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HTRODUCTION

@%e follow;nﬂ report consisfs of foup chapters. ..The first deals

with the past,‘4resent -and . prOspectlve consum@tlon Qﬂ Aron and steel-.

in Africa and the extent to which it has been supplled so far from the

domestic iren and steel‘;ﬁ@ﬁ&ﬁ&ﬂ@w,Qﬁg;aﬂgand;cha§££r'1s concerned witd

o

sihetavailability of raw materials. and fuel. for the expansion of iron

cligad stéelhpmoduﬁﬁlon-dndwthe’ﬁhlrd ohaﬁfer deals w1th the economlcs‘of

¢ s e oo

fhewlndustry 1nclud1ng economies of scale, transport costs and prlces.
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v
The last chapter deals with the future development of the 1ndustnx

based on the ana1y81s of the preced hg three chapters and on the

’l(’-‘ ')(l
dlscuss1ons which have been taking place during the last two years
00

on 1ndustr1a1 co-ordlnatlon in Afrlca.

»../‘.. oo \1";’,

L 05 aR e
08f GEL,
., 008,
v O i30,

e TE P

2
oy Feet
sELL L

SOLLRIOLSHE 08




5/CN.14/AS/I11/23
Page 2 e "

CHAPTER I
CONSUMPTION OF IRON AND STEEL

l.lgThé-follpwing_table,shoWs consumption:of iron and steel prbduc%s

in tgegVariQQSgsub—regions%/ofAAfricaﬁduring:the last 11 years.

CoﬁsﬁhptiopAof frog éh§ SteeL%{_LP

ARSI

. 1000 %o

H

North Africéj‘ﬂﬁest:Afficé‘# ééﬁ%réivAfiiééub;EastiAfricammwSouthernhAfrica
. - [SECTIIE RSN L I DX IVET RV SR S Y e R A I

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963

—

450 feomlo v ppg niAnd "1,399
560 suh Lo 230 : 1, 390
670 Colne 250.ﬁj i;gid
620 320 "%tﬁ*;ﬁif76o
820 310 1,650
920 370 1,300
1,130 360 1,620
1,100 450 1,810
1,050 500 1,770
1,980

1,070 530

Average annual consumption 1961/3 in the North African suberegion
amounted to Jjust over 1 million tons, of which the UAR accounted for
420,000 tons. Domestic supplies during this period averaged 300,000 tons

1/ North Africa: Algeria, Libya, lorocco, Sudan, Tunisia and the UAR.

West Africa: Dahomey, Gambia, Ghana, Guinea, Ivory Coasty Liberia,

Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone,
Togo and Upper Volta.

Central Africa: Angola, Cameroon, Central African Republic, Chad,
Congo (Brazzaville), Congo (Leopoldville) and Gabon.
Fast Africa: Burundi, Comoro, Ethiopia, French Somaliland, Kenya,

Madagascar, Malawi, Mozambique, Reunion, Rhodesia,
Seychelles, Somalia, Tanzania, Uganda and Zambia.

g/ Finished steel including a small quantity of iron products mainly cast
iron pipes.
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from.plants in UAR.and Algeria. Iﬁ the West African sub-region, avexage
annual consumption during the same period amounted to 500,000 tons ofu:i
which only 10,000 tons-came from domestic sources namely a scrap melting
plant in Nigeria. Annual consumption in the FEast Afrioanﬂeupggegion
averaged 440,000 tonsg--g9f:which Rhodesia accounted for 170,000;j9n31
Domestic supplies came from integrated works in thdesia (50,000 tons)
and from scrap melting plants in ﬁgande and Ethiopia .(15,000 tons).
Average annual consumptlon in the Central Afrlcan sub-reglon was
120,000 tons of whlch Congo (Leopoldv1lle) accounted for about half.
Domestle supplles amountlng to about 10,000 tons came “from a sexap

R

meltlng plant in the Congo. Southern Africa is the largest steel »

/

consumlng sub~region, consumption averaging in 1961/3 about 1 850 OOQ tons.

Imports'émounted to only 130,000 tons, the South Afrlcan steel works_

produ01n§ 1,990 000 tons and exporting 270,000 tons.

2 Iron.and steel consumptlon»ln Africa excluding South Africa:-
inereased from 1953 to 1963 at an average rate of 7.per .cent p.a. iﬁﬂﬁ
«SPite ,of the disturbances brought about by political events. In the:
Centrad, African sub-region i.e. Congo where these disturbances were !
most ;agute, consumption declined while in West Africea where they were~ '

least .evident it increased by 9 .per centipsascil 2000 Loveus

O Pidder condltlons of stea&y expan31bn—/1t ‘may be expected that 1ron E

and F¥eEl consumption in’ ‘any under-developT’ ountr “W*11 1ncrease fore
rapld%y ‘than the gross’ Hdothestic product b"

which makes a substantlal contrlbutlbn to the

s¢ the ‘ub81stence sectorm”

onomy of such f
uses”1i%tle steel ‘8o that the increase 1n ‘GDP comlnj?f%om an exp
of the dehetary settor will' brlng a Tore’ than proportlonal 1ncrease 1n
steel consumption. Moreover, at the initial stages”bf expan31on there

is a:tendency for highly steel intensive actiwities:such.as .railway
construction to be embarked upon. ::4:regressiomiline:fitted:to the
figures of steel consumption per head and GDP per head in 1959/61 for

i/wFor the geﬂerei‘feiefieh'betweeﬁ steel consumption and GDP see Annex I.
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all the Afrioan countries suggests in faot that for an increase of
1 per, cent .in QDP per head, steel, consumptlon at the current stage of.:
development 1ncreases by. 1.7 per cent - Corresponding therefore:tolan:

[EIRARENY

1norease of 5 per -cent in GDP, i;e.. 2-per-cent ‘increase.in, pépulation v

and 3 per\cent in, income. per.head; whach ig.the minimum rate: of gréwthol
in Afr;ca&suggestedpby theNUnlted“hetlens,thewlnorease 1ﬁmsteelwe

oonsumpthn Would be T+ per.cent. .. Slmllarly an“increase :in GRPodf sl
6 per oent p.a, would glVe an 8.8 per;cent 1norease dn (steel rconsump— 2
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3.  Detailedes biiiates o fm&re dothiaias “for §HE0L hidve USen Waas FoS
African -countries fin e : dooument-/(E/GN.14/IN%727),“'The Deﬁelopﬁe ok
of the Fron -and Steel IHdustry dn Africa*S" In"this dot:umen‘E fotal’”

. Steely demand, 1nomud1ng ‘both ‘direct and’ 1ndireot ig expected to 1noreasei

imports of englneerlng-godebe domES%ib products ‘direct stoel demand

1s expected to increase hy 8 per cent: pea.:(and exeluding rails by:! |

9 per cent p.a.l, élternat;ve estimates; for; East"Africa‘(The“Develop-

ment of the Epgih“erlng Industrles in Bagt. Africa-= MechanicaliEngineering

(E/CN.14/INR/90));u51ng given progjected-ingxreases:in GDP suggest.an <01

1ncrease in total steel ~consumption, 9Ff:6.7= .PersHeent p.asvives slightlyom

less than above. This lower Latesof -teotalpgrewibois offset hawever asusl

far as direct steel convumptloohgs concerned by a, hlgher rate of 1mport
fria

substitition it belng estlmated t%at the domestlc englneerln% 1ndust:y
cafl “be expénded by 1980 to supply one-half domestlc neede Whereaa 1nbpﬂmw

ERSRS S

r"“'-! T" «:«....‘3 RS

EVCN”14/TNRfAérftmis estlmated that it W111 supply about one-thlxdh o b
Ty aTriTos SIS LR d .,».,‘.1.:“',' & AL
Thig hlghef‘git“of)l port substltutlon rgeults 1n g rate of J.no:r*e,a.s,e7,..,,,5;r

- 1
ey O SEAGTNED sory el

of direbtwsteei‘c ns%mpxlon of 8 9 pér cent p a. (E/CN.14/I
Development of'fheygteef fhdus ry y Y

el Conameda To o oaer iR fgidl

4. As a Worklng rule therefpme 1t Wou;ﬂ_@ppear thatxunder condltlon

R/87)..

trerio

SN

of steady expans1on consuppt;pg,of dron and. steel-1n~Afrlcan countries=

e T A S

F basd weq WID oos Do usyg poldgs

1/ In thls document the subsistence sector is 1gnored throughout the __
calculations and the elast1c1ty of steel demand in the monetary seotor

is taken as unlty. Y Coeh sigsior [eTeney 2E¥ uod

. =] 0o l Y £ ' 4N 4
b 1] MRS FORRES S S 3 "o P [RRIN ARV I R :
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is 1ikely to 1ncrease at an annual rate of between 8 and 9 per cent.

‘Q'Wlihln thls general framework consump%ion st sertain” pro&uc%s “such“as

by

rallways end galvanlzed ghset is" expected 46 ioreass” only sllghtly

RS S- E1- ¥ d s

s of competwtlon “Prom o{her feans ‘G tranépbrt '&rid"Sther ‘matérials

becaus

‘“féspectlvely while ofi %he Sther hand that“&f colﬁ #8ducéd Shset ié

expec+ed to increahe by about half as much agaih as’ that df 3fé%l

The f0110w1ng table shows the consumptlon flgures whloh haVe bgeﬁ

TPt L sooadd T
prOJected for the varlous sub-reglons. ) ’
B RPN o aeesornodan oo wroansioogmlo o endwg o Fonoal

2 ogwiaueoioon” Projected sfeel consumption iy s ocisned wmdsenil

TR A

wbgermrn Sud A l0TE L0uE L s Ramas 1970/1980 - 1970/80'h~1979/8@ o ﬁvml980

«-;.

ey
a0

L Pubes , nna ?i::i‘ﬁ,-'az brre eerr o 2300006 TO 1 100::5230:5503Q B0

ﬁgifﬁﬁ anilegin narun LENGT Sgae ISOM wiab “{g/mT 30 40Jv~a
Bar rod and sections 1000 2250 390 990 130 310
{’Plate-and sheet: e o .600-180Q: 300::T5@ :15Q 400 sdT L4690

Total::. ST R -2000:452Q ¢ 930L2150 340 830
s-inaludlngnwelded tube .

v”‘SQ&MlBSS only.

_/ E/cﬁ. 14/13/3.
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CHAPTER IT
. RAW. MATEﬁIALS AND FUEL
: 59"? The main raw materlals requlred for 1ron and steel maklng are iron

ore, scrap, fuel, pure 11mestone (1nclud1ng dnlomltlc llmestone) an&
| water.f Raw materlals requlred 1n smaller quantltles are manganese ore

" and ferra-élloys, and mentlon must also be made of the need fOr certa;n
mgnuféoturea;haxerlals essenﬁ%al for the malntenance of production,

‘ nbtably furnace refractory p;oaks and brlcks, castlng pzt refraotowles,
and eng1neér1ﬁg¢;pa}$é. Aéné'general rule, however, local avazléizlxty
of these secondary raw materlais:and materxals needed fbr malnteAZLoe
is not of prime 1mportance ln the flrst stagps of a developing steel
industry because they can be readlly 1mported. Fresh water 1n large
quantltles 1s one of the.:essential requirements for an iron and steel

t;% wosks and 1t is qlff;cﬁit to v1suallze the construotion of suoh 8 works

~in countries where water:is scarce. at present. Thls does not mean.that
suoh countrles would neyer be able to operate a steel works, but merely

PR " L X S, i

developed.ﬁ

PR : : A IS F Y e
: 6. The raw iron requlred will.come from ore, scrap, or both,.. Although
- /ore alone.or sorap alens; can sustain an iron and steel works,;usually
both are used. In a counfry in the early stggpsggi;@n@yg&;ig&ig
.-m-mwdgyaln@msntwllttle scrap will.be. available. ..This .follows.from.the.fact
that there are few metal-using industries from which scrap can be
collected and little equipment in the form of machines,. buildings and
vehicles available for scrapping. In Rhodesia, Whlch 15 a relatxvoly
well developed African country, scrap arising from the metal-us;ng
industrles anoluding ‘building and construction, {ies process scrap, .
currently amounts to 2 kg. per head of the populatlon compared with the
current steel eonsumption of 10 kg. per head, but in East and West:
African countries 1 kg. per head is likely to be the maximum. Sgrap
(ogpital sorap) available from obtsolete s{ructures, machines and
vehicles is calculated from their average life, i.e. about 50 years,
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25 yeat& and 10 years respectlvely and at this tlme dlstant it is
obvious that there was little 1netalled and therefore little becomlng
obsolete whilé iA any case only a pronortlcn oi What becomes avallable.k
is collécted: “In Rhodesia apart from ‘the mlnes the main sources were
from vehidles includlng the rallvays ahd from 1ndustr1es the total
amountiug to° abOut 3 kg. per head of the populatlon§ but 1n less

developed countries it is doubtful whether more thaa l ke. per head v

-~
Far]

can be collectea;l/ Not only is the quantity llkelv to be collected N .
therefore very small in relation to current steel demand but mnrsoverﬁﬁg
it is likely to bé”féQuiféd in part by the ex1st1ng 1ron and steel _
foundries. The iron foﬁhdrieeg/are likely to be advantageously placed i
to collect the material, e.g. those meking agricultural machinery ‘m_ -
equipment will collect scrap from local farms and they are very muchﬁ
less exacting than a steel works in regard to quality. Scrap avail-
ability will increase rapidly with economic development but will be
subject to the time lag of about 20 years already descrlbed so that

while small steel works.! dependlng on scrap Wlll expand they will
stmptlon.

provide a steadily decreas1ng proportlon of total eteel c_

On the other hand of course they use a local materlal Whlch mlght

invo¥véd in iron maklng is requlred and they élv$ v luable tralnlng 1n

steei”technology. It 1s thefe%ore 1mportan£ to encourage thls act1v1ty.

oyl s B Pmarn s FINER . fifd i

7. As far as 1ron.ore 1s concerned, new. depos1ts are frequently
revealed as prospectlng proceeds.‘ Numerous .iron ore deposits are a#ailgt
able in Afrlca but s1nce an 1ntegrated Workswproduclng a minimum of.

half a million tons of'lron a year and using . therefo;e 1 million tons

of ore is under con31derat10n 1nterest only attaches to those dep081ts

1/ Estimates are ¥ér Cameroon 1 kg. per head
per head. Gl muniaia patdidusun @

2/ In Rhodesidirdn and Steel” “FfoundFies £ook about l/%mafailahle”scrap.
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'1svon1y avallable 1n large quantltles Ain South.Afrlca and Rhodes1a,:anq ;
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ass001ated Wlth awsteel works a 11fe of 30 to 50_years 1s requlred,t

- OV

tnls means a depos1t of'tﬁe o} der of ,O to‘5O nllllon tons or the N
E ru. J i i IN

the naturally enrlched depos1ts W1 l almost 1nvar1ably progld”wthe bas1s
RIS J

S
for a steel 1ndustry. In most cases thesg h}gner grade dep031ts occur
ES LTOG0 L : e &8 LIRS

as pockets of enrlchment 1n very much larger masses of lower grade Aron

i._,: VA e ded Lo0 OF

bearlng rock ofiperhaps 30 to 40 per cent 1ron content. It should also

SIELWERTT el st UEToa I ;
be recognlzed, however, that not only may new depos1ts be dlscovered .
N 8 TaYnd < i Loate 8 onsad LS Las aasl

since 1t is scarcely worth whlle to prospect 1n areas remote from

...‘.« "‘..’.)..._.4'.-,'“‘.

.l ....

transport facllltles but also that in regard to ex1st1ng depos1ts it.

¥ JJ ()»_'n

has not been worth whlle 1n many cases to go to thn conslderable expense

of prov1ng the reserves bJ numerous borlngs. In many cases therefore\ww

o DA L

the actual reserves may be very much greater than those stated for £

example in E/CN.14/INR/27 In partlcular the Sukulu depos1ts in Uganqa.

are now estlmated at about 45 mllllons tons, neW depos1tsramount1ng to .

LRd oA leni

Lo

betweeﬁ 20—80 mllllon to have been estlmated 1n tne
i ) . 180

1ts in Mall have been reassessed., Most o Lo
AT G IFS A SRS O nav

Afrroan countr1es have in fact adequate 1ron ore resources to sustaln -

. i “L ..?');f‘

rrtrea prov1noe s

~

Tarfzania, “and Lybia are 1ot mmiced 6" trldis go 1Y vfac’ihti’*‘es“fat""ioffé%efﬁft‘; o

81wﬁ Fuel espe01ally ooal_ls much less generally avallable. céiiﬁg”ésalr

LSS 4:» BTSSR JLE

is’ requlred for the operatlon of the classical blast furnace system and'"

Ly

in smaller quantltles in the Sinai Penlnsula. an~cok1ng coal is more
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generally available - large qaantltlab in “outhern Africa and substan~

tial deposits over 100 million tors in Norocco, Algeria, Tanzania, Nigeri:z

and Katanga. Charcoal mad& fiem :timber ‘is- a''substitute for coking

coal within limits in the blast furnace system and adequate suppl;gs

AT .

exrst for- examplefln “Hast- Afrﬁca where coal uﬁpplleé arebbéth 11mit d =

Ablast furnace or By.dlrect ;eductlon:

A BRI

. ) w3 fAes
“dn- Iarge quantltles in North Afrlca, West

ey

reqﬁﬁ?éﬁ%ﬁ%é“b&*i

! 'ﬁéré availasl
'Afrlcai Hydroelectrlc poas1b%11tles“;gﬂégrlca gre
ProbBably AP érallefe&'an& ‘cotld’ ge”ﬁseﬁ or“ei;c%r_c’sm;lth; espec1ally
in the Cen#® Tﬁﬁff foan dh& East Afrlcan s :

DA B
eav i oo SN
coorEe

L

T \3;1‘!:'}'._ C(LOI!,

-
e

Vo LR (89

cniinalb To AaTUSS

o b el ornn sdd bos gudasbok Ls

;. ]
i R L BUS bodossd
SRR do JoersId sl

i+ Adpw berisonod

. [
ra alison To Rsimogods 10

i o oast "e
Tudd hadoagxs 80

vif Faslg s To



' v/CN44/As/ III/ 23
Page 10

' CHAPT * III i oo e T s w2 EEENEARCRS

FEIS SV S R

yoop ;o WOONOMICS .QF THE INPUSTRY: .- - ... SRS PN R

b <‘-:- RS O
AP “ o . e Lol LA

,,,,,

9. Two key economic 1ssues arlse 1n cons1der1ng the establlshment of:a
an 1ron and steel 1n&;é;ry 1n under-develqped countrles. The first-is
that of” securlng economles of scale Wthh 1n metallurglcal .operationg new
arér§éry Iargéwand.whxch 1n Paot usually ne06531tate a narket.greater -
tféﬂ that prov1ded by any 31ngle country.. At the ;same ting.the mapkayss
area fo be servedv@éﬁgétdﬂé ;Br;éd too w1dely otherwiggltrﬁggport'ﬁgﬂtsq
bédéméﬁprohiblflve. Theﬁﬁrgbfgg‘is thereﬂore ope of bhalanging ... ads n:
increaging of economlescgfﬁgégie agalnst rising transport costs. It

is unlikely for example that an iron and steel plant established in one
of the African sub-regions would be able to compete in other sub-regions
with local plants and this is one of the main reasons for considering

industrial development in Africa initially on a sub-regional basis.

Without detailed analysis, however, is not Possible to say whether one
or two or even three plants could supply a particular sub-region most
efficiently.

The second issue is that of choosing the lowest cost location for
a plant having regard to the cost of assembling raw materials for the
manufacture of steel and the cost of distributing the finished product.
Once more it is only by detailed consideration of the location of

markets that this issue can be decided.

Both these problems have been examined in some detail in the East
African and West African sub-regions in the course of discussions on
the development of the iron and steel industry, and the conclusions
reached are discussed in the next chapter. The present chapter is
concerned with the more general aspects of economies of scale and
location.

10. As far as economies of scale are concerned it may be expected that
metallurgical operations would broadly conform to what is sometimes

called the 0.6 rule i.e. that increasing the capacity of a prlant by
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10 per-cent will_increase capital investment by-only-6 .per-cent and
therefore reduce capltal costs per unit of outout by 4.pexr cent .
E/CN514/IWR/27 Doubling the capacity of works will. accordlnglv N
reduce unlt costs by about 1/4 and halving the capa01ty increase them .

by about 1/3 The dlfferent operations carried out in iron andhsteeiﬂ o

manufacture vary, however, both in regard to the extent of economles

economigs of scale as far as total costs are oonoerned, are-oonSLderably
less than those indicated by the above rule. ‘ * R :

'Fairly detal.ed,lnvestlgatlons are 1ncluded 1n E/CN.14/INR/87,
and may‘be.summarlzed as followsc—

S SRR b3 -
. : SRS PRRU " B

e

Open cast mlnlng of Airon ore or coal can be‘efflo;ently conducted

on a scale of about 1 mllllon tons per. annum with:ddttle further

reduction of costs for 1ncrea31ng scale of operatlons put w1th costs

Cosfswokllron productlon by the c13381cal blast »furnace - mﬁthod
conform reasonably well to the 0.6 rule.if, raw material costs:are .
excluded but the total oost of manufacturing iron. periunit: lncreases
by about 17 per cent for a reductlon in:the scale, of . operatmgns rEromiia e
800 OOO tons p.a. to 400 OOO tons Pede.. .and would :decline by ‘6 pericent’,

p.a. Correspondlng changes in unlt oosts in relatlon 4o - scale'fon*"*:xwtv

N

other 1ron maklng prooesses e.g.*k;ln‘pnocesses are approximately k2.
wat such processes :tend to compete with

the clas51ca1 blest furnece at‘lqyer levels .of output. - These: processes..

are used, however, malnly for other reasons;:e.g. kiln processes where -

non—ooklng coal 1s avallabley,and charcoal blast. furnaces where only

wood 1s avallable.

Slmllarly electrlc smeltlng processeg can- be efficiently carried
out at a lower scale of output 8o that while from a thermal: p01nt of

- gt e e g ie b i
ERE TGO s

R N T T e S R LT
B A B S I R A R
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view electrlclty must be - very cheap to compe$e¢W1th coal, electricity

at 0,2 Qents .per unit equals coal at $15.60 ‘pen ton, when itapital' costs

are also taken into aocount the competltlve price for. coal ik PE&uEd

[ +

to $5. 4 per, ton at low scales of output. ST : ‘*:“ . mdi

‘Steel’ maklng by the L.D, processes conforms falrly well to the O 6 :
rule but ‘electric steel making gives only Dmall eoonomles of scale and

can be eff101ently carried’ out on a small scale.

. . , o ’» B X
el e LI .

Le rolllng of seotlons and flat products also conforms to the . 0,6\”

ruie except that in regard to bar and rod 1t 1s poss1ble by reduolng
the number of stands to secure efflclent operatlons at an output below
200,000 tons pea. There are of ‘course - seVeral scrap meltlng and bar
rolllng mills in Africa operating at about 10 OOO “tons p.a. These
mills are, however, high cost.producers and are :competitive mainly

becauge they have the advantage.of using cheap local. ‘scrap.

11. Total unit costs for an 1ntegrated WoTks produclng bar and rod N
would fall by about 14 dollars ‘per ton if tHe ‘séale of operatlon were o
increased from 400,000 to 800,000 tons: pe.as and in the case of flat -
products by about 17 dollars per ton. - Taking transport charges: by

rail as consisting of 4 dollars terminal: charges:and 2 cents per’ ton L
per mile runnlng charges, suph an increase:in. soale*of‘operatlons would

be JuSPlfled if the, additional market;jn the case.of bar and rod 'were -
Wlth;;ii‘ooo miles of. the plant or 1,500 miles in thevcase of fiag” - 1
produgts, If on}jﬂ;oad;transport is available then-theseifigures would -
be reduced to abouf 800.to 1,100 miles fespectivelyswhilewthéﬁévéiié -
ability Of Sea‘tg§néégrtlwould widen, the market to about 1,600:and 2,600 -
miléé.’ In generé%\therefore and within the African’subaregioéﬁ“economié§+
of scale are llkely to outwelgh transport costs and one larges: Integrated -~
plant 1s.11kely to be a cheaper means of supplyinmg steel %o ia’ sub—regldn””

1. - -
hy . HE S PP AT

W
than two or more smaller plants. Stade

12. Lochtion analysisvinvolves the evaluation at:wvarious possible sites
of the total cost of, a§semp;1ng raw maggrials, of manufacturing steel = 7

and of dlstrlbutlng the finished product. The manufacturing cost will
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vary;: Mith ttI;q Jgrocess ugeﬂ., the qua,llty of the ava,llable_. :aw materials
and;with lahour. rates,,.eic., and nust be evaluate,d 1n ea.ch case. .

2uf IO RS d6Et “of ‘desenbiiig “raw iMaterials Telates essentially tortrans—
port codts ‘oniron ‘dre, “fuel dnd Timéstone.  Of these siron oreiisiieasily

4 PREMOS Y SEnpt tant s inde ‘oo with High quality ore two tons-anei-:
rédii #ed 16T sdok ‘Hdn 08 Pinfdhed iStel produced, wheress under :dertain

T offGutié'tances , e, g with datepdl pragaration of thelore ‘aid theuse of

oi‘f end Matural gas ‘injéd¥iosildeke reduirements lcan ‘be reduced e cdbout
1/ 298 ton per ton -of Pidished Steesli s The quantity of Timestone peguired
&&ﬂéﬁda on the ‘qual £4§ ¥6f stHe si¥él dre butwould Aot < oo rmally cex0 664
1/2 ¥6h. < An'inladd ledod end diser plant»-'a.s*--fbheref@ré normallylocated
=168 [t8 4For oré depoiis landcaiicsastal iplant nedroa: port which has a
railway link with the iron ore deposits and at -thérdamé timd kas the
‘i8dvantage of cheap sea transport for importing qther materials e.g.
il \@Ok% jand . limestone.and dis tributing Lix‘lnlshed' s,rte:?%':ﬁ

2l Uhasraoin
e mpwved “bilk -Hardling facilities . thercowt-of »rmmmg
raw matérials -pér “toR Wild “Has Béer Feduded ‘to ‘abeut -lﬁ} of that for
fmtﬁ&e& ‘steel’’do "that the 'total “traAsPoit cost Per ton mile on-the
rat materialé“requlred o5 "dt86T BaRIPEGHIré T8 néw about {the: Sgamd “as

“Lthat ofi‘fhe ‘Pinishéd ‘product.  ‘NevErthéPed&y *irdh-and stééY plants are
locat8d Head thi‘soiirce of raw matérisls Fathér than tHe markéty mainly

‘ ‘*“"'*‘BS‘”’ &u‘tsé%ﬁe 'fxﬁéfﬁé"‘ﬁ is ﬁo“t éﬁé‘ﬁaﬁfﬁf&ﬁl@fﬁflbcsati&ﬁ wt-coﬁéﬁte ofiseveral

¥
2

g
W o

\\\\\\

seyn e o ol s' & =) ¢ PR . - " s ,
from another. *“ " srriciew foede Dos ool i L8 ologe Yo pafmo

Fady oo

“ofiRe Brecise céléﬁi&fi‘iﬁoriiofﬁﬁ‘ﬁé‘%sﬁﬁéufﬁaﬁléﬁfoé&tiééf'réquires an
orgftidate “3F ‘consuiptidh &t tHETVarfus oHdrket céatfés and:of thé transport
colt§7t5%eadh anid a4 dédoribedin tHé FO1lowiAZ chapter these oalculations
have'been madé for“the Bt drid WestiAfricafiisubirégions: These dre,
“However, céFtdifl géndral printiphed apprisable fo'all-losatisnvsus:

Y daloul abPons FIOPIREY of AH1 vE4 $6°Peasbiiable o establish Ferolling works

in the main centres of odhdimpiicW Baded ohizB{ltets £rod the-suitably
located integrated works. This is because distribution costs are ree
duced- to the extent that the cost of transporting billets to the centre
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for rerolllng 1s less ‘tha.n that of 'tr&nsportmg_ﬁmshad»ﬂeel and there

'&suél‘fy, ‘Howeyer,
1nsuff1c1ent to en'blrely offset the loss in edoddmies of mdale which

“is also less d.amage 1n transbor'b. ‘I‘hls ‘saving*

sultsi from: aividuag output ‘even-at: the rolling stage. ‘and even of ‘the -

impler .producitss such as.bar: and:rod and the main -justification.- i@r «

"ing go is to- spread*employment and income;and to widen expemexwe in

Mallurgioal apex\atmns. Secondly; ‘it is possible.to measure 'bbe

s éxfh:r& ‘cost involve& 4n having two integrated plants instead of the), the
Idss in economies of scale being partly offset by the reduction in

oz tm:port charges ‘secured by each plant delivering within its OWH ‘area.

“ T4 #hould be notod,hmrever, that while the extra unit cost of -having:
two ‘plants mstea&. ©of one may be small, the total investment may . ‘be
6onsid.erably grca;ier e.g. ifinvestment foYlows the 0.6 rule it weuld
“We ‘wéarly 1/3 higher. ¥

2lsfoad

13 - As far as specializa.ticn on ch.fferent types of ﬁmshed steel ie
conoerned, the economies of soale even on fla,t products are only “about

w6 allavs o ton when praduction. da incraasied. from 40QeQpS wm,oon
T fons per annum, :and it would: mly bay therefore to a,chxeve this -

apeclal:;zatlon ifqthis gain were. not . lost in- 1ncrea.s:mg tra.nspm
& charges, i.e.y the extrartransport . invelved were within 2Q0:to 300
=i3 miles. With the Yow ilevel [of. rconsumption in African countriesy iy is
wlnlitherefore doubtful whathe:r =the-stage has yet. beqp reached when -
Zat v gpeoidlization is .an‘eceromic.proposition and-in.general-each integrated
i works will tend to makieras many.praoducis .as -*prabtioahl’e go ag -to schieve
economj.es of sca,le at the iron and steel making stages. -

| '14 Jn all the cases /g0 farcexamined in’ ‘detail 1t has- been ghown that

R % S X-] poss:Lble to: producm iron ‘and- steel in ‘Africa a¥: ‘costs weld: below
than obtaining in Eumpu« i v]En -the:case of West Africa the egtimated oot
~rof: proaucing re-infomimg ‘b&Y in-an integrated works of. 450,000 £ 2.
gapacitysat ‘Buchanan -after rallowing 15 per. cent on the. 4nvestment 19
:$98 per ton idrdrat aoo,ooe tons .gapacity $81. The gorresponding-figure

wLifor a pew PWW inothe K i $116.. . o lem oo sl
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Tn East Africa it was estimated tha¥-an integrated works selling

at prices equal to those of imporied st%@lryould make a gross return of

oty

40 per cent on capital while £wo integrated works would make a return

e f ey ’
Toodoese Ll

P [ W
S oTad s
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CHAPTER IV

R STER R L Ao e

. .FUTYURE DEVELOFMENT" ..

ok, PR A P P K S

DR I . ISR

15.Lufnwaiecussing the futnie development of the iron and, steel industry
in Africa it is convenient to proceed by considering for each of the
sub-regions in turn the present facilities aveilable for iron and steel
production, the extensions now in course of installation and lastly
longer term possibilities. Finally some consideration may be given

to the relation between development in the various sub-regions and the

region as a whole.

North region

Algeria has a small steel works in operation, rolling reinforcing
bars and small sections and based on melting scrap in an open hearth
furnace. The OH furnace has 2 capacity of 30,000 tons p.a. and the
rolling mill 35-40,000 tons p.a. A major project for the erection of
an integrated iron and steel works of 380,000 tons capacity at Bone
and producing 300,000 tons p.a. of flat product is in course of execu-
tion and is expected to come into operation by the end of 1966, It is
based on domestic ore and imported coke. The plant will have sintering
facilities and oil injection resulting therefore in a low coke rate
and the blast furnace will have a capacity of 400,000 tons p.a.

Steel will be made by the L.D. process.

Tunisia has virtually completed the erection of a small‘integrated
iron and steel works in the lienzel-Bourgiba region of 80,000 t.p.a.
steel capacity and production is expected to begin by the end of 1965
or early 1966. It is based upon domestic ores and imported coke. The
blast furnace has a capacity of 100,000 tons p.a. and the L.D. converter
of 80,000 tons p.a. There is continuous casting of billets and the
rolling mill (reinforcing bars and small sections) has a capacity. of
70,000 tons p.a.

Morocco has no steel making facilities at present but a rerolling
unit of 120,000 tons pea. capacity is envisaged by 1967 at Casablanca.
This may be based on billets from the Algerian works and from 1970 onwards
on billets from an integrated plant of 300,000 tons per annum capacity
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which may be establlshed at Nador anu based on domestic ore and. coal, - .

wA.‘lternatlvely,.'the Casablanca wo“ks maJ be baced on scrap. melting, .No.

1ron and steel fa0111t1es at present ex 1st 1n leya or 1n the, Sudan.fi,
Iron and steel maklng facilities in the UAR are relatively advanced.
The“ma;n unit is the integrated mworks at Helwan withva- finished: steéel:i”

capacity of 200,000 tons:per annun producing flat products as-well -as .-

light and medium sectlons.; Other units include. thres semi=integrated’

P?@@ﬁﬁ@d&tp‘expand;thﬁw&aQﬂclﬁyersthe-Helwan‘works’td:l«5fmillié{%ﬁon§f
pe: annum . ingot steel -and to: include a strip mill already‘underﬁdbﬁsﬁruc—

S e

products. The plant Wlll use Qxygen steel maklng and . contlnuous pasting.
The' establlshment of a second 1ntegrated plant is contemplated at Aswan

& Lvomnot B

with a capa01ty of 400 OOO tons per annun 1n round bars and comprlsang
;_Ln e ZICReEaN L

electrlc reductlon, oxygen steel maklng, contlnuous castlng and a, fully

& (

contlnuous bar mlll. A w1de plate mlll of 200 OOO tons  ker annum ..o

capa01ty and based on slabs from Helwan 1s under stuiy and4n1ght form .

e

the nucleus.of a third 1ntegrated works.n The exlstlng seml—lntegrated

plant 1ntenﬁ“£o double thelr capacltz and one, of them‘wlll speclallze S

in speclal alloy steels.

10

S

2.

16. West Africa Case sFsa b Eoen T e

‘The only“steel maklng FEai15tTes “in West Africa’ at”present are those

ma)

of -the sérapimelting plants® iR ngerla (near Enugu) and in Ghana (Te
“Both with'a current output’of about 12 ‘000" tons pea. ;
the caséiof the Tema WorKS“of“about“30‘OOD tons Peae

“Thé“Fiture development of the.steel 1ndustry 1n
a co—ordlnat {a- basls has been cons1dered at a number
(E/Cfe 14/18/3) tartlng from the stand p01nt (subseénentlj'm to
allow for an 1ﬁland plant as well as a coastal one) fhat the‘ma et ls %l

wobas o BTN
only large enOUgh to permlt %he operatlon of one 1ntegrated plant of an

economical size ‘and that thls should accordlngly be locateeiat the s1te:

Fooan W

which gives’ the lowest over—all cost 1nc1ud1ng cost ef manufacture and

costtof dlstrlbutlon. The caloulatlons establlshlng thlsjlocatlon in
the case of a coastal plant were made by SETEC (E/CN.14/INR/72) and

resulted in the choice of Lower Buchanan (Liberia) as compared with
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alternative sites in Gabon, Ghana, and Nigeria. ' A subsequent investiga—
tion showed that the Buchanan site was .also much lower cost than an .
¥

alternatlve s1te 1n uaurltanl ”hle renort +ogether with one prepared

‘fon the s1te of an 1nland steel works Was subwltted to the conferen

1964 ”he conference Whlch also took note oT the 1ntent10n of the1

ngerlan Government to proceed w1th a steel Jndustry pro;ect on,whlch

they had already 1ncurred con31derable expense acoepted the necess1tj

of settlng up an 1ron and steel works 1n the 1nter10r namely at Gou;nrg‘
'“together with the recommendatlons of the oonsultants in, regard to, the‘i

51te for a coastal plant namely at lower Buchanan.q‘iwﬂiu

The 1n1t1at1ve then -passed to; the Government of*Liberia which in

- August. 1965 called a consultative-meeting on: iron,and steel in Monrovia
(WAC/IRQN/5) to consider.a; possible approach to:co—operation in the =
establishment and_gevelopgent of an iron-and:steel industry in the
subzrggigg,»particglar;ywwith respect to the erection of an integrated: -
plant at. lower Buchanans ... Documents were -available showing the possible
irogggpdtsteel units.which could be established in 4 sub-region:and -
stating the intentions of the Government of Liberid:inrregard to the
proposed Buchanan plant. Discussions took place mainly on. the peed
for establishing machinery to co—ordinate industrial deveieiﬁehﬁ
sthroughout: the" sub—regron and on certain problems Wthh the establlsh~
ment of an“integrated plant serving the whole sub-reg1on Would create.
It was decided to appoint an 1nter1m'comm1ttee of experts “to pursue these
matters further and to Teport as soon as poss1ble to ‘an approprlate:
inter-governmental body. The:terms of reéference of~the“comm1ttee”were
laid down and included a request to report first of all on the' ‘
constitution,: functions. and’ powers of an iron and steel authority tb‘ﬁﬁr
be established:for: thel purpose.of programming and harmonizing the -
development: of:the iron: and steel industry in West Africa and Séébndlj;":
on:various problems involved in:the: eftablishment and operatlon of tha"°
indus try-namely the . typey . sizeyi'and’ the“loeation of re-rolling works =~
which might be established in- co~operation with’the integrated works,

Ly e aommee R R Ty

P
i
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bars and llght ses4ions for bhe: UDEAC éountrles ahd for tharEongo but
neithérzscheme has been proceeded with: - In the meanixme,f%he BCA-
missioir for econdiiic. co—operatlon in Centtral Afrlca - July 1965 has

Lo aﬁwnca&ed the.desirability of setting up an iron ‘and steel: 1ndustry on

a snb-reglanal»ba31s which: would require & detalled survey of the

ot

5 g Vot o¥ s bt sibte

coastal site in Oabon’i&¥ likely to be Favoured while from the point of
view of the market the Congo which is expected to account for about two—

thirds of the total steel consumption in the sub-region has a pre-
dominant interest. In the longer term the major iron and steel
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development is likely: to bé based on the- -ilexambo. iTon ore deposxts of
Gabon or on the Sangha deposits of Congo (Brazzav1lle) "The Mekambo
depos1ts rank among ‘the most 1mportant in the world and with the ocons-—
.truction of the railwdy to the coast are’ 11kely to be exp101ted from
1973/74 onwards. The iron content is 64 per cent and the ore is low in
phosphorus As far as other materlals ‘for steel maklng'are ‘concerned,

. manganese ore can be obtalned ‘from the Franceville area and fuel oil

from the Port-Gentil refinery of alternatlvely natural gas .could. be used.
- Ample limestone is available in the‘V1oin1ty “but as elsewhere in West
..or. Gehtral Africa metallurgloal coke we¥e to beflmported.' I+, has been

-shown - (E/CN.14/INR/72) that there is & suitable site at Ovendo which
takxng Anto’ sccount port development plans'has a good harbour and will

be}well ‘sonnected to the test of the’ sub-rhglon. It 1e possible to

: envisage an integrated iron and shesl works' of 400 000 tons Pedey

crude steel oapaclty ‘based on conventional blast ﬁurneoesifL D.-eteel,
oontlnuous casting and oonventlonal rolllng mllls.‘ It should be noted

[ rghats productlon costs ‘th Gabon wers’ estlmated in “the ECA study to be
“Hat elgniflcantly greated’ ‘than in Tibaria (between 6 and T per cent)
;‘whlch seems 11kely to be: th@,s1te of the flrst 1ntegrated iron and steel

plant in West Africa.-

leen the time requlred to construct the ra;lway and develop the
mine full" scale productlon would hardly be pOSSlble at Ovendo before
1975. In the meantlme, it is poss1ble that the Inga hydroelectric

. scheme will have been initiated Wthh would permlt the deyelopment of

an 1ntegrated iron and steel plant in the Congo basedﬁon electric-
smeltlng. To begln w1th this could he based on the high.quality ore

gt}

. RSy
available from Maurltania, and later from Gabon.v On.a_syb~regional view

such works nght have a capaclty of 100,000 tons P.a. supplying bar and

- rod and sections for which the maxket by 1970 would be suff;oxent while

-the Gabon plant—weuld produce flat steel produets..
- 3 G L RE
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185 Bast “Africa - onooon

The iron and steel mallng ‘fhcilities avaxlable in the Bast’ nfrloan'”
sub—regidn GOns1st'of the 1ntegrauea orks a+ th Que 14 n“oe031d an
the scrap melting works at Jinja in Uga &a,'and at Akaki near Addis ‘KB&E&;

iagg

Dthiopidesis 7

" cEpacity

Theyfﬁe Que Work coneists cf “Blact ‘furnaoes wltu 5 oA
of about 250 OCO tcns p a.;und o en'nearuh steel furnaces w1th a capac ty
of 150 OOO tons p.a. The rolIlng mllls have a capac1ty of about

160, OOO ton “p.a. 1nclud1ng 45 OOd tons o 1ght sectlons as Well as

medlum sectlons, ralls, blllets,;etc.

the Rhodes1an Iron’ and Steel Company‘include 1ncreased capa01ty in both

iron and steel maklng. aOre preparatlon W111 be 1mproved to 1ncrease the
output of tﬁe exlstlng bIast ‘furnaces and w1th a new 23 feet dlameter N
furnace’ output will 1ncrease to 820 OOO tons Peae very largely for export.

Steelm éklhg 1mprovements w111 ificTease the output of the open hearth

furnaces to about 200, OOO tons p a;e'* e

) PAIROTIN SF R e I

o o The Ethloplan 1ron and steel Works at Akaki has an 1ngot steel o
hcape01ty of 12 000 tons p. 2 and a rolllng capaclty of 18 OQQTtonsmp:;.tl
The bulk of the produotlon is sold as reinforcing bar. Present produc—
:ﬁt1oh g about—é;.@@*tons p a.»and scrap availability within Ethlopia is

sufficient forig production of 9,000 tons p.a.

The East Afrlcan steel works at Jinja has a steelmmﬁm;‘
and a roxllng capa01ty of 24,000 tons p.a. The malnép
reinforoing bar aTthougb angles ana “flat bar are also pr
production 1s about 8,000 toris flnlshed steel p.a. 'Serap for' theﬁworks
is collected from Uganda, Kenya, and Tanzania and 1s'amp1e for present
rates of productlon, but could not sustain the maximum output. Expan—

sion plans 1nclude the productlon of ballng str1p and tublng.

Other steel act1v1t1es 1n the sub-reglon include the manufacture
of tubes, drawing of wire and galvanlzlng of sheets. Steel pipes

(present output about 3,000 tons p.a‘) and canduit tubing are produced
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in Zambia and seamless tubes (about 95,000 tons p.a.) i» Rbhodesic. Wire
rod and wire are produced at Que Que where the steel plant nas a ;
capacity of about 25,000 %ons p.a. Wire is also produced at Akakn, 1
Galvan1z1ng and corrugat1n5 plan+s With a capa01ty of about 50,000 ions
P.a. &re’in operatlo in Fast Africa ard new galvanlalns llnes are"“"*ﬂ‘

iprogected for- ﬁthlopla and-Uganda.

19. A plan for the co-ordinated development of the iron and steel
1ndustry in the sub-region was® presented at tné Conference on the
Harmonlzatlon of Industrlal ‘Development Programmes in East Afrlca held |
in Lusaka from 26 Octobér“to 6 ‘November 1965: “As “in the ‘case of West
Africa calculations wéré made to show, (E/GNal4/1NR/87 ‘and ‘Add/2) the

advantages of variods’ SItes for‘looatlng an 1ntegrated works but in

.....

economic grounds ‘althotish in fact it “turned out‘to be so. Calculatiéﬁgﬂw
were made for a numBEf“bf’bdssiﬁflities inciudiﬁéﬂ} single integratéd
works, an 1ntegrated Works, “and rerolllng works, “two 1ntegrated works

and three 1ntegrated works and rerolling works. The estlmated surplus
over and above thatinegessamy;to-glve a return of 25 pericent on capital
(including depreciation) which would be earned under the wvarious proposals

at present prices of imported products is as follows:—

Annual surplus e UB $' million
Single integrated works at Que Que - 71 5 o
Semi-integrated works at Que Qué‘and Mombaga ¢ %t go.g ori ol
Integrated works at Que Que and Toroid . f"'“ R TN O
Integrated works at Que Que ahid Tusaka + = = - 5043 e HEInen

Integrated works at Que Que, Toro¥os: Lu%aka Hnd

Lpin

rerolllng at Dar-es-Salaam T 34.0 BRI
The proposal beiififéé“integraﬁéﬁﬂﬁefks«"%ﬁ¥ﬁ8ﬁéh the leasf‘profitabie;iq
was recommended. mainly, uo.secure. a balanced development. of the subs
region. In detailsthis proposal suggested by 1980; the: erection of three

B R s S TIR N P2 R
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integrated works each of about half a mllllon tons annual capaclty at
Que Que (Rhod951a), Tororo (Uganda), and Lusaka or vicinity (Zambla),
together with a large rerolling mill. (1/4 mllllon tons capaclty) at

‘Dar-es-Salaam and smaller rerolling works of about 50, OOO tons annual
capacity=at Addis Ababa and in Madagascar. The profltable operatlcn
-of the rerolling works would require them to be supplled w1th blllets

fi,from the proposed 1ntegrated works at prices somewhat below market )

levels. TR T PP
i YR %189 of the limited market until 1980 and the fact that:the
Zambla/Tanzanla railway would have to bé constructed itiwascproposed
that’ the construction of the Lusaka works should be positponed: until.
é19755 but that the expan81on of the Que Qué wotks and the eérection of

the Tororo works could beg1n 1mmed1ate1y.

v These proposals are to be submltted to’ the ‘Gouncil of Ministers
which 1t was agreed should be establlshed to co—ordlnate 1ndustr1al

whey -
PRI W

development in the sub—reglon.
20. Region

The policy for co-ordinating .ron and steel development in Africa
as adopted in the East and West African sub-regions is that of establish-
ing one or a limited number of integrated plants supplying the whole of
eaoﬁ sub—région go as to obtain economies of scale and supplementing
these where desirable by rerolling mills located in particular countries
and supplying normally national requirements. Since the integrated
plant will be selling to a number of countries it has been found
necessary to propose the establishment of a regulating authority to
control prices, and to arrange for a removal of duties etc. as elaborated
above in the case of West Africa, and to supervise any market sharing
~arrangement or specialization, etc. adopted to avoid wasteful duplication.
From a regional point of view there is likely to be little potential
competition between the various sub-regional plants since although
certain operations in iron and steel manufacture, e.g. the blast furnace
and the wide strip mill still have economies of scale at outpuis over
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million tons a year, these are no: sufficient in general to offset

transport charges and make-siich 1arge unlts oompetltlve thrbugﬂbut

'the continent,-v ARC eacc»ep%xon mlght *oe where the trah ort of steel is

L e onomi ¢ te.édmitJS1mi1arwproductém?*ﬂm **he““Nubifegi
H?éli%VéCeﬁiﬁ%iigﬁéd shértages “Gugs ™
i pbbitiontishethertiised i régard to Heavy §aétions’ hééﬁ&”laan%‘

and“special ‘81é81 #&riwHich the “stibiregiohsi

large to permit an economic scale output and it would appear'r $5384

-8¥egl.producty are expected to flow, freely.betwesmicountries i ‘thé
same, sybmregion. A regulating.authority of “some kindiwould thems:

:PTRBably .be equired in due course :to designatethese products .and fto

supervise the removal of duties and control of prices.as: in.thd case

of sub-reglonal products.‘ At the moment the only maohlnery er such

FRcha-Nieag:

1nter—subéreg10na1 dlscuss1ons is that of worklng partles and the

(ST NN

wofklng party 1n'1ﬁd STy "¢l"grobablyibe mée

1ng next 1n 1966 to

,k

consider industrial problems on a contlnentai ba81s.

o opa0nw edl
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5 General Relatlon between Steel Consumptlon

‘and mconomlc Develgpment .

1. '8inéé &teel enters into every ‘séctor of Ecenomic Development iwve.
durable consumer goods, machinerYB”Consﬁructiongﬂransport~eQuipmeht9*

it is appropriate to relate it to the grose domestic product.

Writing 20"  for the*value ‘at -constant prlces of*the gross domestlo

e . X ie -product Cad me wwsgeb LIsw Fpg e
I for that of gross capltal formatlon
a; for the weight of steél used dlrectly and 1nd1rectly
per unit of expenditure on:consumption
a, for that per unit of-.expenditure;er capital formation
S for the weight of steel used in the economy both
directly and 1nd1rect1y
IR b S crimmios hagoeiovahono o
then = al (O-I) + a )
- . 3 Ly Ts Cop S ed ikl
to
S S 1'thu(aktﬁan) I %o e .

and if the proportion of: GDP ‘devoted tto 1nvestment is p i.ee I =p.0

- O(a + p(a ,iygb i

2. If al, o and p.are constant then

l.(}§ = lg_g Cm s g (gI‘OWth)
Sdt 0dt

:\\‘ €. \ o BUCURSH

i.e, steel consumption increases at the same rate as GDP. In.éénéfél
largely because the non—monetary or sub81stence sector 1n.thess
countries makes a substantial contribution to GDP perhaps on the average
about one-quarter and uses virtually no steel. It follows that if for
example the contribution to GDP of the monetary sector increases by .10 ..

per centy’ the tota“ﬁ‘dﬁ%strcf”rodunt will’ 1ncrease by 7 i/2“per cefit and
) B A J S A ST SLTOHOOH 20 SOLIVEG L s

& PRE AR,
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steel consumptlon by lC per pent@

stage where 81 and a2 are 1norca31nb be\aape OI expanaluare on steel

inténéﬁ#éﬁaét1v1t1ee» dilways bu¥ soonei orlater &8% the @co“ovy

develbpsﬁai Ehdt a? W*ll déerease’ because of 1he! dlsaJpearance of thn

subsistence- 6¥¢A9EC and’ Fnoreading sxpénditire on §6ricsis b1s, ‘Wwhichs -

[SROIS N “t sadadle S0

have no:.steel content., .,
Ml AR kAl g oL

3. If P is constant then the rate of the expan$#ch7ei the economy .
_w1ll also be constant and . will depend on, the outpux/capltal ratio so
that if

cLdbman b BRSIA b e lwede o i

g = Tate of growih. 5o L, @iy o i )

O.
¥
ot

gojirﬁ;¢3u$pmt/capita1~ratiéﬂqx@ T Froon g heelnowety s

v

s Patecof scrapping of-assets to v sl

£ = pore — 5% clrtuewkbah e dFoonis

For under—developed countrles,? is usually about 0.4 so that 1f
we take p equal to 0.14, i.e., 1nvestment at 14 per cent of the gross
domestic preduét, the rate ofvgfowth of ‘thé édonomy will be%0.056 minfis<
s equals about 5 per cent per annum, - and both 1nvestment and steel

consumption will increase at this same rate.
If, however, p is not constant, but”iéﬁiﬁérégéing"for*éxéépléwby
0.7 per annum from an initiélﬁPévélzof:O.xéi then the rate of growth

of the economy will steadily increase, i.é.,

Lo crrsde waieosd Do m,
Then the rate of 1ncrease of 1nvestment Wlll have to be tw1ce as
agE ) . - Cr R S Fodiae o @b i

Limn 0 Zi\gi [ A A B R P A 00 ) 0 S IV S I A - S T - T
: \ & 4 -

* Robson, R., Note on the Output/Capital Ratio and the Return on
Capital in Developing Countries, Oxford Economic Paper, July 1965.
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1 4 _ 1 dp o+ 1 40
I dt =~ p dt 0 t
= .Oj + .05 = clo
And steel consumption will increase

between the rate of growth of GDP and of

6 times as which is the usual

then

&

ds do

condition

!
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at a rate roughly halfway
investment. Taking a, as

in under-developed countries,

at *

1 = 1
S dt - 0 a; +

Pl (a'z-





