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ABSTRACT

The purpose of this thesis is to investigate the rela-
tionship between the electric furnace process and both aspects
of scrap availability and price.

The electric furnace process is a scrap-intensive steel-
making process. Yet, this process is currently comparable
to the blast furnace-basic oxygen furnace route in medium-
scale as well as small-scale operations, as a result of the
improvement in its productivity. Further growth of electric
furnace steelmaking may be expected in the future. The eco-
nomics of electric furnace steelmaking is, however, gquite
susceptible to the price of scrap, accounting for some 60-70
percent of the total cost of electric furnace steelmaking.
Another constraint imposed on the future growth of electric
furnace steelmaking is the limited scrap availability.

The critical factors that determine the availability
of scrap to electric furnace steelmaking are the environment
of scrap generation and the consumption pattern of scrap in
steelmaking. The generation of scrap is closely related

to the growth rate and the existing level of steel production.
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In this context, availability of scrap is evaluated in this
paper in terms of total steel production of a country or
region. In turn, the future share of the electric furnace
process is expressed as a linear function of scrap availability.

At the current level of scrap availability, the ultimate
growth of electric furnace steelmaking (expressed as a frac-
tion of total steelmaking capacity of a country or region)
is ‘limited to 21 percent in the EEC area, 34 percent in the
U.K., 29 percent in the U.S.A., and 19 percent in Japan.
These estimated shares of electric furnace steelmaking will
vary-with changes in future trends of scrap availability.
The main factors that affect these trends are the consump-
tion pattern of scrap in the basic oxygen furnace process
and the recycling rate of obsolete steel products.

As for the price aspect of scrap, a standard price was
estimated at $45 per ton, based on the latent (or intrinsic)
value of scrap in terms of iron, energy, and capital. This
estimate was achieved by measuring the total alternative
costs which could have been incurred in iron- and steel-
making. This standard price was correlated to the marginal
scrap price at which the electric furnace process was as
economical as the blast furnace-basic oxygen furnace route.
This estimate demonstrates a method for setting a long-run,
standard, price level for the much volatile scrap . prices

in the real market.
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'CHAPTER 1. INTRODUCTION

The basic oxygen furnace, combined with the blast fur-
nace, is the established and the prevailing steelmaking
process. The alternative process, which is economically
comparable to the basic oxygen furnace (BOF), is the electric
furnace (EF). The growth of the EF production is expected
in the future. For example, it has been predicted that in
the U.S.A. the EF capacity will account for 30 percent of
the total steelmaking capacity in 1980 and 50 percent by
1990, as compared with about 18 percent of the current share

(Iron and Steel Engineer, January 1974, p. Dl1l6). The avail-

ability and price of scrap has a significant effect on the
growth of the EF production, the latter being almost entirely

dependent upon scrap as its steelmaking raw material.

Objectives

Past and current trends of steelmaking process, and the
characteristics of both the BOF and the EF processes are
briefly surveyed. It is important for the subsequent analyses

to see how the EF process can compete with the BOF process
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and what are the disadvantages and advantages of the EF

process as compared with the BOF process. Among many factors

‘which affect the economics of the EF process, one of the most

important considera&ions is the availability and price of
scrap. In this conﬁext, the following questions are asked:

1) How is scrap availability related to the future
share of the EF process in total steelmaking
systems of a country or region?

2) What should the optimum scrap price be for ferrous
scrap to remain competitive with hot metal and what
will the marginal scrap price be for the EF
process to remain comparable to the BOF process?

In investigating the first query, the critical factors
are the mechanism of scrap generation and the consumption
patterns of scrap in steelmaking. By pulling these two to-
gether, the internal scrap balance of the steel industry in
a country or region is estimated. The future share of the
EF process is related to this internal scrap balance.

The basic method for investigating the second query is
to measure the latent scrap value in terms of energy, iron,
and capital. Criteria developed below are intended to es-
timate the various costs which can be saved by the addition
of scrap into total steelmaking systems of a country. In

other words, the optimum scrap price is measured by these
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alternative costs which could have been incurred in iron-
making and steelmaking if scrap was not used. The value
measured - the theoretical price of scrap - is not a short-
term value, but a long-term one. This theoretical value of
scrap reflects the marginal scrap price at which the EF

process can be as economical as the BOF process.

Scope
As for the first query, the EEC countries, United Kingdom,

the U.S.A., and Japan are surveyed in order to demonstrate
the different effects of scrap availability on steelmaking
practices. This choice was made mainly because the combined
steel production and consumption of these countries account
for a large proportion of the world output. Secondly, the
basic statistics of scrap, even though limited, are available
only for these countries.

As for the second query, the estimate is based on iron
ore and energy prices, and capital costs of iron- and steel-
making equipment. Detailed data for each country or region
are, however, unavailable. Therefore, an optimum scrap price
was to be estimated and it is not related to any specific
country or region.

The imperfection of scrap market makes it difficult to
recognize a reasonable and fair price of scrap. Speculation,

variances of specification, and immobility of scrap cause
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an imperfection of the market. The specification of scrap
varies significantly from one place to another. Even in

the same specification, the quality is not always the same.

In discussing the situation in the U.S.A., it was said,

"No. 1 heavy melting steel in New Jersey may not be No. 1

heavy melting steel in Chicago" (Landau, 1975). A good example
of the immobility of scrap is the fact that to move scrap
across the city of Chicago is more costly than to transport

iron ore from Australia to Japan (Iron and Steel Engineer,

January 1974, p. D17). The estimate of the optimum scrap
price is aimed to demonstrate a method for determining the
‘theoretical standard of scrap price.
The aspects of scrap availability (Chapter III) and
scrap price (Chapter IV) are relatively independent, if
not entirely. 1In otheerords, these two aspects are not
related in such a way as to determine the market equilibrium.
A broad assumption throughout this thesis is that the
quality of scrap is as desirable for steelmaking as that
of hot metal. This generalization arises from the varieties
of scrap qualities which render it tedious for this study

to go through one by one.

Statistical Data

The sources of the statistical data are the Quarterly

Bulletin of Steel Statistics for Europe and The Annual
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Bulletin of the same, issued by the United Nations' Economic
Commission for Europe. The basic data, such as total crude
steel production, the production by each furnace, and con-
sumption of both pig-iron and scrap by each furnace, are
listed in the appendix at the end of this thesis. The unit
of quantity is a metric ton, unless otherwise specified.

The consumption and production of scrap is expressed
in kilograms per ton of crude steel production. More pre-
cisely, the tonnage of scrap consumption or production of
each country or region is divided by the respective quantity
of crude steel production to eliminate any effects of re-
gional variances and yearly fluctuations of crude steel

production on the scrap quantities.
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CHAPTER II. CURRENT STATUS OF STEELMAKING PRACTICES

This chapter will briefly review the general trends of
steelmaking practices, the characteristics of both the BOF
and the EF processes, and the factors which affect the eco-
nomics of these two processes. The emphasis is upon demon-
strating the competitiveness of the EF process with the BOF

process.

The Changing Patterns of Steelmaking Processes

This decade (1965-1975) is characterized for the tre-
mendous expansion of steel production by new processes, which
are superseding the old processes. The processes which are
being replaced are the open hearth furnace (OH) and converter-
type furnaces (Bessemer or Thomas converter). The processes
which are replacing them are the basic oxygen furnace and
the electric furnace. In the countries concerned, total
production by the open hearth furnace in 1965 was 140 million
tons, accounting for 51 percent of total crude steel pro-
duction. Output by the OH furnace was reduced to 63 million

tons in 1973, accounting for only 15 percent of total steel
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production in the same year. A similar trend can be seen
in the converter-type furnaces which were extensively applier
only in the EEC countries.

During the same period, the production by the basic
oxygen furnace (the BOF) increased from 65 million tons or
24 percent of total crude steel production, to 260 million
tons or 64 percent. The electric furnace (EF) process also
increased its share between 1965 and 1973 from 35 million
tons (13 percent) to 69 million tons (17 percent).

The extrapolation of these trends implies that the BOF
and the EF processes will completely take over the OH furnace
and the converter-type furnaces in the future, say within
another decade.

On the other hand, the past and current proportion of
each furnace in total crude steel production varies from
one country to another. Figure 1 illustrates the changes
of output share in the EEC countries, the U.K., the U.S.A.,
and Japan. It is noticeable that the BOF has larger shares
in Japan than in the U.K. or the U.S.A. The difference can
be explained mainly by the growth rate of steel production
in the respective countries. Japan, for example, doubled its
production during the period 1965 to 1973 by the additions
of substantial capacity. In such a case, the most recent

technology can be easily applied to the new capacity.
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Figure 1 Chanpes of Steelmaking Processes, 1965~ 1973
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I 1
Not until the 1960's had the advantages of the BOF over

the OH furnace been recognized. In this regard, the period
of expansion in Japan happened to correspond to the period
when the BOF had come of age.

As for the U.K. and the U.S.A., the large production
capacity has been already built up during the period 1950
to 1965 when the OH furnace was at its peak. The expansion
of production during the year 1965 to 1973 was modest, as
compared to that of Japan. As such, the opportunities to
apply the BOF, either as added capacity or as a replacement
for the OH furnace, were limited.

In addition to the growth rate of steel production, it
is noted that the availability of steelmaking raw materials
played a significant role in the choice of alternative steel-
making processes. In the U.K. and the U.S.A., the abundant
scrap resources favored the OH process which could accept
up to 100 percent scrap charge. The flexibility of scrap
mix is quite limited in the case of the BOF--probably the
only conceivable- disadvantage of the latter process as com-

pared to the OH process (1l).

(1) The BOF can produce wider quality ranges of products at
1/7 of the time required in the OH furnace. In addition,
the BOF is free from the severe limitations of iron ore
quality imposed in the case of the converter-type furnaces.
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The share of the EF process shows a relatively stable
and similar trend in all the countries. The tonnage of the
EF production, however, almost doubled in every country during
the period 1965 to 1973. The appearance of the EF process
as a steelmaking process is quite old. It is, however, after
1964 that the EF process was proved to be an economical pro-
cess to produce ordinary steel, as well as specialty steels.
This is attributed to the development of ultra high powered
EF (UHP), which has increased the productivity of the EF pro-
cess significantly. 1In the future, further expansion of the
EF capacity is expected, because electricity seems to be, in
the long run, the most stable-supplied and cheapest source of
energy. Carney (1974) discusses the status of the EF process
in theU.S.A. and pointed out that:

"In the past 20 years (from 1952 to 1973),
fossil-fuel costs have increased about 40 percent,
whereas increases in the cost of electrical power
have been considerably lower. This favorable cost
relationship for electrical power, coupled with the
general trend for scrap prices to decrease in rela-
tion to the cost of iron ore and pig iron over the
past 15 years, was particularly favorable for the
production .of electric-furnace steel. If this trend
in the costs of power and charge materials continues,
we can expect to see an even higher rate of growth

in electric-furnace steelmaking in the future"
(Carney, 1974).

The BOF Process Versus the EF Process

The trend of steelmaking practices indicates that both

the BOF process and the EF process will dominate the future
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stéelmaking process. These two processes are économically
comparable. The advantages of one process over another are
dependent upon the environment concerning the price and
availability of raw materials, cost and availability of
capital, and the nature of the market for the final products.
On the other hand, both processes have a definite capa-
city range where one process is more economical than another.
The EF process shows an advantage over the BOF process in
the capacity below 500,000 tons per year, whereas the BOF
process does so over the EF process in the capacity above
5 million tons (l1). The BOF process, combined with the blast
furnace (BF), can realize the scale economy only through a
substantial increase of capacity.

Economies of Scale: The basic principle of economies

of scale is that plant output tends to increase proportionally
to the volume of a plant, whereas capital cost tends to in-
crease proportionally to the surface area of a plant. A
corollary is that the operational costs, such as heat and
refractory losses, increase in proportion to surface area
whereas the production increases in proportion to the volume.
The BF-BOF route requires many auxiliaries, such as an unloading
facility for raw materials, sintering and pelletizing plant,
etc. All of these processes, as well as the furnace itself,

are very intensive in heat treatment and transportation,

(1) Chala 1971, the United Nations; ECAFE 1972, Bogdany 1972.
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and both operations are best economized through scale
economy .

The hypothetical capital cost curve in Figure 2 illus-
trates the decrease of capital ‘cost per annual ton of liquid

steel through the increase of production capacity.

Economies of scale in the EF process are not as notice-
able as in the BF-BOF route. This is because the decrease
of capital cost per annual ton is basically limited by the
capacity which corresponds to the annual production capacity
of the largest single furnace. Exceeding this capacity limi-
tation, economies of scale may exist only in auxiliary faci-
lities, mainly in material handling equipment. However, dis-
economies of scale may also occur at the same time due to
organizational problems or maintenance troubles. This limi-
tation is the reason why the EF process is applied only to
smaller scale operations, despite the fact that the capital
expenditure of the EF process is always substantially smaller
than that of the BF-BOF route, regardless of the production
capacity.

Several interesting results appear in recent articles
comparing the cost of the EF process and the BF-BOF route at
annual capacities of 2 million tons and 3.6 million tons
(Schneider 1974, Pitt 1973) The competitiveness of the EF

process with the BF-BOF route is demonstrated at these
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Figure 2  Cupital Cost Curves, the il process vs. the Bi-BOF process
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capacities. Cost reductions of larger-scale operations of

the EF process are attributable to the increasing size of

the furnace, coupled with the ultra high powered operation.

'By intensifying the energy inputs, reductions of melting and
refining time are experienced. 1In Japan, for example, tap-to-
tap time of about 110 min. at present compares favorably with
262 min. and 320 min., ten and fifteen years ago, respectively
(the Iron and Steel Institute of Japan [ISIJ] 1975, p. 535)
Consequently, the productivity has increased significantly.
The output of the largest EF in the world was only 40 tons

per hour in 1965. Currently, the largest EF can produce more
than 100 tons per hour (Barnes 1974).

If larger electric furnaces are developed or if the tap-
to-tap time is further reduced, an extension of scale economy
range or the downward shift of the cost curve of Figure 2
occurs. In either case, further capital savings by the EF
process over the BF-BOF route are possible and, at the same
time, potential of much larger-scale EF operation is explored.

The above discussion is based on the assumption that
the largest single furnace corresponding to the desired
capacity is always chosen. However, this choice is not
necessarily economical. The concept of the mini-mill demon-

strates such an example.
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The Mini-Mill: "The mini-mill is a non-integrated

steel mill defined by the range of 40,000 to 300,000 annual
tons capacity of carbon steel" (Goldblatt 1974).

The mini-mill utilizes locally available scrap or pre-
reduced ore for its raw material, and mainly produces hot
rolled bar and rods that can be delivered to the local market.
The advantages of the mini-mill compared with the integrated
steel plant are various: There are smaller capital require-
ments, ability to serve local market promptly, close contact
with the customer, freight and inventory savings, and se-
curity of resources through decentralization (Miller 1970,
Shrikant 1974, Kuhl 1972, Kotsch 1971).

Although the steel production by mini-mills is minor
as compared with that of integrated steelplants, the share
of the mini-mill in the total EF production is significant
(7 million tons or 6.5 percent of the total crude steel pro-
duction and 37 percent of the total EF production, in the
U.S.A. in 1971 [Kotsch 1971])

The function of the mini-mill should be supplementary,
covering the disadvantages of the integrated steelplant.

The disadvantages of the larger-scale plant are the converse
of the advantages of the mini-mill. The locational factor,
mainly the delivery of products to the markets, is one
problem inherent in the large-scale plant. Another problem
is the vast capital requirement which amounts to hundreds

of millions of dollars (Barnes 1974).



T-1803 16

The first problem is a great concern for those countries
with no waterway, which is the cheapest way to haul the
products or raw materials. The solution of such a problem
is yet to be found. This problem may cause the increasing
shipments of semi-finished products domestically or inter-
nationally, resulting in the savings of freight and an in-
crease of flexibility in production mix.

In this context, it is interesting to note that increasing
production by the mini-mills is forecasted in the U.S.A.
where locally available scrap is abundant (Miller 1970)

On the other hand, the locational polarization of large-
scale steel plants, concentrating on the coastal area, is
predicted for the EEC countries, subject to the increased
movements of semi-finished products (Barnes 1974).

Flexibility of Production: In the case of the EF pro-

cess, gradual expansion of the capacity with shorter start-
up period is possible. This flexibility arises from the
simpler configuration of the EF process as compared to the
BF-BOF route.

The construction of the latter route, including the
auxiliary facilities, takes at least 3 to 4 years (Schneider
1974). Such a difference of start-up periods causes dif-
ferences in the discounted rate of return of investment
(DCF-ROR) even under the condition of the same annual cash

flows.
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Figure 3. illustrates the effects of start-up periods
on the DCF-ROR. Supposing that the start-up period of the
EF process requires 2 years whereas that of the BF-BOF route
requires 4 years, about a 3 percent difference of DCF-ROR

‘arises in favor of the EF process.

Raw Materials: The flexibility of the EF operation is
also attributable to its simple input mix of raw materials.
These raw materials, mainly scrap, do not require as exten-
sive pretreatment as does iron ore or coking coal. This
‘advantage, however, is accompanied by the disadvantage of
the uncertainty of scrap supply.

As for the cost composition of steelmaking, raw materials
account for a largeproportion of the total cost. Quoting
from the Schneider's cost estimation (1974), the total cost
per ton of liquid steel is estimated at $79 for the EF process
and $86 for the BF-BOF process. In the former case, the
cost of scrap per ton of liquid steel is $53 or 67 percent
of the total cost, and in the latter case, that of iron ore
and coke combined costs $39 or 46 percent.

The market price of scrap is much more volatile than
that of iron ore or coking coal. An increase of 15 percent
to 20 percent in the price of scrap will easily reverse the
cost advantage of the EF process over the BF-BOF route. As

far as the process sensitivity to raw material costs is
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Fisure 3 affects of Start-up Period on DC™-ROR
DCF-ROR
Production : 20 years
Cash flow : 20% of total investment
outlay per year throughout
20 years' production
Initial investment : Uniform
outlay during the
start-up period
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concerned, the BF-BOF route is in a better position than

the EF process. The prices of iron ore and coking coal are
relatively stable because of long-term contracts or because

of captive mine operations. However, they are not completely
free from fluctuations and regional variances. The increasing
percentage of imported raw materials in steel producing
countries involves many uncertainties, such as the devalua-
tion or revaluation of the currency (1) and the fluctuation

of freight rates, both for ocean transportation and for

inland transportation.

In this context, the economics of both the BOF and EF
processes are greatly susceptible to changes in price and
availability of raw materials.

Summarizing the major economic factors of both the BOF
(the BF-BOF route) and the EF processes, it is noted that
the application of the EF process was limited to small-scale
production only. The improvement of the EF productivity
resulting from the enlargement of furnace size and from the

UHP operation is expanding the areas of the EF application.

(1) For example, following the devaluation of the U.S. dollar
in 1973, long-term contract prices between Japanese steel
mills and foreign ore producers were revised. The re-
sulting increases of price were about 13 percent for
Indian iron ore and 15 percent for both Australian and
Brazilian iron ore (Mineral Year Book; Iron Ore 1973
USBM) .
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Of course, the mini-mill will continue to enjoy decentrali-
zation, while the large-scale intecrated steel plant will
still enjoy economies of scale. On the other hand, the EF
process can compete with the BF-BOF route in the medium range
‘0of production, say from one to three million tons per year.
The choice of these two alternative processes depends
upon the environment in which the individual steel plant is
located. The main criteria to be considered are the avail-
ability of raw materials and capital, and the nature of market.
Apart from this micro-level environment, the question
is asked if there are any constraints that will affect the
total steelmaking system of a country or a region. These
constraints do not refer to those which are faced by indivi-
dual steel plants, but to those which are confronted at ’the

macro-regional level.



T-1803

CHAPTER III. SCRAP CONSTRAINTS ON STEELMAKING PRACTICES

The nature .0of scrap resources differs from that of

natural resources in many aspects, some of which are listed

below:

1)

2)

3)

The generation of scrap is related to steel production
and consumption in a country or a region, whereas the
occurrence of natural resources is random.

Scrap resources are not so abundant as natural re-
sources. For example, the scrap resources of the
U.S.A., the country with the largest scrap potential,
are estimated at 750 million short tons (The Institute
of Scrap Iron and Steel, Inc., [ISIS] 1972). Although
these scrap resources are renewable, their quantity

is still modest as compared with 782,000 million tons
of world iron ore resources (The United Nations;
Economic Commission for Europe [UN;ECE] 1968).

The international mobility of scrap is more limited
than that of iron ore or coking coal. The largest
scrap exporter is the U.S.A., with exports not
exceeding 10 million tons per year (UN;ECE 1974)

This exported quantity is much smaller than exports

21
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of the largest single iron ore mine in Australia
or in Brazil.

The EF process is dependent on scrap for a large pro-
portion of its steelmaking material. 1In this context, the
hypothesis to be tested is that scrap availability will set
the constraints on the expansion of the EF production at the
macro-regional level. Of course, scrap availability may not
be the only factor that determines the share of the EF pro-
duction, but among many factors, scrap availability will
still be one of the most important considerations.

Prereduced ore can substitute for scrap in the EF steel-
making. It is, however, assumed that scrap is the only
material for the EF process, so as to isolate the effects
of scrap on the EF process. In addition, the usage of pre-
reduced ore is, and will be, insignifibant. The production
capacity of prereduced ore, as of December 1974, is 4.7

million tons per year in the world (Iron and Steel Engineer,

January 1975). This production capacity may increase to
42.7 million tons per year, if new capacities under projects
to be commissioned by 1980 are included. However, less
developed countries will still account for 65 percent of the
world total. The EEC countries, the U.K., the U.S.A., and
Japan will only produce 0.9 million tons of prereduced ore
(or 2 percent of the world total),l.l million tons (2.5
percent), 1.8 million tons (4 percent), and 1.0 million tons

(2.2 percent), respectively (Ibid. 1975)
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Scrap Generation

Origins of Scrap: Figure 4. illustrates scrap flow§h

The scrap is classified according to the origin of genera-
tion. Although scrap classifications are consistent through-
out the world, the terminology used varies (1) Using the
United Nations' terminology, we have circulating scrap,
process scrap, and capital scrap. Both process and capital
scrap are called bought scrap, as against own scrap (or cir-
culating scrap)

Circulating scrap is the scrap which is generated in
steel mills or in iron foundries during ironmaking, steel-
making, and rolling operations. Major proportions of cir-
culating scrap come from slabbing, rolling, and finishing
operations. Yield rate of finished steel products measures
the ratio between the input of crude steel for further pro-
cessing and the output of finished steel products. In this
context, the complement of yield rate is synonymous to cir-
cularing scrap rate. Other circulating scrap includes blast
furnace scale, ingot croppings, and bad ingots. Obsolete
equipment such as rolling and ingot mold to be replaced,

are also sources of circulating scrap.

(1) Circulating scrap is also called internal scrap, home
scrap, or revert scrap. Similarly, process scrap is also
termed prompt scrap or industrial scrap. Finally, capital
scrap is also called obsolete scrap or reclaimed scrap.
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Ficure 4 Origins of Scrap
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The main factors that influence the yield rate of fin-
ished steel products are the degree of application of con-
tinuous casting processes, and the percentage of flat rolled
products in total finished product mixes (the more finishings
are required, the lower the yield rate).

The circulating scrap rate varies from one country to
another, reflecting the differences of the above factors:
in 1973, this rate was 23 percent in the EEC countries, 30
percent in the U.K., 34 percent in the U.S.A., and 17 percent
in Japan (1972) (see Appendix A: Statistical data, Table A-5).

The continuous casting process can improve yield rate
by more than 10 percent as compared with the conventional
ingot-to-slab casting method (ISIJ 1975, p. 539; ISIS 1972,

p. 61, p. 141). Although the estimated percentage of the
crude steel processed by the continuous casting process was
still small (about 15 percent in the world in 1973), a sig-
nificant expansion of this process is expected in the future
because of the various advantages (in addition to the improve-
ment of yield rate) over the conventional method (1) (ISIJ

1975, p. 537).

(1) 1. saving of space-1/3 of the conventional method,
2. saving of the transportation process between crude
steel production and slabbing,
3. saving of energy, 2-4% of the total energy require-
ment of finished steel production, and
4. improvement of billet quality.
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Improvement of the yield rate will reduce the genera-
tion of circulating scrap and, in turn, will increase the
reliance on bought scrap if the same amount of scrap con-
tinues to be required for steelmaking.

Regarding the quality of circulating scrap, its known
and usually high quality make it desirable as steelmaking
input compared with bought scrap.

Process scrap arises during the transformation of steel

products into the manufactured products in the various steel-
using industries. The amount of the cumulative process scrap
is a function of the steel consumption of a country. At any
specific level of steel consumption, one variable is the
sector patterns of steel consuming industries. Scrap genera-
tion rate varies from one industry to another, depending on
the activities involved. For example, the scrap generation
rate is as high as 27.5 percent in the motor vehicle industry,
and as low as 6.0 percent in construction engineering (The
United Nations; ECE 1971, p. 74). Generally, the heavy in-
dustries such as shipbuilding, electrical machinery, and
motor vehicles, yield more scrap than the extractive or con-
structional industries.

The average generation rate of process scrap, for the
country's entire industry, is estimated at 16 percent of
steel consumption for the industrialized countries, including

the countries studied in this thesis (Ibid. p. 95-96).
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Process scrap is comparable with circulating scrap. in
its quality and its flow. Homogeneous and known quality in
each factory level make it easier for the scrap processors
to handle process scrap. Consequently, the flow back to the
steel plant is constant and smooth.

Capital scrap is derived from the obsolete manufactured

goods, .such as railway equipment, ships, motor cars, and
various household appliances.

Not all of these obsolete products are recycled because
of the heterogeneous quality of the obsolete steel products.
Extensive processing is required before capital scrap is put
into the market. The degree of processing required depends
on the quality of the obsolete products, and the operations
involve cutting or fragmentation, removal of impurities, and
sorting and compressing. The costs associated with these
operations are high and the productivities are low (1) In
addition to the processing cost, collecting and delivery costs
are always incurred. Thus, certain quantities of the obsolete
products will fail to be recycled economically, depending
on their geographical distribution, their qualities, and

their market price.

(1) In the typical auto shredder in the U.S.A., for example,
the operational cost is about $12.50 per ton of scrap
with the production of 30-40 tons per hour (ISIS 1972,
p. 197).
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The potential supply of capital scrap is related to
past steel consumption and the life cycle of steel products.
The old steel-producing countries, such as the U.K. and the
U.S.A., have a large amount of steel stocks accumulated
during the years. Necessarily, a substantial amount of ob-
solete products comes out of use every year.

Estimation of the Scrap Generation: The basic statis-

tics on the production of process and capital scrap are non-
existent in almost all the countries concerned. Scrap con-
sumption in the steel industry and iron foundries is the
only available statistics. Even in these statistics, the
scrap consumed is only classified into two categories, cir-
culating scrap and bought scrap (1) Therefore, the respec-
tive data on process scrap and capital scrap are not avail-
able at all. Fortunately, an estimate conducted by the
United Nations (2) is available, and it covers the countries
studied in this thesis.

The estimate of the United Nations covers total scrap
generation, not only for steel industries, but for iron

foundries, re-rolling, and other miscellaneous industries.

(1) In the United Nations' statistics, circulating scrap is
referred to as scrap arisings, and bought scrap as net
receipt.

(2) The United Nations; Economic Commission for Europe (UN; ECE)

"Problems Relating to Iron and Steel Scrap", 1971.
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The lqttér industry groups are not within the scope of this
thesis. However, the purpose of this section is to see ;he
magnitude of each scrap flow. The steel industry is, by far,
the largest scrap consumer, accounting for 80 to 85 percent
of the total scrap consumption in all of the countries under
study.

Figure 5 and Table 1 summarize the results of the esti-
mate. Each scrap quantity is expressed in Kilograms (Kgs)
per ton of crude steel production, indicating how many Kgs
of scrap are generated (or available) to produce a ton of
crude steel.

The quantity of circulating scrap is an actual amount
of generation. Regarding the breakdown of bought scrap into
process and capital scrap, the critical rate is the process
scrap generation rate. This rate is the weighted average
of the generation rate in various industries in a country.
This average rate is applied to the finished steel consump-
tion of a country, giving the amount of process scrap. The
amount of capital scrap is derived by subtracting process
scrap from the total receipt of bought scrap in steel industry

and iron foundries (receipt of scrap-shipment+net export).
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Mgure 5 Scrap Generation
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TABLE 1
Estimated Scrap Generation
(Kgs)
"EEC U.K. ‘U.S5.A. Japan
Circulating
Scrap 263 353 401 . 204
Total
Receipt 178 444 358 197
Process
Scrap 102 102 138 97
Process Scrap
Generation
Rate % 16 16 16 16
Capital Scrap 76 342 220 100
Total
Generation 441 797 759 401
Net Export (-)20 +22 +56 (-)58
Ratio of
Circulating
Scrap % 60 44 53 51

Remark: Average of 1968-69

Sources: The United Nations: Economic Commission for Europe
"Problems Relating to Iron and Steel Scrap", 1971,
p. 81-82.
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According to the United Nations study, there are great
regional variations in scrap generation. In total scrap
generation, the U.K. and the U.S.A. show quite large amounts
of 800 and 760 Kgs per ton of crude steel production, res-
‘pectively. The EEC countries and Japan show much smaller
amounts of 440 Kgs and 400 Kgs, respectively. Bearing in
mind that these quantities are total scrap generation, in-
cluding iron foundries and other industry, it is assumed
that available amounts to the steel industries may be about
‘80 percent of these quantities. Then, the amount available
for steelmaking would be 610 Kgs in the U.S.A. and 640 Kgs
in the U.K. This implies that more than 50 percent of the
ferrous raw materials can be obtained from scrap in both the
U.S.A. and the U.K.

It is beyond the scope of this thesis to investigate
the causes of these regional variances. It is, however,
worthwhile to note that total scrap generation within a
country is stable in the long run, and is inherent in the
environment of scrap generation of that country (UN; ECE
1971, p. 81-82).

Scrap Generation as a Function of Steel Production:

Scrap generation is related to steel production. The effect
of steel production on scrap generation decreases from cir-

culating scrap, to process scrap, and finally to capital
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scrap; that is to say, the generation of circulating scrap
is most affected by the level of steel production, and that
of capital scrap is least affected by the same.

Figure 5 illustrates that many variables come into
play as the flow of steel descends from steelmaking to
obsolete steel products. The relations should be even more
complex as more variables, including time lags, are involved.

If we limit this relation of scrap generation and steel
production to that of scrap generation and current steel
production, capital scrap generation becomes almost autono-
mous. While the amount of circulating scrap is directly
related to current steel production through only the variable
of yield rate, that of process scrap is determined indirectly
from the process scrap generation rate and finished steel
consumption. In the sense that the consumption of steel
is closely related to the production of it, the generation
of process scrap is still influenced by crude steel produc-
tion. On the other hand, the potential supply of capital
scrap is only related to past steel consumption, and thus,
current steel production has little relationship to the
generation of capital scrap.

From the above discussion, it is clear that the genera-
tion of capital scrap is fixed -~ regardless of the increase

or decrease of current steel output - whereas the generation



T-1803 34

of circulating and process scrap keeps pace with the fluc-
tuvation of current steel production. This is because the
generation of circulating or process scrap is correlated to
crude steel production by a yield rate or by a process scrap
generation rate, and both rates are relatively stable in the
long run (1).

In view of the availability of capital scrap to current
steel production, an important factor is the growth rate of
steel production. Capital scrap consists of steel produced
during past years. If the growth of steel production is
rapid, the difference between past and current level of steel
production becomes large. In such a case, the amount of
steel which was produced during past years and comes out
of use currently becomes small relative to current level
of steel production. Of course, not every ton of steel (pro-
duced during past year) can be recoverable; some proportion
has been withdrawn as circulating and process scrap in pro-
cessing steel into manufactured goods, some proportion has
been lost due to product size or usage, corrosion, and abra-

sion, and finally some proportion has been exported as steel

(1) The generation rate of process scrap is stable because
the industrial structure of a country cannot be changed
rapidly.

The stability of the circulating scrap rate is evident
from the statistical data in Appendix A, Table A-5.
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products or manufactured goods. Other things being equal,
however, the potential availability of capital scrap (ex-
pressed in Kgs per ton of current steel production) becomes
small if the growth rate of steel production is high, and
vice versa.

Given a growth rate of a country, an approximate poten-
tial of capital scrap availability of that country can be
estimated (1)

During the past 20 years, the average (annual) growth

rates of our selected countries and region are about 6 percent

(1) The potential capital scrap, expressed in Kgs per ton of
current steel production, is

1/(1+x)1  Pr(i)
1

Q.
i

[~ =]

where "r" is the growth rate of steel production during
past "n" years, Pr(i) is the probability of steel products'
being scrapped in "i" year (IPr(i)=1l), and "Q" is the
recoverable percentage of steel produced during past
years.

"Q" is estimated 47%, 45%, 53% and 44% in the EEC, in

the U.K., in the U.S.A., and in Japan, respectively.
"Pr(i)" is assumed a uniform distribution, with random
variable "i" changing from 1 to 36 years (average 18 years)

See Appendix B for full details of the above.



T-1803 36

in the EEC, about 2 percent both in the U.K. and in the
U.S.A., and about 15 percent in Japan. The calculated po-
tentials of capital scrap with these growth rates are 200 Kgs
in the EEC, 310 Kgs in the U.K., 420 Kgs in the U.S.A., and
85 Kgs in Japan. At the same time, the change of the growth
rate within a country or region brings about the change of
‘thevpotential of capital scrap availability. The growth rate
of Japan is expected to decrease from above 15 percent to 5

.percent per year during the next decade (Iron and Steel

,Engineer,January 1975, p. D2). By the end of the next decade,
‘the potential availability of capital scrap will increase

by about 70 percent (or 60 Kgs) from the current level. The
same thing is true with the EEC area: The expected growth
rate of about 3.2 percent in that region (Ibid p. D2) will
increase the potential by 20 percent (or 40 Kgs) from the
current level.

It is emphasized that every recoverable amount of obso-
lete steel products (the potential capital scrap) is not
recycled as capital scrap. In this context, the calculated
potential of capital scrap is compared with the estimated
production of capital scrap, so as to obtain the recycling
rate of the potential capital scrap. This estimated recycling
rate is bound to be a rough approximation because the actual
production of capital scrap (which consists only of steel

products) 1is not available. The recycling rates are estimated
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at 30 percent in the EEC, 90 percent in the U.K., 40 percent
in the U.S.A., and 90 percent in Japan (l1). The recycling
rates in the U.K. and in Japan are much higher than in the
EEC and in the U.S.A. In other words, the EEC and the U.S.A.
séem to have a large potential to improve the recycling

rate, as compared with U.K. and Japan. In the former coun-
tries, 10 to 20 percent improvement of their recycling rates
will result in about 50 Kgs of increased capital scrap avail-
ability (see Appendix B)

Future Trends of Scrap Generation: Two important factors

influence future scrap generation. One factor is the effect
of the continuous casting process on the circulating scrap
rate. Another is the increasing environmental concern over
ferrous waste disposal.

As for the former factor, the ISIS study (1972) predicts
that an increased requirement of bought scrap will be brought
about by the decrease of the circulating scrap rate. Such
an additional requirement of bought scrap is estimated at
about 15 percent of the current level of bought scrap con-
sumption (or 50 Kgs per ton of crude steel production) if

the continuous casting process is fully applied.

(1) The recycling rate in the U.K. and in Japan may be too
high to be justified. The attention should be directed
to the relative percentage among countries rather than
the absolute percentage of each country.
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The same study investigates the details of ferrous
waste disposal. Ferrous waste mainly consists of obsolete
steel products. A small amount of process scrap which is
not recycled is also included in ferrous waste. The conclu-
sion of the study is that "about 60 percent of the new supply
each year" of ferrous waste is recycled (ISIS 1972, p. 113)
In other words, 40 percent of the waste is not recycled and
accumulated as discarded waste (l1). The problem is the accu-
mulation of such waste in most of the developed countries.
The environmental concern over waste disposal highlights
problems of recycling. In discussing the current situation
in the U.S.A., the ISIS study pointed out that there are
apparent discriminatory restrictions on ferrous waste re-
cycling. These restrictions are, for example, the depletion
allowance for iron ore, and the export quota system on scrap
(ISIS 1972, p. 1-10). Such restrictions may not be removed
i&ﬁediately. However, it seems apparent that the movement
is toward encouraging widespread recycling. The changes in
current legislation, including a tax incentive for recycling.
and restrictions on waste disposal, will increase the amount
of capital scrap. At the same time, increased research and
development induced by environmental concerns may bring about
the new technology necessary to process and utilize sub-

marginal capital scrap.

(1) The recycling rate of the ISIS study is the percentage of
the total potential of bought scrap (process scrap and
capital scrap).
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Scrap Consumption in Steelmaking

Pig-iron and scrap are two main materials for steel-
making. The actual input mixes differ, depending on the

type of furnace in use. In addition to the furnace type,

there exist regional variances of the mixes for each furnace.
The most important factor is "the pig-iron to scrap
rate" in the total steel production of a country or a region.
The share of scrap was quite stable in most of the countries
during the period 1965 to 1973. This share stabilizes it-
self around 37 percent in the EEC countries, 49 percent in
U.K., and 45 percent in the U.S.A. Although the rate in
Japan fluctuates more widely than in the above countries,
it seems to be around 32-35 percent, with only few excep-
tions (Appendix A: statistical data, Table A-4) These
stable rates are significant, particularly remembering
that steelmaking processes have gone through considerable
changes during the same period. This implies that the addi-
tional scrap consumption of the BOF and the EF gradually
absorbed the excess scrap which arose from the decreasing
consumption in the OH and the converter-type furnaces. Such
shift of scrap consumption is clearly seen in every country.
In the EEC countries, for example, the converter-type fur-
naces reduced their specific scrap consumption (expressed
in Kgs per ton of the total regional or national crude steel

output) from 43 Kgs to 14 Kgs during the period, as did the
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OH furnaces (from 207 Kgs to 94 Kgs). The combined reduc-
tion was 142 Kgs. This almost corresponds to the increased
total consumption of 26 Kgs (from 116 Kgs to 142 Kgs) in the
EF and 110 Kgs (from 44 Kgs to 154 Kgs) in the BOF process
(Appendix A; Table A-4).

These stable rates can be explained by the mechanism of
scrap generation. The requirement of scrap in steelmaking
is covered largely by circulating and process scrap. Par-
ticularly, circulating scrap accounts for more than 50 percent
of the total consumption (see Table 1 on page 31). If we
assume that the ratio of process scrap and that of capital
scrap is 50-50 percent in total bought scrap consumption, the
dependence on capital scrap, which is relatively autonomous
to steel production, is no more than one quarter of the total
consumption.

Supposing that the supply of capital scrap also keeps
pace with the expansion of steel production in the long-term,
there exists no factor that will change the share of scrap
in total consumption.

However, the share of total scrap (or "the pig-iron
to scrap rate”) differs from one country to another. This
rate is as high as 49 percent in U.K., and as low as 32-35
percent in Japan. Bearing the stability of this percentage

in mind, it is justified to say that the share of scrap is
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inherent to each country in terms of the environment of

scrap generation. The changes of this rate could have occurred
as the share of each furnace changed. More precisely, the
replacement of the OH furnaces by the BOFs, of which scrap

mix is smaller than in the former furnaces, could have de-
creased the scrap share; or the replacement of the OH furnaces
by the EFs, of which scrap mix is larger than in the former
furnaces, could have increased scrap share.

However, the trends seem to indicate that steelmaking
practices have changed in such a way as not to alter the
share of scrap. This fact implies that the changes of steel-
-making practices have been carried out within the limits
of scrap availability, with every bit of scrap available
for steelmaking being utilized.

Apart from the share of scrap in total steelmaking, the
scrap percentage in the BOF furnace also differs from one
country to another. The average percentage of the BOF scrap
mix during the period 1970 to 1973 shows 22 percent in the
EEC countries, 26 percent in the U.K., 29 percent in the
U.S.A., and 16 percent in Japan (Appendix A, Table A-4)

The circulating scrap rate is the decisive factor which
determines the percentage of scrap to be mixed in the BOF.
Those countries with a higher circulating scrap rate show

a higher percentage of scrap mix, and vice versa.
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The EF is virtually charged with 100 percent scrap in
almost all the countries. In this regard, the usage of pre-

reduced ore is still insignificant.

Scrap Balance

In this section, we will see how the generation and con-
sumption of scrap balance is determined and how such a balance
will affect steelmaking practices.

The status of scrap balance (a surplus or a deficit of
a country's total balance) is quite controversial. In the
U.S.A., for instance, "ample supplies" has been the proclaimed
status by the scrap industry, whereas "greater and greater
'scarcities" has been the stated position of scrap consumers

(Journal of Metals, March 1974, p. 33).

An elaboration on such an argument is not necessary for
us, because the more important factor for our purpose is the
internal scrap balance within the steel industry, rather than
the total scrap balance of a country. As for the latter
balance, a simple assumption will be sufficient for our
purpose: both the U.K. and the U.S.A., net exporters of
scrap, have a surplus, while both the EEC and Japan,
net importers of scrap, have a deficit.

Internal Scrap Balance: The internal scrap balance 1is

the difference between the amount of circulating scrap gen-

erated in the steel industry and its total scrap consumption.
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In this context, the internal scrap balance measures the
bought scrap requirement of the steel industry.

Table 2 summarizes the internal scrap balance of each
country or region in 1973. The quantities in the table are
expressed in Kgs per ton of the total crude steel production
in a country or a region. For example, the output of each
furnace is divided by the total crude steel production, so
that the combined production of all the furnaces in use (ex-
pressed in Kgs per ton) amounts to 1,000 Kgs. In other words,
the production quantity of each furnace in the table indi-
cates the share of each furnace (of the country's total
steelmaking capacity) in producing a ton of crude steel.

The table shows that the consumption and generation of
the BOF scrap balance each other internally, whereas the
internal balance of both the EF process and the OH furnace
shows a deficit.

As for the scrap balance of the BOF furnace, the inter-
esting point is that the amount of circulating scrap avail-
able is large in the U.K. and in the U.S.A., and, thus, the.
BOF scrap percentage is high. However, a surplus of scrap
still exists even at the higher percentage of the BOF scrap.
Such a surplus of the BOF scrap balance averaged 13 Kgs per
year in the U.S.A. during the period 1965 to 1973, and

7 Kgs per year in the U.K. during the same period (calculated
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from Tables A-4 and A-5 in Appendix A) This implies that
in the abuve countries the BOF scrap percentages are close
to the maximum rates which are technically or economically
feasible.

Contrary trends can be seen in the EEC countries and in
Japan, where both the circulating scrap rate and the BOF
scrap percentage are lower, and, still, a deficit persists.
Bearing in mind that the deficit persists in the BOF scrap
balance as well as in the total balance of scrap in a country
or a region, it can be said that the increase of scrap per-
centage in the BOF is constrained by the shortage of scrap.
This constraint will restrict the expansion of the EF share
as well. The shift of production capacity from the OH
furnace to the BOF furnace will be, therefore, favored at
the expense of the EF in order to reduce the total deficit
at the minimum level in these countries.

In the U.K. and the U.S.A., there seems to be a surplus
of total scrap availability. The potential is that the EF
process can absorb such a surplus as well as the fractions
which are consumed in the OH furnace or in the converter-
type furnaces. Of course, the BOF can be in a position to
accept more scrap if the constraint of the maximum scrap
(percentage) mix is released. Summarizing the above discus-

sion, Table 3 shows the relations of scrap availability and

steelmaking practices in our selected geographical areas.
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TABLE 3

Interactions Between Scrap Balance and Steelmaking Practices

The U.K., U.S.A. The EEC, Japan

Total scrap balance surplus deficit

The BOF scrap percentage high low

Potential of additional restricted restricted

BOF scrap consumption by the maximum by the scrap
percentage mix availability

Potential of EF less limited limited

production expansion

Bought Scrap Requirement: Three basic variables in

determining the bought scrap requirement are listed below.

1) Circulating scrap rate (yield rate)

2) Production share of each furnace

3) Percentage of scrap mix in each furnace.
The above is easy to understand, considering that the bought
scrap requirement is synonymous with the internal scrap balance
which is determined by total scrap consumption in steelmaking
and by the amount of circulating scrap available.

Total scrap consumption is, in turn, determined by 2)
and 3).

Algebraically, the amount of circulating scrap available

for a furnace is

(output of furnace) x (circulating scrap rate(%))......(1)
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The scrap consumption of the furnace is
(output of furnace/recovery of furnace) x

(furnace scrap MiX (%)) . ceee e coe o sosse oo . @ (2)

Therefore, the bought scrap requirement of the furnace
is derived by subtracting equation (1) from equation (2)
Assuming that the recovery of the furnace is 100 percent,
the bought scrap requirement of the furnace is expressed by
the following equation:

Bought scrap requirement = (output cof furnace) x
(furnace scrap mix(%) - circulating scrap rate (%))

If we assume that the BOF and the EF replace completely
the OH furnace and the converter-type furnaces, the total
bought scrap requirement in steelmaking is expressed by the
following equation.

Total bought scrap requirement =

the BOF share x (the BOF scrap mix(%) - circulating

scrap rate(%)) + the EF share x (the EF scrap mix(%) -

circulating scrap rate (%)) .. ceeceesccencsccsaas(3)
where the total bought scrap requirement, the BOF share, and
the EF share are expressed in Kgs per ton of crude steel pro-
duction.

In the above equation, the total bought scrap requirement

is determined by the following variables:
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1) The share of the BOF (or the share of the EF)

2) The relation between the BOF scrap mix and circulating

scrap rate.

3) The relation between the EF scrap mix and circulating

scrap rate.

Concerning Item 2), we note that the BOF scrap mix is
affected by the circulating scrap rate, and the circulating
scrap rate is expected to decrease because of the applica-
tion of the continuous casting process. 1In this context,
we may have two possible cases in the future.

Case A) The BOF scrap percentage and circulating scrap
rate continue to balance each other, resulting
in the decrease of the BOF scrap percentage.

In this case, no bought scrap is required for
the BOF.

Case B) The BOF scrap percentage stays at the current
level, while the circulating scrap rate decreases.
In this case, additional bought scrap is
required for the BOF.

The latter case may be the most possible case in the U.K.
and the U.S.A. where the potential supply of bought scrap
(capital scrap) is large. The former case will be applied
to Japan, and, to some extent, to the EEC countries, because
these countries are more or less suffering from a scrap

shortage.
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As for item 3), the only variable is prereduced ore
used in the EF process. The assumption is that we do not
consider prereduced ore yet. It is clear that the increased
usage of prereduced ore will reduce bought scrap requirements.

On the other hand, item 1) is the most important factor
for our purpose. The EF process has relied on bought scrap
for a large proportion of its scrap requirement, whereas most
of the BOF scrap requirements can be covered by circulating
scrap. In this context, the EF sharé in the future can be

estimated in terms of the availability of bought scrap.

The Future EF Share

Applying equation (3), as presented in the previous section,
the relation between the EF share and the bought scrap re-
quirement is estimated (Figure 6) In Figure 6, the EF share
in total steel production of a country or region is expressed
in a linear function of the bought scrap requirement (1) Y
axis shows the estimated EF share whereas X axis shows the
increase (or decrease) of bought scrap requirement from the
current level (with an origin indicating the current level

of bought scrap availability of each country or region)

(1) The. EF share A x (bought scrap requirement) + B

where A 0.9/(1.0-the BOF scrap mix (%)) and

B

A x (circulating scrap rate (%) - the
BOF scrap mix (%))
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The following assumptions are included in the esti-

mation:

1) The BOF and the EF will be the only two steelmaking
processes in the future.

2) No bought scrap is required for the BOF process.

3) Scrap currently used for purposes other than
steelmaking (e.g., the BF scrap or scrap for re-
rolling) will become available for the EF process.

4) The EF scrap percentage is 100 percent.

5) The recovery of both furnaces is 90 percent.

6) The average rates during the period 1970 to 1973
are applied to the estimation, concerning both
circulating and bought scrap (1)

From these assumptions, it can be concluded that the future
share of the EF process estimated is the maximum possible
share at the current level of bought scrap availability.

The estimated share varies from one country to another,

reflecting the difference of bought scrap availability in
each country or region. Table 4 compares the estimated share

with the actual share of each furnace in 1973. The U.K.

(1) Circulating scrap rate; 231 Kgs, 296 Kgs, 349 Kgs,
and 178 Kgs (per ton of crude steel production) in
the EEC countries, the U.K., the U.S.A., and Japan,
respectively.

Bought scrap rate; see Figure 6.
(Both rates are calculated from Table A-5, A-6 in
Appendix A).




T-1803 52

and the U.S.A. show the larger potential of EF produc-

tion increase. For example, 14.5 percent increase of the
EF share in the U.K. is equivalent to about 4 million tons
of EF production increase, calculated from the current
level of crude steel production; the 10.8 percent increase
of the same in the U.S.A. is equivalent to about 15 million

tons of EF production increase under the same conditions.

TABLE 4

Estimated Share of the EF Process (%)

‘EEC U.K. U.S.A. Japan

The estimated BOF 78.8 65.6 71.0 80.8

share EF 21.2 34.4 29.0 19.2
The actual BOF 6l1.5 47.3 55.4 80.5
share in EF 14.2 19.9 18.2 17.9
1973 OH 13.3 31.7 26.4 1.5

Conv. 1l1.0 0.9 - -
The increase BOF 17.3 18.3 15.6 0.3
from the 1973 EF 7.0 14.5 10.8 1.2
share

Sources: Table A-3 in Appendix A and Figure 6.

Another aspect which must be noted is that those coun-
tries with the larger share of the OH furnace, have the
larger potential of EF production increase. This is
because the scrap consumed in the OH furnace becomes avail-
able for the EF process, as the former furnace is replaced

by the latter furnace or by the BOF.
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On the other hand, we note that the circulating scrap
rate is expected to decrease in the future. Under the cir-
cumstances, we will have two possible cases concerning the
relation between the circulating scrap rate and the BOF scrap
mix [(Case A) and (Case B) on page 48]. It is worthwhile to
see how the decrease of circulating scrap rate affects the
estimated EF shares. Table 5 summarizes the changes of the
EF shares, resulting from a decrease of circulating scrap
rate by 5 percent from the current level. (All the assump-
tions except 2) and 6) remain unchanged) As long as the
BOF scrap percentage and the circulating scrap rate balance
each other (Case A), this decrease of circulating scrap rate
does not affect the EF share significantly. This is quite
natural, considering that the EF process is less dependent
on circulating scrap availability. As for the Case B, a
substantial amount of bought scrap is required in order
to maintain the EF share at the maximum attainable level,
because of increased usage of bought scrap in the BOF process.

In any case, whether circulating scrap rate decreases
or stays at the current level, the availability of bought
scrap is an important factor in determining the growth of
EF production. Bearing in mind that the availability of
process scrap is fixed in terms of crude steel production,
the additional amount of bought scrap is only obtained from

capital scrap. It is remembered that the availability of
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TABLE 5

54

Effects of Circulating Scrap Rate on the EF Share

Case A) EEC UK Usa

Japan

Circulating
scrap rate (Kgs) 181 246 299

BOF scrap
usage (Kgs) 181 246 299

The estimated
EF share (%) 20.1 32.4 27.2

Decrease

of EF share

from the maximum ,

in Table 4 (%) 1.1 2.0 1.8

Additional

bought scrap

requirement to

maintain the EF

share of Table 4

(Kgs) 11 17 14

* % % % % *%

Case B)

Circulating scrap
rate (Kgs) 181 246 299

BOF scrap
usage (Kgs) 244 292 328

Estimated
EF share (%) 14.3 28.6 24.5

Decrease of

EF share from the

maximum in Table 4

(%) 6.9 5.8 4.5

Additional bought
scrap requirement to

maintain the EF share
of Table 4 (Kgs) 70 57 43

Sources: Based on equation (3) in page 47
and Table 2-3 in Appendix A.

128

128

18.2

1.0

10

128

178

53
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capital scrap can be increased by the improvement of recycling
rate (particularly in the EEC and in the U.S.A.) or by the
expected decrease of the growth rate of steel prcduction
(in Japan and in the EEC countries). In such cases, about
50 Kgs of additional capital scrap becomec available (see
page 37), resulting in the increase of 5 to 6 percent of
the EF share.
On the other hand, the EF share (or the BOF share) es-
timated is based on a broad assumption that the EF process
is economically as comparable to the BOF process. We noted,
however, that the prices of raw materials affect the com-
petitiveness of one process to another. If scrap price, in
the long run, is high as compared with the hot metal (pro-
ducing) cost, the EF process will be less competitive with
the BOF process, resulting in the decrease of the EF share.
The scrap price also affects the supply of capital scrap.
If the scrap price is high, the submarginal capital scrap
will be processed into the market and the availability of
bought scrap will increase. In such a case, the potential

for the expansion of the EF share becomes large.
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CHAPTER IV. THE VALUE OF SCRAP AS A STEELMAKING RAW MATERIAL

The EF process is the most economical and efficient
process to convert scrap into liquid steel, while the BF-
BOF route is the one to make liquid steel from iron ore.

In view of the total steel producing systems in a country,

the additional input of scrap into the EF process results

in the substitution of iron ore, energy, and capital. More
precisely, scrap substitutes for iron ore which could have
been used in the BF, if scrap was used in the EF process.

In addition, scrap substitutes for energy which has been
consumed for iron ore reduction, and, in the long run, sub-
stitutes for capital which has been invested in the ironmaking
process.

In this context, scrap value is measured by the various
values that are substituted for by the input of scrap into
the EF process. This scrap value is related to the optimum
scrap price for the EF process to remain as economical as
the BF-BOF route. Comparing this scrap value with the long-
term price trends of scrap market, we can see the possibility

of the EF output increase.
56
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Scrap Value Calculation

Assuming that the BF-BOF route and the EF process have
exactly equal total costs of producing a ton of liquid steel,
the scrap cost in the EF process must be equivalent to the
additional costs incurred in the BF-BOF route. These costs
are mainly the cost of iron ore, that of coke, and the capital
cost for the BF. Figure 7 illustrates the simplified rela-
tion between the scrap cost in the EF process and the various
costs in the BF-BOF route. The scrap cost (or value) con-
sists of these various costs that are substituted for by
scrap; at the same time, the scrap cost (or value) reflects
the marginal scrap price at which the EF process is compe-
titive with the BF-BOF route. (Total cost of the EF process
is assumed here to be equal to that of the BF-BOF route.)

The scrap value is variable, depending on the price of
energy, iron ore, and capital. More importantly, the scrap
value can be changed if the efficiency of each process changes;
for example, the reduction of energy consumption in the BF,
through the improvement of its thermal efficiency, will
reduce the energy cost in the BF-BOF route, resulting in
the decrease of scrap value.

It is estimated that a ton of scrap can substitute for
1.538 tons of iron ore, 1,375 Mcal of energy, and $24 of

capital cost per annual ton (see Appendix C).
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lelation Between Jcran Value and Marginal Scrap Price
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The details of the above calculations are included in
Appendix C. The basic method for this calculation is to
measure the difference in energy consumption, the iron
ore consumption, and the capital cost in both processes. For
example, total energy consumption per ton of liquid steel by
the BF-BOF route minus that of the EF process gives us the
energy value of scrap. Figures 8 to 10 show the scrap values
in terms of iron ore, energy, and capital at their respec-
tive prices.

By pulling these three values of scrap together, Table
6 shows the combined scrap value at the various iron ore
and energy prices. Costs other than these three items are
not included. It is, therefore, assumed that no substitu-
tions or no savings occur in the case of the costs other
than these three cost items. This is not an unrealistic
assumption, considering that these three costs combined
account for about 80 percent of the total cost in the BF-BOF
route and that the scrap cost and capital cost combined
account for a similar percentage of the total cost in the

EF process (Kuhl 1972, Schneider 1974).

Long Term Scrap Prices

The combined scrap value is estimated at about $45 per
ton, under the condition that iron ore (pel;ets or sinter)

is priced at $20 per ton delivered to mill, and that the
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Tirure 8 Iron Value of Scran
(per ton of scrap)

Iron value of

scrap( Y )
N
$40 &
30 T
20 T
c‘lo -
>

$10/ton $20 330 $40
Iron ore price

per ton ( X )
(Pellets or Sinter)

Sources : Apvendix C
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Merure 9 Energy Value of derap

(per ton of scrap)
inergy Value '

of serap ( Y )

B

Y= 1.375-X

0
% F
T

©

&

$1/1000ical 5 38 Inergy Price
(x)

Figure 10 Capital Value of Scran

(per ton of scrap)
Capital Value
of §crap
A

310t DCF-RO
% 4

+ /m

a

(not discpunted)

36

g

v

64 85 105 125 145 165 185 204 22 24%
UC~ROR or
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Jources : Appendix C
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Table 6

Scrap Value

(per ton of scrap)

62

e ;2/i222 63| s p s U6 a8
$10 per ton 224 26 27 28 30 31 32
315 2 |35 |5 | % |3 |3 |4
520 4) | 4 | 42 | 44 |45 |46 | 43
25 a | w | st |5 |s |55
330 55 | 56 |58 |59 |60 |62 |63
535 63 | 64 | 65 | 6T | 63 _69~' 71
340 0 172 |73 | T4 | T6 |TT |19
345 78 79 81 82 83 85 86
$50 8 | 87 |8 |90 |91 9;——. 94

Sources znd remarks (1) Based on figure 8, 9, and 10.

(2) Canital cost difference between the

ARR!
o

and the BF-BOF route is assumed at .j6
per ton.(at the enusl DCW-ROR of about
16 percent for both processes)

(3) Iron ore vrice is based on sinter or

pellets delivered to mill
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energy price is $6 per 1,000 Mcal (or equivalent to $42 per
ton of coke, converted at the coke's thermal value of 7,100
Mcal).

The October 1975 market price of $65 per ton of No. 1

heavy melting grade (American Metal Market; three-city com-

posite ©price) is substantially higher than the estimated
scrap value. If such a high price continues to prevail in
the future, the EF process cannot be operated economically

as compared with the BF-BOF route. Apart from the short-
term trend of scrap prices, Figure 11 illustrates thériong
term price trends during the past two decades in the U.S.A.
The fluctuations of the above price make it difficult to
isolate long-term trends. There was definitely a downward
trend of scrap prices during the period 1950 to 1972 (UN;

ECE 1972, p. 42, ISIS 1972, p. 314). This must be particu-
larly true if scrap prices are deflated in order to express
them in constant dollar values. One reason for this trend
was that the pig-iron intensive steelmaking process (the BF-BOF
route) became increasingly dominant during the above period.
In addition, the cost of producing hot metal continued to
decrease significantly, partly resulting from the improvement
of the BF technology and partly from the decrease of c.i.f.
iron ore prices (l). The scrap price was necessarily kept

lower, so as to remain competitive with hot metal.

(1) See page 65.
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It is noticeable that scrap prices during the period
1960 to 1972 were considerably lower than the $45 estimated
scrap value.

This fact implies that the decade of cheap scrap has
ended, and that scrap prices become higher, coupled with
the possible increase of energy price and that of iron ore
in the future. This trend becomes more realistic if we
consider that the efficiency of steelmaking cannot be im-
proved as greatly as it has during the last decade.

Summarizing the scrap value, the current price is un-
reasonably high following the exceptional price hikes in
1974; at the same time, it is discouraging the expansion of
EF production. The price level cannot remain as high as the
current one, nor will it resume the lower level which pre-
vailed during the period 1960 to 1972, however. This means
that the EF process can be economical as compared with the
BF-BOF route, even at the higher level of scrap price, partly
because of the increased prices of other raw materials and

partly because of the increased efficiency of the EF operation.

(1) During the period 1961 to 1971, the f.o.b. price of iron
ore was stable, averaging $8 per ton for the various
sources of Japanese import. However, the average ocean
freight rate has decreased from $6 per ton to $3.50
during the same period, resulting in the decrease of
c.i.f. price(f.o.b. price plus freight rate) from $14
to $11.50 (ISIJ 1975, p. 454)
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CHAPTER V. CONCLUSIONS

The purpose of this study has been to investigate the
interactions of ferrous scrap in various steelmaking processes.
The emphasis has been upon the relation between scrap and
the EF process. The advantages of the electric furnace (EF)
process, as compared with the blast furnace-basic oxygen
furnace (BF-BOF) route, are smaller capital requirement and
more flexibility in the finished products. In the past, the
EF process could be economically used only in small-scale
operations. The improvement in productivity, resulting
partly from the enlargement of furnace size and partly from
the ultra-high-power (UHP) operation, is expanding the mag-
nitude of EF applications. The EF process can now compete
with the BF-BOF route in the medium range of production capa-
city (from 1 million tons per year to 3 million tons), as
well as in small-scale operations. The future growth of the
EF production, however, depends greatly upon the availability
and price of scrap.

The generation of scrap is closely related to the level
of steel production. This is particularly true in the case
of circulating and process scrap, whose generation is

66
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correlated to the current level of steel production through
a relatively constant rate. This fact explains a stable
"pig-iron to scrap rate" in steelmaking, because the above
two kinds of scrap account for a large proportion of total
scrap consumption. The share of scrap in total steelmaking
stabilizes itself around 37 percent in the EEC countries;
49 percent in the U.K., 45 percent in the U.S.A., and 32-35
percent in Japan. This stability has not been disturbed

by the changes of steelmaking practices (replacement of the
open hearth furnace (OH) and the converter-type furnaces by
the BOF and the EF). Total steelmaking systems of a country
or region have been operating within the limit of scrap
availability, where every bit of scrap available for steel-
making has been utilized. The pattern of scrap consumption
is inherent in the environment of scrap generation.

In the U.K. and in the U.S.A., more than 50 percent of
ferrous raw materials can be potentially obtained from scrap.
In the above countries a large availability of scrap resources
favored the OH furnace steelmaking in the past. On the con-
trary tc these two countries, the EEC countries and Japan
show a greater share of the BOF process (smaller share of
the OH furnace) due to the limited availability ofkscrap.
The amount of scrap consumed in the past by the OH furnace

can become available to the EF steelmaking as the former
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furnace is replaced by the latter furnace or by the BOF.

In this context, the potential of the EF production growth
will be larger in the U.K. and in the U.S.A. than in the EEC
and Japan. Circulating scrap rate is the decisive factor
that affects the percentage of the BOF scrap mix. In every
country or region the percentage of the BOF scrap mix is
close to the circulating scrap rate, so that internal scrap
balance of the BOF steelmaking is maintained (no bought scrap
is required). Circulating scrap rate is expected to decrease
in the future due to an application of continuous casting
process. With a decreasing circulating scrap rate, whether
or not the internal scrap balance of the BOF scrap continues
to be maintained depends entirely upon the availability of
bought scrap.

Since the generation of process scrap is relatively
fixed in terms of steel production, the availability of
capital scrap determines that of bought scrap. Potential
capital scrap, expressed in Kgs per ton of crude steel pro-
duction, is estimated at 200 Kgs in the EEC area, 310 Kgs
in the U.K., 420 Kgs in the U.S.A., and 85 Kgs in Japan.
Comparing the estimated potential with the estimated level
of capital scrap production (60 Kgs in the EEC area, and
270 Kgs in the U.K., 180 Kgs in the U.S.A., and 80 Kgs in
Japan), there seems to be larger potential to improve the

recycling rate in the EEC countries and in the U.S.A. than
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in the U.K. and in Japan. Current environmental concern
over ferrous waste disposal may improve the recycling rate
of obsolete steel products, resulting in an increase of
capital scrap availability. As far as the availability
of capital scrap for steelmaking is concerned, an important
factor is the growth rate of steel production. The expected
slowdown of steel-production growth in the EEC region and
in Japan will increase the potential availability in the
long run. Such an increase is estimated at 20 percent of
the current level in the EEC region and 70 percent in Japan,
if the forecasted growth rate of 3.2 percent per year in
the EEC area and 5 percent in Japan persists for the next
decade.

Summarizing the above factors, the queries asked at
the beginning of this thesis can now be answered as follows:

1) The relation between the scrap availability

and the EF share

The future share of the EF production is estimated in
terms of bought scrap requirements (internal scrap balance).
At the current level of bought scrap availability (in terms
of crude steel production), the maximum share of the EF pro-
duction is limited to 21 percent in the EEC countries; 34
percent in the U.K., 29 percent in the U.S.A., and 19 percent

in Japan.
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A 5 percent decrease of circulating scrap rate will
not change the estimated shares significantly, as long as
the BOF scrap percentage and circulating scrap rate balance
each other - the decrease of the EF share is less than 2
percent in all the countries. However, if the BOF scrap
percentage stays at the current level (if the BOF internal
scrap balance is abandoned), this 5 percent decrease of cir-
culating scrap rate will reduce the estimated share of the
EF to 14 percent in the EEC area, 29 percent in the U.K.,
25 percent in the U.S.A., and 14 percent in Japan.

If we consider the expected increase of bought scrap
(capital scrap) availability, a further increase of about
5 to 6 percent in the EF share is possible in the EEC coun-
tries, in the U.S.A., and in Japan. This additional bought
scrap arises partly from the improvement of the recycling
rate (in the EEC area and the U.S.A.) and partly from the
slowdown of the growth rate of steel production (in the EEC
area- and Japan).

2. Optimum scrap price

The input of scrap into total steelmaking systems sub-
stitutes for about 1,540 tons of iron ore, 1,400 Mcal of
energy, and $24 of capital cost per annual ton. Values
substituted for by the input of scrap reflect an optimum
scrap price, at which the EF process is economically com-

parable to the BOF process. The optimum scrap price is $45



T-1803 71

per ton, assuming that the price of iron ore and energy is
$20 per ton delivered to mill and $é per 1,000 Mcal respec-
tively, and that the desired rate of return is 16 percent.
In the long run, this optimum scrap price changes according
to changes in the prices of other steelmaking raw materials,
and that of steelmaking efficiency. The current (1975) market-
price of scrap is higher than the estimated optimum price,
discouraging any growth of the EF steel production. 1In view
of the interdependence between scrap and EF steelmaking, the
price cannot remain as high as the current level. 1In the
long run, however, the trend of scrap price seems to be an
upward one, after several decades of a downward trend, re-

flecting the expected increase of energy and iron ore price.
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APPENDIX A

Statistical data:
Table No. A-1l Crude steel production, 1965-1973

A-2 Crude steel production by furnace
type, 1965-1973

a) the converter type furnaces
b) The open hearth furnaces

c) The electric furnaces

d) The basic oxygen furnaces

A-3 The share of each furnace in total
crude steel production, 1965-1973

a) The converter type furnaces
b) The open hearth furnaces

c) The electric furnaces

d) The basic oxygen furnaqes

&

A-4 Specific consumption of pig iron
and scrap, 1965-1973

a) The EEC countries
b) The U.K.

c) The U.S.A.

d) Japan

A-5 Circulating scrap rate in the steel
industry, 1965-1973

A-6 Bought scrap requirement in the steel
industry, 1965-1973

73
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APPENDIX B

Capital scrap is reclaimed from steel stock accumulated
during the years of steel production. Since not every ton
of steel is reclaimable, the recycleable steel stock is

expressed in the following terms.

where St, Sg-17 and "Q" is current steel production, steel
production of "i" years before, and the recycleable proportion
of steel produced in past years, respectively. "Q" is deter-
mined by past yield rate of finished steel and manufactured
products, past trade balance of these products, and nonrecov-
erable loss of steel stock (mainly due to corrosion or abra-
sion). ("Q" is assumed to be constant over a substantial
long period).

The obsolete products (potential capital scrap) which
come out of use ‘currently is expressed by the following equa-

tion:

N~

Ct = Q. Sg—i-Pr(i)ececeacaecaaaa(l)

i=1
where pr(i) is the probability that steel products are scrapped
after "i" years of a useful life (Pr(i) is also assumed to be

constant over a substantial long period). Assuming that "r"

89
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is a constant growth rate of steel production, steel produc-
tion of "i" years before is

St_i=St/(l+r)i.o.o.noo..[.o-.oc.oo(2)
Substituting St/(i+r)i for S¢_j in equation (1), we obtain,

S¢ - 1/(1+r)i . Pr(i)..(3)
1

(@)
rr
I
0
™3

i
Potential capital scrap per ton of current steel production

is expressed by the following equation:

™3

ct/st = Q . 1/(40)i | Pr(i)eeeeeeenena..(4)
i=1
In order to estimate the effect of the growth-rate change
on potential captial scrap, we assume that growth rate will
change from "r" to "g" for the next "j" years. Applying
equation (1), potential capital scrap after " 4" years from
now is expressed in similar terms to equation (1).
Ct+j = Q - .g St4j-i + Pr (1) ceeverieeee..(5)
i=1
where St+j is steel production in year "t+j". Applying the

same concept as equation (2), we have the following relation-

ship between past and current steel production.
St+j-i = Sp4y - /4901, 1<i<y  eeveia..(6)

St+j_i = St . l/(l+r) i-j = St+] . I/(l+g)j l/(l+r)l,_3

j+l<i<n ceeccceeesel(?)
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Arranging equation (5), (6), and (7), we obtain the folldwing

equation

J . :
Ce+3/5¢43 = Q [ z 1/(1+g)t . Pr(i) + 1/(1+g9)3J .

1
n -
z ]./(].""I‘)]h.n:l o Pr(i)] .............-..-(8)
i=j +1

In equations (4) and (8), potential capital scrap (per
ton of steel production) is expressed in terms of the growth
rate of steel production, a probability distribution of the
useful life of steel products, and the recycleable proportion

of steel stock.

Estimate of the Potential Capital Scrap

Applying equations (4) and (8), the potential avail-
ability of capital scrap is estimated in the following three
cases (Table B-1).

1) Current potential availability based on past growth

rate of steel production.

2) The future potential (around 1985) based on

projected growth rate.

3) Case 2) with an improvement of recycling rate by

10 to 20 percent from the current level.
Concerning the distribution of a useful life of steel pro-
ducts, both the "Weibull" distribution and the uniform dis-
tribution are applied. The results of estimate (in each case

of the distribution) are almost identical under the conditions
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that steel products have an average useful life of about
20 years and 12 percent of the products have the useful life
of less than 6 years (UN; ECE 1968, p. 328; based on 1958
estimate). Then, it is assumed that the maximum life of
steel products is about 36 years with an average 18 years
of life (taking into account the rapid progress of technology
which quickens the replacement of capital goods).

The estimate of the recycleable percentage is summarized

in Table B-2.



T-1803 93

TABLE B-1

Estimate of the Potential Availability of Capital Screp
(Kgs per ton of crude steel production)

Case 1 EEC U.K. U.S.A. Japan

(1) Growth rate of steel
production (%) 5.6 2.2 1.3 14.6

(2) Obsolete steel
products (Kgs) 430 690 790 190

(3) Recycleable percen-
tage (%) 47 45 53 44

(4) Potential availability
(Kgs) 200 310 420 85

(5) Current level of
capital scrap production

(Kgs) 60 270 180 80
(6) Estimated recycling

rate (%) 30 90 40 90
Case 2

(7) Projected growth
rate (%) 3.2 3.2 2.0 5.0

(8) Potential avail-
ability (Kgs) 240 285 400 145

(9) Increase of the po-
tential from Case 1)
(%) 20 -10 -5 70

‘Case 3

(10) 10 to 20 percent
improvement of recycling
rate (%) 40-50 (90) 50-60 (90)

(11) Potential avail-
ability (Kgs) 100-120 260 200-240 130

(12) Increase of the

availability of capital

scrap from current

level (Kgs) 40-60 -10 20-60 50
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Sources and Remarks:

(1) : Average growth rate during the period 1950 to 1973,
based on the data of the United Nations ("Statistical
Year Book" several issues)

(2): Calculated from equations (4) with "Q" equal to 100%.

(3): See Table B-2.

(4): (2) x (3)

(5): Based on the estimate of UN;ECE (1972) (assumed 80%
of capital scrap is obtained from steel products)

(6): (5)/(3)

(7): Iron and Steel Engineer 1975 and Miller 1973.

(8) : Calculated from equation (8) with "j" equal to 10.
(9) (8)-(4)/(4)

(10): (6) + 10% and (6) + 20% (In the case of the U.K. and
Japan the same recycling rate as current one is applied).

(11): (8) x (10)
(12): (11)-(5)
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TABLE B-2

Estimate of the Recycleable Percentage of Steel Stock ("Q%)

(in Kgs per ton ol crude steel production)

EEC U.K. U.S.A. Japan
Crude steel production 1,000 1,000 1,000 1,000
Circulating scrap -200 -300 -300 -200
Finished steel products 800 700 700 800
Trade of steel products -150 -80 30 -190
Finished steel consump-
tion 650 620 730 610
Process scrap =100 -90 -110 -90
Manufactured
steel products 550 530 620 520
Nonrecoverable 1loss _-80 _-80 =90 _-80
Obsolege products
recycleable 470 450 530 440

Sources and remarks;

Circulating scrap:

Trade of steel
products:

An approximate average of past 20 years,
based on the data of United Nations Economic
Commission for Europe; "Problems Relating

to Iron and Steel Scrap" 1972 p. 81,82:

"The European Steel Market 1955", 1956,

p. 66 and 76.

Average trade balance during the period
1950 to 1973, calculated from the ratio
between crude steel production and apparent
steel consumption (based on the data of
United Nations; "Statistical Year Book"
several issues) Trade balance of manu-
factured steel products is not considered
due to the lack of statistics.
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Process scrap:

Nonrecoverable loss:

96

15 percent of finished steel consump-
tion based on the estimates of United
Nations (same sources as circularing

scrap)..

15 percent of manufactured steel products
based on the estimate of ISIS (1972).
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APPENDIX C

The Estimation of Scrap Value

The criteria for estimating the scrap value are to
measure the overall difference in the cost expenditures
of each steelmaking process, in terms of iron ore, energy,

and capital.

Iron Value of Scrap

Iron ore is assumed to be in a form of sinter or pellets.
.This is partly because of their increased usages at the ex-
pense of crude ore, and partly because of the consistency
‘'with the subsequent estimation of energy value. (The energy
value is estimated based on 80 percent to 90 percent sinter
feed in the BF.)
The following assumptions are included in the estimation.
1) Iron contents of scrap are 90 percent and those of
iron ore are 65 percent.
2) The metal recovery of all the furnaces is 90
percent. Therefore, the combined metal recovery
of the BF-BOF route, from iron ore to liquid steel,
is 81 percent, while that of the EF process, from

scrap to liquid steel, is 90 percent.

97
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Calculations

Scrap requirement per ton of liquid steel:

1 x1/90% x 1/90%....... . 1.235 tons.... . (1)
Iron ore requirement per ton of liquid steel:

l x1/81% x 1/65%......... 1.899 tons.... . (2)
Iron ore substituted for by a ton of scrap input:

(2)/(1) 1.899 tons/1.235 tons... 1.538 tons

Energy Value -of Scrap

The main energy source of the BF-BOF process is coke,
which accounts for about 80 percent of the total energy input
(Laws 1974, the United States Steel 1970, Barnes 1975).

The diversification of energy sources is experienced re-
cently, because of the increasing price of coking coal.

About 500 Kgs of coke (including the coke equivalent of

other fuels) is required to produce a ton of hot metal

(Tetsu to Hagana, 1975, p. 445). Some portions of the energy
input are recycled as the BF gas and some portions are lost
during the process of iron ore reduction. On the other

hand, the EF process consumes about 500 KWH of electricity
to produce a ton of liquid steel from scrap (Carney 1974,
Tetsu to Hagana, 1975, p. 535).

The following assumptions are made for estimating the
energy value, in respect of the total energy consumption of

each process.
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1) The energy consumption to produce a ton of hot
metal in the BF is 2,750 Mcal. This value is a
net consumption of energy, i.e., the total input
of energy minus the energy recovered (Barnes 1975,
Eketorp 1974).

2) The above value is based on the 27 percent scrap
mix in the successive BOF. Therefore, the melting
and refining energy required for this scrap charge
is included in the sensible and chemical heat of
hot metal.

3) Consequently, the additional energy input is not
required in the BOF.

4) To melt and refine 1 Kg of scrap requires 0.4
Mcal of energy.

5) Electricity is converted to the fuel equivalent at
the conversion factor of 1 KWH = 2.45 Mcal, including
the assumed electrical power-generation-efficiency
of 35 percent. This is due to the fact that the
price of electricity is related to the fuel require-
ment at the generating station rather than the
thermal value of electricity.

6) Metal recovery of the BOF and the EF is 90 percent.

7). The energy required to process iron ore into sinter

or pellets is not included in the estimation:
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Calculations:

The BF-BOF

Hot metal requirement... 1 ton x 73% = 0.811 tons
0.90 (=Recovery)

Scrap quantity....ce.... 1 ton x 27% = 0.300 tons
0.90 (=Recovery)

Energy requirement to melt

and refine scrap .. .. .300 Kgs x 0.4 Mcal = 120 Mcal

Energy consumption per ton

of liquid steel (assuming

no scrap is mixed)...... (2750 Mcal x 0.810)-120 Mcal
0.810

= 2600 Mcal
The EF
1 KWH = 0.859 Mcal
0.859/0.35 (generation efficiency) = 2.45 Mcal/Kwh

Energy consumption per ton
of liquid steel. .. .. . 500 Kwh x 2.45 = 1 225 Mcal

The difference of energy consumption in the BF-BOF
and in the EF

2600 Mcal - 1225 Mcal = 1 375 Mcal

Capital Value of Scrap

The basic method is the same as the estimation of energy
value; the difference of capital cost between the BF-BOF route
and the EF process is the capital value of scrap. The capa-
city range from 1 million tons per year to 3 million .tons

was chosen to compare the capital cost in both processes.
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In this capacity range, the cost advantage of one pro-
cess over another is sensitive to the raw material costs,
whereas in the other capacity ranges, such as below 1 million
tons and above 3 million tons, one process has an absolute
advantage over another.

According to the capital cost estimation in Table C-1,
the average capital cost difference per annual ton (the BF-
BOF over the EF process) is $24 at this capacity range.
Assuming the following cash flow diagrams, the capital cost
per ton of liquid steel is calculated so as to obtain the
same DCF-ROR in both processes (Figure C-1)

FIGURE C-1

Assumptions: Average capital cost per annual ton in the
capacity range from 1,000,000 ton to 3,000,000 tons
The BF-BOF - $41.00 per annual ton
The EF - $17.00 per annual ton

Investment outlay and cash flow (uniform outlay

and flow)
0 1 2 3 4 5 @ emecmmeee—- 23 years
] ] [ ] v [} 1 :
Inv. Inv. Inv. Inv.
c/F C/F C/F C/F  —mmmeem—ee C/F
4 +
EF No. 1 EF No. 2
Completion Completion
0 1 2 3 4 5 | eececcecee- 23 years
[ ] L] ) ) ] ]
Inv. Inv. Inv. Inv.
C/F C/F ——mmemeeeeee C/F
1
BF-BOF

Completion
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TABLE C-1

Estimated Capital Cost

102

BF-BOF
Annual Daily BF Cost of Cost of Total Cost per
Capacity Capacity BOF Size BF BOF BF-BOF Annual Tons _
thousand million million million
tons tons tons Uss$ Uss$ Us$ Uss$
500 1100 40 18.1 17.5 35.6 71
1000 2200 70 27.5 24.5 52.0 52
1500 3300 110 35.1 32.1 67.2 45
2000 4400 150 41.7 38.7 80.4 40
2500 5600 180 48.2 43.2 91.4 37
3000 6700 220 53.6 48.7 102.3 34
3500 7800 260 58.8 53.8 112.6 32
4000 8900 290 63.6 57.5 121.1 30
4500 10000 330 68.2 62.1 130.3 29
EF
Annual Daily EF Cost of Cost per
Capacity Capacity EF Size EF Annual tons
thousand million
tons tons tons Us$ USs$
250 700 90 8.7 35
500 1400 170 12.7 25
750 2100 260 16.4 22
1000 2800 350 19.6 20
1250 3500 430 22.2 18
1500 4200 520 24.8 17

Assumptions:

See next page
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Remarks on Table C-1

Capital cost of furnace at various sizes is estimated
based on the equation C;/C3 = (Xl/Xz)O‘G,'where C1 is the
cost corresponding to capacity Xj;, and Cy to Xj.

Basic costs are set as follows.

200 ton BOF X 2 ..veet eceeeeeessss..US $46,000,000
5000 ton per day BF ....¢ceese.....US $45,000,000
200 ton EF .. .cceeececsnenceaeassss.US $14,000,000
(all the costs include furnace auxiliaries)

The BOF capacity is set up larger than the BF capacity in
order to charge scrap in addition to hot metal. Percentage
of scrap mix is 20 percent. The two BOFs are the minimum
requirement, one for operation and another for maintenance.
The size of the furnaces is determined based on 37-38 heats
per day (38-39 min. per heat). As for EF, tap-to-tap time

is 3 hours, giving 8 heats per day.
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