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The Minimum Optimal Scale Steel Plant
in the Mid-1970's

David G. Tarr*

The subject of the minimm optimal scale (hereafter (MOS) steel
plant has received considerable attention in the literature over the
past twenty yeaz-s.l Most of the estimates are reproduced below in
Table 1. The consensus of the studies, such as Scherer [2d, Leckie
and Morris (10], the Benson Report [6] and Pratten and Dean [15] was
that, in the mj:d-1960's, the MOS for a steel plant producing flat rolled
products was 4 million tans per year (hereafter mtpy). -

There have been some important developments in steelmaking technology
since 1965. A very important change has been the development of the
giant blast furnace; it is now assumed by many authors, that the blast
furnace stage of steelmaking has overtaken the rolling mill and steel
refining stages to set the MOS for a steelworks realizing all scale
ec:oncuuies.2 Based on this fact, the MOS steel plant has been placed
at 8.5-9 mtpy or more.3

I contend in this paper that the giant blast furnaces are not more
efficient than their somewhat smaller counterparts. Thus, it is argued
here that the MOS, blast furnace--basic oxygen furnace, (hereafter BF/BOF,
plant} is 6 mtpy. The 6 mtpy estimate, represents a 50% increase over
the mid-1960's MOS, but is significantly smaller than the larger estimates.

Moreover, depending on the relative prices of the inputs, the BF/BCF

process is not the least cost method of making steel. It is argued below,



TABLE 1

Eiinates of Minimum Efficlent Scale of Steclworks in terms of Annal Crude Stecl Progducction

P'soduction Route
and Praduct-Mix

Minimuin Efficicnt Scale
(million tons of crude
stcel per annum)

Source and Nite of Lstimase

Blast and St=cl Furnaces/Flat and
Othe Rolled

Blast and Stecd Furnaces/ilat Rolled

1.t 2nd Stcel FumacesfOther
Railed

Seect Furnacesftlat Rolled
Steel FummacesfOtlier Rolled

Unspeciticd

4.0 and above

1u-25

3 () and ubove
42

4.0

3.0

about 0.15
0.76

0.8

225

Basis of Estimalte

Piotiea, 1971 (UK)
Bain, 1956 (U'S)

Pratten and D :an, 1965 (UK)
Beasea, 1966 (LK)

- Leckie & Mordis, 19€8 (UE)

Cammission d2: Conmmnaules
Européennes, 1971 (£.£.C.)
Benson, 1966 (LK)

Leckic and Maniis, 1968 (UK)
Commission des Comnmunautés
Europdennes, 1971 (1.E.C))

Bain, 1936 (LS)
Bain. 1936 (US)

Benson, 1960 (UK)
Leckic and Morris, $4963 (UK)

Paatten, 1971 (Gerauny, VF.RL)
Stigler, 1928 {US 1Y -S1)

Saving, 1961 ; Weiss, 1964
(US, 1947 -5 censas dat)
Weiss, 1964 (US 1544 -60)

Lngincering estimatcs

Engircering cstimates
Enzincciing estimates
Eagivecring estimates
Enginccony ¢ tinautes
Eagincenng exdiiates

Engizciing estimates
Lngincering 2stimates
Engincciiag estimates

Engincerin, cuitinaics
Fogieonine caibmates
CGoppyeioes ala to special steel)
Lngineenng cstimates

(hght rolleu products)
Uapiicenng estimates

(biltes oy d g ecame

swekion ni.

T AT [T

Lonles

Survivor techniue; converted
from percentage share of total
duadry capaoiy

Sugsivor techniguc; coaverted
fromi cialoyraoat data®)
Survivur technrjue; Caipacity
data.

Source: Reproduced from Cockerill [4, p. 80].



that if scrap is cheap relative to iron ore, the electric furnace,
(hereafter EF), method of steelmaking is less expensive than the

BF/BOF; in addition if natural gas is cheap relative to coal, then the
direct reduction-electric furnace, (hereafter DR/EF), process, is
cheaper than BF/BOF. Depending on the product mix, electric steelmaking
reduces the MOS steel plant to between .S mtpy to 3 mtpy.

In Sections I and II estimates of the economies of scale in rolling
mill technology and the BOF are presented respectively. The MOS blast
furnace is discussed in Section III. Section IV discusses electric
steelmaking with emphasis on when a scrap charged or direct reduction,
(hereafter DR), charged electric furnace is efficient.

The concluding section summarizes the results and indicates the

number of MOS plants that can exist in the U.S.

I. Rolling Mills

A. Primary Rolling Mills and Continuous Casting.

For thirty years preceeding the 1960's, primary rolling mill tech-
nology dominated the MOS steel plant. The MOS primary rolling mill has
been estimated by Scherer [20] at 3.6-4.8 mtpy by Pratten [14] as 4.6
and 4.1 mtpy for slabbing and blooming mills respectively. The primary
rolling mill no longer sets the MOS floor for a MOS BF}BOF steel plant,
partly because iron making and steel refining have a higher MOS and
partly because continuous casting is, in many circumstances, a cheaper
way than primary rolling mills of producing semi-finished steel slabs.
CEstimates fqr a 1970's MOS continuous casting operation are: Pratten

[14], 1 mtpy and Scherer{20], 3 mtpy.



B. Secondary Rolling Mills

Table 2 below is reprinted from Pratten [14]; he claims some economies
of scale exist up to the largest mills that exist in the world, but the
numbers slightly exaggerate realizable economies of scale in many situa-
tions. Scherer [20] estimates that the mid-i970's MOS hot strip mill is
4.5 to S mtpy.
II. Basic Oxygen Furnace Steelmaking.

Table 3 below, summarizes data from a study by Professor Hermann Schenck
and presents the Pratten data. The Pratten study concludes that the main
economies of scale are captured at S mtpy. The Schenck study reveals further
capital and labor unit cost saving out to 7.68 mtpy; however, the inclusion
of materials costs in the Schenck data, would reduce the percentage wunit
savings. Moreover, as heats of steel are cammonly made for specific
customer orders, BOF shops with three vessels over 275 tons are rare and
there are few BOF shops with three vessels exceeding 250 tons.+ Thus,
the MOS BOF shop is approximately 6 mtpy, umnless the campany's usual
order is in sufficiently large amounts to utilize the large vessels
effectively.

III. Blast Furnaces

In the construction of giant blast furnaces, Japan -and the Soviet Union,
and to a lesser extent West Germany, have led the world. Table 4 below
presents a list of the 46 blast furnaces in the world with a hearth
diameter of at least eleven meters. The largest BF in the U.S. ranks 19th
in the world. However, Inland Steel at Indiana Harbor and Bethlehem Steel
at Sparrows Point are building blast furnaces with a hearth diameter of
13.7 meters while National Steel at Portage, Indiana is building one of

almost identical size.



mew The Oplimum Ycule for Roliing Mills

e} t’rodact Cornat Asauci Ourout Towl
sy Cust per of lurgest =il UK.
anaual (m. toas)t? sumut
ton of (1965)
capacity U.K. Waorld
for Rol-

ling Miills
(Mechenical

ccuipment
only)@
£
s abzing =ill sisbs 1.2 Ly 3.5 7.5@
Eoomiag mill  hlooms 1.25 3.0 4.0 10.5@
Crnu3uous casing maciines siubs 3.1 : 1.0 1.0 7.5
Cazuauous casling machinex blooms 2.4 0.5 1.0 10.59
4

Bulet mill billets 3.1 3.0 S 6.0
Kot serip mill hot~rolled wide strip 4.0 (3.5 600 4.3

Ceid strp =il cold=soilerd sheet ia coil 3.8 1.0 2.0 3.0

and e=per mill

Tiapiate will taplate base 3.3 0.6 0.6 1.2
asd (exper mills
Natrow strip mill hot:roiled strip up to

18 wide 5.3 0. 0.S 1.3
Hesvy piste mill plates 11.0 2.40
Bewa and seciion beams and sections 14.8 0.6 0.75 9
=il .
Rod =ill barz aad rods in coil 6.0 0.14 0.6 1.8
Ba:r mill light sectons and bars 3.0 0.4 1.0 2.8

(a)

(b)
)
G

(e)

The estimates of capital costs for the mechanical equipmeat of mills are in-

.ciuded to provide a very ciude indication of the ¢upital costs for each type of

rolling mill. As an exteemely cruds guide Liese costs (am of the order of a
guarter of the installed capital cost of mills. The ratio varies {or different
Hpes of mifl. The costs given for mechanical equiprent are for [arge mills and
are approximate. '

Actual or coatemnlated.

Inciuding siabs for plaie mills.

‘nﬁ total ~utput of blooms is not recorded as much of it is immediately re=rolled,
and the figure given i3 an estimate.

Oaly a smgli proportion of the U.X. output ¢f slabs and blocms is made by con-
tinooas casting

() Excluding pilate from strip mills.

. . . s . .

Source: Reproduced frum Pratten [14, p. 109]




TABLE 3

. *. V' [ndices of Unit Capitul and Operating Cosss in Two- end Three-Converter B0S at
Various Annuai Output Rates

Converter Ansual Indices of Unit Costs
Capacity QOutput (3 X 300t converters = 100)
(tous/heat) (’000 tons) °

Capital Operating
2-convertar systein
100 1,282 208 127
200 2,560 158 112
300 3,840 134 106
J-comnverter system :
ic0 2,568 149 114
200 .$.420 . 113 104 -
300 7,680 100 199

Suurce: Commissicn des Commuitautés Européennes, Project de Mcmorandum sur les Objectifs
tencraux de ia Skierurtie de la Communeuté pour ict annees 975-80. mimen.,
1971. Dsta arc surmmarised {rom a study cormsmssinned from Professor T. Schencie

‘eximyy [ndices of Arercge Annuel Total Production Cosr and its Comoonenes af Vurionus:
[ evels of Steel Qutput, Integrated Stectwnris

Anpuat Steel Qutput Indices of Unit Costs
{miilion rons) Materials Operating Capital Total
0.25 100 100 100 100
1.02 4 87 63 80
2.03 ) 81 61 52 15
5.08 80 60 41 73

10.16° 79 60 40 72

Source: C.F.Pratten, op. cit. 1971,

Source: Reproduced fram Cockerill (3; p. 72]
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Hevrch 430 1 metres or over

C.mpany, weris No. Country Fecrit dsa. Vuiumn Capuc:ty Stgreeg
(mneres) {¢r. motres) (. 22¢) Cate
Krivai Rog 9 USSR [ . 5.000 4.00 1971
MNKK, Fukurama S Japin 14 4 : . 452 $ G 1973
Kowasa<h, [Mizushimg 4 Lapin i4.4 VAR B P ¥ | 3.65 1971
Usiaze, Dunkirt 4 Frarge 4.2 ’ 4.326 3.00 1973
lealsider, Toraaco S lesly © 140 3,33 3.65 1974
tMigzz- Sicet, O:2a I lagan 14.0 ) 4,158 3.3¢ 1972
ATH, Schwelgar: I ‘West Germany 14.0 4.085 3.3 1973
NKK. Frieyar i 4 laprrr 138 4.197 3. 88 - 1974
Niggon 3zev!, T29ia | lipan -~ 4.140 2.38 197¢
Sum:tamz. Kashomg b Jaszan 13.8 4.0807 3.65 1973
tinsgn Segst, Tooaea + Japair 13.5 3.7%9 3.5 1377
Niopas Steef. Kimetsu ] . J1pan 13.4 4,063 .50 1971t
¥aYhe Seuaf, Kilsiva 2 IEVETR 13.2 1.859 .97 1573
Hzago.z1s. ilaruizen 7 pioolerfands 13.9 4.470 .50 1972
Kaweesin Phzushiraa 3 jipan 12. 4 3,363 1.67 1870
Nevef gitte 5 J35R 12.0. 3.202 - 1923
K.-a3:r22 4 L3P 12.0 3.3 1.5%0 197475
Sumiite~-2, Kashima 1 Japan 12 4 3.159% 2.65 197}
US Se2e, Torp, Gary 3 U3SA 12.2 2832 — 1574
Klazs ~er. firemen 1 West Germany 2.0 .797 15 157
[N Seas!, Kimitsu 2 Japan 12.0 2.ES¢ 2.4 19y
NiR#, yYms ] Japan 12.4 3.24 2.82 19£3+
Wagiz=n Sicenarn 3 USSR - 3.000 - 1971
Miga-a fezel, Nagaya -3 Japan 1.7 - .94t 2.83 195
Butrivhum Buens Hartor 2 Usa 1.7 152 1.64 ‘167l
© Kobe Sacol, Kakegaag i sipas 1.a . 2843 219 130
tairpon Szeal Coea,, Sebai 2 Japin 1.6 2.7%7 2.41 16
F.aor33ai, Migush oz t2 Japan 11.5 2,957 .2 '"ay
NKK. foluzama 2 Japan 1.5 2.828 1.%6 27
Fiincan Seezl, Ximitsy ] Japan 1.5 2.795 .11 ceny
“r.zp, Phenkausen A \*’nrst Germany 14.5 2,267 1.€0 1€23
Nieocn Sceer, Sxkai i Japan 11.2 2.501 2.10 1270
G, Lianwarn 3 UK 1.2 2.239 1.90 T
BriP Por: Kambla 5 Auseralia 1. - U670 - 1977
Kaiwasaki. Thiba S lapan [ 2.584 1.50 137
7.-icui Reg 8 USSR 1.0 2.700 —
“hirepguat 4 USSR 11.0 2.7C3 —
Yaraginda 1 USSR -— 272 -—
Na.nTagy 6 USSR 11.0 2,702 —
V/eeegey Sikerian 2 USSR 11.0 2,750 --
: S Japan 1.0 2.640 1.92
4 lagsn 1.0 2.535 1.8
Nipson 3222l ! 4 lann 1.0 2.548e¢ 2.68
Nippen Stac! i J=ran 1.0 2318 .97
Dottt asen, Gdins Hirbar H UsiA 1.0 2,427 1.31
ATH. Ruesart ] YWass Germiany 1. 2,27 3.45
3 ke s crergad ke 3240 cu. e sre 1oeag it gl e Gf £5inT 10 s > eircr=~d 1973 Yoty s hes v resscu by 1977
§ velure oong antrested 1z 5,848 culancire by Nov, 1955 tobeirg L legad 1o 8030 culicsires

. e aw

Source: Metal Bulletin Monthly, April 1975.
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If economies of scale exist out to the largest of these furnaces,
then the MOS BF/BOF steel plant is about 9 mtpy. However, on the
basis of the available evidence, I would conclude that the MOS BF for the
U.S. is significantly less than the largest units in production.

Shinroku Yamashita, the senior managing director of Nippon Kokkan KK,
presented extremely relevant data on this subject at the 1972 International
Iron and Steel Association meetings. Table S and Figure 1 below are
reprinted from his article [23].

Yamashita states that:

Under the same raw materials conditions and at the same
daily productivity, there would be no marked difference
in fuel cansumption between different furnace capacities.

It is clear from Figure 1, that no further unit cost savings are present
beyond 3600-3700 cubic meters (ms); moreover, if materials costs were
included in Figure 1, the curve would be flatter as it approached 3600 ms,
i.e., the unit cost savings are less than indicated in Figure 1 because
there are no materials savings associated with scale.

The Yamashita data on investment costs is supported by a study by
H. Yoshida [24]) of the Kawasaki Steel Corporation. Kawasaki, through
their Mizushima works, has a plant with 4 blast furnaces ranging from
10.4 to 14.4 meters in hearth diameter. Applying conversion factors

relevant to Japan yields data very similar to Yamashita's on investment

costs.



Source

OPERATING DATA OF FUKUVYAAMA BLAST FURNACES (NKK)

TABLE 5 and FIGURE 1

{MONTHLY DATA A YEAR AFTER BLOWING-IN)

Blowing-in
Iomer voivmne. m3
Heartt1 dia. m -

Prodmxtion, t/d
Productivity, t/d/m3

Coke rute, gt
0il rate, Lg/t
Fued rate, kg/t

Sinter rate, o
Slag volume, kg/t

Blast volume, Nm3/min -

Blast presure. kg/om2
Tap prassire, kgicm?2
Blast temp., °C

0, carickment, %,

§i 4 in pig

S % in pig

Ca0/Si0, in slag

Coike ash, %
Deoen isdex (DI }9)*°

Aug. 26°66 Feb. 15°68
2,004

I BF

9.8

4,639
232

469
34
503

70.
253

4,073
224
0.59

1112

0
0.7t

0.038
1.23

9.2
924

2RF

2.626
11.2

6,064
231

469
26
495

. &4
260

5,309
261
0.99

1.146

0
0.69

0.037
1.17

9.1
93.2

3BF 4BF°*

Jul. 25'69%  Apr. 2671
3,016 4,197
11.8 13.8
6,834 10,017
227 239
465 437
40 2
508 439
76 80
274 290
5342 - 1,12
293 361
1.36 210
1,159 1200
0.6 1.4
0.66 0.71
0.038 0.032
1.16 113
10.6 10.5
91.8 920

* Monthly data sevenr months after the blowiing-in (maximumn moathly production achieved).

** Testing method: JIS.K2k5k-1972

Fua. .4 — loner volume of blast fumace and running and

investment costs.

(S/raig)

g8 & g o

»
-

-
-

P
-

Ditierance s 2318 irum WNoee $or 2000 «»*
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: Yamashita, [23, pp.
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FIGURE 2
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Capeaty (osci/yeer)
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Aipodos vsn Bid wwuo Jo wop 19d (VBA) 1503 uaNdNITHOD

Soaurce: Yoshida ([24], reproduced from Gold ([7,p. 9].
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At a productivity rate of 2.3 tons per day per ms, a 3600 m3 BF will groduce
8280 tons per day. At an average rate of operation of 345 days per year ,5
> the single unit MOS BF would produce 2.86 mtpy.

However, the main source of the econamies of scale, investment costs,
is challenged by W. D. Roepke [17], the technical manager of Kolsch Folzer-
Werke AG. He provides data on investment costs (Figure 3 below) and
argues that the 14 meter hearth diameter BF has only a slight advantage
over two ten meter BFs. Moregver, the investment cost advantage of the
large BF will persist only if both small and large vessels have the same
rate of availability. Due to factors such as breakouts of the tuyures,
the giant blast furnaces have experienced a lower availability rate.

200+
+
Py ! L)
|
i
~ 25 ‘
:. 150 \ ~. ;
N S
3 .’\< ....
£ 00| e e : N
. B -~
4 t N e
. 90 R \ S
- ' ‘ T~
s 30 i \Q‘
5 ;
.
e . ‘e - . s - - -_‘.o.. ————————. et
ewiit b b 15 Cenere 43
s 10 15 Cuvpzege - tmeter sy
Tig. 1: Ranee of sawcrbr avestment « nits fne 2 Blast furmacs Fig. 1: Specihia avarlabitity o1 bl furnace (a period of
unit depending an (ecnnaical stondard ane market ntuation 6 years s considercd)
3 [}
3 j
' !
3 .
£ . 6003
% +
i | : . }
- - . .
€ 28] - -.. < i -~
-; M —— N 500+ N \H\\
3 ’ . : ~—— - —~——
% - N .
s ] N
§ 400
3 Z !
3 -
i 2.0{- ) 100‘
! B
5 4 i
H [ - B — - - f — et b —————— ————
B hearth drr. H Rearth e,
) 3 19 15 {rmvetrer) s ° 13 {metres}
Rig. 3: Spacific production of hotometai o0ur working volume Fie 4 Range ~ specific fuel contumption par ton of hot
of a biast furnave metal (:neluding ¢il valued at averape excha=ge rats (o cohe)
'
}

- - -~ ~—— -

Source:’ £r7, p.-37] and cofrespdndé7le with Dr. Roepke.
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It is probable that the availacilitr rates will ‘mprov: for the big
blast furnaces as experience in cparation is gained. FHowever, the
greater pressure in the big furnaces presents a problem regarding avail-
ability not present in the smaller units.

The theoretical top pressu:rs necessary at a daily productivity
of 2.3 tons per day per m3, which is considered standard
Erod:uct:wlty in Japan were calculated and drawn in a lin: in this
igure [Figure 4 below] . . . . All the facilities in a large
blast furnace are exposed to very severe operating conditioms
due to the high pressure handling of massive quantities of
material, and trouble of repair work may lead to considerable
decrease in production. Maintenance of facilities has,
therefore, a great significance. With this in view, all the
facilities are designed to make maintenance and inspection
easy and materials of a longer service life are selected for
bells, refractories and ramming mixes. For the tuyeres, which
have so far given much trouble, the use of an increased amount
of cooling water and a higher water pressure and the improvement
of design are largely reducing breakouts. [23, pp. 92-93]

FIGURE 4

F1G. 3. — Ipner volume and top gas pressure in Japan.

Tep ges presswe (hgiow)
i

Source: Yamashita [23, p. 92].
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The improvements in availability rates are caming at the expense of
higher investment costs, partially cancelling the theoretical cost
advantage of the larger units; because of the greater stress on the
facilities, it remains tb be seen if availability rates of the larger
units can be economically raised to those of the smaller furnaces.

Thus, it seems more reasonable to assume that currently a MOS BF has
an imer volume of 3000 m3 rather than 3600 m3, which using the same
conversion factors as above yields 2.42 mtpy rather than 2.86 mtpy.

Relining of BFs occurs for a period of two months, every 3-4 years.
A plant with anly one BF would be without hot metal capacity during
relining. Thus, at least 2 BFs are required at a MOS plant. A plant with
3 BFs would have slightly better balance than one with two. However,
according to Yamashita:

When one of two blast furnaces of the same capacity is to be

relined for a period of two months, for example, a 10 percent

production increase in the blast furnace in operation, a 10

percent decrease in the hot metal ratio in converters and the

storage of additional ingots for a period of three months prior

to the relining, would permit maintenance of a production of about

80 percent on rolling facilities even during relining.

Thus, a two BF plant would capture virtually all the econamies of
scale.‘ Depending on the investment cost assumptions discussed above, the
plant would have a hot metal output of 4.84 mtpy to 5.72 mtpy. Mixed with
scrap and alloys, at a .73 hot metal to .27 scrap and alloy ratio, the
BOF gross metallic charge would be 6.63 mtpy to 7.84 mtpy.

There is a crucial qualification to this estimate. It is based on

Japanese experience of 2.3 tons per day per cubic meter of BF volume.
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Gold [7] in his interviews found that

Japanese engineers claimed that a 4000 cubic foot
(meter] blast furnace would yield only 60-70% as much pig
iron amnually at the driving rates used in the U.S. as would
result from Japanese practices. . . . it is argued that the
major limitations on the effective size of blast furnaces
derives from the size and efficiency of the blowing engines
which generate the blast in the furnaces.

Gold's interviews are supported by the data in Table 6 below and

Table 1.
TABLE 6
Large Blast Furnaces in the U.S.
Company Works Hearth Diameter Volume Capacity Start
meters - (Cubicmeters) mtpy up
: date
Bethlehem,

Burns Harhor 11.0 2427 1.31 1968
Bethlehem,

Burns Harhor 11.7 2526 1.64 1972
U.S. Steel, Gary 12.2 2832 - 1974
Bethlemen,

Sparrows Pt. 13.7 3679 2.65 1976
Inland, Indiana

Harbor 13.7 3679 2.32* 1978

3.31*
National, Portage - 3680 1.80 1976

* initial amnounced capacity; ** final announced capacity.

Sources: Metal Bulletin Monthly, April 1975 and 33 Magazine, August 197S.




Dividing the rated capacity of the Burns Harbor furnaces by the
rated capacity of the Japanese furnaces with the same hearth diameter
yields numbers: .63, .629, .708, .682, .579 and .749. For the Sparrows
Point furnace, the closest comparable furnace is Nippon's number four
at Tobata; the analogous number is .7SS.

Thus, even if the appropriate factor for U.S. experience is as high
as .75 times Japanese experience, the MOS ironmaking facility composed
of two equally sized MOS BF ¢ will produce 3.63 mtpy to 4.29 mtpy of hot
metal. Mixed with scrap the BOF gross metallic charge would equal 4.97
mtpy to 5.88 mtpy?r

One should regard the different investment decisionébof the Japanese
and Americans as approbriate profit maximizing behavior for all concerned
given the relative factor costs and regulatory enviromment in which the
firms operate. In particular, the Japanese steel industry is said to
regulate capacity expansion through-granting permission to a plant to have
a given number of blast furnaces, cf. Gold (7] and Nakamura [13]. The
Ministry of International Trade and Industry is said to mediate disputes
amongst companies with its ''recommendation,' which for a number of reasons.
companies are loathe to ignore. "It is understandable that company
managements would seek to make the most of an opportunity to ad& capacity
which might not recur for an extended period as competitors are granted
allocations in turn." (7, p. 11]

Given these facts, the estimate of the MOS, BF/BOF plant in the C.S.
is 6 mtpy and is set by the BOF shop. The assumption that the BOF shop
sets the MDS in a U.S. plant is consistent with the respanses we have

obtained from our interviews with members of the U.S. steel industry.
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IV. Electric Steelmaking

The BF/BOF process is not the least cost method of manufacturing
steel under any configuration of factor costs. Im particular, a study
by Quintana, Bueno and Vargas [16] showed that if the cost of iron ore
is priced high relative to scrap, then if electricity is not too expensive,
the electric furnace (EF) with a 100% scrap charge is a cheaper method of
making steel than the BF/BOF? The open hearth furnace which uses scrap
more intensively than the BOF, has been superceded by the BOF. With the
EF proportion ,heId constant, an increase in the BOF proportion of total
steelmaking will depress the price of scrap. The low scrap price
encourages the construction of an EF rather than a BOF; the more EF's
in productian, based on a scrap charge, the higher the price of scrap.
Thus, it would appear that there is an equilibrium ratio of BOF to EF.

In the U.S., as open hearths are being phased out, we are approaching a
BOF to EF ratio of 3 to 1, (see Table 7 below).
TABLE 7

Raw Steel Production by Furnace Type in The U.S.
(Percent of total steel output)

Open ‘Basic

hearth oxygen Electric Total
1961 . . . . ... 86.2% 4.9% 8.9% 100.0%
1962 . . . . . .. 84.4 6.5 9.1 100.0
1963 . . . . . .. 81.2 8.8 10.0 100.0
1964 . . . . . .. 77.2 12.8 10.0 100.0
196S . . . . . .. 71.6 17.9 10.5 100.0
1966 . . . . . .. 63.4 25.5 11.1 100.0
1967 . . . . . . . SS.7 32.7 11.6 -100.0
1968 . . . . . . . S0.0 37.2 12.8 100.0
1969 . . . . . .. 43.1 42.6 14.3 100.0
1970 . . . . . . . 36.6 48.2 15.2 100.0
1971 . . .. . .. 29.5 53.1 17.4 100.0
1972 . . . . . .. 26.2 $6.0 17.8 100.0
1973 . . . . . .. 26.4 §§8.3 18.3 100.0
1974 . . . . . .. 24.4 $6.0 19.6 100.0

Source: American Iron and Steel Institute, Annual Statistical Reports,
various issues.




17

In a scrap charged EF plant, the rolling mills set the MOS.
Cockerill [4] has estimated the MOS scrap charged EF plant, producing
bars omly, at between .1 and .5 mtpy. That estimate is consistent with
Pratten's (14] for a.similar plant producing nonflat rolled products.

If flat rolled products are to be produced, the MOS would range from

.5 mtpy for narrow strip to 4.5 to S for very wide strip. The 3 mtpy
new strip mill of Republic Steel, at its Cleveland works, rolls strip of
all widths from 14 to 82 inches. Thus, considerable flexibility in flat
rolled products production is possible with a 3 mtpy capacity.

Two recent technological developments will affect, in opposite
directions, the BF:CF ratio, namely continuous casting and direct reduction.
Continuous casting, by eliminating the ingot stage, generates less scrap.
Thus, to the extent that continuous casting is adopted, the EF will have
a more difficult time campeting with the BOF. |

Direct reduction (DR) is a process which makes a scrap like product
from iron ore pellets; most operating DR units employ natural gas as the
reductant although the SL/RN process uses coal. As of December 1974, there
were almost 19 mtpy of DR units in operation or on order throughout the
world (12, p. 14].

A very detailed study by Jack Miller [12] has demonstrated that for
Venezuela where natural gas is very cheép relative to coal, the DR/EF
process is cheéper than the BF/BOF process for a 3-4 mtpy steel plant. As
the DR/EF process has a MOS, through the slab stage of less than one mtpy,

where natural gas is sufficiently cheap relative to coal, it represents a



considerable reduétion in the NDS.i v The DR/EF MOS would depend on
product mix; it would-be the same as the scrap charged EF plant except
that DR units have a MOS of .4 mtpy.

V. Conclusions

It has been argued that there is not one method of steelmaking that
is the most efficient under any configuration of factor costs. In particular,
a scrap charged EF is superior to the BF/BOF if scrap is cheap relative to
iron ore. An integrated DR/EF plant is superior to.a BF/BOF works if natural
gas is sufficiently cheap relative to coal. In all other situations, the
BF/BOF is the most efficient. In practice, there is an equilibrium between
the processes, with both the BF and the EF _operating efficiently simultane-
ously.

I have concluded that in the U.S., the BF/BOF process has a MOS of 6
mtpy; this estimate will not depend significantly on product mix. The EF
procéss, whether scrap or direct reduction fed has a MOS of .S mtpy to 3
mtpy. The MOS for the EF would be at the high end of the range if wide
flat products are being rolled.

The output of the U.S. steel industry in the peak year of 1973 was 150
million tons. According to Hogan (8] the industry plans to add 22.93 million
tons of capacity by 1980 while 2 million tons will have to be retired.
Suppose that the BOF:EF ratio is 3 to 1 and the MOS EF is 3 mtpy. Then in
1973 there were potentially 31 MOS plants, 19 BOF and 12 EF, while in 1980
there will be 35 potential MOS plants, 21 BOF and 14 EF.



FOOTNOTES

* The author is a senior economist with the Bureau of Economics,
Federal Trade Coummission. I would like to acknowledge the helpful
comments on earlier drafts of W. D. Reopke of Kolsch Folzer-Werke AG, M.
Boylan of Case Western Reserve University, W. J. Vaughn of Resources for
the Future, R. Koller of Brigham Young University and R. Duke, R. Johnson,
M. Lyach, H. Muellar and F.M. Scherer of the Federal Trade Commission.

(1) The term MOS 1is taken, in textbook examples, as that rate of
output at which average costs attain their minimum. However, it is
possible that average costs approach their mimimum asymptotically; in
this case the limiting mimimum would have no economic significance.
Consequently, Cockerill [4] defines the MOS as that output at which a
further doubling of the output rate reduces average costs by less than
five percent. Inasmuch as the U.S. industry's return on sales averaged
4.7% for the decade ending in 1972 and 6.1% for the decade ending in
1962, Cockerill's five percent figure seems excessive and I shall define
the MOS as that output at which a further doubling of the output rate
reduces average costs by less than two percent.

(2) See Pratten [1l4]) and Cockerill (4] for example.
(3) See Pratten [l4] and Cockerill [4].

(4) According to the Kaiser engineers newsletter [9], there were
only 9 BOF shops in the world, outside of the Soviet Union, which had
three vessels exceeding 250 tons per vessel and only three of those
shops had vessels exceeding 275 tons each. The three largest were:
Italsider's Taranto works 3X300; Bethlehem's Lackawanna plant, 3X300 and
British Steel Corporation's Scunthorpe works, 3X300. Five of the remaining
six are located in Japan with capacities from 3X265 to 3X275; August
Thyssen's Beeckerwerth plant, with a BOF shop of 3X275, completes the
list.

Moreover a modern single slab caster can process on average,
3.3 tons of steel per minute or 200 metric tons per hour. Since, for
metallurgical reasons, a heat of steel should not be kept in a lad le
for more than 60 minutes, vessels in excess of 200 metric tons are
somewhat ill advised if slabs are produced on a single continuous caster.

(5) This conversion factor was obtained through interviews with
steel engineering firms.

(6) This estimate is consistent with that of M. Boylan; he has
communicated to me he found, after extensive investigation, that virtually
no further economies of scale exist in multi-blast furnace operations
beyond two blast furmaces.

g



(7) A BOF gross metallic charge of Smtpy, for example, will yield
approximately 4.3 mtpy of raw steel. The reason is that the hot metal
is only about 93% pure iron and the scrap contains about 27 impurities.
The impurities are eliminated as slag during the refining stage; moreover,
factors such as sloppage and loss of steel in the slag result in about
86X of the gross metallic charge being yielded as raw steel. Thus,
gross metallic charges of 4.97 mtpy and 5.88 mtpy will yield 4.27 mtpy
and 5.06 mtpy of raw steel.

(8) Reasons given to us in our interviews ranged from Japanese
tradition to an unwillingness of electric companies to supply power and
banks refusing to loan money if the steel company refused to follow
MITI's recommendation.

(9) Using a linear programming model, Vaughn and Russell (25] have
recently estimated the optimal ratio of BOF to EF. They conclude that
the optimal mix depends on the relative price of scrap to molten iron
and the type of steel being manufactured. The lower the relative price
of scrap and the less "drawing" quality steel compared to alloy steel
manufactured, the more appropriate is the EF. For 'commercial" quality
steel the relative price is the crucial variable.

(10) In states such as Texas and Louisiana, the price of natural
gas relative to coal is low compared to the northern U.S., but not as
low as in Venezuela. DR based electric furmaces may become common in
these states. In 1973, Armco built a DR unit at its Houston plant.
Recently, U.S. Steel and Korf Industries built EF plants on the Houston
ship canal ‘and Beaumont, Texas respectively. While in the initial
stages Korf Industries will supply its Beaumont works with sponge iron
from its South Carolina DR unit, they will comstruct a DR unit at
Beaumont. Members of the steel community in the U.S., with whom I have
spoken, have indicated that the decisions of Armco and Korf Industries
to construct DR/EF plants in Texas, are reflective of the fact that at
the unregulated relative prices prevailing in Texas, the DR/EF process
is very competitive with BF/BOF.

In addition a study is currently being conducted, by companies
in the DR field, regarding the feasibility of a DR complex in Texas or
Louisiana which would barge its sponge iron product up the inland wat.zr-
way system to EF plants in states such as Illinois. However this
latter project is speculative.
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