougatids of $ H Tiousands of § § Thousands of § 2
Ironzalking L 255 998 5253  115.2 2 652 998 3650 160,01 £ 310 973 3283 1o 2z o3 48 2 991  13l.2 - - - -
Steslmaking 2 861 1331 i 192 83.8 2 279 1 393 3 672 79.5 2 279 1393 3 €2 73s5 2 279 1 1393 3 &72 935 2279 13088 3 667 73.3
Continuous cesting 1 033 774 1 809 7 B4 7786 1 620 39,8 Bk 776 1 620 3348 Btk 776 1 620 32.8 By 925 1569 3649
Rolling 3938 2 Mo 57728 134 3338 2 Yo 5776 13L.t 3 338 2 Yo 5778 13iM4 3 338 2 ko 5976 134 3 338 2 912 5650 128.5
Total 11 487 5 545 17 032 9113 5 607 14 720 B 771 5 582 4 353 B 5ok 5 557 14 061 6 461 b 625 11 086  252,2
Capital Invesiment e
it gpeh of otled 37,4 3348 306.5 5.3
9/ Ironmalking in blest furnace and steelualdng in LD converters
g/ Irenmaking in blast furnace and steelmaking in slectrig ars furhace,
g/ Ironmaking in elsoirie smelter with pre-rodustion and steelmaldng in electric are furnace,
_d/ Ironmaking in eleatrlo smeltsr without pra-reduction and steelmaking in elsstric are furnace.
g/ Stealmaking 1n electric arc furnace - 1005 serap charge. b
ey
@ _’..
ER
54
-(53.
B
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Appendix 6-1
ESTTHATE o TOTAL HANPOVERS,

Cage I Cage II Cagn IIT Case IV Caze V
25 0G0 50 oo 100 06O 23C 000 360 Q00
Tfyr Ty i T T/yr
A+ Production departments
Coks ovens ‘ - - 39 90 96
Sinter plant - - - 26 26
Blagt furnace plant 71 96 121 136 151
Steslmelt shop 50 11 130 LS 161
Coneast plant 48 U8 72 108 117
Relling mills o0 170 75 288 hi
Submtotal Ny a5 xra 782 82
Be Auxiliary departmsnts

Electrie power snd aorvides 103 103 138 175 175
Vater system 30 4o 50 65 81
Energy and econemy 50 60 75 B8 100
Plant Isbaratory 54 56 & 81 B

Repair and maintenanee
shop 12k 134 Y 182 200
Tranapertation 90 120 150 200 220
Sub=total ll.é-]; 2_12 EE']: 22}. 9?2

Ce  Administeation and general
General adilnistretion 9 13 22 29 36
Planning and eountrol 8 10 12 16 19
Stores and purchase 24 32 42 56 6
Sales 20 23 26 52 33
Chigf engineer’s offioce 18 20 27 32 41
Porgonnel department 52 60 B2 105 12k
hooounte depariment 20 26 k1 50 72
sus-total 2y 28 B2 2 7
fotal g orm 1Mo 1o 2

8/ Yanpower incated s the working foras, galoulated on the basls of 48 howr weeks Extra manpover
far "off", leave gnd absenteqism has not been inocluded, as due allowance for this has been given
in the hourly wage pates,



Appendiz 6.2

FRODUCTION COST ESTIMATE OF BLAST FURHACE COIEy

Cese IXIT .. 100 000 T/rr

Case IV - 200 000 TAmr

tase V « 3060 000 T

Case ¥ (4) - 300 OO Efyr

{BuP. coke = 47 500 Tiry)

(3.F. cole - 84 800 Tfyr)

{B.F. ooke - 126 500 T/yr}

(B.F. acke = 126 300 Tfyr with resovery
* of benzel and axmonie products)

Price Pr ' -‘_“_l';riue ton J ,
:::::f :;“ Atyfton  Cost/ten :i::{ ::n Ofy/ton  Cost/ton :::':i ::” Qty/tan  Cost/ten o ter{al -°t-""/ ton  Cost/ ’“""‘
(us$) (Kgs) {us$) (os$) - {kgs) (us}) (us$) (Kes ) {us$} {us¢) {kgs) {Us$)
Coct of materlals :
Josl 16,00 1533 27459 15,00 1 yE 26,60 18.00 1 478 26450 18.00 o1 lpd 286.60
Consunsbles s.Ze caustio soda, '
sulphuric acid, wash oil etc. - - - G.52
Total gost of materials 27,59 26,60 26460 27412
Cost above moterials .
birest labour 1.2 fuhr 1.720 mar 2.18 1,32/t 24225 phr 2494 14321 14596 mhr - 2,11 2.57
Indirset laboun 2433/ 04253 mhr 0a59 2,12/uhr 04340 mhr Ce72 2,20,0hr 0,220 whr 048 0,57
Pover 0.1l 0.26 0.26 0435
Utilities 0.01 0,01 0,01 .05
Transportation 040 0.G7 0,67 0.07
Repair and maintensnee 0,22 1,51 Y422 1.32
Tools, supplies and lubricants 0,08 0,08 0.08 0,03
Goreral plant expense 0,98 1,23 0,90 1,08
Total aost ebove materials Lol 6082 5.13 6.10
Less by-produst credits: '
Coka oven gas b/ - 243 su m 1.99 243 ou m 1,99 3 cum 1.9%
Tar - 20 59 1.18 20 59 1,18 20 59 1418
Coke breeze 20 100 2400 20 100 2.00 20 100 2400 20 100 2400
Benzel products - - - 1.60
Amnonie products - - - 0486
Total by—product oredits 2400 517 5.17 271
Total works cost of blast furnzes coke 29493 26025 26456 25.51
Fixed sharges o/ at 9% Falt3 k.63 4,01 “a33
Total ex-works oost of blaet furnaca vake
{incl.fixed chargss) 33,26 32,88 30.57 30.U4

e

Io\

All waterizls input and cost figures are per ton of blast furnaca oolke, the yield of blast furnase cole belng talen as 90% of run~of-oven coke.

Asguming that U53 of the gasrake 1z wtilised for underfiring of ovens, eredit taken for 557 bf gas only. Caloriffo value of coke oven gms = 4 500 keals/vu m and oredit for mms estimated on tne
basis of gost of oil =t ¥ 20/ten for cquivalent calorific value. '

Fixzed eharges have been celeuleied on capital sost of coke oven plant (insluding sllccation Fer

auxilisry departments}s

ET 8Fed
NeLfENT



E/CN.12/764
Page 150

Appendix -3
PRODUCTION COST ESTIMATE OF SIVTER

fase IV = 200 D00 Tfyr Cage ¥ . 300 000 T/yr
{Stnter « 93 000 T/yr) {sinter - 110 000 T/yr)
Prt ¢ Prioe/t
Price/ton oty/tan  Cest/ton tﬁp' .r.:n Qiy/ten  Cost/ton
paterial maiaadan
§ (Kas) (usg) . fred) {xga)  {ust}
e R S?)w‘ - {Kes) i G e
Oost of materlels
Cre Fines 9,50 950 9.02 2450 950 9402
Flue dust - 48,5 - - 45 -
Linsstona 7,00 91,0 0e6k 7400 91.0 0o
Coke breeze 20,00 u.s5 0.57 20,00 48,5 037
Total eost of materisla 10463 10,63
Gr st above meterials
Direst labour 1,30/ahr 0,756 mhw 0,98 1,295/mw 04502 whr 0465
Indirect labsup 1,82 /uhe 0,095 mhr 0,18 L.B46/mhr 0,085 miw 0.12
Fusl a/ 05107 Keal 0,05 252003 Kosl 0,05
Pover 0424 Ou2lt
Utiilties 0,00 0.01
Repeir and maintenanss 0455 043
Teols, supplivs and lubrieants 0425 022
General plant expenses D455 Oql2
Total sost above materinls 2,81 2.13
Total vorks segh of sintep 1344 12332
Flted ohavges b/ 8% 5% 2,51 2013
Tota} ex-werks vost of pinter 15495 Eﬁa

{inel. fixcd oharges)

a/ Estimmted on the tesis of cogt of oil atd 20/ton, for equivalent calorifls valuge
E/ Fixed charges have boen ealsulated ¢n capital oost of sinter plant (ineluding allecation for awdliary
departaents ).



Appendix 6.4

PRODUCTION GOST ESTIMATE OF IRON

Case I « 25 000 T/

Case IT w 50 000 Tfyr

Case ITI - 100 900 Tfyr

" Case IV - 200 000 Tfyr

Cage V = 300 000 Tfy»

(Blast Foe.Iron = 22 B0C BAr)

{Blagt Feo.Iron - 45 600 T/yr)

(Blast Foe.Iren - 83 500 74w}

{Blast Foe.Iren -~ 167 500 Tfyr) .

{Blast Foe.Iron = 252 500 T/yr)

- Price/ton

Price/ton Price/ton Prise/ton Price/ton
pctordal oty/ten  Cost/ton ratenial aty/ton  Cost/ian raterinl Uty /ton Cost/ton imtorial aty/ten  Cost/ton saterial aty/ton Cogt/ton
(us$) {Fas) (us$) {us$) {Kgs) (vs$) (us$) {Rea ) {vs$) (vs$) {%gs) {us$) {us$) {kgs) {vs$)
Cost of materials
Iron ore 9.50 1 450 13.78 9450 1450 1378 9450 1 450 13,78 9,50 1 021 9470 9450 1021 9,70
Sinter . - - - - - - - - 13.44 ug7 587 12.82 by 5.60
Mangenese ore 30,00 265 0,80 50,00 265 080 30400 265 o.90 30400 285 0.80 30,00 265 0.80
Lizegtone 7400 126 0,88 7400 124 0,87 %400 123 0486 7400 103 072 7400 103 0372
Colts 40,00 560 1830 30,00 545 16435 29.83 535 15,96 268425 505 1,27 26456 500 13,28
Fuel oil 20400 50 1.00 20,00 50 1.00 20,00 50 1,00 20,00 50 1,00 20,00 50 1.00
Total cost of materials 33426 32,80 12,40 ’ T a2.36 51,10
Cost above materials i . ) ] . . . e
Direct labour 1,25/whr 6o7Y nihr 8.39 1.30/mhe. 4,35 ohe 5466 le23/mhr 2,96 mhr Fu64 1.29%/mhe " 1,80 mhe 2419 l.20/mhr .31 mhe 158
Indirect labour ° 2416 /mhr 0,73 miw 1,58 2,02/mhe 043 ukr o.y;b 1o9%/mhe 0,33 mhr 0ubl 1.84/ghe  0.19 mhr o.ssb lLbAi/ahr  C.16 whr 0a23
old blast supply  0.016/leh 196 loai 340l 298 0652 0.65% 0,68
Power - 0,48 0,48 0445 0445 0M0
Ytilities, lab, eto, 0407 0,07 0,06 0,06 0,06
Transportation 0.90 0,085 0.75 0.70 0,70
Repair and maintenance 2,90 2,20 1,90 L.70 1,40
Toels, supplies ant .
lubricants : 140 110 090 - 0.80 0460
Relining reserves 1,00 1,00 0475 0475 075
Genoral plant expenge 3,29 % 3.27 1,88 1.52
Total cost above materials 28,05 18,08 13.05 2457 792
Less credits Blast foe ges of 16584 sum 2,79 154 qum 2,72 1520 sum 2468 i3 oum 254 1430 sum 2452
Total works sost of hot metal T 58,52 48,14 Y277 39439 36450
Fixed chargee d/ at 9 12,99 10,37 .87 9493 8458
Total ex-works oosto of hot meial 71.51 53451 52.'64 49,92 45,08
{$nel.fixed charges)

Electrionlly driven blower,
Steam driven turbowblowers.

e lgte

oil at $2u/tnn for equivalent galorifis valus.

b3

Fixed charges have besn ocaleulated on total s=pital copt of soke ovens, sinter plant and blast furnase plant {ineluding allosztions for awriliary departuents).

Cradit for £0% of gas only, balance being consumed in the blast furmace plant far stove heatings Calorific value of blast furnaee gas 900 keal/m3 and oredit for gas estimatsd ¢n the basis of cost of

T4T 98=g

w9k /2T /2



age I = 25 000 Tfyw

Appendix 65
PRODUCTION COST ESTIMATE OF LIAUID STEEL

Case I « 50 000 Tyr

Case ITT « 100 000 T/yr

i e 4

Case IV - 200 000 Tfyr

Lase V = 300 000 T/yr

{Liquid steel = 25 000 T/yr)

(14qutd eteel - 50 000 T/yr)

(Liguid steel — 100 000 TAr)}  (Liquid steel = 200 000 T/vr)

Pricefton

Price/ton

Price/ton

{Liquid stesl - 300 00O T/yr)

Price/ton

26T #Fe-
"L SN

Price/tm A Cost

o aty/ton  Cost/tan A Qty/ten  Cost/ton A aty/ton  Cost/ten tortal aty/ton  Oost/ten ratortal Qty/ton  Cost/ton

{us$) (kgo)  (us$) (us$) {Kgo) {us$}  (usd) {Kes) ws$)  (s$) (Fes) fus$) Ws$} {Kgs) {ts$)

Qoat of meterials

Hot metal 58.52 909 53,19 48,14 898 43423 L2.77 o N 39439 833 32,81 - 6450 833 20.40
Serap 40,00 227 6,81 30,00 224 £.72 30,00 246 7438 30400 278 Bu34 30,00 278 Bo54
Fewnlloys &/.. Fedn 210,00 9 1.99 210,00 9 1,89 210,00 9 1.89 210,00 9 1,89 9 1.89
- Fa-S1 180.00 5 0.90 180,00 5 0.50 180,00 S 0490 180,00 5 G, 30 5 6,30

Total cost of matallies 62,79 52474 7 .64 43,54 .53
less opedit for porap 30400 20 050 30,00 20 0460 30,00 20 0e60 30,00 20 0,60 20 0.60

Net cost of metsllics 62419 52,14 47,04 K ho.93
Fluzes - burnt lime 3000 o 1,80 30.00 60 1,80 30,00 60 1.80 30,00 &0 1.80 30,00 60 1,680
- fluerspar 150400 a 0eit5 150,00 3 045 150,00 3 0445 150,00 3 0.li5 3 0,45

Total cost of materials 64 il ) 49,29 b5.59 43,18

Cost above materials

Dirset labousr L.25/mhe 7487 mhr 9:84  1.,23/mhe 4,88 phr 8402  la23/uhr 2.8 mhr o7 L.23/mhr 148 mhr 1,82 1,20/mhyr  1.13 mhre 1036
Indirest labour 2:0%/mr 0,77 mhr 1,56 1.55/mhr 0.43 mhe 084  2,00/mhr 0,31 mhr Gaf2  2.05/uhr 0,22 mhr C.45  2.00/mhr 0,16 mhe 0432
xygen 0236 /0un 55 oun 1,30 L0205fcum 55 cum 1,13 L05fum S0 eum 075 L01zfoum SO eum 0,60 JOI5/founm 50 ocum 0458
Fual L6 0,16 o.16 0416 0,16
Powar D.HB 0.*"-8 .48 olka 0.4
Ut1lities 0450 0480 0470 060 0450
Transportation 1,10 Ce%5 080 0.70 0,60
iaboratory 2425 150 o.zg 0,110 0,25
Repair and maintenanca 3460 3,00 24 2.10 1,80
Toolm, supplias and lubricants 2,40 2,00 1,60 140 1420
Refraotories 1,40 1.20 1400 0,50 0.80
Provision for relining 6400 5400 4,00 3450 3400
General plant expenaes 12,89 8.29 5a59 3420 2,63
Total cost above materials 49,88 Ry 22432 16,31 13468
Total works cost of liquid steel 108,32 B5.76 71461 61,90 5686
Pixed sharges b/ at % 22,39 17.00 g6 12.62 10478
Totel sw-works cogt of liguid stesl 130.51 102.76 B6o3y 7,52 &7 o6H

{inel.fixed charges)

f’// moa of Feolln (74767 I'h and 50% S1) taken at £ 180 and # 150 f,0.b., per ton respeotively glus $30 for gcoen frofght and 1

and frelght,
ed charges have bsan caleulatsd onr tetal capital cost of 2oke oven#, sinter plant, blagt

o6 plant and LD steel plant (lnoluding allocatlons for auxtllary departments).



Appendix 66

PRODUCTION €OST ESTIIMTE OF CONTINUCUS CAST BILLETS

Case I - 25 0G0 Tfyn

Cese 1I ~ 50 000 Tfyr

Cage III - 100 000 Tfr

Case IV = 200 000 T/yr

Case V - 300 000 T/vr

{Concast billet ~ 24 000 T/yr)

(Coneast billet ~ 48 000 Tiyr)

(Concast biliet - 96 000 TArr)

{Conoast billet - 192 000 T/yr)

(Cenaest billet - 288 000 Tfrr)

Price/ton Price/ton Priec/ton ~ Ppica/ton n Price/ten

material Gy/ton Oost/ton vaterial Qﬁ,y/tlnn Cost/ton materiel Aty/ton  Cost/tan material Sty/ton  Cost/ton waterial aty/ton  Gost/ton

{us$) (kee) {us$) (us$} {kes) {us$} (ust) (kas) fus$) {ust) {Kga) (vs$) (vs$) (¥gs} {us$)

Cost of materials
Liquid steel o/ 108,32 1 oko 112465 85476 1 gho 89.19 71,61 1 oo 7h.47 61,90 1040 6,36 56486 1 040 539413
Less oredit for sorap 30,400 25 0475 30.00 25 0,75 30,00 25 0.75 30.00 25 0475 30,00 25 0J75
Total sost of materials 111,50 88,44 73472 63463 58438
Cost above wmaterials . .

Direct labour 1.55/mhr  Yed miw 6a38  1U5/mnr 2,50 mhr 3.49  1b3/mhr 1473 whr 2.8 1.M4/mhe 1,28 mhe 1,84 145/mhe 095 whe 1.38
Indireot libour b/ - ~ . 2.2b8mhe 0,07 mar 0,16  2.00/ahr  O.04/ahe 008  2.00/whr  0.025/whr  0.05
Fuel 0262 056 Goh0 Cad% . 0428
Pover 0,16 Ds16 016 0,16 0.16
Utilitiey 0455 De3) 0421 Dol 0,12
Repadr and maintenanos 0,15 0,15 G.12 0.10. 0410
Tools, supplies end lubricants 0432 0,21 0.1k 0412 0,31
Cepper meulds 0422 0e22 0421 0.20 0420
Refragtoriss 2,60 218 1,92 1.63 L.37
General plant expenses L.85 2.61 1.9% 112 0,90
Total sost above materials 1645 9.89 Ta74 5473 L7
Total works cost of billets 128,35 98,193 B1,k6 6936 63405
Fixed chargos o/ st % 27438 21,10 1797 15,35 13.17
Totnl ex~worls oost of billat 155473 11343 99,43 8,71 76422

{incl.fixed charges)

2/ Liquid steel to billet yleld 963,
b/ Included in steslmaking eosts for cases I and II.

€57 eding

WOL/TT RO /o

gj Fixed ohmrges have besn zaleulated on totel ocapital sost of coke ovens, sinter plant, blast furnace .plzmt, steoluzlt shop and coniinuous omsting plant {including allosations for awriliary depariuents).



Appendix 6-7

FRODUCTION c0ST ESTIMATE OF ROLLED PRODUCTS
Casa I « 25 000 T/fyr Case II - 50 0G0 Bfyr Cage IIT = 10O 0GOO T/yr Case IV « 200 000 T/yr Cpgse ¥ « 300 00G T/yr

(Relled products - 21 980 T/yr)  (Rolled products - 43 960 T/yr)  (Rolled products = 89 300 T/yr) (Relied preducts - 180 430/TAwr) (Relled products ~ 270 720 T/yr)
Price/ton Price/ton Prica/ton Price/ton 2 4 Frise/fon™ o Cost/ta
retoricl aby/ton  Cost/ten e torial Oty/ten  Cost/ton metorial ety/ten  Cost/toen naterinl Ofy/ton  Coat/ton material ty/tan st/ ‘ 0

(wsy) {Raz) {us$) {us§) {tge)  {us$) (us$) (¥gs) (us$) {us§) (Kgo) {us$) wss) (Egs) {uss)
Cost of materials 7 i
Billgt 28435 1 052 140416 98433 1 092 107 030 B1.M6 1 ¢75 87457 69436 1 oéh 73480 63405 106k 67409
Less credlt for serep . 30,00 70 2,10 30,00 70 2.10 50,00 5t 1,62 30,00 43 1.29 30.00 43 129
Yot oost of materials 138,06 105,28 85,35 72451 65,80
Cost sbove materialsz

Dirset labour 1,24 frihye 14,52 mher  10.03 1.25/mhe §.68 whr 10,87 1a26/uhr 4e35 whe 5elth 1,25 /mhr 3451 mhr 4,38 1,26/ uhy 2.79 ohr 3-51
Indireet labour 2,04 ot 0,76 mhw 1.55 1,97 fuahw 0460 mhy 1,18 1.91/mhr 0a35 mbr 067 1070 /mhe 0432 mhr 0,57 1.56/mhr 0029 phr [
Fuel 0il 0,96 0,96 0,86 0086 6.76
Power 1092 1.76 1,60 1,36 1.28
Utilities 0.07 0.05 D402 0,02 0.01
Transportatien 0,22 Gg22 0,22 0,20 215
Repair and heintenance 0.95 0,60 0572 0470 0,70
Tools, supplies and lubrieants 0,30 0,25 0,30 0430 0:30
Reserve for rolls 0463 Ceb3 0463 0463 0553
Ganeral plant expensss 10,25 5¢93 3450 2,20 1.35
Total post abave materials 4,85 #2445 13.57 122 pac
Tatal vorks sost of ralled produsts 172,94 127,73 99,92 83473 75444
Pixed harges 2/ &t 5% 572 .86 30,12 ob,61 21,48
Total ex-works cost of rolled produsts 218,66 162453 130404 108434 96,92

(tnel.fixed charges)

g/ Pized oharges hava been caloulated on the ecapitel oosts of eoke making, sintering, irommeking, steelmaking srd ralling facilitles (including silooatlons for suziliary departwents, than 1s, the antire

papital sost of the plant).

4T a8vg

H9L/TT RO



Appendix 6.8
CAPITAL AMND PRODUCTION COSTS FOR BLAST FURMNACE SIELTING Al ELECTRIC SIELTING OF IRON

Cose I = 25 000 %/rr
Eleotrio Smeliing

Case IF » 50 000 T/yw

Eleotric Smelting

Blast Blast
furnace ithout Vith pre-re- furnase, Without Vith pre-re-
duction and : duction and
pre<redustion hot charging pre-redustion hot charging
Plant Particulars
Stoelmalke = Tong/yr 25 000 25 Q00 25 000 50 000 50 000 50 000
Ironmake = Tons/yr 22 800 22 300 22 §¢0 45 600 - 4 600 L5 600
Furnace 2 metre 7 5C0 kVA I} 700 xva 2475 metre 15 000 kvA 9 500 kvVA
hearth diae hearth dia.
Capital cost {thousands of $) .
Civil and structural 280 4oo 550 370 755 8ho
Flant and eguipment 1 450 - 910 1 050 .2 380 -1 540 1710
Equipment erestion 260 200 210 430 230 250
Sparas at 5% equipment sost 73 hs 52 119 77 85
Preignt, clearance and insurance
charges et 207 of squipment and
spares cost 305 102 210 500 323 460
Contingensies at 57 118 90 a4 190 145 160
Design, englneerinz cto.st 75} 166 126 L 266 203 230
Total 2 652 2 o3 2 310 % 255 3273 3 635
Production cost/ton (§/ton) .
Cost of materials a/ 33426 2740 28432 32,30 27,40 28,32
Smelting power - 29,60 15,20 .- 29,60 15,20
Cost sbove materials 28405 23,84 2l 49 18,06 16430 16,55
Less gas oredit 279 " 0480 - 2472 0480 -
Total works gost of hot metal 58,52 80404 68401 4841l 72450 60407
Pixed sharges b/at %3 12,99 10457 11,64 10,97 8413 9ell
Patal exwworks ¢ost of hot metal 71-51 90,61 79;65 26_._5_]_. M 69421

{inel.fixed charges)

8/ Cost of coke for blast furnaces and electric smelting talen at US § 30,00 and US $ 25.75 per ton respestively,
y/ Fixed charges celoulatad on gapital cost of ironmaking plant, including allosations for auxiliary gepartmentes,

69T 9deg
%94/2T* No/2
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Appendit €-9

ESTIMATE QF COST ABOVE MATERIALS FPOR LIQUID STEEL IMADE IN ELECTRIC

ARG FURNACE CASE II ~ 50 000 TONS/VEAR

Cost ebove moterinls

Direst labour

Indiresct labour

Fuel

Pover

Utilitles
Transportation
Laboratory

Repair and maintenanoce
Tools, supplies and lubricants
Electredes
Refractories

Provision for relining

General plant expensges

Total oost zbove materialse

509 Hot Metal =
505 Sarap Charge

100% Sorap Charge

Cost/ton Us $

Cost/ton US §

3¢90
0,84
0,16
7420
045
0455
0450
1420
0480
2400
1450
3400
8430

go.ho

3490
0484
0ulé
8480
0445
0455
04,50
1420
0,680
2450
1,50
3400
Be30

2650
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Appendix 6-10

ISTIMATE OF COST ABOVE MATERIALS FOR CCNCAST BILLETS HADE FRCM
ELECPRIC ARC FURHACE STEEL CASE II - 50 C0O TONS/YE4R

Consest Billeta of
aleatrle Aro
furnace stealy

Coat/ton billet

{us §)
Cest above materials

Direot labour 2450

Indirect labour s/ -
Fuel 056
Power 0,16
Uitlities 0.31
Repalr and maintenancs . 0415 -
Toola, supplies and lubrleants 0,21
Gopper‘ moulds 022
Refracter-los 2,18
General plant expenses 2461
Totel cost above materials _6_'.22

&/ Inoluded in Cost Above for Steelmalking,



Appendix 6-11
ALTERMATIVE IRON AMD STEEL IAXING PROGESSES: CASE IY . 50 000 T/YR
PRODUCTION COST OF LIAUID STEEL AND CONTINUOUS CAST BILLE? FOR FIVE ALTERNATIVES

86T 9deg

1oL ET O

Oaze 1T Case II = Case 11 ~ Cage I - Casze IT -1 "
[ eatry T (0 Ire fur - 105,
Biast fumace - I comvantor f Bt Rermnes - dro Tenace ¥/ Tl ey [0y T BT, Guanaeed Sty Shorgs £
Prite/ton Price/ton Priocs/ton ] Price/ton Price/ton
Coat/+
material Qty/ton  Cost/ten naterial Gty/ton  Cost/ton material Qty/ten Cost/ton material Aty/ten  Gost/ton material Gty/ton  Coat/ton
{vs$) (xes)  (us$) (us$) (xgs)  (usg) {us$) {Kg=)  (us$) s$) {Kga} {us$ ) (usé) (kgs)  (us$)
Liguid stasl !

Hot me%tal ‘ L8,14 896 43,249 5052 Loz 28.79 68,01 Loz 33.46 80.0% oo 3&.35 - Wil -
Serap 30,00 224 6472 30,00 Yaa 14,76 30,00 452 14,76 30400 492 14,76 30,00 1 o6l 31,92

Iron ore {65% Fa) - - - 9450 145 1,27 9450 135 1.2% 3450 135 1,27 - - -
Fe-alloys » Pa-if 216,00 9 1.89 210,00 9 1.89 210460 9 1,89 210,00 9 1.89 210,00 9 1.89
-~ PeSt 180,00 5 0450 180400 5 0490 150,00 5 0490 180,00 5 0490 185,00 5 0490
Total sost of metallies 52474 .61 52428 56,20 W73
Less opedit for serap 40,00 20 0460 30,00 20 0460 30.00 20 0450 30,00 20 0460 30400 20 0460
Hat aost ef wetalliss 52,1k k.ol 51,68 57460 #aa1
Fluxes « burnt lime 530,00 ga 1.80 30400 o 1420 4000 Lo 1,20 30,00 ko 1,20 40400 20 0460
~ flucrgpar 150,00 0.45 150400 0,45 150,00 3 0gli5 150,00 3 04115 150,00 3 Oyli5
Potel soat of materials * ? 5lie39 ’ : ’ 48,68 : 53433 ! 59425 35.16

Cest above materlals Lor

liquid steel £/ .37 30,40 30,40 30,40 3250
Tetal worka gost of 1iquid stesl 85,76 79406 83473 8965 G7 o668
Fixed oharges g/ ot 57 17.00 1315 - 12,52 11,52 6480

Total axworks sost of ligquid steel .
iinul,f‘ixed charges) 102,76 92424 96,25 103,64 Ths26

Centinuous sast billet . ‘ ' : .
Liquid steel i 8576 1 040 89.19 79,06 1 oo 82422 83.73 1 oo 87,08 89,65 1 oho I3.21 &7.64 1 cho 70435

Less eredit for serap 30,00 25 0475 30,00 25 0475 30,00 25 G5 30,00 25 0,75 30400 25 0475
Total cogt of materials 858 .14 81,47 86.33 9249 é&ﬁ_q
Cost abave materials £/ 9,89 8.90 8490 8.50 g.90
Total worlss cost of billet 98.33 904 35.23 101439 78450
Fixed charges h/ut 9% 21,10 16,76 16,47 15.51 10413
Totel eX-worlks gost of billet i . .
(inal.fixed charges) 119.43 1071 11130 116250 B8.62

Iron maldng in blast furnace and steel making in LD convertor, the process considered for all cazes in this reports

Iron making in blast furnace and steel meking in ¢leciric are furncce with 507 hoi motel « 50% serap charges

Iron wsldng in elsctric smeliing furnace with pre-reduction and sisel maldng in slectria ers furnase with 50 hot motal « 505 porep chargs.

Iron melding in eleciris smolting furnace without pre-reduction and steel makingz 1n eleotrioc are furnece with 507 hot metal - 507 sorap chergee

Steel maldng in slootrio arc furnace with 1005 sorap charge. .
Cost above materials for 1iquid steel and otnomst billet for the first alternstive are as given im Appsndices 6.5 and 6-6 and for the other alternatives as given in Appendices 6-9 and 6-10,
Pized charges caloulated on total capital cost of froun and steel making plants, ineluding allecations Cor auxiliaries,

Fixed oharges caloulated en the total oapital cost for ivom maling, steel meking and comtinuous oasting plants, ineluding aliscation for auxiliariss,

i e el



STUDY ON ECONOMIES OF SCALE AT SMALL INTEGRATED STEELWORKS PLANT GENERAL . LAYOUT CASE-V

Figure

{300.000 tons/yeor)
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Capital Gest,(U$S per annual ten,)
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Figure 2

EFFECT OF PLANT SIZE OW CAPITAL GOSTS OF BLAST FURNACE,
STEELMELT SHOP, CONTINUOS CASTING & ROLLING MILLS

S, \
'\ S e
\ e - \‘N\_‘H\
e,
%“\“"\. ""“--a.‘“""'“-..,__h
\ T e Relled Preducts
e A
™~ . i
ey Mm‘_ i, e
\ i o S .

" T

C e

— e X
T R Blast Furnace Ircn
T

e
s,
D e i
i

—
p— | | |
e
e, 1
e D
T
e Stee
) . e o,
w\\ e
. - S
e -
e e - .
e L - Continuoue~Cast Biliets

i :

Annual plant capacity, tons

HeTn

09T #3ed

YT

1

tr}

b

300,00



Auxiliary departments capital cest, U4S/ton annual capacity

Figure 3
; EFFECT OF PLANT SIZE ON CAPITAL COST OF AUXILIARY DEPARTMINTS
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Total capital cogt, U&S/hon annual capacity
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Figure 4
EFFECT OF PLANT SIZE ON TOTAL CAPITAL COST
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soih, UES per ton (Including fixed charges)

Product:...

Figure 5

EFFECT OF FLANT SIZE ON PRODUCTION COSTS CF BLAST FURNACE IRON,
LD STEEL, CONTINUQUS-CAST BILLETS & RCLLED PRODUCTS
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» tons/man-year

Steel production

Figure 6
TFFECT OF PLANT SIZE ON LABOUR PRCDUCTIVITY & INVESTMENT P:ZR HEAD
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Parcentage of total production cost
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Figure 7

EFFECT OF PLANT SIZE ON RAW MATERIAL & LABOUR COMPONENTS
OF PRODUCTION COST STRUCTURE
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