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SUNNART

As a result of competition in the iron and steel industiry, pro-
ductior. capacity in recent years has beer outrunning eteel consumption
by about 100 million tonnes a year. This has led to a considerable
disturbance in the balance between supply and demand. The Buropean
steel industry has adopted the following strategies to counter the
resulting decline in their profits :

a. Cranges in production techniques;
b. Amalgamations;
¢. Relocation.

The purpose of this study is to formulate the most important input
deta for the choice of an optimum location from the commercial point of
view, independently of national economic policy objectives.

Only essential and quantifiable factors have been talen into
acoount. Many other faotors, such as manpower requirements, climate,
nature of ground, infrastructure, etc., have been ignored.

Among the quantifiable faotors to be considered is the question of
the market outlet, including the place of consumption, the volume of
finished products required there, and the distance from the market outlet
to the point of production. When the market analysis has been completed,
the data obtained are used to draw up a possible marketing programme.
When this programme has been worked out, a hypothetical production pro-
gramme is drawn up based upon it. This in turn serves as a starting
point for determining what installations will be needed.

The next step is to obtain the capital needed to equip the plant.
This includes not only machinery, services, etc., but also the whole
investment programme that must be carried out in order to make production
poasible.

In order to establish the difference in cost between two locations,
the cost of each must be calculated separately. This means building up
volume charts, calculated separately for each stage of production, which
are then costed on the basis of ourrent pricee to obtain the production costs
applicable to a given location.

Finally, in order to determine the most favourable location, the
cost of transporting the products to the market outlet must also be taken
into consideration.




In the first step of this procedure, 1t is ‘ssumed that economic
conditions at the alternative locations remain constant : the caloula-
tiom involved is purely static.

In order to determine the optimum long-term location, however, the
factors liable to vary in the courae of time and their different
behaviour at various looations must be quantifiable. The report there-
fore goes on to give a brief description of a calculation moael which
makes it possible, using dynamic methods of calculation, to quantify
the long-term advantages to be derived from a given location.

This type of operation is extremely laborious, and is therefore
only used when there is a reasonable certainty that essential changes in
the various location factors can be expected over the years.

These theoretical considerations regarding location comparisons
are followed by a model global analysis of the comparative advantages
of Venesuela, Brasil, Liberia, South Africa, and Australia as alternative
locations in relation to the western part of the Ruhr (Pederal Republic
of Germary).
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During the last ten Years, the question of optimal location
for a fully integrated iron and steel plant has increasingly
been raised and discussed in the iron and steel industry.

The discussion of the problems involved was not merely
confined to the European countries because, owing to the rapid
tpread of know-how in bulk steel production, steel has become
8 product which can be and is being made all over the world,
’he reasons leading to new thinking on the problem of where

to establish plant are various. Some of these can be explained
in micro-economic terme, as is done in the following,

The post-war period saw an dnusually rapid increase in world
steel consumption, which could not be met by the existing
production capacity at first., This great steel consumption was
due to an above-average pent-up demand and, later, to continuing
industralisation, Naturally, thig great unsatisfied demand led
to a typical seller's market, thus inducing the sellers to
extend their plant and to adapt them to the level of demand.

In this context, it is worth noting that it was not only the
traditional steel-producing countries which expanded their
production capacities, but that further countries establighed
steel production. Thus, we can nowadays see some 2o countries
producing approximately 90 per cent of the world's crude steel,
whereas, 50 years 8go, this percentage was produced by only
five countries.

All industrial nations, of course, base their planning on the
desire first to supply their home markets and secondly to gain
& high share in the export market for meeting world demand,

This competition led to the increase in crude-steel capacity
running ahead of steel consumption by some 100 million tons

of crude steel per year, thus disturbing the balance between
production capacity and consumption. "This change in the market
situation and, with it, the change fromz a seller's to a buyer's
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w'Tket exacerbated competition between those offering steel
in all world steel markets. The result of this competition
were substantially lower revenues for alil sellers and, conse~
quently, lower profits.

Along with this worsening of the steel market position we can
note a development which narrowed the steel market from another
angle. The research findings of other industries and their
expansion (see Fig. 1), e. €. the chemical industries, made
it possible for steel to be expelled from traditional areas

of consumption by substituting it with more and more improved
products. 30 years ago, reinforced-concrete bridges were rare,
whilst nowadays it is difficult for steel to struggle against
this competitive product. Figure 2 ghows that the process
of steel being substituted by such competitive products has
by no means been completed, which means that we must certainly
make some mental efforts to meet this competition.

If we look at the reactions of the European‘ steel industries

to the above developments and tendencies, we can see certain
strategies, which are described in the following in a somewhat
simplified way.

Shanges in the production process

In order tovridge the widening gap between costs and revenue,
every effort is being made to increase the efficiency of
existing plant in order to reduce costs. For a simple example,
we refer briefly to the blast-furnace sector, where, as a result
of fully prepared ore, by means of injecting 05, reformed gas,
0il etc., as well as by using high pressure at the top, costs
have successfully been lowered.

Another, even more revolutionary improvement can be noted in

the steel-production sector, which has seen the introducticn of
the oxygen blast process. Figure 3a shows how the oxygen blast
process overtook the traditional steel-making methods in the six-
ties. Whereas, in 1957, one LD converter, with a tap weight of
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Fig. 1 Probable development of world consumpt.on of plastics and steel, 1966-2000
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40 tons, was erected in the Federal Republic of Germany for the
first time, the tap weight of the largest converter has increased
to 400 tons today. The difference in productivity can best be
illustrated by pointing out that a 250 ton converter in action
produces the same amount of crude steel as 8 open-hearth fur-
naces with a tap weight of 300 tons.

The increasing introduction of the continous casting process
to avoid the production stages of casting bay, soaking pits,

blooming or slabbing mill, as well as the sfforts to achieve
direct reduction, are only briefly mentioned in this context.

Mersem to form large production units

The increased output was largely due to technological progress

in the fields of processing, whioh provided us with blast fur-
naces with hearth diameters of 14 metres, LD converters with

a tap weight of 400 tons, blooming mills with an amnual through-
put of 5 million tons of erude steel. The investment roquired

for such plant and the necessity of making full use of thea in
order to utilize the advantege of fixed costs degression fre-
quently exceeded the scope of existing enterprises. It was, there-
fore, a logical consejuence for some firms to merge in order tc
form larger enterprises.

Changes in locatiop

In the past it was most advantegeous for smelting plants to be
establishel on a coal or ore basis, where the transport costs

of coal or ore were minimal, In Western Burope thire are still
numerous examples of such plants, although there have been
closures. In the Ruhr and Saar districts, several such plants
were estadblished in the immediate vicinity of coal nines,
whereas in Lorraine several plents were built in an iron-ore
district. Later, after the discovery and development of overseas
coal and iron-ore derosits « the latter proved to have a higher
Fe content than the European ore used sc far - and after a subd-
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stantial reduction in sea ‘ranaport costes due to bigger ships,

ot .e1 locations became more favouratle than the traditional ones.
A site on the coastline of one of the world's oceans was pre-
ferred, provided big ships could reach it, In the past decades,
this obvious "move to the coast" is a characteriastic festure of
new iron and steel plants in Western Europe. 1)

Ibsoretical spproaches to the sitinz provles

Against the background of growing industralisation and
ineresning competition on commoun sales markete the problem

of optimally siting its plants is becoming more and more
important for every enterprise, Scientific research on the
problem is being refined all the time and in being developed
in detail in order to clarify the as yet unclarified rela-
tionships from a micro-economic point of view. The sim is to
provide each enterprise with the fremework withim which it is
able to decide on sites of intersst.

The first attempt of mejor scientific relevance to clarify
general siting problems was made by Johann Heinrich von Thiinen.
This thesis wes fir:t published in 1826,

Further ‘nvestigations into the location theory by Roscher,
Schiiffle, and Launhardt were followed in 1909 by Alfred Weber's
book "On the Location of Industries”.

After Thilnen's theory, which was exclusively based on agricul-
ture, Weber's theory of location was the first to be systeme-

1) Brihling, U, W.: Neuers Entwicklungen im Lagerungsbild der
europiiiachen Eisen- und Stahlindustrie,
Heamburg 1969
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tically drawn up on the realities of on industrial econony,
In his thesis, he introduced the term "location factor",
which he explains as "a sharply defined specific advantage,
which becomes relevant for on economic activity if the latter
takes place at a specific locstion or even generally at loca-
tions of a specific kind".

According to Weber's thesis, location factors are such features
of a geographical location which render it attractive for
industrial production. However, Weber restricts his definition
in so far as to see Production cost advantages only, while
excluding from the beginning all influences which plant location
Bay have on the sales area.

In the course of his work, Weber investigates the various
types of costs in industrial plant, in order to state the
degree of dependence of each type of cost on the spatial
characteristics of the Place of production, He reaches the
conclusion that only the costs of materials, labour, and trans-
port are to be considered as location factors. By converting
differences in the price of input materials into transport
cost differences he succeeds in reducing the dependence of
location choice, for an isolated production, merely to the
two factors of labour and transport costs.

Weber ..ime: at determining the optimal location and at defi~
ning it as the place where the sum of the labour and transport
costs of a production considerad in isolation is lowest,

The pioneerinz work of Thiinen and Weber were followed by
extensive investigations which aimed at refining location
theory, and made a less isolated approach possible.

All these publications, however, agree on the realisation
that the choice of location depends on & number of factors
of influence, which Rust first be investigated with regard
to their importance for the establishment of industrial
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production, before a decision in favour of a specific site
can be made. Accordingly, some of the following criteria of
location choice may be relevant:

1.) Sales market

2.) Production programme

3.) Trensport costs to sales market

4,) Cost of land

5.) Legal requirements (Dust, noise etc.)
6.

Labour market (qualitative, quantitative, prices)
Cost of capital goods

Infrastructure of surrounding area

Capital market situation

)
)
)
)
)
) Cost of materials, cost of energy
)
)
)
)
) Fiscal preferences

7.
8.
9.
10.
1.

In order to find the optimal location for an enterprise while
taking into account these factors of influence, it is an essen-
tial requirement that the mutual influences of all these factors
should also be determined in quantitative terms. However, these
locationally relevant factors affect one another in very diffe-
rent ways, some of the influences verying with time. From this
it can be concluded that permanently optimal locations do not
exist, but vary according to the relevance of the above factors.
Por the problem of location choice this means that it must in-
variably be made with a view to future developments instead of
being solely based on current requirenments.

If we look at the development of the European iron and steel
industry, we will find that, in Central Europe, this branch
of industry has invariably been sited according to where its
major raw materials - iron ore and coal - were found. As late
@8 in 1961, some 55 per cent of crude-steel production within
the Buropean Coal and Steel Community were located on a coal
basis, as compared to 35 per cent on an iron-ore basis.




Moreover, the continuous increase in the Production of crude
iron and erude steel, especially in the Ruhr district, attracted
manufacturers using steel into its vioinity, which in return

stries in the Ruhr and Saar districts, as well 88 in Belgium,

is clearly due to the existing coal deposits. Thig concentration
is 8till to be found today. The compound economy between coal
and steel, i, e, between mines angd smelting plant, furnigheg
clear evidence of this,

Since the beginning of the construction of smelting Plants

in the Ruhr, the expansion of buying and saleg markets,

together with the progress made in production technology ang

an improvement in transport systems, has brought about a certain
shift in location patterns in so far as the iron ang steel indu-
stries of the Runr have been concentrated on itg western and
eastern border areas. The decisive factors in this Tespect were
the inlang waterways: the Rhine accounts for concentration in the

west, while the extension of the Dortmund-Emg Canal accounts for
concentration in the east.

By the end of World War II, a major "Coastal Steel Works®

had only been established in the Netherlands. This plant developed
well as a result of its geaport position with favourable possi~
bilities for obtaining raw materials directly by sea, but also
because of itg closed natjiona) home market.

The latter were all built on the coast, However, Briihling's

1969 investigation shows that there has been a Very diversified
"move to the coast” in Burope. In all these locational shifts

to the coast, crude: iron Production hag the greatest share,
followed by the Production of crude steel, On the other hang,
the expansion of rolled-gteel capacity is by no means so distinc-
tive a feature of coastal Plants as compared with inlanq Plants,
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On the contrary, Briihling's investigation reveals that it

may be quite advantageous for, say, rolling mills of the second
heat stage to be close totheir sales markets. The different mi-
gration patterns of crude iron, crude steel, and finished rolled
steel production allow the first conclusion that each stage of
production should be investigated separately in location analysis.

However, let us first look at the most important new establish-
ments of steel plants in Europe. The reasons determining choice
of location can be briefly outlined as follows:

a) Taranto
The choice of Taranto is probably chiefly due to the idea
that such an undertaking was a means of changing the unila-
terally agricultural economic structure of Southern Italy.
Thus, this steel plant was regarded as a first step which, it
was hoped, would spark off further industrialisation in the
area. The plant was planned for export production - some 3o
to 40 per cent of its production was to be exported to the
Middle East and Africa. The site, being on a deep-sea port,
was to make both shipment of the products and reception of
the raw materials (iron ore and coal) easy and favourable in
terms of costs, since the raw-material requirements are almost
exclusively met by overseas countries.

b) Bremen

An expansion of crude-steel production on the part of the
enterprise concerned made a search for a new site necessary,
because the existing plants were incapable of expansion either
for lack of land or for economic reasons. Since most of the
iron ore had to be imported from overseas countries,to which a
major share of production was likewise exported, the mansgement
decided to choose a coastal site on a deep-sea port. At the
same time, inland waterways are used for carrying the required
inlend raw materials as well as those finished products which
are to be s0ld in the home market.
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c) Dunkirk

One criterion for siting a steel plant here was itsg proximity
to the sales market, i,e, supplying the national shipbuilding
industry with sheet steel. At the same time, however, krench
ore was dispensed with in favour of iron ore imported from
overseas countries,

d) los-sur-mer
M

The reasons for establishing this steel plant in southern
France were the same as those leading to the Taranto plant.

e) laasvl akte

This new plant, still in the Planning stage, was to be a

Rere primary production plant for the exclusive production of
semi-finished products. The plant provided for 50 % of the
semi~finished products to be finished in inland rolling mille
and the other half in a coastal mil) nearby, .

The smelting plant was exclusively designed for the use of
overseas raw materials. A realisation of this project would

likewise make an analysis of modified changes in plany loca-
tion necessary,

a) On account of the aims of economic policy of a state the
site was chosen 80 a8 to fit into the framework of overall
economic planning. The choice of location is merely a meansg
to achieve further objectives, its purpose being to initiste
further economic development of the area. The Trimary reasons
for such a choice of location, then, are the economic aims of
the state. If the state grants the enterprise subsidies,
finance or tax relief, micro-economic reasons, too, might
favour such a choice as secondary factors,
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b) The site ia cl.osen for micro-economic reasons, these beinyg
orientation on the sales market, the supply market or the
labour market.

Irrespective of the two reasons listed above for location
choice, it must be remembered that new plants are established
by firms or groups of firms which already have smelting plants
elsewhere. As the first set of reasons is largely characte-
rised by objectives of national economic policy-obJjectives,
whose significance the outsider cen hardly gauge accurately
since economy, infrastructure,and national prestige can hardly
be assessed in economic terms, I should like to confine ny
paper to the second set of reasons. However, even this
approach can only provide information on the tendc ¢y, as well
as on the procedure and implementation of planning, but it
will not be able to offer resdy-made solutions.

in acoordance with the criteria listed above for plant locaticn,
the first European iron and steel plants can be said to have been
optimally located. For these establishments in Central Europe
ware orientated on the deposits of the major raw materials for

the production process, i. e. iron ore and coking coal, Once crude-
iron and crude-steel plants were established, other steel-using
industries were set up there, too. The mutual relationship between
these two industries in return stabilised the location of existing
iron and steel plants. As it is, the concentration patterns in the
European iron and steel industries in clearly attributable to the
distribution of coal deposits, and has largely remained so until
today. This fact becomes even more obvious if one looks at the
economic integration of coal and steel, i. e. between coal-aining
and smelting plants.

However, if we look at the inoreasing migration of Buropean
iron and steel industries to the coasts, we must ask




what reasons were decisive in this respect. Which of the
location factors, then, have changed so drastically that
locations on the European inland iron-ore and coal deposits
are no longer optimal?

The progress meade in production processes brought about
better and better outputs both in the production and subse-
quent treatment of crude iron. The prerequisite of higher
blast-furnace outputs, however, is an improvement in the
physical and chemical preparation of the ore. But central
European ore, with its low Fe content, made it impossible
to achieve these outputs. This is why European smelting
plants imported more and more rich iron ore from overseas.,
This ore was unloaded in coastal ports.

The reduced significance of inland ore can be seen most
clearly from the relative increases in iron-ore mining aﬁd
crude-steel production within the European Coal and Steel
Community. Thus, the increase in iron-ore mining between
1938 and 1970 was from ‘100 per cent to 138 per cent, whereas
crude-iron production rose, in the same period, from 100 per
cent to 280 per cent. 1)

The contrast between these two rates of increase should show
quite ciearly the great extent to which the European iron and
steel industries have used imported iron ore with a high Fe
content. However, we ought to mention in this context that iron
ores imported from overseas have, in addition to their high Fe
content, the advantage of low prices. Their deposits are bigger
and, unlike most inland iron-ore nines, are largely accessible
through open-cast mining.

1) Stahleisenkalender 1973, Diisseldorf, S. 172 und 175
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Coal-mining lost its importance in the same way in the
European Coal and Steel Community (ECSC). The supply of
cheaply priced coking coal of good and, partly, better
quality was great so that inland coking coal no longer
accounted for micro-economic determinations of location
advantages.

With this, however, the two major location factors had
decreased in importance, whilst the coast had gained a
location advantage because overseas raw materials could

be used directly on being unloaded. This location advan-
tage of the coast over inland sites resulted chiefly from
the cost of transporting the two raw materials inland from
the coast.

Those steel users which are established near steel producers
cortinue to stabilise the latter's location, but they are

not capable of absorbing the entire crude-steel production

of the expanding smelting plants. The inland steel producers
are, therefore, compelled to dispose of their products in other
markets, iostly in overseas markets. This fact accounts for a
deterioration of inland against coastal sites, because there
are additional costs for tramnsporting finished products from
the inland site to the coastal port of shipment.

The locational disadvantage accruing to inland smelting plants
as compared to coastal plants, taking the same sources of supply
into account, amounted, in 1967, in the eastern Ruhr district

of the Federal Republic of Germany, for instance, to approxime-
tely DM 8,-~ to DM 10,-- per ton of finished product made of
crude oxygen steel. This differential is merely the increased
cost of iron-ore transport. 1)

1) W. H, Mieth u. H. Bchenck, 8tE(90/1970), S. 504, Tafel 5
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The secondary freight rates for transporting overseas
coking coal to the inland plants would be a little lower
if the German iron and steel plants were allowed to freely
choose their sources of supply. Since there are no freight

costs for transporting finished products to ports for export
purposes, the coastal plant gains another advantage of approxi-
nately DM 7,--/ton on the vasis of 1967 prices. Against all these
advantages, the cost of transporting gemifinished products from
the coast to inland plants for further processing only amount to
about DM 4o,--/ton.

In my opinion, these three facts allow the conclusion that

the traditional location factors have decreased in importance

as a result of fundamental structural changes which have taken
place and are still taking place in Europe, and as a result of
world-wide trade, the opening-up of new supplies of raw materials,
and the possibilities of low-cost shipping from overseas countries.
This is the reason why all steel companies tend to opt for the
coast when considering new plants, in order not to be subject to
any restraints of supply or sales. If we exclude all other fac-
tors determining the choice of location from our considerations
for a moment, we can see the shift in optimal location golely
attributable to the aim of minimizing transport costs.

One objective in the establishment of new plants, irrespective
of the country in which they are to be set up, is, therefore,
quite apart from the effects of other locational factors, to
minimize the cost of transporting raw materials to and finished
products from the plant.

Method of determining locetion

The preceding chapter contained a brief summary of those reasons
which led to locational changes in central Europe. Of these
reasons, that of minimizing transport costs was the most impore
tant, if all other factors are considered as being of the same
importance at every other location. These factors, which apply
specifically to the central Furopean area, are not of equal weigh
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for @ll other sites under consideration. However, this means
that, principally, all locational factors relating to this
decision must be taken into account for achieving a correct
result. Now, while it may be the sole aim of this discussion

to make suggestions on how to draw up locational analysis, it is,
however, quite impossible to give concrete information on good
or bad sites. It would require a period of at least one year

for every single locational analysis to be made in depth.

In order to demonstrate the way in which locational analysis can
be drawn up, the approach is to be described in theoretical terms
in the following. Only the major locational factors will be con-
sidered in this. However, many other factors, which may be of
major importance to a locational analysis, but are often not
quantifiable, will not be dealt with. In this context I am thin=-
king of the labour problem, for example. The availability of
human labour of the required quantity and quality is one of the
essential prerequisites for establishing a smelting plant. This,
of course, also includes a potential of welltrained executives,
who are willing to give their best and to take on responsibili=-
ties. Moreover, it includes managers who cannot only supervise
but also inspire their staff. These problems, although relevant
in presctice, are assumed to be solved in this paper.

In addition, we do not take into account any locationally typical
special factors and their effect on the balance, such as the ef-
fect of climate, soil condition, the market, infrastructure,etc.,
though the latter factor is of very specific importance. Thus,

it is quite possible that a dscision is made on account of the
proximity of schools or other training institutes, residential’
areas, and hogpitals, or a well-developed road and railway system.
In this context we must also consider the proximity of manufac-
turing industries, repair shops, and supplier's factories, becayse
these provide the possibility of rapidly making use of these firms
in the event of breakdowns, thus increasing the availability of
plants.
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5.1 Sailes market

Sales markets are Very important locational factors. In this
context, this term is to be understood as including boti the
place of consumption ana the quantity of finished procucts
supplieda to this place. We must, therefore, begin by raising

the question of the ouantity of finished products which can

or are to be sold 1in vwhich sales market.

In order to be able to answer this question, we must firet
examine the total demand of the markets, which are to be
supplied by the new smelting plant. The possible behaviour of
competitors must likewise be taken into account in tiie analyeis.
In addition, market analyses must be made in order to determine
the quantitative extent to which the markets under consideration
will grow. From this, deductions must be made on how much the
new plant can participate in meeting the overall market demand,
and how much its sales will grow altogether. At the end of thece
analyses there will be a possible sales programme, as is shown

by Table l.

Table 1

Possible sales according to markets in 1.000 tons per year

Froduct 1 [Product duct n

1975 1980 {1985 (1990

Market A ) 10. 121 16

Market B 12 18| 2 28

liarket C 2 4 6 6

Market X - 51_15] 172

Market § 120 150[ 1851 230

This sales programme, however, only shows possible sales.
Figures 1 to 5 may serve as examples of what information
must be arrived at for drawing up such a sales programme.

Figure 1 shows the expected development in the consumption
of crude steel as well as that of its competitor, plastics.
In order to arrive at an approximate comparability, the dimen~-
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2, . . .
sion "m”" was chosen instead of the weight unit "t",

/he dirarram,
however, shows how much preater t! - rates of ¢rowth are for
plastics as compared with steel. In accordance with this trend,
the rrowth rates for world steel consumption, shown in the lower
part of the diayrram, can be seen to be modest, too, having an
approximate growth rate of 4.8 per cent p. a. between 19¢5 and
1980, The highest growth rate, with about 8.8 per cent p, a,,

is to be expected in the Asian markets, whilst the lowest, about
1.5 per cent p. a., is snticipated in the U.S.A.. Naturally, all
these data must be considered as overall figures. They do not
suggest any specific growth rates for each product.

This again requires an analysis of each consumer, i. e. we must
determine the extent to which the output of industries using steel
and, with it, their steel consumption will rise and to what ex-
tent steel and its competitors can be substituted in the process.
On this, Figure 2 shows an example of the degree to which
steel products are expected to be substituted, by the year 2000,
by plastics, aluminium, asbestos cement, and concrete, At the same
time, in accordance with the level of knowledge today, the upper
saturation limit of substitution is shown,

Pigure 3, then, shows the anticipated development of crude-
steel production and the resulting rates of increase until 1980,
For planning new plants, however, these figures would be incom=-
plete without the contrast offered by Figure 4. This shows
the development of crude-steel capacities and their exploitation
since 1960, as well as their eatimated development until 198o0.
From this we can see that, on average, only sbout 85 per cent of
the existing crude-steel capacities are used, i. e. by 1980

a crude-steel production capacity of some 150 million tons per
year will not be utilized. This, however, means that any further
crude-steel capacity is bound to compete with the not fully
utilized existing capacities. It is the aim of this account to
warn against over-optimistic expectations on the basis of previous
growth rates.
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Fig. 3b - Development of crude steel production
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Finally, we point to Figure 5, whick shows the development
of the steel market between 1970 and 1980 according to an I[ISI
prognosis. It is expressed in terms of an anticipated increase
in the per-capita increase in steel consumption in various
countries, providing a good survey of the extra steel consump-
tion by 1985 as compared to 197o.

The vast amount of available records - of which only five were
selected - may show how great an effort of work must be invested
in analysing sales markets before a desirable sales programme
can be worked out.

After this stage of work, it will next be necessary to determine
the markets which should or could be supplied, their distance
from the location of the smelting plant, the methods of trans-
porting the finished products to these markets, and the costs
accruing in the process. At the same time, it is useful to
analyse the prospects of the major competitors in this market
in order to determine, for instance, whether or not they are
abel to supply the market at more favourable transport rates,
or to what extent they have a transport adventage or disadvan-
tage against our own location.

Eroduction prosramme end lsyout of plent

Following the development of a possible sales programme on

the basis of a sales market analysis, we must now proceed to
develop the required production programme for these markets. '
The production programme itself, then, is the basis for drawing
up the layout of plant.

Let us assume that the possible sales programme had shown
that cold-rolled products (plate, hot wide strip) could be
8014 in major quantities on the date the plant has been sche-
duled to open, and that, in the long run, too, positive growth

rates in market demand for these products can be expected, while
the analysis predicted sufficient sales for rod and sections



snidms jao0du] ® e

snydms jxodxy = >

- 26 -

v -

s'ez + | 26°€6 . 2'¢9 covL | 199 p—
gw'2L ¢ 6L°604 $9% LEL ovs JoxTwy uowwo)) L3 Tunuuoy wesdodng
96'S ¢+ L84S LS04 6% €Sy gssn
cL'0 ¢ ozt 6's €€l PA% 4 epeue)

—
%L - it £'¢9 vl oL vsn

+
cL'o ¢ e2‘9 8¢y 2 e etput
260 - 9%6°9 ' (W4 99¢ pueTeez MeN pu® ®ITRILIOY
gL'o - w'ey 6°'s ;1 F4 4 woTIJV Yinog
- . vfq1] pue *3dAFy
' $5%0 €2 S 11" A e reD) worizy
2ty - 950 6'Ls 0oL o 18eg 9TPPTH
2L - SLicL L%62 oLi ) BOTISWY UT}E]

- (wedep pue BIpul 8837
68°9 ezt 6‘ze 6¢ w” 89 TIUNMOD URISY AS .Hm:uw
09z - 09'6L 8'9g 08 62 ®eJoy Y3JON PU® BUTYD
-
19918 SpnNJIO JO SIUUOY JO SUOTTITW ejtdes Jed Fy
0LET oL61 OL6T = GR6T ‘uoradums S961 o6t |
Futper) 19918 38N uotjonpoxd T893g woo 19938 ul esessou] uotidumsuoco 19038 F

Gg6T Pue OQL6T ‘uoTIEMITS 1aIeWw 18935 — G °ITd




-27 -

only in later years. In this case, the decision is most likely
to be for sheet steel production to be established first,
together with the necessary supply of stock, while production
capacity for sheet products and gection steel are to be added
at & later stage. How, then, are production programmes deter-
mined after this decieion?

A start will be made with cold-rolled products. We must examine
wvhat layout of plant is best. At the same time, the plants in
question must not be too big at the beginning of production,

as this would mean bad ospacity utilization, but they must also
make it possible for the quantities which are expected to be

sold in future to be produced through a potential extension of
the plent in stagee. In the event of pPlants being under-utilised
during the first phase of extension, a correction of the possible
sales scheme for the products concerned will have to be made. In
this case, following a change in the objectives, a possible sales
Programme becomes a target-sales programme.

Taking into account the output of the cold-rolling mill, it

will then be possible to assess the required amount of hot wide
strip for further processing in the cold-rolling mill. Depending
on the depth of treatment, the cold-rolling mill output amounts
to between 91 and 94 per cent. In this context, it is necessary
to add the direct sales of hot wide strip in the shape of coils,
as well as the demand for cut hot-rolled wide strip, in order to
arrive at the correct figures for hot wide strip production. On
this basis, it will then be hecessary to draw up a suitadble plant
layout in the same way as was done for the production of cold-
rolled products. If the capacity of the first building stage
tallies with demand, the sales scheme need not be modified. How-
ever, the case may ocour that the first building stage fails to
meet the demand for hot wide strip, whilst the second building
stage results in too g€reat an increase in capacity. In this situ-
ation, a lowering of sales targets, for instance, for hot wide strip,
suggests itself.




The required or possible producticn of hot wide strip calls for
approximately 7.o3 t of roughed slabs for each ton of hot wide
stri;. Teking into account the way roughed slabs are rroduced -
slabbing mill or continuous casting - it will then be possible

to determine the required crude-steel production of the first
building stapge of the new plant. The method of producing crude
steel is to be determined in accordance with the anticipated
crude-steel production when the plant is fully operational, and,
on the other hand, according to how raw materials are obtained -
iron ore or scrap. If the new plant is mainly based on iron ore,
the LD process is to be preferred. 1f there is a guaranteed and
sufficient supply of scrap, electric arc furnaces suggest them-
selves. However, rolling mill capacities are so great with the
above-mentioned range of products - cold-rolled products, hot wide
strip, and plate - that only the LD process can be used economi-
cally from the point of view of productivity. It is in accordance
with these requirements that the appropriate blast-furnace plant
must be devised, including ore-preparing plants. As a guide, one
can assume a requirement of approximately 850 kg of crude iron
for each ton of LD crude steel.

In this way, a detailed production programme is drawn up and
mutually balanced with the sales programme. At the same time,
the required plant layout is devised inclusive of its long-term
extension. The next step is to calculate the investment sum for
building these plants. This sum includes not only the investment
costs for production plant required but also every other invest-
ment required to make production possible. A comparison of sites
will already reveal a difference with regard to investment costs.
Different infrastructures, difficulties in setting up plant be-
cause of different site conditions and land costs, differences
in transport to and from the site etc. may be decisive factors
in this respect.

There have been a number of publications on the subject of
production plant layout, their efficiency, the relationship
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between investment costs and plant dimensions etec.. This is
why these problems will not be given any further attention in
this report. The publications listed in the Bibliography provide
a good survey of these subjects.

Once investment costs have been assessed roughly on the basis

of the planned plant layout, they must be compared and brought
into line with the quotations of the suppliers. From this we

are already able to calculate, taking into account the service
life (useful life) of the plant as well as the necessary interest
payment of the capital to be invested, the capital service to be
made by the plant, i. e, to calculate write - off and interest
for the production planned. When comparing sites, differences

of investment coste or capital service costs are first indica-
tions of a locational advantage,

5.3 2!ElII&E!Iiﬂ!LQI.&QI&.Q&II!ISQﬁQ
In order to determine a cost difference between two locations,
the costs of each location must be calculated separately. For
this purpose, it is first necessary to devise, taking into acecount
production programmes and the production plant concerned in each
case, a quantitative framework of all those cost items such as ore,
lime, energy, labour, repair costs etc. 1) which are necessary to
realise production.

Such a framework, which is devised separately for each production
stage from crude iron to the finished product, is thereupon
assessed on the basis of prices currently charged at the location
in question. In this manner, the product costs are arrived at in
relation to location.

1) Mdeth W, H.,: Bisi 86431, p. 30 ff.
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Figure 6 shows the manning scheme for a blast-furnace plant

as an example of the determination of labour costs in two diffe-
rent locations. This quantitative framework, apart from listing
the number of jobs, their functions, and their manning, also gives
examples of wages in order to provide information on the monthly
wage bill. However, the table does not allow any reserve for sick
employees on holiday, this reserve being added to the labour costs
in the shape of a percentage figure. Moreover, the table does not
include labour employed for repairs, transport, quality control,
etc. These employees are listed in the manning plans of their
respective departments, and are later charged, according to their
work, to the account of, for instance, the blast-furnace plant.

In this way the quantitative framework for labour is to be devised
and assessed for all departments.

Figure 7 provides an example of how fuel and energy consump-
tion is determined. It shows the types of energy and the amounts
necessary for running a smelting plant. This balance sheet was
drawn up on the basis of an assumed smelting plant with an annual
production of 3.6 million tons of crude iron, 2.0 million tons

of oxygen steel,and 1.8 million tons of open-hearth crude steel,
together with wide-ranging further processing of the crude steel
produced.

Pigures 8 and 9 ghow the quantitative framework, together
with an evaluation, for an oxygen steel plant at two different
locations. Figures 11 and 12 show such quantitive framework

for & universal slabbing mill., The schedule given in Figure 10

is devised to allow an output assessment of the mill, as well
as a determination of the costs for each ton of roughed slab

in terms of input weight of the crude slab and final dimensions
of the roughed slab.

These few examples, which only represent a few selected production
stages, serve to illustrate the analytical method. At the end of
these analytical procedures we arrive at the final result, the




Fige 6 — Example of manning schedule and wage determination for blast
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~furnace plant

Work A Work B
E g
GE' % § I g g vl » § "
"8l 8% dE |=B|8|zw| $%
Sels|2f| L% |Pels|zd|
Job 825|338 £3 |BE|s|33| £3
11 Ore delivery ettendants vl 7% b oA 14,162 == 7% b] 5,63 16.439,60
2 | Burden supervisor ¥j 730 1] 5,09 3.715,70 70 | 1] 5,80 4.248,60
3| doist attencants w70 [ o] e9e| wome I | ] ses]|  seazee0
& | Greasers B3] 2] 4,8 1.681,01 19 1 2] 5,08 2.137,20
5 | Foremansmelters w| 7% 21 5% 8.614,— 30 123 1.0 10,263,80 |
6| Istsmelters Wlmo | o] s ] 16.260,80 20 | 8] 6| 17.008,0
7 | Indseelters W] 130 b1 52 ] 15.184,— 730 1 &] 56 17.082,00
8 | 3rdsmeltere W] 730 b1 509 | 14.862,80 70 | 4] 563 16.439,60
9 | Wtnsmeltere Wi730 | &) 500 | 14,600,— 0 1 & § 5351 15.622,00 |
10 | Sthsmeltars vl 730 b 695 ] 14.55,— 0 N AL 15,096, 40
11 | vater attendants Wlmo | o] 5] 10— o o] a] wanm
12 | Instrusent attendente e 2l sl 7250~ 0 | 2] 585] 501,00
13 | 0l attendenta wi730 | 2] 509 ) 72.431,40 730 } 20 5.8 ) 85%1,00 |
14_t£?gnt—sido labourers WITI0 1 3] 8,66 | 10.205,80 0 31 48 9.701,70
15 Foreman: vater ettendants apa ] 2] 5% 2,044, 94 195 | 2] 5,5 2,156,170
16 | water attendants ) 1§173,3 |13 ]| 5,20 11.715,00 19 111 ] L% 10.596,30
17 | Gas cleaning foresan T§123,3 ] 1] 5,66 | 980,88 195 | 1] 5,5 1,080,30
18 | Ges cleaning Personnel 11173,3 [10 ] 4,9 6.647,67 19 1 9] 53 9.389,25
19 | Auilisries ]33 |22 ] 466 | 12.76,72 195 {201 431 [ 16.809,00
2 | Frontside workers (renners) 131 3] 4,8 2.521,52 19 | 3] & 2,521,%
21 | Crane drivers W] 230 1] %8 | 3.50,5 B0 | 1] 517 3,774,190
22 | Stove sttendants vl 7% 1] 5,20 3,296, — M | 1] 4% 3,606,20
2 | stove sttandants a 3] 1] s 901,16 1% | 1] L9 93,30
2 | Stove control operstors [0 |1 5] 3m6= fm0 [ 1] ]| 3606,
5 | Ladle weighsaen Wi730 | 1] 509 ] 3.715,720 730 ] 1] 5, 4.000,40
% | Slag tippere | 730 o] 4,9 | 157,80 730 | 4] 5,03 14.687,60
27 | Burden preparation Wi730 1 5] 4531 16.5%,% B0 ] 5] &3 15.731,30 |
28 | Surden praparsttos 3 s 45| namsn w 1] sl e
29 | Reserves and by=turn vorkers Wl 730 31 52| 1.388,— ™0 | 2] 5,63 8.219,80 |
0 | Reserves and by=turn workere w| 730 2] &85 7.081,— 1] 51 3.774,10
1 | Stacker drivere wl 730 2] 4,85 7.081,— 730 ] 2] 5.2 7:650,40
Sé F.ga*ckcr drivers 111133 2| 4,8 1.677,54 195 ] 4721 1.840,80
3 Auxiliaries: sdministration 3| 3] &0 2.147,19 19 | 3] 3,% 2.310,75
) R‘;mm and by=turn vorkers 13,3 1 71 469 5,689, 44 195 | 51 4.9 816,50 |

Wage cost

296, "Il9.— Wmﬂ th

301.113,— DM/month
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Fige. ' - Fuel and energy balance -~ Works A

Quantity used
per t crude steel

Caloritic vaiue

Quantity of heat

Quantity of generated heat per t crude steel
Urnt
Unit/t kcal Mcai/lt

1 | Olast furnses soke kg 56k, 5k 7.000,0 2.551,8
2| Coke breezs ke 43,22 5.500,0 27,7
3 | Other solid fuels kg 27,83 7.000,0 194,8
4 | Coks oven gos N3 74,57 4.850,0 287,1
5 | Feel oll kg 79,70 9.600,0 765,5
¢ | Ostsice elestristty kWh 258,72 3.500,0 905,5

Gross hest
71 conoumption - - - h.9k2,3
¢ Slost furnese goe 3 .

seppliod for under~firing Nm 162,53 1.000 182,3
9 Bott host

sonsumptin - - - 4,.760,0
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. o= Process corts, Uxsyger melling ch oo (predact o , fore b,
Work A Work B
Uit p:;'::l' Total costs (p:’:;::;o' ;::w\fr]m Total costs ::;u":.d
Cost item oM | DM/month | oM OM_ | OM/month | OM
1] Wagea 1 .29~ | 1,47 16,2 1b,— 1,07 ]
o owtimntn T L] wome— | om 28.60,— | 00
5 3| Molloey Paysents 11 50.6h0,— | 0,20 4.53— | 0,22 |
g § pre sinilsr i 0.%2,— | 0,19 9.2~ | 03 |
R DT TN B #.393,— | 0,23 nao— | o ]
6] Ststutory soeial eharges 61.380,— | 0, 60.927,— 0,2
7| Total Personnel sost 630.039,—~ | 2,5 721.418,— 08
9] solld fuels e bt Looood 00 [ 2250~ | 001 | 75,5 1,800, 0,01 ]
10] Blast furnaes g lidkcad o060 12,5 1 5%0.000,— | 0,20 8,10 30— | 0,13 ]
$11{ Coko ovaw satural gas v_jio‘kcol 0,004 2,50 | 20— | o0 | a0 | s | o0 |
“12] Ulquld fuels 10°kcalf 460,00 2.9%,— | 0,00 | 410,00 63— | 0,01
B[ Total fuels 81.706,— | 0.2 35,020~ |
Steslaaking exygen Nm? 152,000 ] 0,065 845.000,— | 3,38 0,050 75 .000,— 3,07
¥ Elestrleity kWh 112,000 0,0000f  14,000,— | 0,5 { 0.0%0;  108.000,— | 03 |
7| Stem tjooeef 5= | 7500~ | o,p;{ § ool eas0— [ 0,0 ]
jo| vimsytesdmter I} Fosoo] osmal sz | om | omm] s | o
= 19| Works/eroshish water m L smp oosol w0~ [ o | o] 2w~ | o .
20| Cospressed oir Nm? F12,000 ] 0,015 31,500,— | 0,13 0,009 28,200, 0,11
21| Total Pover 311,679, — 1,29 29*;}12.— 082
Laget mould, seeessorles, equips, 1.737.500,— | b,% 1.7%6.50— | 7,10
A | Delenite brioks, for bondet] ¢ 14,— LM — | 0,01 120,00 ] 10— ] - |
5 25| Foraees bricts t Bl— L 03— | 0,00 § 2960 | 208~ | 001
42| Lodls brioks L1 0,000 3%,00 | 70— | 065 L4300 | v2soe= | 0,69
271 Rommer sed slowwe brieks | ooord 00 | wowe— | 0% [0 | vsersa— | 0@
28] Other refrastories t - 112.500,— | 0,48 102, 300,— 0,41
29] Total refrastories 4 - Me902,— | 1,66 42,627, — 1,75
Equipaeat teels - 2250~ | ¢ 2250~ | 089
32] Vorks Rellvey N9— | o0 97.5%0—_| 0,8
Other tr t sosts 1 #7935~ | 2,9 ) MM~ 12,3}
-W{E,.:%ll malyses ] 12,500,— | 085 | 137.500,— | 0,55
8211 tavunts and overneads _“_j ) 5000,— | 0,02 } _5.000,— | 0,02 |
Collestive operating eosts | - b I | Gy} o *0.@.—, 0,%
Chsrges for awxiliary unlts 145.000,— | 0,5 152, 500,— 0,61
3 ¢ lm,: 4,11 1,115,015, — b“#
Own repair wages, oxtras | s 61.879,— | 0,5 4d 1 e~ 0,29
Workshop_jobs B b W%000,— | 23 1 1 635,000~ | %
Outeioe repairs R N R - X A A A
Roplacenent and spare parts | 2020 | 0,06 | | 220,000~ | 0,88 |
Mslntensnge ts 150.000,— | 0,60 160.000,— | 0,64
! 1,037,129,— | 4,15 L0 | 480
onverter Paynsats 950,000,— | 2,20 D00 | 2.3
Calculsted depreslation _ b L s | 3 §48.500,— IR
Calculated lntomt}hﬁl N M;ﬁ . 816,320~ | 1,67 | AA0— | 1,8
Calculated Lnterest \$H 01.000,— | o3 8.600,~ | 0,35
Total serviee of sapltal 1. 289570, = | 5,16 1.2387:9%0,— a2
Plant presess eests 8.123.529,— | 32,49 LOGUL— | dM
Costs arising autsloe plant 590.000,— | 2,3 617,500, 2,47
Prosess eosts 8,715,529, — | 34,85 8.920.277,— | 35,08
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Fig. '+ = Cost gource accotnt, oxygen melting shoy {production 250,000 t,"'month\)
b?:;l:gc::vn Works A Works B
Charged [ChargediUtiisaton Utirsation
we'ght |weight | price Cost price Cost
 manth Jgi o st] omn Jowra s ] omn  Towser s
B | L0OAC sixed metal - s | %00 3 w3 | 27,21 3 28,5% | 115,70
1 Steslasking iroa (11qeid) - - - - - -
§ [ res soatiists T [ Sabs SRt iy SR S
< | Totsi iron 225,000 900 - 127,21 - 115,70
| Sersp ] | 49.000 19 | 123,% 2,21 | 126,63 %,82
Ingot ends aad serap iagots - 1,000 b § 1h0,00 | 0,56 | WOo,— 0,%
; Ruaner sersp - o 20| 5] 120,00 | 0,60 § 10— 0,60
o Spillage/ ske.ls v b o) B 0— 1,% | 120~ 1,5
Ladla skeils _ 50 2] 120 | 0.2 ] 120,— 0,26
Totel serap 55,000 20 - 0,17 - 27,78
Tores bramii BN Te = W00 Dol LT yol 11 2957 1 053 1 66,43 | 0
Silico mangomese (69,0 1 ) 20| o8] 600,00 [ 0,8 } 5%0,— 0,4
farro manganese (77,0 £ W) 1,450 58 1 500,00 2,90 | 490,— 2,04
d " (refined) (82,4 3 Mn) 's) 0,1 ]1.165,00 0,12 J1.0%,— 0,10
Ciestrolytic mangsnese - - - - T - -
! | Farro-silison My 3 81) 81,5 0,75] 820,00 | 0,62 | 677y~ 0,51
g Calcivm-silicon - - - - - -
. Aluainis 129 0,5 ]1.960,— 0,9 J2.110,— 1,09
e AMuainiee shot - - - - - -
Copper o I ) 0,0213.000,— 0406 13,005, — 0,06
farro-phesphorus 751 0,03 39— | 0,001 330~ 0,01
Total additions 2.000,- 8,0 - 5418 - 5,05
5 Anacillary charge costs - - - - - -
Yota, metuillc charge (total for 1-5) 23,70 11,135~ = 1 160,69 - 149,67 |
Lump iime 625 2,5 9,00 0,14 95,90 0,14
Powdered lime 20,25 | 0,0 | 5,00 0,37 | 5550 4,50
Lisestens 1,875 w51 2,0 | 0,0 1529 0,1
“ | Riwizsend N - - - - -
4 "itoh ooke bres2s - - - - - -
Carburt “.0 iﬂt 225 019 761” 0|°7 7‘.— 0107
Tetal flunes 2,95 | 9,9 4,67 4,02
Total chorge (total for +-6) 226 - - - 15,4
Mater, =§ Fo
r Inget onds and serep ingets 2,000 | 100 2,000 8 128,50 1,03 | 128,00 1,02
. Ruaner serep 1.7%0 100 1.25% 5 115,00 0,58 | 115,00 0,58
!i Skelia/spilioge 0.670 ) 6,500 | % 107,00 2,718 | 106,20 2,%
S| Comvorter amst .ncsluve 30 | 5 1 200 | 8 | w00 | o32] o0 | o
3:'3 Fine erushed irom 2.5 n 1.250 5 60,00 0,30 | 60,00 0,30
g"‘ Meitingrasidwes 20.75%0 )] - - - -
o Sisg credit 37,500 | 10 35,00 5425 1 35,00 5929
Total credit for by-produsts 33,750 | 135 - 10,26 - 10,23
Matsrials cost  (total for 16 less 7) 250,000 |1.000 155,10 144,26
Prosess costs 34,85 35,88
Rott sosts 250.000  1.000 189,95 100,14




35 -

F.g. 10 - Pass schedule for universal slabbing mill for 32.5t slab to determine

output
Type of pass Size Rolling time
Pass| |, _ vertical Thick - | width |Length Reduction Pure roling |Holding time|Cumulated
No. ness time total time
H = honcontat °
mm mm mm mm Yo sec sec sec
e 179 | .00 | 2.500 0 10,00 0
v 1.790 1.0V 0 0 .
! " w5 | v | s | » 13 2,64 500 17,64
o .15 | 0w % 70
z v 1915 | 00 | 260 0 0 4 1,00 21,3
v 1,000 1,670 %) 2,6
3 " o | tess | aes | 6 | e 2,9 5,00 35,31
" 910 | 1.6% 6 6,7 3,05 5,00 43,%
' v 9w | e | s ] 26 |
v no 1.605 85 4,7
4 - " 10 | e | | e | 66 3,3 %0 WD
]
o] < Ebvcedl RS B I R 2 sw | e
—_—
v 75 1.5%5 [V} 2,8
! " 0 | 15| ] e | a3 3,91 500 69,25
" 660 1. 60 8,3
' v 660 1.2272 v | 29 “Wa 500 ",
v 660 | 1.50 2) 1,6
’ " s | 150 | wm] 6 e A4 50 8,43
" 530 1.5%% 65 10,9
0 v 0 | 150 s3] » 16 545 500 %,89
nlooa o | | som| w0 | ws| o2 s | 1o
[ 1. 65 13,8
e v @ | v | em| m | n W 2,3
v . 0
K " g :g 2.9 s: 12,3 8,33 5,00 135,63
4
ISR EENHEEEREE
) 300 | 1.50 0 0
5 " w5 | oo | o] » | wa] ™ 5 16,51
s
% : m :::: 1,901 2: 95" 12,19 5,00 Ww3,N
v 0 1.500 0 0
v " w | w0 sk ] 6,3 8.0 0 196,80
* Output for Various Slab Weghts and Sizes
he ingot size (mm) Siab size Imm] norgec R{'}‘,',','P 1] Theoreticol roling output (t/h]
X - Twidth |Le_ug'h ng,‘: width lLeugth | (1] (sec) s 100% | 80% 60 %
1] 1790 J 1000 f 2500 ] 225 |1.500 | 12,610 | 32,5) 1%,0 W] 0 | V0] 357,0
2] .00 | 1790 J 2500 | 225 | 1500 | 12610 | 32,5] 17,89 15 | 65,0 526,0 39,0
P38 | 95 | 2500 | 225 | 110 | 12,500 | 2,0] 1w,02 7 9,0 | 38,0 298,0
6] 965 | 1,438 | 2.500 | 225 | 1.0 | 12.500 | A0 1%,W 15| 58,0 7,0 335,0
5]1.3% | 890 J 2080 | 160 | 1120 | 11,610 | 16,0 ] 15,8 7 335,0 36,0 | 37,0
6 890 | 1.3%0 | 2.080 | 19 ] 1.120 | 11.610 | 6,0 ] 132,52 15 435,0 348,0 261,0
1] 2.2% 820 | 2215 § 0 | 2.3 | 10.680 ] 28,0 19,3 19 516,0 13,0 310,0
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é T&“ - Works A Wnre B
s |32 et ] e o L S e
Cost 1tems 8] ot DM/ month DM LA DM /month OM
wages [ U A T T BT DR G VL
Coertise st | I X S
é M!‘J'&,, [ I I R 18.808,— | 0,08 | 19.863= | 0.08
— | Expenditure sisilar to wages 17925 y= 0,,36 L. 1 12(!93,-_-_ ‘__011"?___
k1 I N . e | ou || wome ] 00
S | statutory social charges 23,436, 0,10 714036, 0,09
Total personnel tosts 245.172y=— 1,03 263.170,=— 1,10
o | Blast furnase qis 08kcal] o | 12,0 | 517650= | Lt 8,10 | 335.M0= | 1,0
3| sone oven/natural gas 105kcalf 0,096 | 12,% 28.560,~— 0,12 | 8,10 18.507,~ 0,08
Total fuels 546,210y 2,29 353.947y— 1,49
Electricity kwn 132,00 | _‘L'?“EL B ’)_65.59.:_ | l‘.?L _0.0560 27h,176— 1,19
i | s Low | wems | o josen v A
i works water J3 2,9 | 0,050 34,510,— 0,% | 0,015% |  9,163,— 0,04
& | Compressed alr Nm? | 8,00 | 0,005 | 19.992,— 0,08 | 0,000 | 17.8%8,— 0,08
Neating 3.800,— 0,02 2.950,— 0,01
Total Power 443, 505,— 1,86 322,037y 1,35
fquipment and tools 178.500,— 0,7 189.000y=— 0,79
working saterials 130.900,— 0,% 138.000,— 0,5
o | vorks railvey 112,05~ 0,47 124,236, 0,52
8 [ other transport eosts 53.500,— | 043 B4%0,— | 0,2
-g os, chealcal anslyses M0, | 03 N0~ | 0,3
‘g _gl.intl‘u operatisg sests 51.900,— 0,2 56,000,— 0,2
§ [ Tor swxiliory glaet 20.250,— | 0,12 31.670,— | 0,13
S 1 rotal other opersting eosts 320.006,— | 1,5 W%~ | 1,46
Own repair wages, sxtras 19, 4504— 0,08 21.950,-—__‘ 0,09
§ | Vortshor jobs 410.000,— 1,12 435,800, 1,00
Outside repairs 25.000,~ 0,11 29,900 ,— o
Replacemsat and spare parts 239.000,~ 1,00 2554000, 1407
Maintenance paysents 30.000,— 0,13 31,7004 0,13
GEaT walntensace 308 To0d ¥ WA= | 30 MF0= | 32
Furnace Paymsats 207.060,— 0,87 219,240, 0,92
3'31 Calculated depreciation 500910~ | LW 639,083, 2,68
A R 300.00,— | 1,2 30.00,— | 1,39
5 ialculatod 'utcgnt 140,000, — ,__Qnﬁl :
S| votal service of caital LA — | 43 1125,03— | 4,73
Plast precess costs sans0,— | %0 | 3700 W3y | 15466
Costs arising outsice plaat 452,200~ 1,9 487. 400y z,oL
Prosess sosts 4,272,720~ 17,9 4,215.083,— 17,1
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product costs, as, for example, shown in Figure 1l. This
method enables us to follow the development of locational
advantages from production stage to production stage.

In addition, the products have been divided into those further
processed in the same plant and those intended for sale. Thus,
on account of packaging etc., the cost of hot widgsioip intended
for sale is higher than that intended for furtaer processing.

Figure 14 shows the way an analysis of locational advantage
can be made, on the example of location "B"; tne influence of
location factors on the advantage of site "B' is shown for every
stage of production. Thus, for instance, the advantage of the
product LDAC iron, amounting to DM 12,97 per ton, is attributable
to a lower rate of freight for iron ore (DM 7,79 per ton of crude
iron), lower blast-furnace fuel conts (DM 4,95 per ton of crude
iron) snd lower electricity costs. (IM 0,72 per ion of crude
iron). The lower labour costs and the lcwer capital service of
gite "A" account for a slight dimirution of the locational advan-
tege of site "B". This calculatioun, which does not take into
account any changes in the choice ol cost goods aru in the deve-
lopuent of their price, makes it now poscitle for a comparative
assessment of iocations to be made on the basis of production
costs. Hovever, such an assessment will invariably be a "snap"®
assesspint made at the time of analysing the two sites, while
plant lsyout and production programme are invariable units.

5.4 Cost of trensport from the plent

In order to be able make any statement on the most favourable
site of a smelting plant, it is, however, not sufficient to

know the cost advantage of & site. The overall assessment must
include an analysis of the sales markets which are to be supplied,
of their distance from the alternative sites, of the method of
transporting these products to their markets, as well as of the
costs of transport. In the end, the most favourable site is that
from which the products have the lowest costs until they reach the

consumer. The consumer is not interested in the plant location
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. 13 = Comparison of net works costs

Work A Work B Advantage
Output tor work B
Product Nett Works costs
t/month DM/t output oM/t ) 'E'
Fiaished sinter for LOAC .
bt motal 225.500 49,45 i, 52 4,96
Finished si for steel-
meking iroa (0N steel) 75.150 53,51 50,06 3,45
LOAC hot metal 225.500 139,17 126, 26 12,91
Steslmeking iron 75.150 153,01 140,69 12, 32
Crude oxygen stesl 250.000 189,95 180, 14 9,81
Crude ON steel 150.000 211,73 205,55 6,18
g Sl ingots 0x ] 170.000 223,73 212,07 11,66 )
k] oH] 68.000 249,35 241,96 7,39
i Ox 44,000 220,57 209, 37 11,20
Ingsts
& Ox} 15.000 246,28 235,68 10,60
Billets -
OH] 32.320 272,07 265,77 6,30
ox| 115.090 272,84 258,68 14,16
Wot wide strip
‘ OH] 19.510 299,26 289,50 9,76
Send finiohed Ox 6.110 247,48 236,97 10, 51
prodests onl| 15.270 273,27 267,06 6,21
eavy bers Ox} 19.920 362,88 357,73 5,15
md sections
OH] 10.870 390,21 389,62 0,59
Neovy and ox| 13.800 355,56 346,02 9,54
i sedive plate
5 OHl 29.734 383,59 378,73 4,86
ox] 18.856 367,25 353,06 14,19
Note wide strip
OH| 28.694 398,50 389,52 8,98
Ox] 27.500 281,40 268,15 13,25
ot vide strip
OH| 12.500 307,82 298,97 8,85
Ox | 107.035 390,46 377,31 13,15
Cold relled Produsts
18. 145 418,87 L0, 4b 8,43
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Fi;« 14 = Analyses of coot advantages tor works B

OH 272,07 | %5,77 | 6,30 | 3,98 | 3,73 | 1,89 | 2% L/.1,20 /2,9 }/.1,35

Ox| 272,80 | 258,68 | 1,6 | 8,53 | 5041 | 3,8  _ /0,89 /22,95 p/.0,Th
Hot wice strip

OH| 299,26 | 289,50 | 9,7 | 4,00 | 3,81 | 2,95 | 2,61 [o/<1,08 /22,54 }/.,29

Nett works costs Breakdown of cost advantage
puava Nre |Fuels [Elec - |Fuels m,om:{ Servcc:‘
A S
Product Work Work B w;"’:'(m:rfrmght b fce |tricity |ol OH | costs c:p"m' crap
DM/t output DM/t output
Fineshed sinter for LDAC
hot metal W9, 48 | 4,52 | 4,96 | 5,11 | 0,42 | 0,25 | - [./.0,09}./.0,30| -
finished sinter for steel-
aaking iron (OH steel) 53,51 | 50,06 | 3,45 | 4,02 | 0,88 | 0,65 | = |/.0,09)/.0,30] -
LDAC hot metal 139,17 | 126,26 |29 ) 7,79 ] 4,951 0,78 | - [./.0,13[./.1,02} -
o Steelmaking iron 153,00 | 10,69 [12,32 | 6,72 | 6,28 | 0,98 | - |/.0,% /01,05 -
§ Crude oxygen steel 189,95 | 00,0 | 9,81 | 7,03 | 446 | 1,30 | - |/.0,48 [ofa1,31 L0,
(™%
a
§ Crude ON steel 1,73 | 05,55 | 6,18 | 3,36 | 3,15 | 1,0 | 2,05 L/.0,6% |./.0,97 }/.1,06
< Ox| 223,73 | 212,00 | 11,66 | 8,27 | 5,25 | 1,9 | = [o/.0,64 [o/21,9 }/.0,72
S | slab ingots
g OH| 249,35 | 231,96 | 7,39 | 3,95 | 3,70 | %7 | 2,53 /o082 /1456 }/e14325
s Ox| 220,57 | 209,37 |1,20 | 7,9 | 5407 | 1,80 | = L/e0,73 [o/+2,01 }/.0,69
> | Ingots
2 OH| au5,32 | 238,25 | 7,07 | 3,82 | 3,5 | 1,5 | 2,44 £/.0,91 |/ 1,62 }/.1,20
-
Billets OxT 6,28 | 235,68 [10,60 | 8,33 | 5028 | 2% | = /o001 |/o2,% }/a00T2 |
\
|
\

S.li—ﬂMSMd Ox z“?'“ 236'97 10.51 '.33 S'z. z.” - 0/.1'01 ./.2.% 0/.0.72
Products oWl 2,27 | wr,06 | 621 | 3,98 | 31| am | 2% /a0 /2,9 /05
Heevy bars Ox] 362,88 | 357,73 515 8,82 5,60 | 2,9% o lofe1,47 of 3,82 1.0, i
and sections

oHl 390,21 | 369,62 | 0,59 | 4,22 | 3,95 | 2,68 | 2,69 |o/e1,66]c/.3,39)/01,33

- ”dl“ baf‘ Ox )55'% “6'02 9.% 9.05 5'?" 3'58 - 0/01'a9 o/.“.62 ./-0.7‘ ‘
§ | and sections

: OH| 383,59 | 378,73 | 4,86 | 4,33 | 4,05 3,31 | 2,76 |./.2,09)./.4,99)./.0,3%
2 Heavy and medium 3"- _ 367,25 | 393,06 | 14,19 § 10,09 | 6,40 | 3,92 { - |o/e1,95]./.4,73./.0,88
g Plate OH{ 398,50 | 389,52 | 8,98 | 4,82 | &,51 | 3,66 | 3,09 |o/.2,17 /.4, 24 /01,52

_ Gxf 281,40 | 268,15 13,25 | 8,53 | Sy41 | 3,40 | - [./.0,89}./.2,95[./.0,7%
Not wide strip

OH| 307,82 | 298,97 | 8,85 4,07 | 3,81 | 3,17 | 2,61 1./.1,08]./.2,% [./.1,89

Ox ] 390,46 | 377,31 | 13,5 | 9,17 | 5,82 | 538 | = |./.2,81|./.4,82}./.0,80

Cold rolled products

OH| 418,87 | 410,40 | 8,03 | 438 | 4310 | 593 | 2,81 [o/23,00)./.4,38)./.1,39

») Cost advantages and disadvantages for main cost centres
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from which he is supplied. It is the price of products free at
his processing plant that matters to him.

Assuming that the production costs are equally great at either
site under consideration, and that the products are sold at the
same prices, one would note that each location has a closely
defined sales area, which can only be supplied from the alterna-
tive location at the expense of cuts in revenue.

If we assume further that transport costs are proportionate to
the range of transport, we could, in theory, delineate the sales
areas by means of a straight vertical line, placed in the middle
of the horizontal connection line between the two sites.

Figure 15 shows this theoretical solution. Taking into account
the above assumptions, the diagram enables us to see that, accor-
ding to the production cost advantage of site "A", for instance,
this central vertical line moves towards site "B". Thus, the sales
market which can be supplied at more favourable costs by "A" is
being extended.

5.5. Result of sssepament

If, after the preceding mathematical apalysis, a locational com-
parison is made, we will arrive at the end result, which shows

the location most suitable, out of several locations, for supplying
the sales markets. In this context it is, however, necessary to
point out that the result is a merely statistical statement, be-
cause the calculation was confined to a specific time.
Pronouncements on locational advantages in the long run will only
be possible after taking into account factors varying with time,
like, for example, cost goods prices, cost goods choice etc., as

is done in dynamic analysis.

The advantage of comparative statistical analysis lies in the
smaller amount of work required. In addition, the information
provided by comparative statistical analysis may even be suffi-
cient for long-term considerations, if the factors of influence
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accounted for in the analysis are subject to the same trend.
This applies, for instance, in the event of both sites under
consideration being affected equally by economic policy.

The result of such an analysis must invariably be verified by
means of a sensitivity analysis. This, of course, includes a
re-assessment of the available information and its degree of
Precision, the evaluation of purely qualitative factors, as well
as all the other premises.

Having pointed to the limited information value of statistical

site comparisons, we will now try to describe, briefly, the
dynemic method of determining a location.

In order to be able to determine the long-term advantage of

& newly planned plant, it is necessary to quantify those factors
which vary with time, as well as their respective behaviour.
Only this enables us to'providc positive evidence of an assured
lorig-term locational advantage.

In view of the great number of locational factors, which,
moreover, affect each other as well, it is neceseary to apply

& method which makes it possibdle to effect locational analysis
for the steel industry irrespective of certain geographical
regions. A method available for this purpose must enable us to
find the most suitable site irrespective of the number of factors
of influence and their locational differences. However, the dimen-
sions of such a comparative mathematical analysis no longer allow
any manual calculations. For economic reasons, it is, therefore,
necessary to devise a mathematical model which can be used for
data processing.

Dynamic analytical methods, of course, are based on the same
assumptions as statistical ones. They include, for instance,
a determination of the sales market and of the sales programme,
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the development of a sales programme including all the plant
and output data as well as gufficient quantitative framework
for the consumption of cost goods. In addition, it will be
necessary to account for the price of cost goods and their
longterm changes at the locations in question. Moreover, a
dynamic analysis drawn up in this manner, together with a
mathematical model, provides the opportunity of partial opti-
mization, for example through substituting cost goods ( e. £
partial decrease of crude-iron input in the LD converter and
its replacement with scrap).

A locational analysis of this kind 1), using a mathematical
model, was demonstrated at the annual Congress of German Metal-
lurgists at Disseldorf in 1972. The aim of the analysis demon-
strated there was to determine the most favourable method of
supplying a familiar market. The model served to assess the
lowest locational costs of smelting plant with their own pro-
cessing plant. At the same time, the model slso made it possible
to effect a locational separation of smelting plant and proces-
sing plant, and to show the result. However, thie comparison of
sites was based on existing, invariable production programmes
and market structures.

In the model, the following items were listed as subject to
processional changes or variable according to cost goods input:

- the source of supply of coking coal

- the choice of natural gas or fuel oil for meeting heat
requirements (1ime-stone or dolomite for the burden)

- the composition of the burden

- the cooling system of the LD steel plant

- the electricity supply of the steel plant

- the locations of processing plant

- the supply of the market from several processing plant.

1) Weisweiler, Franz-Josef: Modell mit Anwendung fiir
Standardunt ersuchungen von
Hiittenwerken mit Weiterverarbeitung,
Stahl u. Eisen 1973
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With the aid of the mathematical model the most favourable
alternative was determined for each site, thus obtaining
partial optimation.

The Question remains as to the cases where this method of
locational comparison can be applied. This brief description
obviously shows that this method of analysis constitutes another
step towards reaching objective results in locational comparisons.,
However, I believe that, on account of the great amount of work
required, it will only be applied if, on the basis of assured
indicators, the locational factors can be expected to be subject
to substantially different changes in the course of time.

Example of global comparative analysis of loocstions

After an initial demonstration of locational analyses and com-
parisons by theoretical methods, it is no doubt of some interest
to describe the result of such an analysis. For this purpose,
however, the description of a more global analysis is more appro-
priate, because it is more likely to show the essential features
in the process. A model example of this was demonstrated by

Th. Brandi 1) at the same Annual Congress of German Metallurgists
in 1972. The aim of his analysis was to provide an answer to the
question of whether a certain site in Western Europe offered any
advantages over overseas sites. A global analysis of this kind
first required the establishment of certain premises whose vali-
dity must be verified by the analysis. Thus the investigation
assumed that

1. The geographical situation of the plant with regard to
the sales markets and, with it, the cost of transporting
finished products from the plant,

2. The geographical situation of the plant with regard to the
raw material merkets and, with it, the cost of tramsporting
raw materials to the plant, and

1) Th. Brandi: Stahl und Eisen 1973
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3. An energy supply assured with regard to types of energy,
quantity, and price, are decisive for determining the optimal
gsite, and that, moreover,

4, Approximately 50 per cent of the total cost is caused by raw-
material input and energy consumption.

on the basis of these premises, it is possible to describe the
optimal site in terms of its proximity to the sales market, the
iron ore and the sources of energy.

Sterting from this, an analysis was made of those regions of the
world which have deposits of iron ore and which can supply energy
(ef. Figure 16 ). The result is that iron ore and energy can
only be found closely together in the USA, in India, Southern
Africe,and Australia. There are large iron-ore deposits in South
Anerica and West Africa, but these areas have quantitatively and
qualitatively insufficient deposits of coking coal. From this first
analysis, only the following countries offer competitive sites:

a) Venezuela

b) Brazil

¢) Liberia

d) Southern Africa
e) Australia

At first sight, plants located in these areas seem to offer an
advantage over certain plant locations in western Buropean inland
sreas. Their advantage is due to the 'fact that the freight rates
for carrying iron ore to the plant are comparatively low, and
that coking coal is cheaply available from nesrby areas or cen be
bought cheaply in the world market.

If we calculate these cost advantages over a European plant on
the raw material and energy supply side in terms of a mixed
consignment of semi-finished and finished products, we will arrive
at a sales area which - only in terms of the above-mentioned four

assumption - could be supplied more favourably from the sites
considered. :
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A projection of these advantages on & world map (see Figure

17) reveals that, with the aid of lower input material
costs, the African coast could be supplied from southern Africa,
as could some of South America's east coast (dotted line).

In addition, it becomes clear that the coasts of Western Europe
could be reached from Venezuela, since the lower cost of input
materials roughly balances the cost of transporting finished
products from the plant. What is more, almost the entire coast |
of South and North America as well the West coast of Africa can é
be supplied more favourably from this location (see full %
line).

However, Brandi points out in his snalysis that two major
factors have not been considered in this analysis:

1.) The cost of producing steel has been assessed as being
equally great for all locations considered, or, respectively,
it has not been taken into account in the analysis. An exact
detemination of the steel-producing costs would have required
too extensive an analysis of every iocationally specific
factor.

2.) The cost analysis of the transport of rolled-steel products
only includes the cost of loading and transport at sea. The
cost of unloading, customs duties, etc. has not been taken
into account. On the other hand, possible decreases in trans-
port costs through the use of special ships, on account of
its long-term character etc. have not been included in the
analysis, either.

However, thesslocational factors, which were excluded from the
enalysis, are so important as to justify the claim that competi-
tiveness in the Buropean market is not positively assured by
plant sites in Venezuela, either. As we said before, locational
advnntas;u consist not only in favourable energy and raw-material
costs.

1) v. 4. Rijst, v. 4. VWoestijne: in Stahl und Eisen 90 (1970
p. 449 ¢
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The global analysis of locations described above did not deal

with any precisely defined site, but a region or a country as

a whole, where a plant may possibly be established. This method

of locational analysis makes it possible to exclude those regions
which a global analysis proves to be at a disadvantage, before

a detailed analysis of the sites under consideration is made.

This is why I considered describing the sbove example to be inter-
esting.

Conclugions

After this brief survey of the possibilities of determining the
most favourable site for a smelting plent it is, I think,
necessary at this final stage to point out once again some major
problems entailed in such investigations.

Thus the description has, I hope, shown how complicated an
analysis of locational problems is. I have tried to demonstrate
that an exact analysis required sufficient time, as well as
experts who possess the necessary amount of knowledge and
experience. General considerations are of little assistance in
this context. Irrespective of this, one must be aware of the
degree of exactness of such analyses. The result of any investi-
gation can never be more exact than the information constituting
its dats framework! However, the fact that locational factors
partly change at different rates means that there is no such
thing as a permanently optimal site. 1) For the choice of loca~-
tion, this means that it must be adapted in each case to future
developments instead of being golely based on the data valid at
the time of analysis.

It may therefore, be taken for granted that, in any discussion
on a possible site for a smelting plant, the general requirements
for establishing this type of production plant are fulfilled.

1) Riischenpshler, H.: Der Btandort industrieller Unternehmungen
als betriebswirtschaftliches Problem,
Berlin 1958, Seite 77/78
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This includes a solution of the problems of raw-material supply,
supply of labour, and infra-structure in its long-term develop-
ment. However, it is just as important to know, as far as is
possible, the development of the sales markets and the possible
behaviour of the competitors operating in it. For it is nowa-
days impossible for anybody to make fully isolated decisions in
a world-wide economy with its many mutual relationships.

The scope of this description made it impossible for the location
problem to be discussed from a macro-economic point of view with
its altogether different methods. Objectives of structural or
general economic policy may, from a macro-economic point of view,
render a location interesting which the enterprise concerned is
first bound to reject as unfavourable from a micro-economic view-
point. However, with the aid of fiscal preferences, taxation
policies, tariff policies, state grants etc., the national economy
may modify locational factors to the effect that macro- and micro-
economic objectives tally. These mutual relationship and their
prerequisites could not be discussed within the scope of this
paper, although they are certainly of major importance for deve-
loping countries building up their own industries.

The above applies, in partioculsr, to national economies with
scarce financial resources. This is why every decision of economic
policy which calls for state finance must be examined with regard
to the alternstive investment possibilities for these financial
means, in order to invest the money in such untertakings which
produce the highest marginal profit for the national economy. For
the latter, this may mean that, on account of the above factors,
a site regarded as optimal may have to be dispensed with. For such
a decision the only standard is a comparison of the product cost
of plants in the country, as determined by locational analysis,
and a comparison of these figures with world market prices.
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