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PREFACE

The O fice of Technology Assessment is exanmining several sectors of US.
industry in an effort to understand the factors contributing to a strong conpeti-
tive position for U S. industry in world markets. Qur study of the “Conpeti-
tiveness of the US Steel Industry” will be the first of these assessments.

This Techni cal Menorandum on continuous casting in the U S steel indus-
try was prepared prior to the issue of the full steel assessnent (scheduled for
January 1980) at the request of Sen. John Heinz, Rep. Joseph M Gaydos,
Chai rman of the Congressional Steel Caucas, and Rep. Charles A. Vanik,
Chai rman of the Subcommittee on Trade of the Committee on WAys and
Means.

The menorandum first describes continuous casting, contrasting it with
the ol der ingot casting process. The menorandum then explains the advantages
of the continuous casting process, contrasts the rate of adoption of this technol-
ogy in the US steel industry with that in foreign steel industries, and examnes
the level s of continuous casting that the United States might reach in 1990. The
factors that have constrained the greater adoption of continuous casting in the
United States are briefly discussed and the econom ¢ costs and benefits of con-
verting existing capacity to this new process are analyzed.

This menorandum does not discuss the more advanced technol ogies for
steel making that would be applicable only in the longer term Nor do we ana-
l'yze congressional policy options that could assist the US. steel industry to im
prove its technical and econonic performnce. These analyses will appear in
the conmplete steel assessnent.
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INTRODUCTION

Al t hough continuous casting was conceived and patented in 1865 by
Sir Henry Bessenmer, one of the original founders of nodern steel making,
it was many years until its engineering and equipnent‘problens were sol ved
and the process commercialized. In the early 1960's significant amounts
of steel began to be continuously cast in a nunber of the world s steel
industries. Today continuous casting is the preferred choice in new
steel making plants, although there are still sone types of steel which have
not been converted from the older ingot casting method to continuous casting.
This analysis will exanmine the costs and benefits of inplenenting nore
continuous casting in the United States, as well as its potential for

helping to solve many of the problems confronting the donestic steel industry.

WHAT IS CONTI NUOUS CASTI NG?

To appreciate fully the substantial benefits of continuous casting
it is necessary to review sone aspects of nodern steelmaking and the
ol der process of ingot casting. In both processes, molten steel (usually
called a “heat”) is prepared in an oxygen furnace, an open-hearth furnace
or an electric furnace. The nolten steel is next transferred in a ladle to
either a nearby ingot or continuous casting facility. Various types of
ingots are prepared, in both processes, depending on the size and shape
of the final steel products to be manufactured. Three types of ingots are
made: billets, bloons and slabs (see Figure 1.) Slabs are used to make
plate and other flat products. Billets and bloons are used to nake
structural shapes, round products and tubes. In traditional ingot casting,

billets are often made from blooms by a rolling operation.
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In ingot casting a heat of nolten steel is poured into one or nore
relatively large rectangular mlds. After solidification of the steel
the ingot nolds are nechanically “stripped” or pulled away from the ingot.
In the next step the ingots are placed in tightly covered soaking pits.
The pits are heated in order to raise the tenperature of the ingot. The
ingots are then rolled to the desired shape in a primary rolling mll.
Relatively long times may be required in the soaking pits to achieve the
correct uniform tenperature throughout the ingot. The total time required,
fromingot casting to rolling of the sem-finished shape (slab, bloom or
billet) can be seven or nore hours.

The continuous casting process replaces these separate steps of
ingot casting, nold stripping, heating in soaking pits and prinmary rolling
with one operation. In some cases, continuous casting also replaces reheating
and rerolling steps. An exanple of a typical continuous casting apparatus
is shown in Figure 2. The basic concept in continuous casting is the use
of an open ended nold to cast an indefinite length of the desired cross-
sectional shape. The nolten steel solidifies from the outer cooled surfaces
inward during the casting process, so that finally a fully solid slab, bloom
or billet is produced which can then either be processed in a secondary
rolling mll or shipped as a sem-finished steel product. Wile there are
many designs of continuous casting machines, the basic feature of all is
their one-step nature: liquid steel is continuously converted into sem-
finished, solid steel shapes. Cearly, long production runs of a particular

product are nmade easier and nore efficient with continuous casting.



THE BENEFI TS OF CONTI NUOUS CASTI NG

The main benefits of continuous casting over ingot casting are
discussed in the follow ng pages:

0 considerable energy savings

0 less scrap produced, i.e. inproved yield

0 inproved labor productivity

0 inproved quality of steel

0 reduced pollution

0 reduced capital costs

0 increased use of purchased scrap when

output is maxim zed.

Energy Savings and Increased Yield The continuous casting process

saves energy directly through the elinmination of energy intensive steps
and indirectly through increased yield. The elimnation of soaking pits,
reheating furnaces and primary rolling nmills reduces the consunption of
fuel s (natural gas, oil and in-plant by-product gases) and electricity.
This energy saving is approxinmately one million BTU s per ton cast. In
Japan, where one half of all steel is produced by the continuous casting
process, the direct energy saving is apparently about 50% of that used
in traditional ingot casting.

Energy is also saved by the substantial increase in yield attained
by the continuous casting process. Yields are increased by at |east 10
to 12% and 15 to 20% in sone cases. The increase in yield comes from
reduction in scrap generation. End |osses, a natural consequence of

treating individual ingots, are elimnated and oxidation |osses are



reduced because of reduced exposure of hot steel to air. I'n addition,
the simplicity and better control of the continuous casting process

| eads naturally to inproved overall efficiency. [Increase in yield neans
that more shipped steel can be obtained with a given amunt of nolten
steel. For exanple, if the yield increase is 10% then for 10 tons of
nolten steel one additional ton of shipped steel results. Al the energy
normal |y used to product this “extra” ton of steel has been saved, including
mning of ores and converting coal to coke. The average energy saving
because of increased yield anounts to about two million BTU s per ton
continuously cast. The sum of direct and indirect energy saving is thus
three mllion BTUs per ton cast, corresponding to a significant cost

savi ng.

These energy savings are averages of many types of steels. Actual
savings may differ considerably from case to case. However, the energy
savings reported above are probably conservative. For exanple, one detailed
anal ysis showed a saving of 5.5 mllion BTUs per ton cast for the
traditional integrated steelmaking route of blast furnace (to make iron)
and basic oxygen furnace (to naeke steel), and 2.6 mllion BTUs for the
route used by non-integrated mlls of scrap fed electric furnaces. Y
It is probably safe to say that the total energy savings because of
continuous casting is nornmally equal to about 10% of the total energy used

to make finished steel products.

I This anal ysis assunes an increase in yield of 10% which isprobably
conservative; this will be discussed at greater length at a later point.
The analysis was by J. E Elliott, in The Steel Industry And the

Energy Crisis, J. Szekely, cd., Marcel Dekker, NY., 1975, pp. 9-33.




It should also be noted that a conprehensive NATO study and
survey of steel industry experts throughout the world, which considered
41 energy-conserving measures for steel making, concluded that continuous
casting had the best conbination of potential for energy conservation

1)

and return on investment.

| nproved Labor Productivity The increase in |abor productivity

with continuous casting results from elimnation of the many steps of

ingot casting, all of which demand direct labor input. The U 'S. Departnent
of Labor reports that 10 to 15% less labor is required for continuous
casting. 2) Increase in productivity also results fromthe increase in
yield and greater tonnage of shipped steel, inproved working conditions
and from reduction in production time from seven or nore hours to one to
two hours from pouring of molten steel to production of seni-finished
forms. Advances have recently been made in elimnating tine |osses when

products of different size or conposition rmust be made sequentially,

I nproved Quality of Steel Most industry personnel report an

i nprovenent in quality of some continuously cast steels. The reduced

nunber of steps and greater automatic control of the process both lead to
fewer defects in the steel. There have been steady inprovenents in the
process, particularly in the production of slabs for flat products requiring

hi gh surface quality.

D NATO CCMs-47, 1977, The Steel |ndustry.

2) U S. Departnent of Labor, BLS Bulletin 1856, 1975, p. 4.
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Reduced Pollution It is generally recognized that continuous casting

reduces pollution. The soaking pits and reheating furnaces are elinmnated;
|l ess energy is required; reduced energy requirenents |eads, to less pollution
produced. Hot steel is exposed to the atmosphere for a shorter tine,
producing fewer airborne particulate. The yield is increased which means
that less prinmary steelmaking is required for agreater |evel of shipped
steel. This means |ess coke nanufacture in integrated plants using blast
furnaces; coking is the largest source of pollution in steelmking, parti-

cularly of toxic substances.

Reduced Capital Costs  Although it is difficult to substantiate

a reduction in capital costs with actual cost figures, it is generally
agreed that capital costs are reduced because of the elinination of molds
and stripping equipnment, soaking pits, reheating furnaces and prinary
rolling mlls. A study by Resources for the Future of five new stee
technol ogi es concl uded that continuous casting had the greatest potenti al
for cost saving. Their assunption of no technological limtations is nore

1) Their model recomended the adoption of

true today than in 1976.
continuous casting for both new facility capacity expansion and substitution

of existing ingot casting.

Increased Use of Purchased Scrap If it is assumed that the increase

inyield is taken advantage of by maintaining nmolten steel production

and that adequate downstream facilities are available for processing of the

I The other four technol ogies were: scrap preheating, direct reduction
based on natural gas, coal gasification for direct reduction and cryogenic
shredding of autonobile derived scrap. W Vaughan et al., GCovernnent
Policies and the Adoption of Innovations in the Integrated Iron and Stee

I ndustry, 1976.



sem —finished forns, then nore purchased scrap is required. Increased yield
causes less in-plant scrap to be produced, Normally this “hone” scrap
woul d be recycled back to the steelmaking furnace or blast furnace, or

bot h. In order to maintain plant liquid iron to scrap ratios, purchased

scrap nust replace the lost home scrap (see Appendix A)

U.S. AND FOREIGN RATES OF ADOPTION OF CONTINUOUS CASTING

To understand the potential of continuous casting to nodernize the
donestic steel industry and inprove the U S. conpetitive position in steel
it is instructive to consider the extent to which continuous casting has
been adopted in other countries. The disturbing fact is that the US
has fallen behind alnmst all the steel industries of the world in
adoption of continuous casting. For exanple, in 1978 Japan reached a |eve
of use of 50% that is, 50%of the first steel nade in a basic oxygen,
open-hearth or electric furnace (“raw’ or “crude” steel) was continuously
cast. The European Community in 1978 continuously cast 29% of its steel
However, in 1978 the U S. was at a level of only 14% use of this beneficial
t echnol ogy.

Summary data on the percent adoption levels of continuous casting
for several nations are given in Figure 3 and Table I. Mre conplete
data for a greater nunber of nations, in terms of actual tonnage as wel
as percent usage, are given in Table 11.

The data reveal that the U S. has a very low level of continuous
casting. The only nmajor foreign steel industry with a |ower Ilevel of

continuous casting than the U S. is the Soviet Union’s, and that is explained
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by their unusual conmitnent to the open-hearth process which does not
readily interface with continuous casting equipment. The energy-intensiveness
of the Soviet iron and steel industry is suggested by its 13% share of
total energy consunption, conpared to about 3% for the Us., and nust be
considered a consequence, in part, of their |ow use of continuous casting.

The high rate of adoption of continuous casting by many countries,
particularly the Japanese, is explained by the considerabl e expansion of
their steel industries in the late 1960's and early 1970's. \Wen new st eel
plants are constructed there is little choice but to select continuous
casting. Its benefits are conpelling. Mre recent construction of steel
plants in third world nations has also reveal ed the unequivocal advantages
of continuous casting.

The most inportant factor explaining the low rate of U S. adoption
of continuous casting is the low rate of construction of new steel plants
during the past several decades. It is true that the substantial nunber of
new small, non-integrated steel plants using scrap fed electric furnaces
(“mini-mlls”) built inthe US after Wrld War |l usually process all their
steel by continuous casting. However, this segment of the industry represents
only about 12% of domestic tonnage.

The main issue confronting the domestic steel industry with regard to

greater adoption of continuous casting is: can replacement of existing

ingot casting facilities with continuous casting be justified econonically.

Al'though one integrated steel conpany, MLouth, replaced all its ingot
casting with continuous casting, and another, National Steel, has enbarked
on such a course (by late 1980 it will process 40% of its steel in this
manner), nmost of the large integrated domestic steel conpanies have not

pursued this strategy. However, just recently CF& Steel Corporation has

announced its intention to increase from18%to 100% its use of continuous

casting by replacement of its ingot facilities.



The domestic steel industry has resisted using its linmted anount
of discretionary capital for investments in continuous casting. It has
instead used its capital for several alternative types of investment:
(1) The industry has become increasingly focused on short-range capita
projects with payback periods of one to two years. Capital is used to
finance incremental technol ogical inprovenents which nmininze capital
expenditures as well as the time necessary for inplenentation. (2) There
are other major capital projects that offer a greater return on investment
than continuous casting in older integrated plants which have |agged the
industry in nodernizing. For exanple, old open-hearth steel naking
furnaces are still being replaced by either basic oxygen or electric
st eel maki ng furnaces. (3) The industry has used capital to repair or replace
worn out equipnent. (4) There have also been sone mgjor diversions of capital
out of steelmaking. This is generally justified by the industry on the basis
of the poor profitability of the steel business or the need to conpensate
for the cyclic nature of the steel business. (5) The industry has clained
that much of their capital must be spent for equiprment to neet state and
federal environmental and worker health and safety regulations.

O her reasons cited by the US. steel industry for not replacing
more ingot casting wth continuous casting are: (1) the difficulty of
justifying replacement of operational ingot casting facilities that have
not been fully depreciated; (2) costs and difficulties of substantially
modi fying an operating plant; (3) additional capital requirements for
downstream facilities to process increased seni—finished steel production;
(4) technical problems with sone types of steels and, in some cases

relatively small production runs; (5) difficulties in expediting EPA
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permts, and costs of nodifying other facilities which EPA may demand
before granting construction pernmits for continuous casting; and
(6) uncertainties surrounding the degree of conmpetition that nmay result
frominported steel.
Any exami nation of the degree of adoption of new technol ogies
by the donmestic steel industry inevitably brings conparisons with the
Japanese steel industry which is generally accepted to be the nost mbdern
and efficient in the world. Mreover, nuch of the steel inported into
this country is from Japan (approximtely 30% in 1978) and Japan has
an extremely large fraction of the world steel export market (about 25%to 30%
in recent years). During the past several years the Japanese have maintained
a steady stream of public announcenents concerning their continued high
adoption of continuous casting and its inportance in explaining their very
successful canpaign to reduce energy consunmption in steelmaking and increase
the yield of their steelnmaking operations. Their success is indicated by
the absence of price increases during the past two years even though their
energy costs have soared (however, profit |evels have decreased, see below).
Al'though much of the increased use of continuous casting by the
Japanese has been related to their steel industry expansion, in nore
recent years they have also pursued a replacement strategy. Their goal
of 70% production using continuous casting within a few years wll probably
be met. This increase is even nore remarkable in view of a nunber of
negative factors facing their industry;, these factors include |ow rates
of capacity utilization (about 70% conpared to 85 to over 90% for the
U S. industry); the closing of many older facilities; continued |oss of

world export nmarkets; and very low profit levels. The main reason



-11-

why these adverse factors have not inpeded greater continuous casting
adoption is the channeling of capital at very favorable interest rates to
the Japanese steel industry by the conplex Japanese government and

banki ng system

POTENTI AL LEVEL OF ADCPTION FOR THE U. S

Al'though the data of Figure 3 and Table | and Il clearly show
the relatively low | evel of continuous casting usage in the US., the

real issue is: how nmuch continuous casting could and should be adopted

by the donestic steel industry, and in what tine frane?

There can, of course, be no sinple calculation perforned to
determ ne unequivocally how nuch continuous casting the domestic steel
i ndustry should use. At best we can examine the feasibility of several
possibilities. First, we believe it appropriate to set the time franme.
Considering the large size of the donestic industry, the long lead tines
for construction, the problens of capital availability and the possible
need for federal assistance which would require extensive Congressional
deliberation, 1990 is a realistic goal for substantial expansion of
domesti ¢ continuous casting capacity.

Wth regard to the level of continuous casting to aimfor, it
it appears that levels of from 25% to 50% are feasible and that 50%
is necessary to achieve even mninmm conpetitiveness on the international
market. The 25% |l evel has been suggested in several recent analyses of
the steel industry. However this level reflects nothing nore than

extrapol ation of the past adoption rate for the industry to about 1990.
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Even attaining this mdest goal could be frustrated by a continued
“cost-price squeeze” and substantial capital shortfalls, resulting from
increasing production costs and government limits on prices.

Although it is not possible to examine fully in this analysis
the econonic health of the donestic steel industry, it should be appreciated
that the industry has been experiencing severe economic problenms. For
exanple, the industry capacity has been falling; in the past two years
there has been a loss of two million tons or 1.5% of total raw steel capacity
per year. Because of low, but steady, increases in donestic consunption
of steel, this has led to increasing dependence on foreign inports. In the
past two years inports have accounted for 18% of domestic consunption, and
if inmported steel in the form of finished non-steel products, such as
automobiles, is considered, then inports are even higher. As a consequence,
the US. is the only major industrialized nation dependent on steel inports,
since for the past two years the domestic steel industry has operated at
virtually full capacity.

Mich of the inported steel has been traded at artificially |ow
prices. This situation stems fromthe fact that many foreign steel
industries are directly or indirectly state owned, notably the British,
French and Italian who accounted for 3.2% 8.3% and 3.7% of our inports
in 1978. Hence, when the world steel market is depressed, as it has been
in recent years, these steel industries can be used to acconplish national
obj ectives such as maintaining enmploynent rather than making reasonable

profits from steel sales. 1) As a result, relatively low priced inports

1) up present export price levels, exporting is losing the Wst's steel
producers about $4 billion per year!" Wrld Steel Dynamics, Peter F. Marcus
and Karlis M Kirsis, September, 1979.




-13-

hol d domestic prices at levels which prevent accunul ation of enough capital
to nodernize or expand the industry.

Al'though inports are certainly not the sole cause of obsolete
facilities, it is generally accepted that the domestic steel industry
has one of the world s highest proportions of obsolete facilities,
probably in the order of 20 to 25% One mmjor indication of the nodernity
and conpetitiveness of a steel industry is the national yield (shipped
steel tonnage divided by raw steel tonnage). For 1978 the US
yield was 71.5% while the Japanese yield was 89.4% One of the chief
deternminants of the yield is the amount of continuous casting enpl oyed. 1
Cal cul ations have shown that if the continuous casting usage was increased
to 25% for the U S the yield would probably increase to 74%  This would
be considered a significant inprovement and difficult, or inpossible to
achieve by any other neans, other than by constructing totally new stee
plants. Yet if this 25%level were achieved by 1990, the U S would stil
be behind nost of the world s steel industries

A 50% | evel of adoption is physically achievable in the US. by
1990; that is, there are no engineering or technological reasons why this
level could not be attained. OTA calcul ations have shown that at this |eve
of adoption the national yield could be increased to at |east 76% 2)

The 50% goal can be supported by the follow ng factors:

1 Even at conparable rates of continuous casting usage the Japanese steel
industry would have a higher yield (expressed as the ratio of shipped steel
to raw steel) than the U.S. industry for several reasons, including

a generally nore nmodern and newer physical plant; the shipnent of steel

whi ch undergoes substantial finishing by custonmers; and a product mx which
include |ess sheet steel than the U S

2) This yield of 76% may appear to be lower, especially relative to that

of the Japanese, as noted previously; but we have not assuned any |arge
scale closing of older U S. steel plants which would increase the base yield
for the industry at the expense of a capacity |oss.
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° in 1974 when the domestic industry was doing exceptionally
well a forecast nade by A D. Little on the basis of
a survey of industry personnel concluded that by 1985
there would be a 53% usage of continuous casting;

0 the Japanese and U S. steel industries are simlar enough
in product mix and size to suggest that if the Japanese can
produce 50% and probably 70% of their steel by continuous
casting, then a level of 50% for the U S. industry is
technically feasible;

0 in a survey conducted by OTA of steel industry personnel
this past year on future technological changes the
respondents projected a U S. level of 54% adoption by
1990 and 74% by 2005;

o if appropriate federal policies were designed to
stimul ate greater conversion to continuous casting, by
provi ding some means of obtaining the necessary capital,
then it would be economically feasible to obtain the 50%
usage level (greater details on costs will be given in
the next section).

One top executive for a mmjor steel conpany who has provided much useful
information to the OTA assessment has suggested feasible targets of 50%
for 1987 and 70% for 1990. Sinilarly, one long tinme steel industry
anal yst on Wall Street has just suggested that "the U S. could get to

)

40 percent by 1985 if the noney was avail able.

I Charles Bradford of Merrill Lynch, Pierce, Fenner and Smith, in
an interview in Steel Wek, Septenber 24, 1979.
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ECONOM C COSTS AND BENEFI TS

The economic justification for replacing existing ingot casting
facilities with continuous casting will now be exami ned. There are two key
areas to be discussed and quantified before proceeding to a calculation of
return on investment; these areas are: the significance of the increase in
yield with regard to new steel making capacity, and the direct

production costs savings provided by continuous casting.

Increased Capacity What has not been fully appreciated by sone

steel industry and policy analysts is that continuous casting is a nost
economi cal way to increase steelmaking capacity of existing plants for the

uU.S. Inthe U S., building new nmajor integrated facilities appears inpossible
under existing or projected economc conditions, and new mni-mlls

will still represent relatively small tonnages. The substantial increase

in yield fromraw steel to sem -finished steel associated with continuous
casting means that more steel can be shipped from a given amount of nolten
steel. As noted earlier, although that increase in yield will be plant and
product specific, it is probably 10% to 12% for nobst cases and may go as

high as 15% to 20% in some situations

In view of the large degree of equipnment obsol escence, industry
contraction and steadily increasing donmestic steel consunption, the benefits
tobe gained from an economical way to increase the capacity of existing plants
are considerable, including the avoidance of increased dependence on
imports. Past experience such as in 1974 has shown that once dependence
on inmports occurs and when the world supply of steel becones tight, the

price of historically cheap inports escalates sharply and beconmes a significant



-16-

inflationary factor in the donestic economy. ational security is also
affected, since it can be difficult to obtain required steel. Virtually
all current analyses point to considerable shortfalls in capital for the
donmestic steel industry, a growing demand for steel in the years ahead
and a very tight world supply of steel by the mid to late 1980's. Factors
promoting the latter include: continued contraction of Wstern European
steel industries, insufficient new capacity in third world countries to
meet their rapidly increasing demand, and likely insufficient domestic
capacity in Soviet bloc nations and the People's Republic of China. I

Al though increased capacity because of inprovenent in yield is
a direct benefit of continuous casting, there is another “hidden” cost
to be considered. This arises fromthe costs of purchasing scrap netal
to substitute for scrap not generated by the continuous casting process.
In considering this factor we will nake the follow ng two assunptions:
1) liquid steel production remains constant; 2) adequate downstream processing
facilities for handling of the continuously cast senmi-finished steel is
present or is put in place.

The profit of the additional shipped tonnage is determined by the
ratio of the cost of the liquid steel to that of the purchased scrap.
The lower the cost of purchased scrap relative to in-plant costs to produce
the liquid steel, the greater the profit fromthe increase in yield and
capacity. This ratio is difficult to determne, varies with tine and is

very plant specific. Since mpst liquid steel costs are associated with

1 See for exanple, CIA Reports: Wrld Steel Market-Continued Trouble
Ahead, May, 1977; China; the Steel Industry in the 1970's and 1990's,

May, 1979; and The Burgeoning LDC Steel Industry: Mre Problems For Mjor
Steel Producers, July, 1979.
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molten iron produced in blast furnaces owned by the steel conpany itself,
there is very little available information on the proper internal cost of
such “hot metal”. From many discussions with steel industry personnel

it has been determined that the cost of hot netal is typically in the

range of $120 to $180 per ton. Factors determning the cost include:

the age of equipment, the general efficiency of the plant operation,
capacity utilization, size of the blast furnaces, and whether or not the
conpany owns the sources of its raw materials. Although the price of scrap
varies considerably over time, it has generally been somewhat |ess than
$100 per ton. Another factor to consider is the normal operating profit

on steel shipnents which would accrue to the additional steel shipnents
fromthe increase in yield; this operating profit is typically $25 to $50
per ton. Because of the wide variations in all cost and profit figures
among compani es and anong plants of any one company, and because we Wi sh
to make conservative estimates of returns on investments we have used

the three levels of $25, $50, and $75 per ton benefit for additional

steel shipnents due to the greater yield of continuous casting. In addition,

we will assume two levels for the increase in yield: 10% and 12%

Reduced Production Costs Before proceeding to the return on

i nvestment cal cul ation however, an additional profit factor must be
considered: the reduction in production costs for all the steel
continuously cast. The primary cause of reduced production cost is the
decrease in energy consunption which we have already described, It is

noteworthy that ten years ago energy was approximately 10% of steel making
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Cost s. Today it is over 20% Because the price of energy and hence its
contribution to the costs of steelmaking appears destined to rise the
future inportance of continuous casting as a cost reduction tool wll
i ncrease. Qther nations, nore sensitive to energy costs in the past
than the U S., particularly Japan, have placed great enphasis on this
benefit of continuous casting. Because about one-third of the energy
saving from continuous casting for the donestic steel industry is
accounted for by reduced use of purchased electricity and fuels, such
as natural gas and oil, and the other two-thirds derived from in-plant
energy by-products could be put to other productive uses, the US.
steel industry must also turn to continuous casting or face a decline in
its conpetitive posture.

From many discussions with industry personnel the total reduction
in production costs resulting from reduced energy use, inproved I|abor
productivity and reduced environmental costs anounts to approxi mately

$10 per ton cast for a typical plant.

Return on | nvestnment The results of a conplete set of

calculations for the return on investment for substitution of continuous
casting for ingot casting in existing integrated plants are given in

Table I1l. Three levels of capital costs have been used: $40, $60

and $80 per annual ton capacity for the casting equipment. These have

been chosen on the basis of limted published data and extensive discussions
with industry personnel. Even with what we believe to be relatively
conservative assunptions, the econonmic rewards are substantial, with a

return on investment of over 20% likely. At the 50% Il evel of continuous
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casting usage an industry yield of at least 76% could be attained. Again
it should be noted that both return on investnent and yield will be

pl ant specific.

Assumed Growth in Raw Steel Production  The calcul ations perforned

above have assumed raw steel production remaining static at the 1978 Ievel.
If we assunme that donestic shipnments could increase by 2% per year from
1978 to 1990, then 26.3 nillion nore tons nust be supplied. O this,

5.9 nillion tons can be accounted for by the attainment of 50% continuous
casting on the 1978 base, leaving 20.4 nmillion tons to be supplied by
additional raw steel capacity. |If we assune that, at the margin, 75%

of this additional capacity will be nmade by continuous casting and a total
steel making yield of 80% conpared to 70% for the remainder, then 26.5
mllion tons of raw steel capacity nust be added. The net result would then
be that 54% of all the raw steel produced would be continuously cast. It
shoul d be enphasized, however, that an increase in continuous casting wll
substantially reduce the amunt of new raw steel making capacity which nust
be added under conditions of growh. Hence, total capital needs for the
industry would be much lower than would be calculated on the basis of

sinply adding new steel making capacity. The 2% per year growth figure

could be criticized as too optimstic. However, if we note that there would
also be a continuation of capacity reduction due to obsolete facilities being
closed, requiring perhaps a 1% per year |evel of replacenent, then this

calculation is not unreasonable for the time period used.

ISSUES FACING CONGRESS

The major issue for Congress to consider is whether the donestic steel

industry will be able to increase its proportion of continuous casting to
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near the 50% |l evel, the level needed for conpetitive parity with steel
industries of other countries. |f our steel industry does reach
the 50% | evel of continuous casting, the energy savings for the nation wll
be substantial, amounting to the equivalent of 25 million barrels of oi
per year |ess than consumed in 1978

To help put this issue in perspective it is also necessary to
under stand anot her dinension of the donestic steel industry' s economc
problems: the cyclical nature of the industry. This can be denonstrated
by a great nany types of economic and financial data. To illustrate this
cyclic phenonenon as well as the comparatively poor economic perfornmance
of the domestic steel industry relative to other American manufacturing
industries, data from 1950 to 1978 on industry profits as a percent of
stockhol ders’ equity are given in Table IV for the domestic prinmary iron
and steel industry together with averages for all donmestic manufacturing
i ndustries. In recent years the periodicity of the peak-to-trough steel
busi ness cycle has been four years.

From these data, we see that 1979 will likely be a peak year.
If sufficient nodernization of the industry does not take place during
the next decade, then by the next surge in steel demand in the late 1980's
the industry will be severely lacking in conpetitive capacity. This
period may also coincide with a worldw de shortage of steel capacity
and high world demand. Thus, the nation could be especially vul nerable
to high priced and scarce steel inports.

The greater adoption of continuous casting by the domestic

steel industry cannot be considered a radical change or innovation.
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It should be viewed as a near term technological fix, of particular
significance to the older, large integrated steel plants. But it is
neither a final nor a conplete fix for the industry. At the very best,
the use of significantly nore continuous casting will keep the industry
viabl e over the next decade. Utimtely nmore dramatic technol ogical
i mprovenents are needed to greatly reduce energy and other production
costs. There are distinct possibilities, but the analysis is beyond
the scope of the present paper. The final OTFA steel industry assessment
report will exam ne advanced technol ogies.

It is also not feasible in this brief technical paper to review
all the current government policies affecting the steel industry or the
array of potential governnent actions which could assist the industry to
improve its technological and economc performance. On strictly technical
and econom ¢ grounds, however, we believe the present analysis offers
compel ling reasons for the donestic steel industry to adopt more continuous
casting. As the steel industry begins in [ate 1979 and 1980 to experience
the down part of its business cycle, there will be great pressure put
on Congress to provide assitance in order to maintain enploynment and
capacity.  The choice will likely be framed in terns of either reducing
regul atory costs, increasing protectionist trade practices, condoning
substantial price increases, or providing econom c assistance through such
nmeasures as the acceleration in depreciation schedul es now bei ng consi dered
by Congress in the form of the Jones-Conable Capital Cost Recovery Act
of 1979 (H. R 4646). This Act would reduce the period for depreciation

of machinery to five years. This is a substantial inprovenent, from the
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industry’s perspective, over the original 18 years for equiprment (14.5 years
with the Asset Depreciation Range system), and even over the recent

Treasury Departnent’s reduction to 15 years (12 years with ADR) which

the industry deenmed inadequate. The problem with the accelerated
depreciation approach of HR 4646 is that all the capital spending projects
a steel conpany may have are rendered nore attractive with accel erated
depreciation; that is, HR 4646 would not alter the relative positions of
alternative capital projects for both steel and non-steel projects of the

mostly diversified steel conpanies.

Since the diversification out of steel mentioned earlier continues
to be a serious issue, this is a significant problem and points to the need
for Congress to weigh the benefits of nore technol ogy specific federal
assistance for the steel industry against the risks of either providing
no assistance or in letting the steel industry choose how to use capital
made available in some way by government action. There are technol ogical
options other than continuous casting which offer benefits to the industry;
however, thus far, the OTA assessment has not revealed an option that can
mat ch the scope of the proven technical and econonic benefits which
continuous casting can readily provide to nost of the domestic steel

i ndustry during the next decade.
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FI GURE 1

TYPICAL CROSS-SECTION

DIMENSIONAL CHARACTERISTICS”

ALWAYS OBLONG
MOSTLY 2 TO 9 INCHES THICK
MOSTLY 24 TO 60 INCHES WIDE

SQUARE OR SLIGHTLY OBLONG
MOSTLY IN THE RANGE 6" X 6 TO 12" X 12"

D

BILLET

MOSTLY SQUARE
MOSTLY IN THE RANGE 2" X 2" TO 5* X 5"

.DI MENSI ONS USUALLY G VEN TO NEAREST ROUND NUMBER
AL CORNERS AR ROUNDED, AS SHOWN.

Comparison of the relative shapes and sizes of rolled
steel governing nomenclature of products of primarynd billet
mills. (Cast sections produced by continuous or bottom pressure
casting methods are similarly designated when of the same
general proportions and dimensions as their rolled counter parts.)

Source:  The Making, Shaping and Treating of
Steel, U S. Steel Corporation, 1971,
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FI GURE 2

(MOLTEN NETAL

O SOLIDIFIED BAR
SUPPORT
ROLILS TO INGOT SHEARING &

TRANSFER STATIONS

MOTORIZED PULL ROLL

CONTINUOUS CASTING APPARATUS

Source:  Technol ogy Assessnent and Forecast, Ninth Report, U S. Departnent
of Conmerce, March, 1979.
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Tabl e |

% Raw Steel Cont i nuously Cast

Year
Country 1969 1975 1977 1978
u. 2.9 9.1 11.8 14. 2"
2)
Japan 4.0 31.1 40.8 50.9
Canada 11.8 13.4 14« 7 20.2
Germany 7.3 24.3 34e 0 38.0
France 0.6 12.8 23.6 27.1
[taly 3.1 26.9 37.0 41.3
U K 1.8 8.4 12.6 15.5
1) Assuming that non-integrated plants account for 12% of the U.'S
steel industry, their continuous casting usage is approxinately
80% and accounts for 54% of the U S. tonnage continuously cast,
while integrated plants have a usage of 7.3% Al SI has reported
that for the first half of 1979 the full industry usage rate was
16. 1%
2) A lower value of 46.2% has been reported by the Internationa

Iron and Steel Institute; presumably this figure is for

cal ender 1978 while the 50.9% figure is for Japanese fisca
1978 (April 1978-March 1979) and is indicative of the rapidly
i ncreasi ng usage.

Sources: Al SI, I1SI, Japan Steel Information Center
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(1973-1977)

1973 1974 1975 1976 1977 (P)
g 2 : X Xm: 5 00t 3 o0y b}
Belgium 208 13 480 4.1 a 5.7 1,656 147
Denmar k . . . . 73 131 312 43.2 347 50.7
F.R. of Germany 8,057 16.3  10.337  19.4 9,013 24.3 12.014 23.3 13,272 34.0
Fmn- 1,845 73 2,7% 102 2,771 129 4,212 ino 5,209 236
Italy 3,375 18.1 5165  21.7 5904  27.0 7,559 32.2 8984 38.5
Luxemnbur g . . . - . . . . . .
Netherlands . . . . . . . . ) )
Uni ted Kingdom( cal endar) 832 ‘3.3 1,232 5.5 1,686 8.5 2,120 9.4 2,590 12.6
Total OECD 14,159 9.4 19698 127 20,727 165 26,910 20,0 32,058 25.4
Austria 505 11,9 766  16.3 866 213 1,244 21.8 1,532 3.4
Finl and 1,25 * 7.8 1,20 778 1,233 76.3 1,288 6.1 E1,810 83.8
Nor way 120 12,5 143 183 140 157 E 180 El6.9 E 120 17.0
Prrtugal E 28 Eb5.5 7.5 35 7.9 69 150 E 200 31.6
Spai n 2,038 18.9 2,218 193 2333 210 2,493 2.1 2,666 25.8
Sweden 569 15,7 1,156  19.3 1,390 4.8 1,451 28.2 1,214 30.6
Switzerland . . . - . . . . . .
Turkey - . . . . .
Yugl osl avi a . 330 113 398 145 523 25.9
Qthers - . . . . .
Total Western Europe 18,995 10.6 25301 136 27,05 17.5 33,970 20.7 40,623 26.1
United States 9,270 6.8 10,722 8.1 9,653 9.1 12, 246 105  EL3,350 Ell. 8
Canada 1,551 11.6 1.873 138 [,735 13.3 1,582 12,0 1,992 14.7
Argentina 574 26.1 565  25.6 665 . 27.4 E 620 E231
Brazil 228 3.2 379 5.1 477 5.7 1,119 12.1 1,957 17.4
Chile 7 1.3 9 14 7 1.4 1 2.2 1 2.0
Mexi co 576 121 650 12.7 695  13.2 682 ©  12.9 722 E13.0
Venezuel a
Total Latin Anerica
(Listed Countries\ 1,612 9.7 1,744 10,0 2,417 13.5 3,310 15.9
USSR 6, %8 6.3 7,355 §4 9729 ‘6.9 11,729 8.1 12,200 8.3
Bul garia . . . . . ‘ . .
Czecosl ovaki a 92 0.7 91 0.7 (] 0.5 107 0.7 110 0T
Eastern Germany 398 6.8 481 7.8 525 8.1 566 8.4 623 9.1
Hungary 59 1.8 422 122 775 1.1 1,019 27.9 1,054 28.3
Pol and 309 2.2 320 22 332 22 297 1.9 446 2.5
Romani a . . . . ‘ . . . .
Total Eastern Europe 858 1.8 1,314 2.7 1,701 3.3 1,959 37 2,233 3.9
Australia 133 17 223 29 47 0.6 -
India - ” .
Japan 24,716 207 29,411 281 31808 3.1  E37,733 3.1 41,807 408
Republic of Korea y - . 770 21.9 32.0
South Africa 917 6.0 1,105 189 1425 2.9 1,851 26.2 2,114 3.1
Total of listed Countries 64,219 9.7 78,916 11.7 84897 13.9 * 104,357 16.2 119,569 18.7
Percentage of World Steel -
Qutput Covered 95. 3% 95 .21 94. 5% 95. 5% 9487
Source: Iron and Steel maker 1978,



Tabl e 111 Econonmic Costs and Benefits of Adopting Continuous Castingl)(CC)

Incr. Incr. In Tot al 2) Tot al Deer .
incc Energy St eel St eel cc cc cost/ Total” Return
Tonnage Saved _INCr. Shi pped Shi pnent s New Capital Capital  Incr. Annual on Payback
(Thousands 10”in (Thousands ~ (Thousands Industry cost cost Profit®)  Benefit Invest-  Period
% cc of Tons) BTU  Yield Tons) Tons) Yield $/ton $nill. $/ Ton $mill, nent yrs.
25 14, 800 44. 1 0. 10 1, 480 99, 415 .73 40 592 25 185 0.31 3.2
40 592 50 222 0. 38 2.7
60 888 25 185 0.21 4.8
60 888 50 222 0. 25 4.0
0.12 1,776 99, 711 .73 40 592 25 192 0. 33 3.1
40 592 50 237 0.40 2.5
60 888 25 192 0. 22 4.6
60 888 50 237 0. 27 3.8
60 888 75 281 0. 32 3.2
80 1,184 75 281 0.24 4.2
50 49, 058 147. 2 0. 10 4,906 102, 841 0.75 40 1,962 25 613 0.31 3.2
40 1, 962 50 736 0. 38 2.7
60 2,944 25 613 0.21 4.8
60 2,944 50 736 0. 25 4.0
0.12 5, 887 103, 822 0.76 40 1,962 25 638 0.33 3.1 oo
40 1,962 50 785 0. 40 2.5 ¥
60 2,944 25 638 0. 22 4.6
60 2,944 50 785 0.27 3.7
60 2,944 75 932 0.32 3.2
80 3,925 75 932 0.24 4.2
1) Base Case; 1978 CC usage = 14.2% or 19,458,000 net tons of 137,031,000 nets tons of raw steel production assuned to

4)

remain constant; total domestic shipnments = 97,935,000 net tons; yield = .715; all calculations done for replacenent
of ingot casting in integrated (blast furnace-based) plants by CC

Three levels of capital cost for CC have been used: $4Q'ton is sonewhat greater than recent expenditures by National
Steel for a mmjor facility; $60/ton has often been quoted and may be appropriate in those situations where ingot casting
facilities to be replaced have not been fully depreciated or where nore conplex shapes are being cast; $80/ton is
undoubtedly a high cost estimate but may be realistic for those cases where downstream finishing facilities nmust be
added to take advantage of increased capacity resulting froma greater yield.

Decreasecost/incrcascd profit (for the increse steel shipped) resulting fromthe hot netal-purchased scra,
differential and the nornal operating pofit.

Total annual benefit is calculated on the basis of a $10/ton conbined savings for the additional CC tonnage and the
product of the increase in steel tonnage Shipped and the hot metal to scrap savings; the latter is undoubtedly a
crude but conservative estimate of the additional profit resulting fromincreased yield and capacity; .
substantial. conpany to conpany variation in both hot netal production cost and net incone per ton shi ppt&?.re 'S
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TABLE 1V
UNITED STATES STEEL INDUSTRY PROFITS

AS A PERCENT OF STOCKHOLDERS' EQUIly:  1950-78
(after taxes)

Return onl Equity

Year Primary Iron Steel All Manufacturing
1950 14.3 15.4
1951 12.3 12.1
1952 8.5 10.3
1953 10.7 10.5
1954 8.1 9*9
1955 13.5 12.6
1956 12.7 12.2
185% 11.4 11.0
195 7.2 8.6
1959 8.0 10.4
1960 7.2 9.2
1961 6.2 8.8
1962 5.5 9.8
1963 7.0 10.3
1964 8.8 11.6
1965 9.8 13.0
1966 10.3 13.5
1967 797 11.7
1968 7.6 12.1
1969 7.6 11.5
1970 4.3 9*3
1971 4.5 9.7
1972 6.0 10.6
1973 9.5 12.8
1974 16.9 14.9
1975 10.9 11.6
1976 9.0 14.0
1977 0.1 14.2
1978 7.3 15.3

Note: The annual data represent the average Of the quarters in the vyear.

Source: Federal Trade Commission, Bureau of Economics, Quarterly Financial
Report, various years.
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Appendi x A
Use of Ferrous Scrap

Other than the increased use of electric arc furnaces for
steelmaking, which usually use ferrous scrap but which could al so
use direct reduced iron, the increased use of continuous casting is
an effective way to increase the use of purchased pronpt industrial

)

and obsol ete scrap.l This new scrap consunption is based on increased
yield and the maintenance of the original |evel of hot netal production
(existing with ingot casting) and adequate downstream facilities. The
increased yield leads to |ess honme scrap which nust be replaced by purchased
scrap. Eventually much direct reduced iron could be used wth scrap,
al though today this is not commercially feasible on a large scale.

The 1978 National Energy Conservation Policy Act established
a nmeans to set national targets for the use of recycled materialFor
the entire ferrous industry (including iron and steel nmaking, foundries
and ferroalloy production) the target now being considered for 1987 is 41%
for purchased pronpt industrial and obsolete scrap.

For the scenario of 50% continuous casting usage and a 12%
increase in yield the approximte amunt of increased purchased scrap
woul d be 5,887,00 tons divided by an appropriate yield factdrf. the
latter is assumed to be 0.92, then the scrap requirenent is 6,399,000
tons. For the base year of 1978 the purchased scrap for iron and steel
maki ng was 31,416,000 tons and the scrap utilization 32Phe new totals
would then be 37,815,000 tons of scrap purchased and 103,822,000 tons of

steel shipped. This signifies a new and substantially increased scrap

1 Direct reduced iron is nade by a process which converts iron ore to solid
pure iron without the need for blast furnaces and coke ovenAl.so, there

may be a slight decrease in scrap utilization in steel naking furnaces when
continuous casting is used.This is done to increase the tenperature of the
molten steel. However its effect is small conpared to the noted increase

in purchased scrap.



-31-

utilization of 36%

If an increase in raw steel making capacity is also considered
in order to satisfy a 2% per year increase in steel demand, as described
previously and it is assumed that 50% of the additional steelmaking is in
electric arc furnaces based on scrap usage, then the utilization rate
becones 42%

All three of the above scrap utilization rates (32% for 1978
36% with increased continuous casting, and 42% with increased continuous
casting and expansion) are only for the iron and steel making segment
of the ferrous industry. It is unclear whether at this or sone |ater
tinme the iron and steel making segment and individual conmpanies would
be asked on a voluntary basis, as is now the case, or would be required on a
mandatory basis to meet the recycling target set for the entire ferrous
industry. It should also be noted that the target is not set in the
law. It is up to DCE to set and adjust the target according to various
gui del i nes.

If the foundry segnent which uses approximately 90% scrap is
consi dered and the numerically small ferroalloy segment is ommtted
then the three new scrap utilization rates for the entire ferrous
industry (assuming a static foundry segment) are: 40% for 1978, 44%
with increased continuous casting and 48% with increased continuous
casting and expansion.

Thus, the current target of 41% for 1987 being considered by
DCE has al nmost been met in 1978 and will alnost certainly be met in
1979 due to the steadily increasing use of scrap based electric arc
furnaces. The increased use of continuous casting, in any case

substantially increases the purchased scrap utilization rate for the
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entire ferrous industry. However it should also be noted that the

quality of the home scrap which is being elinmnated by the increased
continuous casting is very high. The greater use of pronpt industria

and obsol ete scrap introduces nore alloying and i npurity el ements which
can make the production of sone steels nore costly or even inpossible.
This is a negative consequence of both increased use of contitnous casting
and the Energy Conservation Act. This Act could also be a barrier to

the devel opnent and use by integrated steel conmpanies of coal based direct
reduction of iron ore, the product of which is substitutable for and
superior to scrap.

Additionally, both the Act and increased continuous casting usage
stimul ates integrated conpanies to use nore purchased scrap and pronotes
scrap price increases. This effect could be quite negative for the
smaller, totally scrap based electric furnace steel conpanies ("mni-mls").
Shoul d this segment of the industry shrink because of such a profit squeeze
and nore’ steel then be produced by integrated conpanies, the
net result would be less total purchased scrap and nore energy consumed
But this upward pressure on prices will be mnimzed and perhaps
elimnated if the snaller steel conpanies spur the use of direct reduction.
Al though this could reduce the _percent use of purchased scrap, it would

facilitate growth and expansion of these conpanies and eventually a net

increase in both the total ampunt of scrap consumed and the amunt of

continuous casting in use



	Front Matter
	Preface
	Advisory Panel
	Acknowledgements

	Table of Contents
	Sections
	Introduction
	Main Body

	Appendix A:Use of Ferrous Scrap

