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SUMMARY

The advantages of co—operation arc first of all in securing laryer markets
which provide {the poseibility of constructing plants of an economic size thereby
achleving substantial cavings in invesiment and in operating costs, and of manu-
facturing economically a wider range of products and sc, still Durther reducing:
dependence on imports. Secondly, it gives a wider accesc to resources which re

only located in certain favoureu areas.

The economies of scale are given for sizes of plantc ranging from 50 to 400
thousand tonc per annum and for the four categories, iron and steel production up
to and including casting, bar and section rolling, and ho* and cold rolled shect.
The economies are shown separately for investment, labour costs and other operating
costs. Investment per ton for a plant of 100 thousand tons anaual capacity ic aboud
80% high2r than in one of 400 thousand tons capacity for iron and steel muking and
three times nigher for nhot strip rolling. Labour costs per ton arc corre~pondingly

about 60% higher and other opcrating costs about 25% higher.

* This is a summary of a paper issued under the same title ac ID/WG.lzl/lé.

}/ The views and opinions expressed in this paper are those of the author and do
not necessarily reflect the views of the secretariat of UNIDO. The docume:t
is presented as submitted by the author, without re-editing.
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ihe wivantages of CO-operation in securing larger mapkoto nd economieg of
le are partly offae4 Ly the higher transport costs involved in distributing to
widerp market, and an nalysis is given of normil transport cost

20 Sbee] ang
!wonnteriale acoording to type or beansport, iLe, rally road il oo, e nmunber
U plants which onn most economianlly SApPly a glven napket deponds on the density

oobhe market and the means of transport, aviailable,

T esonomies of speclalinution aopne et of retaining CCOLOMLeT Ul tante At

i rol i, stage while losing tien o4 the steclmaking stiwre, CUHYNTSOLX, the
cutitilichment of re-rolling works sapplied from a1 centpn Lntesratod wopke retaing
WOnONier 0 ganle At the stoclmaking Stage but loses therm ot the rolling stage,
soth thege procedures may be desirable o Secure wo-operation i, dovetoping the
lron and atesl industry on g mulbi-nit i onn) basie.  The mogt Suibboble re-=rolling
Pperations nre the re-rolling of bop and lieht 2blions from bitlets aud the cold

reduction of hot rolled strip,

aving regurd to the higher pProcessing cogtg ot CVETY stage the ise of oven
shigitly tnferior jacayl Pres may have no advantyre overp the use of oureg aval able
on o un—resiong] basis.  In this conney | on Lransport costs ape vital and the
Iocation of 4 melti-nitional work: can only be ectatlished after a carefal caleul-—
ation o conty, of‘-lss<hnbliru* raw materinls nd oo drntribut e the finiched product,
In qenern however, the attraction g bownrde ‘ho goopee of materi+lg.

Detiiilod “ooal ion suleulationg e this kind v veen made in th, Woot Ay
and Eact Arrison SUb=rermions g qpe cdAanarigedl onotpe paper. In tha Wepe Ay ican
sub=reglon i wag foind gt e SOWCSL wVereyl ] iy site for o

single integrateq
WOrks supplyin.- the whole

Pibereion woule be ot Lower 3

uchanan in Liberis, Subse-
Tently, in crdep 4o acvommodate Lhe views of Other countpies wishing to establish
tron and ghond manutieture, Lb oy broposed to eutablioh o number of re-rolling
vorks based on the Liberian works, n Fast Africa a rumher of bossiblilities wepe
cevaluated inelndin.- 4oglngle interrated orks Supplying the whole sub—region, two
ntegrated works, three integrated woprys and algo

re-rolling works, Since in con-
st to West Afpiog the main centres °f consumption in Bast Africa are inland
f transport sogtg thurafore higher the rriament in favour of o single integrated
<rds 1s not go stronge,
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1. Introduotion

Included in the scope of this study is a general aocount of the advantages,
where small oountries are concerned, of constructing iron and steel plants bamed
on the resources and narkets of several countries. This is followed by an analysis
of the economies to r« obtained in so doing and finally an account is glven of

eome proposed grouping3’ in this regard among Afriocan countries.

2. General Advantayes

The advantages of access to larger markets are first those arising from
economies of scale in the construction of large plants of an economic size.
These economies lie mainly in the very considerable 8avings in investment cost
and skilled labour required per unit of output and to a lesser extent in savings
on fuel and power. The larger market oan only be obtained, however, at the
expense of higher distribution costs and these must be allowed for in calculating
the net advantage of a large plant. Secondly, and associated with eoonomies of
scale are the advantages of specialization possibdle in a large markat including
not only those of soale but also thcse of being ablé to produce economically a
wider range of produote and varieties and so reduce still further the dependence
on imports. A further mspect of specialization is the possibility of establishing
re-rolling plants based on suitably located integrated works which not only may
reduce transport and marketing coets but also gives rise to those general social

and economic advantages accruing from a rational dispersal of induatry.

The advantages of a wider access to resources can be important in view of
the complete independence in the location of markets and minerals, the best
supplies of minerals often being located in the least densely populated areas.

Thie circumstance profoundly influences the optimum location of iron and steel

rlants a detailed calculation of the costs of assembling materials, of manufacturing

at the site and of disiributing the finished steel being necessary to ectablish

the optimum for each grouping of countries concernsd.

3. Economies of Scale

For the purposee of analysing economiss of scale the ateelmaking prooesses
may be usefully divided into integrated iron and eteel production up to and
including casting - most probably continuous casting, the rolling of bar and
sections from such castings (billets) and the rolling of flat producta, hot and
cold, from slabs.
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Dealing then first with economies in investnent, an increaee in

integrated steel producing capacity of 10 psr cent requires an increace
im investment or about ¢ yer cent up to capacities of about 200,00C tons
per aunum, then of about 7 per cent up to nalf a millicr tons. For the
produotion of hot rolied wide 6%rip the ocorrecponding inoreases in
investment arse only about 3 per cent up ¢ a oapacity of -
Per annum when reversing mills are no longer adequate and then of § per
cent aftervardn. For cold reduced strip, econcmies of scale are relatively
small; up to abvout A00, G0 tone ocapacity, an increase of & per cent in
investment is roquired to obtain R 10 per cent inorease in capacity after
whioh it rises to 10 per cent, i.e. there are no further aconomies of sosls.
For bar and sections different instsilations are required at differsent

' levels of capacity but on the average an increase of 10 per cent in

! ocapacity is obtained by a 7 per cent increase in investment.

The following tabule gives estimated fixed capital coat per amnual ton

. of produot for the four processes,

1 Fixed capital investment per annual ton of product (us 8)

I Capacity '00C tons POr annum 50 100 200 300 400
Iron and steel product:on and
casting 350 265 200 175 150
. Rolling:s bar and sections 155 125 100 90 80
hot rclled sheet 410 240 140 100 85
g ¢old reduced sheet 185 160 140 130 129
Wt
T In practice it wouid be vossible to keep the investment per ton
t required to produce bar and sections at about 3125 at lower levels of
we capacity by adcpting lese mechaniszed mills. Similarly, in the case of
ev iron and steel production it is posaible to secure & reduction in capital
in cost per annual ton at lowar leveis of capacity by dispensing with coke
tr plant and einter plant,

To realise these economies it 19 of oourse necessary to avoid the
proliferation of planta, ©.8., tLe investment required to produce 200,000

tons per annum of cold reduced 8heet in two plante would he about $138 million

compared with $10C million in a 8ingle plant.




4. The position in regard to labour is that labour actually operating
machinet remains virtually the same regardless of scale, maintenance labour
roughly follows capital investment while there are substantial economies in
adainistrative labour. On the other hand certain categories of labour, e.g.
on packing and despatoh are proportional to cutput and will become relatively
aore important at large capacity. In total therefore, labour per tor of
output falls more rapidly than investment up to a level of capacity where
these other categories make themsslves felt. The following table gives

estimated man-hours per annual ton, under African conditions, of product
for the four processes.

Estimated man-hours per annual ton of product

Capacity '000 tons per annum 50 100 200 300 400

Iron and steel production and

casting 20 14 10 9 8%

Rolling:s bar and sections 16 8 6 5% 5
hot rolled sheet 16 6 5 4 3
cold reduced sheet “12 8 6 6 5

As will be seen from the following table a high proportion f the
manpower required 1o technical or skilled and thic proportion will to

higher still at low levels of capacity.




Classification of labour in 3 modern intexrated iron and 8teel works

per cent
Managers and senior techuicianas 4
Junior tecaniziinag roremen 4
Technical 4
Clerical 5
General 10

Skilled and semi-skilled operativess

Craftsman, i.e.

welders, joiners,

bricklayers, fitters,
electrioians 11
Other maintsnance

workers ind repairaers 8
Drivers and transport 5
Production operatives 30

Unskilled operatives:

Labourars 16
Cleaners
Total 1CC

The managerial category may be furthar classitied as followa:

Managers and assistants; 15
Enginears: Mechanical 12
Electrical 5
Cheanical 8
Metalluryy 10
Design 13
Clericaly Secretaries 13

Accountant and commercial 18
Miscellansous 6

Tetal 100

The remaining category of cost includes a &reat variety of items, some
8Uch 2B raw materia? including ferro-alloyas being constant per ton of product,
others such as fuel ang LOWST and malntenance materials, declining with
increasing capicity but not aso raplialy as investment, or cthers including
Some bought sarvices being proportional tc cutput, Actual costs, especially
of raw materials, dejends on tae distance over which they nave to be tranasported
and tho following is

local ores.




Materiale and power ocost per annual ton of product (Us 8)

Capacity '000 tons per annua 50 100 200 300 400

Iron and steel production aLd

casting 75-0 62.2 56.2 52.% 52.0
of whioh ores, ooke, fuel oi} 2.0 21,9 27.8 27.6  27.6

Bar and mections 10.0 9.0 8.8 8.4 8.2

Hot rolled sheet 10.G 7.0 4.9 4.2 1.8

Cocld raduced sheet 8.0 7.0 6.3 6.0 5.8

In cowbining these three sets of figures to obtain total costs a great
deal depends on ithe return required c¢n sapital and to a lesser extent on the
level of wages. Under Afriocan oonditions a rate of return of 10 psr cent has
been proposed but Up to 25 per cent might well be neoessary. Wages under
African conditicas average $0.8 per man-hour; in other developing countries
vhore wagee are higher their incidence may be offset by higher productivity.

4. Transport costs

Transport custs inciuding running vosts, handling coste and terminal
cosis vary greatly acoording to the type of transport, ¢.g. sea transport
is characterised by high terminal charge3 and low running costs while at
the other extreme rvad transport has no terminal chargee but comparatively
high running costs. They also vary froa country to country, @.g. they are
lower in the U.A.R. and in South Africa than in other Afriocan countries and
aineral rates especially are often subsidized. Nevertheless the following

rates are typical of Buropean countries and averaée Africsn conditions.

(ocents)
Handling Terainal Running
per ton per tom per ton/ka.
Rail: aineral 10 50 0.6
steel 40 80 1.2
Road: mineral 10 - 1.2
steel 40 - 1.8
Ship: oocean 80i1g: mineral 150 300 0.05
steel 150 670 0.05
ooaetal: mainerai 15 150 0.08
oteesl 175 300 0.08
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If then for exaaple the location of market centres is such that the
market can be doubled by incurring an additional average distance of 1,00(
kilometres transport the extra co8t by rail transport would be $1¢ Ler ton
and by sea less than $1 yper ton. The BBYING 1in oocsts of production of oar
and rod at an integrated works would be (aaauming 1C per cent return on
capital) about $7] a ton in increaeing capacity from i00,0(C to 200,000 tons
Per anoum and about $14 in increasing from 20C,C0 to 40C,00( tons per annum
and at 25 per cent return $35 and $25 respectively. A great deal depends
therefore cn return on capital! and on whethLer the VAT10UB countrieas Seeking
to co-operate to the extent of eéstab.ishing a Bingle works to 8upply all
Tequirements aro coastal or inland. Conversely it would appear that two

inland works would Lave lower overall cos8ts of production and distribution

D«  Specialization

/

The economies of 8pecialisation are sainly those of scale and consist
normally of retaining these economies at the rolling stage while losing them
at the steelmaking stage. As an example, 1f the total surket is for 400,000
tons of finished steel of which half jg bar and half flat products the

alternative cost; - at 10 per oent return on oapital and wages at $1 per man-
hour are:

(a) Two works each producing both requirements: bar $120 per ton

flate $163 per ton.
(v) ‘Two works Specializing on bar and flate; bar $115 per ton
flats $145 per ton.
It follows that (b) will be lower overall cost provided the extra
transport cost involved in 8upplying the whole markst is not too high,
i.e. involves an extra distance by rail of less than about 1,000 kilometres.
The market for 8pedlaliged products is likely however to be strongly located
80 that the average distance through which they have to bve transported from

cpecralireg w0 I T IETR I Ny owe oy SO gergl

tran the gy o roath Wi such Prodict s wn i pqun o bte tranc: ipeeg
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Alternatively it may 8till be desirable to establish guch specialired
vorks in crder to secure the advantages of Co-operation between a nuaber of
snall countries even if a Bingle unspecialized wurke should have lower

overall csosts.

The co-ocperation of amall countries may also be facilitated by establishing

& number of re~-roiling workas supplied witn Ssemi-finished steel from & suitably

located integrated works. This is the oorverse of 8specialization in the sense
that in this case economiee of scale are retained up to the steelaaking stage
but loet at the rolling stage. Ofsetting this loes is 8oue advantage in
transport cost arising from the fact that handling charges and running
oharges on semi-finished products are usually slightly lower than on finished
produots while in addition the latter may auffer damage in transit and/or
rsquire erecial packing.

The most suitable roe-rolling operations are the re-rolling of bar and
of light sections from billets and the cold raduction of hot rolled strip,
In ths former the loss occasioned by a reduction in capacity at the rolling
stage froa 400,000 to 200,000 tons per annum is about $34 per ton and in the
latter only $2.

Noreover, there will be a reduction in selling costs and some improvement

in planning production as a result of proxiamity to the market.

6. Acoess tc resources

In nmoet developing countries some materials eo.g. ferro-alloys, refraotories
and spares have tc be imported while other minor materials are locally available
80 that the critical locating resources are those of iron ore and ooal and other

forms of energy.

The main element in the cost of suoh materials is transport cost; the
ex-mine cost of iron ore is of the order of $3 psr ton but if this should be
transported some 300 kilometres to the coast then placed on a ship for transport
ovar iny 5,000 kilometres to a coastal works, ths dslivered price would rise
(mee above table) to about $12 per ton. If on ths other hand to avoid this
inferior local ores are used there may be little advantage sinoe i...erior ore
whioh in practioe usually means a lower iron content and a correspondingly
higher silica oontent reduces output per unit of oapital labour and fuel at
the iron making stage.
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Broadly 8peaking, using a loocal ore of 50 per cent Fe and 10 per cent
silioca content 88 compared with an imported ore of 60 per cent Fe and
5 per cent s1lica content would require, evan after 8intering (which would
use 20 rer cent more coke breeza), about 15 per cent mOre coke, twice ag
much limestone and vould only give 85 per cent of the yield so that the

co8t of iron woulg pe about $6 per ton higher.

There are therefure sulstartial advantaées if a €rouping of small
countries can rg fuurd in one of which there are deposits of high quality

iron ore tc¢ Bupply an integrated works,

As already indicated tne actual location of suchk 8 works ctan only be
decided after taking into account ail elements of Cost of production at
the site, costs of assembling materials and costs of d1atributing finished
steel to the various market ar-as. In genera) however, since to produce one
ton of firished 8teel requires about three tons of material and since the
transport cost per ton/km on finished stee) i8 rarely more than ‘wice that
On materials and since further there are 8everal market ooncentrations and

only one or tWo materig] concentrations the attraction js towards the source

of materials,

7. Some African elamples

Detaiied Salculations ¢f thig kind have been commissioned by the ECA

for the West African and Fagt African sub-regions.

In the case .f West Africa, the proposition was eévaluated of the optimum
site for a 8ingle coasta] integrated plant 8upplying bar and light sections to
the whole warket. Three of the various coastal gitesg investigated were Lower
Buchanan in Liveria, Port Harcourt 1in Nigeria and Tema in Ghana. The first
of these is at the rail terminue to rich ore deposite wkile the two latter

bave inferiop lecal deposits. 1In all cases coke ¥a8 to be imported. The

results were ap followss
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Comparative overall costs of integ
bar and sections

rated productiorn of

(US 8§ per ton)

Lower Buchanap Port Haroourt Tema
Iron ore 9.0 14.9/14.5  14.6/21.,
Coke and fue] 18.6 20.0/22.8 19.7/21.4
Elootrioity 1.7 3.4 2.9
Other proceassing materials 3.7 4.3/8.1 4.2/4.6
Wages 3.9 3.8 3.3
Other pProcessing costsg 20.5 20.5/21.7 20.6
Capital costs 1. 30.0/32.8 30.2/30.7
Distribution coste 12.3 11,6 10.6
Total 100.7 108.5/118.6 105.8/115.3
The two sets of figures for Port Harcourt and Tema relate to the use of

imported ore (from Liberia) anq looal ore respectively. Distribution coste

coastal and gea trun:-

for 1.
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to iron ore was the main locaiing factcer, Where

» Processing costs angd capital coste were

local ore of inferior qQuality
Vas proposed as at Port Haroourt

raised by some 10 per cent,

f The

proposal for a single works wag
of a proposal to establish in due courase
poseibility of an integrated works being
countriee also indicated theijr intention
manufacture of jiron and steel producta,

and at the same time to retain economi ea

Te-rolling plants both for billets and sh

vould be supplied with billeta or slabs

works at Lower Buchanan.

re-rolling worka from 150,000 to 215,000

The soale of the central integrated works vas

tons per annum,

to promote economic co-operation,

8ubsequently modified to take account
8n inland works and to allow for the
established in Nigeria. Certain other
of proceeding eveutually tc the

In order to accommodate thuse views

of scale, it was proposed to establish

eet in a nuamber of countries which

tons per annun.




In the case of the East African sub-region which consiste of twelve
couniries the total estimated demand for steel in 1980 of the types coneiders
praoticable to manufacture amounted to 1,440,000 tons of wkich 67¢,00{ was
bar and lighA sections, 125,W( medium gections, 3CC,000 hot rolled etrip
and ,5C,0C0 cold reduced strip. The smallest couniry had a prospective deman
of only 1,00C tons and the largest 390,00C of which 180,0CC was bar and

seotions, 8C,00C medium sections and 130,000 flats.

Transport coets are oonslderably more important in this region than in
West Africa since the main centres of consumption are irland and in the case
of a eingle works sup;lying the whole region would amcunt to $31 per ton.

Three of the various jossibilities considered are a8 follows:

$ per ton
Manufacturing cost Distribution Surplus T
(incl. return) Cost o
@ 25% on oapital @ 10% in
25% 104 pI
(a) (o) (a) (v)
Single integrated works
at Que Que (Rhodesia) 90.5 52.8 31.0 49.5 87.2 17
Two integrated works Que Que
and Tororo (Uganda) 105.8 60.1 19.4 45.8 91.5 17
Integrated worke at Que Que 109.6 67.9 15.6 45.8 87.% 17

and re-rclling at Noabasa (Kenya)

It will be noted that a heavy reduction is obtained in transport costs by
having two works instead of one to 8upply the sub-region and that whether two
worke have an overall lower ccst than a single works depends on the return on
capital. In relation to imported prices all three are highly profitable., It
should be observed however that the capital required to establish a single
works is much lower than that required tc establish two Works namely $362

million, $429 million and $399 million respectively.

The #ituation in North Africa is different from that in the other sub-
regions in that integrated steelworks already exist in the U.A.R. and Tunisia
and that another 1s in course of construotiocn in Algeria and possibly one for

Morooco. All that can be dons is to retain as far ae possible economies of

scale by means of epecialization.
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