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FORZNARD, INTHODUCTOLY LIIARKS

This study tries to (1ve #n answer to the gue tion, 3f 1t is
poscible anl reason~hli: to stert eluninium production n one of
the Ma¢hreb countries, Sacondly: if the netural ses cveilable
in these countries con serve a5 » sorrce of chesp eleciric

energy for this possible production of aluminium,

In th: coursa of this work we nod to apply up-to-dote
1aformoiion on eluminiw prodnction techniguies enl sconomy to the
locil reslities, covaring ¢lso aspects of raw matorial suply end
evrlnation of the metal merket, At the sere tine ve tried to
follow » conh2rent linc of iders, on expleining briafly the more

irportent hesic notions,

The abov: remafici tious of thrs ntndy resulted in two
disrdventepes:
l. The study bh~ceme longthy compered to its prelininary
character:
2. It was diffiecnlt to seeur: the crsy comprehensibility
for the avere; o rerder without , anernl knowledyz of

the specific field.

He tried to avoid 21l detnrils, . .ich might be found in
texthooks, on the other hend, te wvished to concentrete into tne
text allhrsic 1cers and possibly olso dota ond i.forrmition « hich
seem important for decision meking in this matier, Therc ¢ra
foun.ed yrrtly on own :xpericnce snl ~re pertly otherwise not
rcressible through publishel pepers, Thera~fore, ' feel thrt

onr work, exceeding jits hrsic tesk, con serve two ncin purposes:

Jeeus




1. It offers »~ roeont sommery of 1o s3Ity taon o tho
1avelved countries fron the joint of vy of  Iunininr
froouction »n. consurmption. As toonr incvladsae, nt
rresent, no othr recent similor vork on thio toric is

avrilenle .

2. It mey s~rve re p conpendium for those vho -1 - 2volved

in the future smelt-r proj ot investment mens, sment.

Ve shonla 1ike to express our thean s to 11 fovi:rnnental »nd

company officsrs vho help> wms with thoir #dvice and gronte

interviows for the purjors of this stucy.

1. SUNIARY, CONCLUTICHS A «:Y‘?Di LCOII T o Tiong

1) It scons yossibly ond raosoncble to esteblich cn luniniun
+talter vn Al rae. The yrecticel steps, vhrch howy oo tohen on
Loae wnttar by Socd 2te Notionele de Sioorurgie scer corrqet and
« ‘asonable. The rroeferane: for Algerin vse Libo ds founce! by the .
iolleian: nein crgurents:

) The guontitice sne th? durciion of neturel gos oupy, ly
or» here nore elrrifizl, For Liby: ih2 certeinty « «uwr-tion for

cqly 195 -« 20 yeirs hes hoen inaicated;

b) In il; rin ther: exists clectric encrey (on-irriilon, besed
on neture) gas one this 3o 1o be extended, vhilst »n Libya only

oile-firing exists ond no other fuel is visualizeds

c) Alg.rio itself «ffords o consi :roble inlond iorket
jotentiel, Frorm the point of view of th: vhol HKeghrob cren ne w
rerket of 2luminium, 3t her o frvour-ble centrel siturtion. On the .
o her hend, Libyr':r geograyhic situ:tion, esjecicrlly thrt of the
gnlf of Sirte, vhich s~oms the most probable site for o possibk .

relter, wonl. imply remorkable sddlationsl freight costs,.




d) Llperie will ospos from 1973 of - domertic ,ro-mction

«f petroluun coke, ~n ryortont anxaliery ratorasl of o lwaanium
rodvection. In /1 rir sn' 3n nuyghbourin, Morocco ~nd Tunirian,

g well, toere oo p3,mafinnt oposite of fluorsper. This row
clerzel beras, ‘no the josiible utilizetion of fluorine by-procducts
of th> phosphete fortilizers prodnetion, offr +n omple beois for
«anaitic production of cryolit: ond oluraninm flworado, othoer
irportent anredd2nts of aluridnium smelt:r opcro tion. In Labya

1 esc nnt rirls are not ewedlebley

e¢) Th: problem of r-crmaitin, rkilled menpowar ¢rn ho rore ecrsily
olved in Algerie, whilst dn Libys the cexisting lobour o boun’ to

rrojects of high:r prierity.

f) In Al; 1ie, thors cxists rlreccy come tredition of ~luninium

founlry 'nd rollinge-mill prectic.,

AFincl, definite decision cin be tokem only oftor the evelnoe
iron of tho (oimyled fersibility studies which ~re being undaoitoken
'ma concerning smelter cconomy, unit jrice of aleetric ecnerygy ond

< luminivr merket cnd feobricstion nd plennin, of futurce wevelopment.

2)  The smelter shonld ho fol with jurchesed ¢lunine, to be
gaecnred hy frvonrehla, lonf=term contirrcts, Construciion of e&n
intz reted olumine plent does nol secm recsonnble. Lot r on,
}~rtici ation 'n & common vantur: for oluine prodoction e ht he
of int-rest.

3) The smelt r shonl. bo oruippo. vith an own snode=-crrbon

jlant, tobe nrsed on orxetic petroleum coke os row motorioal,

4) The wnitiel eopreity of th: smolt r raght be recsonnbly
tveen 30,000  nd 50,000 tpy. Hi¢her figures wonld ho gurtified
oxly in th- eprso of asroeiction .iih o jpertner, who (nrrontece the

neles or th: concumption of tho excose metnol,




5) Preliminery catimotes of jow . rie. o g Ly
yroinetion eostr soem to corroborste tho L vour Hle oaconmyy o

fatnre sroeltar,

6) 0,injon on rre-—invostmont docirion f-ctors ho. o o
:HpressaC o end s rocomnimded to the ott-ation el th [vtur nv o torp,

(Chapter 4).

7) A globel cvrlustion of the alumininm morkot 3n the | (hroeb
untries on the beris of strtveticrl o tr enc toking uto conesi. o ro-
tion mecro=sconomic raletionships shows the. follovan; jres ut
pitu:stiong
#) Tho nerket, except Libyr, is v:ry unc crscturctel with
alumininm,  The evers, o consumption | or cepaitn of the
four comntries in 1967 wos 0423 kpe, vhilst th vorld

avarege totelled 2.5 kg ferpito.

b) In the 1rtost P oriod, olvmininm amports of th. fo' r
conntrices er:oanereecing by cbont 16.5% per yeor (1969=66).
Th: volumes of imported oluminium ;oocs for th: fonr conptrion
totalled 12 million lollors for 1966, corresjoniing to
10,500 tons,

c¢) Th:r: g procticnlly no exchong» of rluminiun proinetis
betweun th four countrios. The 'utnuel Jeliveri ss in
19.8 totrlled 2(two) tons. On ihe oth .r hond, thore cdiet
significent 1dl. frbriert{ion cepreitier for cirtein pro mcts
(2e £+ welded tubes in loroceo )s  Mutunl informetiion ond

co=ordinction of comucree yolicy scem hore Cosirrbl o




4) It v » yua:r- 1l honomenon thot thar: "s no coarcions o
or¢gondzed stryve to promet - cconomic aprlic tion of
~lurnium, Thy most striking xemple for thie vs the
rmazingly hygh projortion of copror cobles pro netion

Nl MR,

It vs advis ble Lo soly thye situ tion on -~ rogion~l boiis ~nd
vake co=-ordinated preeticnl stips, n ordor to promot: more sound
2velopmont,

Thorzfor:, w> r:cormonl th: followin.:

7) To :stablish in the involved countries prounction

fredlities for the nost important semds, such cs -
- sheot, possibly rlso foil

cxtrsions

!

wir. rod
- costings
It is 'myportent thot th. gnelity of the viennlizoeld jroducts
honld be ecmivel nt to those from duvalopoed iniustricl countriqs ond,
cher foro, jropoer regionel]l standards chould bo ost-hlished. Th

rroblim of conomic serep-processing Ceserves specicl ottontion.

b) The Covelopments indieated ebove undor n) shonld ho

iriplomented in & co=ordinoted woy, on the besis of rutncl uncorstonding .

¢) Speweiel offorte showl: he moo > to facilitite the brood
“Frlie tion of ~luminium, using eveileblup=to=dote foreien cxper-—
inces. Thie & espeielly imioortant in the ficld of =luctrical
industry ~n elcetrificention, It scoms rotionrl to oxert theseo

fforts in » joint woy, nsin. ~1l meams of common t chnicol suformotion.




1) thon rncadang the eustons teoriff cyct oo of the
countries, or th» r:lovent hilitersl cor e moants, 31 shonll b
ert dn mind to promote rmturl trrde dn 7 wianium foods botween

th. eonnirics of the 1o, hreb.

It czeceds by £ r the scope of this stuly to entlin on
nytimel gset-up for th. comin, comis proanction. Howuver, on thoe
barig of our finiin s, 7t cea he suggecton o0 A jrelindniry prozor.d
for_consy,.orotion:
- To sct up,jointly 3th th: foture snilter, o Cﬁst/rollinn
mill for wir>y rods vith o ceyeeity of abhout 20,000 iy
(corresponding Projorzi 7B tspe);
= To net wp, in the mo:ot inportent “n msirial regions, two or
three cast/rolling units for nhomt 5 = 8,000 tpy coch, in
order to cov.r th: r ¢uir.ients in

- rounds for jrodnction of howschol. goods

on.'uleto.. sheot for roofs ond other 'urposes

she t end strij, in rencral

£:t up, in on of th: ecouniries, an xirasion
+hich mi; ht supply mrinly:s

- rrofiles for constructiony

- smrll dryomotor tubes.

In ordi.r to jromot. thes. dcevelo, ments dn cn o, timnlly
rotional way, b osugoest_to properc o cotodled stray concerning
hoth

o) merket enelysis rn forwecasi of aluminium somis ond

finishe! goodsg

b) ali rncrtives for cevilo,m nt of s:mis procuction in the

I'ne hreh countrics,

(¢gnoin! from Chaptor 8.22)




#

&) 4 roush Joroerst crleulation liois the folloiany ~luwmanivr
“hrorption correaties in the 1o hrob conntries:

cXjected conrumption dn_tons v . ¥

—— -

kroonecd in th: 1o v b

16,000
26,000
105,000 15,000

G) In th: cosc th. projeocted proometion chould substenoinlly
excend the ~hov . ¢uentities, 21t is ecvis .l to make orre nge .nts for

ferentesd selos, rostibly ot 'list'! prices,.

10) It her hosn foun! thit in three Maghreb countirice Lh.ore
exists A rorlistic yoscibhility "to jrodnce fluorine srodncts, rnon,

others, cryolith: anl aluwmininm flvoride. This poscib 1i%y js

hosed perticlly on significrnt dejesits of fluorspar (CaFg), cnd,

on th» other hend, on jouiibl . fluorin. r.cov:ry from the prodnction
of phosphote fortilizoers for o sitic use ond exportetions

We recommeond to study the r.l:vint sitvetion on o rogionnl
boeds ol to 2lohorate o co=ordinnted plen of oction for o furvey

and Jovelopnitnt plen 3a thin {iold.
¥
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2e Gl 17RO 1ATION, QU THT wLUNINIUI_LilULsi.

<ol Ih imjori-ucc of ~lunanium, Th: jro mction of 1o,

1

novs 3t her hegun on e ocomroreicl serle only t th. il of the
!Cth cratnry, evelop e sp octr enlorly cn L Guoaty Uouavely

outririyped the oth r non=furrons m-irls,

Figure 2 -1
jorld Produﬁc"g‘ ion 0 f.'“ Al eg;ip.}jgm

A A" - . W—

Yeer: 1200 1510 1920 1930 1950 1460 1965 1470

1000 mt 5.8  44.9 125 <66 1509 4630 6530 ovor
10,000
(forceast)

There is inlie tion th t O rj ng th. n .t dieade the conenr tion
cIoelvminiam retel will farthor aner o by ¢ ogo rly rov: of 6 to 8.
Subst ntirl adlitionrl production copecdtics cro rt this romont wnder

tonsie otion 211 ovor the world,

The cbove o rolopmont of cousumption ~no. jrownction i ona to
the frveur ble ch.nic~l, yhysical :nl mechenicrl proporties of thiw
nztal, vhheh ensbled 3t brocd £, lication in amportint £3 :1lds, cucn
-8 power trinsraosjon, tronsjort, .ocho, ing, construction, cic.

In such » way, 2luminium bocrme an ess mtirlangroeliont of oll

aviloped ¢cononics
I




Je Dervxitos Th jrodvustion of - Dwianivur ac 0 snay o .
2

-

"

beuigity or oooe oron oretorind, he » 801 . cKkecuption, CoOLberC.”

guontity e of otiior orr, such oo elunite s o oliac

in th USSR, bui wiith th o rec.ont bewixite ou, ply rocib

mi,;ht bo crconomicrlly jqustifiod only nnoer s cicl cnodition.

Frori the goologicel penctic point of view, tve briac tyjes of
bruxitc v knovn:
n) thos. in connoetion tath o tic brs rock (let rite=iyp o)

and b)) thoss in conn ction wiih solin ntery rocks (eorcticeiypc).

Rererding the minirelosic 1l cherceter tno chinacrl comesition,
tho rost imyortent ferturs e~r. the follovin, s
Tha aluminiuin oxidle woy by present in th. or: in tho forn of
trihyirato 4’31203 z 3H20 or monohydrert. ;11203 E H26. Tl 1 toeer,
ngaing mey ocenr in tvo Cifiorent forms:  boemite ond dionpor.
The jrocessing of monohydriat: bauxit ., cspeeinlly of dios,oric lyp.
is mor. oxj msive thea thet of the tyihy rete ((ibbeite or hyirn-
Fllite )type.
Tha benxitc contrins th: folloiing mcin componcntss
11‘11203 hawwe:n 40 - 60%
Fe,04 " 2 - 20%
SiO2 " 1 8.
T102 " 1 G
H20 " 12 - 305
The rclive 8102 cont .nt in the oroc s of [ rect ymportieonc:,
since nmria, the alumina prodnection, crustic sow ~nd ,’{1203 losees

ere proportionsl to th cout nt of rciryv: silica.




Develorment vork in ettongpting to dnprov  tho cconony of

low—grade bonxite processing s ot rosont corrioad out.

Th: investrunt cost for the esteblishrint of bruxit . nining
freilitices might he of 1€ to 25 US § por ~nnucl rotric ion copreity.
The mein  rowacin: conntrics of beuxite om theilr er redtics

ar: inlieciod in Fignrs 2 = IT (r~f. No.l).

Figore 2 = 11
Beuxite Producing Connirics

Country Crpreity in 1,000
metric tons

T )
Hestorn Homisphore USA 1600
Brezil 250
Dominicen Rop. $00
tyono 3400
Hoiti 400

Tirope

Joncica
Svrinom
Fronco
Gr~.:ce

Itely

Yuroslevie

Puni~ry
USSR

Rowmenie

13250

6000

2560

2250

275

rbont 2500
" 2000
" 6000
" 100




Lonntry

India
Inioncsin

Mrleve

Crpceity in 1,000
metric tons

T(iggey T
350

1500

1300

serawek (in Moloynsin) 300

Chinn.

Lfrice Ghone
Guinaze

¢iorrn L one

Austrolir

about 500

750
3250
350

4250

World Totel rbout 64200

In ".stern Africa thor: are importont deposits of beuxite

which, wp tillno:, h» - not Loon snffici:ntly oxploited (cege

Cnineo, Ghono, Ivery Const, Congo, Mrli).

2.3 Prodnetion of slurinn.

two mrin toechnologicel sieps:

To=loy 11 rluminium is jroducad sn

~) froivction of eormorcicl alwminium oxyde (A1803) iecs

aluminge;

b) jrolnction of the metnl fron th. oxyde, by hi;h

tempernture cl:ctrolysis (smcltor process)e.




1

This vey noy b ro rricl ot yros.ont oo the only conimic VY e
Recent fforts an sor. cornirics to oticin princijrlly ncw Woys
of yrocuetion heve not provel fruitfal, Thic st toont s olso
sn, port e by the fret of the world-wide vigoron: coastruction
cetivity an the £1:14 of alurons plonts snd Clectrolytic smlt rs

~eeoraing to the clersierl jrocesses,

The nest ceonomic cnd nostly vsae jrocess for th jrosnwetion
of ~lurine from beuxite 18 th. wet-aleelin: or soscrllod By or
Froc:ss, This process has soverel vericties rnoe th: deoripgn should be
corried out individurlly, do, cnling on the cherect ristics of the
honxite.  Technology on. ecwy,nont were si;nifiecntly coveloped

efter th2 Sacond torlu inr. The most impori-nt fortores of

modzrn plent:  lrrge ecwipment wnite, raspectively jroduction lines.

arrlicction of contininns procoesscr, ~utometic control, nou types
of conipnent, sorhisticet:! hort end censtié sodo econony ond

recov.ry, ntilizrtion cf by-prodincts,

The produetion of ~1lvrins s ¢ nostly hert=_norgy intonsive
industry, it nc.ds olso by ¢urnicties of crmstic soda rnd industricl
woter, The mean conswumption figwres §:r on. metric ton of
~lumine erote

beuxite, t 2.2 - 3,0

erustic sode, t 0.06 - 0.18
stiem, 1 le% = 3.0

el ciric po.or kwhe 230 - 300
fucl oil, kee 110 - 120




1

cho nhrws o Fro ruch penting on il L xy

choreet ristics, rn hould by rogarded only oo indacrt )

- " - . . " 3
wetery orond nor 4t oaf olunidne is 0 about 20 to 30 7

crses limo, oo oepnodn,reaiont, is elso noodod,

The mein ffluomt ds "rod m", on rlelin wroto, Ceile anin,

mostly FBZO Tj02' 8102, A1203, NPZO. Vanrddum cnl o llin s moy

3'
ceonomici-1lly boe rocoverod as by-products. A bre kthrow, i ip
cconomic rrocessing of th roed mad on o commereicl se 12 hos not
yet mnt rirliazad,

X

For ih. cceounomic siz.e of » nev nlumine (lont, © ¢rprerty o
200,000 to 300,000 ratric tons por yeor se-ns to bo the nininu.
Bi¢ rrocnears toud to visurlizo on: million t/y;vr plonte (Lnstroia

Jomeicn, Fochincy's new plent in Turope).

The specific investront cost of cluming ylonts is bLotvieen

165 ond 220 US$ p:r n2tric ton ~nnunl cajncity.

Mrin feotors 1aflnincing s :l:etion of the site wos until now
nostly the proximity of ¢ bomxite ming, ecvailebility of trensport
(hrrbhour) freilities rn:. thormal onorgy. In som: crses, intogretod
ploming /elnmininm feeilities hove heocn comstirnetod. o developrient.
in erryo shirping end th: sveilebility of big guontitice of org,
arpecirlly the Anstrelion benxite with gronuler strmeture.
faciiitrtin, bulk trensport, are oo0in influcneing an the sonsc
of this Xtticr philosorhy; kcopin,, in vicw olsothe profimity of
the metol wmrrkets,

It shonll h. mentioned thrt, for the produetion of on. ton of
:tnl, ronghly two tons of alwmine nr. neoded. This 4 torkdnes

the capreity projortions,




2ot Ergzotaon of primery(vingan) plunas i o
Th: e¢onsntinl t chnologicel perforn-nc. in t.
emalt v 3¢ to obtrin thometr 1 from the oxsw. (@ lunone
Thy : is donz by on .lectrolytic jrocess (v @ Lo, o
about G40 ¢ ~nd in & molium consisting of molten Dwr. =celur,
This proc:ss is porformed at o hagh enrront Snton oty (L Co)
np to 100,000 Ampaeres cnd mor.. Aluminium sricltin: 300~ L3 hly
electric=cnorey intensive inoustry; for th. prometion U onco

ton of mutal cbont 15,000 kwhs rre nocoded.

The produetion of the smeltor s iy ry or vis,in cLliednin
retel, which is shippod in infots, slobr,hillots or, 3f ~p, iyin,

Al

up=to=-drte cart=-rolling tochnologies, jnrtly in ih. forn of

Proj:rzi rol or uvirefor east-roll.. strip.

3

As thove study is conc-rnod with just the pessabl  osteulicinint
of rlumininm smelter(s), th: r:l:vent technicel in. conomic iarorun-

tion will be presented in the noxt chrpt.r, seperetely ~noo 1o Goteil,

2,5 S:cond-ry sluminjum. This 3is ;romc .l by procossing one re-

melting ~luminiunm scrop. As th: prodaction of o cont oy ¢ luminium
is ~n:rerlly .conomic and the s .condery rictel crn b »owvont-, cously
cprliee, especielly for cestings, 1tr turnov.r qu-ntity citoane,
in sori: d veloped industrial cconomies, ahout 20% of th. totr 1 motol
demond, The investm:nt cost por meiric ton | or cooonlory

smelting copecity 3s chout 100 US$H.




2.6 Proometion of soras, Joboacowdn, oo U flops.

4 LIS
The in ustrics menufrotoron; o lue oows rroducts svch o8
plete, sheot, strip, foil (roll. 1o nvets)
sxtrisions (cege profilor, rodis, b, £10tn)
fer:ings
wir:, e~blg, ACSR (fluminiwum erbls, sti.:1 yoinforced)
pow!i.r, rosta
wrlderd tubes
rewn tvhos

ar: gonerelly eleseificd ow sonidsg frbricoticn. An inportont

pert of th somis is e o of plloys. The proiuction of cestiars

is roorrded ¢onrelly ro e oscporcts (roup of yndustry. A furthor

link in the jin: s th: produetion of rluminium finished prodancts
(+e¢e constrnetion :lomonts, hollou=urre, chomierl industry

cgudpmont, ctﬁ.)

Consi.orin; th: oseohlishin, of new cluminium incustrics, it
should be kept in mind theoti-

©) Th. metrl con penctrete the worcitic or other visuclized
nerkets only whon the aocassery cv;vcjtieﬁ of somi-
fabricrtion ond finished gsoods will be nvailoble ot the
somoe time,
Th: economy of ~luminium incustry is th: mor:. f-vourable,
th> mor: the netel production con got inte;rated towards

mennfactur: of s.mis and finished goods,




3. THE . LUTINIUK SETLTZR_INDUSTRY

31 Icehnology, pgugmont, sirmetur. of th jlint.
Th teoehnolo y ;onrolly oppli od as the elrsvicer 1 0 Dl=Horeoult
, . A . ) 0
procoss, usins on cloetrolysis hiyh tomy 2reture of cbowt C30-95C C7.

The cl:etrolyte is nolton cryolithe (3NoF

«Al 3)v nanclly with som

3

cxcoes Al contont, The alumin~ 1¢ dissolved an thio fiux. The

3
crthodl: 3s th. coll -lectrode carhon lining 1tself, recpoctively

th surfreo of the molten alumaniumleyer ot the ecll botton.  The
crrhon ~nodos oro oammers L anto the ecleetrolyt: ono ore conuumed by
alaectrolytic oxydriion,. The cells are clocirierlly houn. 3n coriesn
arll 7 rotline, Th. empere, » of comnored~l potlines very ootwecen
40,000 nd shouit 150,000 A Th. c<ll ~voregr volts, o e coont 4.0
- 45V, The potlines eor . faod hy DeCe, converted in silicon
reetifyor stetions,  Then: hove efficicncies up to over 98, The
DeCo voltrye of the vreetifior stotion dotormines th: mub r of the
collse It de usurlly boetwe n 750 ~nd 1100 V,

In such 2 wry, the rrocuction o, reity of n potlin: 3 dotormin:g
by two ferctors:

~) thce enrrunt int nsity,

bh) the D.Ce voltaic of th. rectifier stotion, by wlich the

numb-r of cclls is dotorminode.

Th: bosic groups of zguipm.nt for en aluminium smeltor
rogpectively,the mein plent <o crtments ore the following:

- 1:etric sub=stotion, incinvding switchyerr enu tronsformors,

- r2ctificr stetion,

- tronsformer enl distribution syst.m for A.C. consumers

(n21ting farnrcus, motors),




1 thetreiytie eells onc thedr busber

21 etrolysis sorvice and enxdlinry oowapment (croacs tfor
movnting, for anods=mpnipulitions, crmsibrockersy olwaano-
hopy rs or othr fo Jing dovicoes, tropping ervcrnl o, spocial
mnrchin ry for th purjose of roplecorent on’ clornan, of
stesl conincior studs in the ens: of Sol-rhor, cuo o, otc.)

st~tion for unlooding rnd storrge of rlumine,

cventrlletion svsl 1 for the cellhouses, grs jurificstion ~nd

cryolite=recovery, 3f ony,

fonn.ry shop conarment (holding and meltin, furneces, couip-
ment feor th: cesting of yniote, slobs, hillets, crrnes ond
oth.r heondlin, 2emipment ~ne tronsport feoealitios for the

ahove, sew for ingpots, milling wechin ry for scolping shoote

ing;nts,)

posrihly ceuipment for dir et crnting of rous on!l strips,
(Projy.rzi mill, resyociively strip-=rolling costing mill with
anxilicrics),

smxilicry services (ecompressor, vecuum sysi ms, if ony, weter
sy rly, otel),

r:poir shop (vith speeinl regard to roguir moents of smelter
moiutcnance ),

Frnode plent (with storage),

l~horstory,

general stores,

offices, w:lfare ustablishments, ctc.




302 Flectrolytic e:ll ty s on their efrpoirason
Lerie sorle olordnaum j roducers devoloped their ovn opecific
eoll Gosdirne Th: most import-nt farture of the ¢ 11 < .siygn s
th. s:1:ction of th: 'nod: system. Conc.rning this, four bnsic
typen ~re uisoed al jrescnt:
1) ecoatinuons, s:lf=beking Sod.rhorg snodes with herizontol
ctuds (studs orc slightly conic 1 ¢tecl rods, which convey

the el etric curr.nt to the cnode corbon),

2) <o l:rhorg onodes with vortierl stinds,

3) pro=hoked onoues,

4) continuour pro-hak.od ~nodcs.

Th. apylic-tion of th. liffcrent cnode systums has veoried
dremotierlly in the last thr o daendes,

During World Wer II, Turojc n proctice wes rmch an fevonr of
horizonirl stues Sol rhir. Th. fiftiss trought o breckthrongh of
th, virtic~l So . rhar;, enlmincting with the ;Yish ent of
Kitimet in Cenods ond Nogucros in Fronce. The sixtics bromght rgeln

ru ovorwhelming roturn to classicrl pro=hokod cnodos. tven Fuochingy,
on: of the provious chompions for verticnl Soil:rberg designed
INTALCO (in the USA), DISTOMON (3n Gresce) "nd SL.TINA (Rnwmonic)

with pro=bekod anodes.

Th: eoatinuoms pre=b-kod snodas systom 1s o spociol wevaelopment
of VAW 3n th> GFR. Until nou, 1t hes beon cpplicd exclusively

in German plonts,

Th- r-ecznt jictnre, thonsh much in fovour of pro=bokod onouesy

js altnysother not unombi gunus, The quontiteotively vory signaficent




smolter Jacustry In the USSR ve s rlmoot cxelusiv.ly ooth 47, o
Soaoarbery, A olot of now projects olsowhore oro rlao with

So. rhar,. Snne cxony less

Sererienhn (.xtonsion)  Brozil horizonts1l So .y

Seyiish:hir Turkecy vortiee

ALNOR Norwry voertienl

Koyno Indin verticol

Polran Lluminium

Co. ( xt nsaon) Inlia vorticol

Bolioum Iniin herizontel

Kaorhn inaa vartical "
aiveategon ond dasecvontergos of th: Gfferent ~node systonms

rr~ still onlhr isenssion, ov.n 13thin the tachnierl stieff of

laree seele rroducors,

On s:leetine th. tyre of rnode systom, the followin, roidn
pottorn of chrr ctoristices of the two moan verietics (jre=brkel and

Sodzrberg) mis ht s:rve ns & giiocline (Rofe Nol2)e

Ere-Boked Bo~a1barg
Pow:r congumption lover Anode plont, chunpur,
~ho : . .
(by ~bent 1000 }Wh/t) 3li¢htly loss monpovor
Flux noucumption lo or neodeds
(cryolithe 4+ aluminium fluorils).

Levs etmosph rae polution
(no ter istilling from "nodes)
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At to spocific dnvestrmont contor ot e 1l or p oty
Sn L orhors o choopsrybat n the oo of Irry onmdltors, [ ro=uiho
is th mor coonomic, fupordan, th jroovety oo ooty Jhe jiotare
ig Fimilor,

mxe ol eonperetive ficvres for spocafie anv o ctrant oonte o
proauction easte, ~n . thaoar voristaon ~v ¢ acien o1 1ont
crpreatl cn,etn o ne oo tormiact only in the ecxn of spoerty oo ocont
fretors, ceoe coantruction jrice levels, precs of l.ctrac onorgy

and rev rnntoricls,.

Thooo fretors viall olso cetorrin: th rweore cpecific porotors

nf potlin - si.n, cspocd 11y the gnrront

onpdtles 1o be e 1 etod
for th: ~no s on th: Wmohors. Hivh povor prices Justify lower
cverent © onoitics, which ~ffliet c¢~in on increrc: in sp ccific
invaotront corts, Optindzing coleuleivions for taen fretors
shonll be on clorent in » rodvont Foreability Studye

3¢3 Ecnturos of np-to=Gete smeltor tochnigues.

A to tho coll fize, snl enrreont int nsvtios of ih: potlincs,
lrr¢e production units ~ro s t up with oolls of 100,000 4 “n. ~bove
(s Refe Noo 3 7nd 4):  efe USSR 1o 150,000 A, F chin.y o bout
130,000 A. Smellor plente, ospecinrlly in 0 oveloping dncsistrics,
rr: still constmoted, Jow.vor, with ervrr.nt anteonritios from
50,000 A to abont 70,000 A. Th: adventoyes in this ecoss ore o
5imy lor, cherpor sber syutom, the ¢:11 oj.roiion 3o o s3 1, thore
ara loss possibilitics of troubles in cperrtion.

mleetriesrl cenips nt oend msher sysicns ore consirictoes in @
w7 to minimiz . l.etrie cnergy losscs. High cfficicncy (mp to

shovt 66,4%) +ilicon rociificrs ond oll=welded busbor sysiums arc

h.r: the mwin . turcs.




C llhonse oper-tione cp v 1y o oohmac s (Cruct=be kin

fo%ng of ~loran, top,n, of tho metely, rogmlotion of dntoroo lor

gstonco, monpulotions concornin 1 o letor ont oL th oo s oTu

th contret studs for G0 Lronry=rnodcn,. ) Hor. s, cirl o vicro o

eprlied,  op. by Pichin y, @dimin, % on oxtremc oconomy an MONDUW LT
Plont=scrle matomrtion 1s, gquite roecoatly, v loyin..  In

some proj . ets, jut und r consirmction, cutonctic control of 1 orio ac

srist=hrerking cnd fieang of the e lle with o lumina one rognlo taon

of the int _r;oler astrnces will be forose . n oe w.ll. Crtholc

inda, 751 vhonld ae rmhont 4 yorrs.

For juryncor of thoir foundry cho,, mosi smelters op; ly iwo-
stege furnoce syseiloms, The topy o0 netel 38 enlleeted an o mdxer,
¢ 2ts Arensfused int. » holting furnre. »nd as pours? cithor into
in,ots (vsing chrinemoulds) or to clebs or billets (nsing Cir ot
cocting of sevorcl 11 oces samiltraconsly). H.rc. proper opnnif-
iertion of th: retel, ©vovng, of chutes, »0 w:ll as mexamel roch nvgo -
tion ~n. rutom tion in the erctang, jrocess,ere omong the meon
fortures of up-to=dert. tuechnnlo vy, For the production of vire,
the Troypcrziemill 5o a0 cely rpplacd (en ety of type 7B bont
20,000 tons/ycrr),

In the prometinn of rnodls or snel . 0 ote tetel m o chonizstion,
rutorction and o totelly closed systom for met_ricls nencling ore
charnctaristiies of an up-to=lrte jlent. Hor oot as ddeputed, af ou
the eriticnl proczss of mixing » econtinuous or & botch riothod is the
rior. preforables Som: bi, prodne.rs ecre still in £ vour of the

hrteh proecss, vhich offords mor: s.onrity 1n rvesiing big scole

feilures of the gronular compositions




In th . ;r. veticn of jre=b kel no s, moth rorooont
achiy v.ront 15 the applicstyon of th o vabre Laon tochasgus anot ool
of Jr.ueing. Bofore conegro ring 3t8 spiclie tion, ther vk
rof r nes n o lont-serle ox; o ricncoe should b obtodn oty how ver,
asy ocinrlly n relotion bt onrlitetive chiroetl ristacs cnd pirnt

Sohevionr of the jradnct.

34 Erponicloyottern of he smelior.

Motel gnolity. This as genorclly medinly deyonoings on dmpuritics
in olumins onl oenode orrbhons The purity of the rotrl shovla be in
th: ov 1o over $946%. The nran, goacrolly cce jtol cles. oy of

rraty oros 540, 9965, 99T ind GGe0%e It s iryortrnt thet, for
th: ynrros.s of -1:ctrierl coninetors (wir., eobl.,busbers, atcs )
ctrn greliti s uso to be spocafiod. H ro, onc rent producer's
gp-eific tions roouire minimam 99.5% A1, mrxammm 0.159 53,
respectively, 04019 Ti + V (for titonium ond vourdiun)e  The
corresp nling specific resist noe is 0.02T763 chn. mma/m for rollcd
rod, ~nl Q.= 0=35 ohm, mmz/m for drnwn wirc.

It 3. ~ltro usu-l %o furnish ~1lloy ingotse The compusition
resj ectively othor curlity reguir oonts ~r. uruclly & :finc! in
this erse by th. customor.

As to th: yphysic 1 shrop of the prodnet, the mein vericties

n) Iugets for remelting. Usn~1lly in pice:s from 15 ke UpWATGS.
Their shope rhonld feeilitet: stocking, storopge, hondling,
loadin,” “n' unlonding m-nijul-tions., Bi, jroincors
devoloped their own system (cere ALCAN's TRI-LOCK, ALCOA=S
BAR=-LOK ).

b) T®xtrusion =, she.t = onl wire ingots.

These ore usaeld lirectly for scmis=fibricoiion purpoBes.

'

Seme oxenplory lots on noucl i oenslons:




- . . / . R . \ . , e
- Lxtrusion ingot {(oylindrie form, diarcters 1.0-40

length up to 26450 mm.

- Sheet ingot, called =21so rolling siabe (otlon, forn):

thicknenses 170-020 mn. width 730 - 2200, length 1500 = 4500 -,

- Wire ingot (rectangular section rods) 102 x 102 ru.

153 = 1%3 nm.

¢) Directly cast and rolled rod (Properzi-rod). Here 7.€¢, 9.5,

1l andi 15 =me are usual diareters,

i) Directly cast and rolled strip. ilere width up to about

1200 nnm. is feasible,

e) In some cases it is Justified to deliver the rmetal in molten,
slightly superheated state directl; to the consumer.
Exarples for this are in the USA and UK and Italy (see Ref.
o, 6). This is Justified only in the case that quantities

of several thousand tons per year are transported.

1.5 Factors and conditions of investrent,
Considerations on selectin. the plant site.

Know-how, engineering. A partner, respectively contractor,
with proven experience should be contacted. Only cell constructions
with favourable long-tern results, which could be demonstrated in full
plant-scale, should be accepted, especially for new producers.
Fees used to be undisclosed, btut should be of the order of 1.5
million US{ for a 50,000 tons per year plant (know-how and basic

engineering).



Sone key factors of investnent. Lgu ..o w.. bt ol oaocw’
0.35-0.40C tons por ton annusl cnpuacity. U0 ©ont, incladin

cathode linings and anodes shodd be of <le cr o =1 0, TH=1.80 ¢

per ton/yaar. AS 40 construction worg. the oo toilding s oar
the pot-rooms with lerngtis up o about L .. Thopecis o ovot-
room area Jor 1 ton cupreoity por year (o oacio o oo rooint

]

projects) 15 boetween 0.3 and O.u% ™. The rolovon C1oites ror

pre-baked anodens are nere generally on the louwor sia. additional
buildings need further 20=30/% of this =aroa. Potreors with two

rows of cells have proven to be the most advanta, »oul.

Power-plant capacity. Electric load fretcors ~ro very {avourable,
gince the lond is almost uniform, €.e. for a coporit, of 20,000 tpy
the peak is a2t 9% MW, For 100,000tpy, the peak s 10 4. and the
average 184 114, The security of power supnly i3 of ~xtrene
importance. Connections with the networx for emergency supply
or stand-by capacity in the power plant are necescary. Failures
of power supply exceeding one hour ray irflic’ reavy damages and

even cause totzl close-down of preoduction.

Specific investment costs. Authentic published data are rare and
should be regarded with caution, especially bocaure only overall
figures used to be given, without 1ndi¢utinm waat is included,

The regular increase in price levels is rrnothor distortin, factor,

Some published figures, without commentary, see in table 3 - I,
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Figure

Exauples of Investment Data of Aluminiun

. Smelters

Startup
Lo, Capacity mt/y Year
44,000 1903
2 57,000 early sixties
3 105,000 1967
4 228,000 1968
5 22,000 1969
6 70,000 1970
7 90,000 1971
(in
8 84,000 1971
9 90,00C 19707
10 100,000 after 1970
11 50,000 1974

’

700 and 900 U3

. per ton,

A
750
510
860
570
680
1030

800
c.power?)

820-910
710
890
880

Rerark

Europe
"
Africa
T.5.4.
Burope
Africa

Bahrain

Europe
Asia
Europe

Europe

In general, it can be stated that the figures are now hetween

Comparative data, calculated on the basis

of identical price factors, have shown the influence of capacity on

specific investment cost as follows:

capacity t
20,000
30,000
50,000

100, 000

ear

2Lt
880
830
740
650
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Rsalistic values and breakdown of the investment cost can be
calculated only for specific cases, desiyn and cost factors. This
should be the task of a Feasibility Study or a Preliminary Technical
Project. The fillowing data, based on calculations {or purrrm=as of
a 50,000 tpy smelter with Soderbery anocdes might indicate the

proportiocns of main cost items.

Figure 3 - II

hough breakdown of investment cost factor of smelters.

Construction and buildings 200 28
llachinery and equipment 1) 210 30
Busbars 14 10
Rectifier Station 2) 30 5
Cell lirnings and first filling-up 70 10
Carbon paste plant 3) 34 5
Others balance balance
Total 740 100

1) A thorough purification system for exit gases can alter
the picture.

2) Current prices of equipment are 8-12 ./kw.

1) Figures up to 88 ./t (Al) are quoted recently for pre-baked

anode plant.

Bquipment for production of cast/rolled semis is relatively not
an important cost item.
Requirements on site. The necessary area is of the order of 20

hectars for 50,000 tpy and 30 hectars for a 100,000 tpy unit.




Ground water level should be possibly low, the terrain should

be even. Water should be available. Informative data cof quantities

required.
30,000 tpy 1 00,000 tpy
Industrial water
reak n-/min. 3 8
averagg’min. 1.5 4
drinking water
peak m}/min. C.d
average/min. 0.17 0.4

Recirculation of industrial water is possible.

Other requirements on site.

Tt should be accesaible for transport. In case of non-
integrated unit, the alumina will be received by cargo vessels.
For this purpose, vessels with 30,000 t load weight are usual,
(orresponding harbour facilities are necessary, which are also
used feor unloading of carbon electrode raw materials and the

possible loading of produced metal to be shipped.

It should be possible to construct nearby (but at least

about 1 km. from the plant) the housing colony for plant personnel.

It should be mentioned that fluorine and tar-containing
exhaust gases may cause damage in the nearby area. Vegetation
and animal farming may be severely affected, unless very expensive
precautions, respectively captive systems are involved. Taking
this into view, less cultivated areas should be preferred in some

cases.
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Time scheduling of construction. It is weneral practice
to construct the smelters in several stages, by pollines or even
by parts of potlines.
3ome examples concerning the duration of construction.

- NORF-smelter, W. Germany, 44,000 tpy, the construction
lasted 18 months.

- A 10,000 tpy smelter in India nceded 2.5 years.

- The 20,000 tpy alBA-smelter should begin start-up about
29 months after final decision and put into full capacity

operation 4 years after final decision.

}.6 Factors of Production

Electric energy. The bulk of consumption is the D.C. energy
which is used for metal production and covering the heat losses

of the cells., Some factual figures:

Pre-Baked Soderberg
Pechiney, 1948
Jan=Feb. (Refe No. 3) 13,635 kwh/t 14,405 kwh/t
Hungarian plant
30,000 tpy, 1969 - 14,763 "

Under favourable conditions, with skilled personnel, a
consumption of respectively 13,500 kwh/t and 14,500 kwh/t should
be attained. Some additional consumption is caused by losses
in rectifying (about 25:) and because of motoric consumers. This
latter may become significant in the case of stronyg ventillation
combined with gas capitation. A4 slight peak margin should be
foreseen, especially because of the periodic "flashing" of the
cells, causing a temporary increase of about 40 volts on the

D.C. side.




Tr. newer plants, power consumption is usuzlly slightly higher

because of lack of training.

Iaterials.  The main specific consunption figures Kg. per
ton of metal -

Alumina.  about 1910 -~ 1420

Anodes

Pasie for Soderberyg: 515 - 560

Pre-baked electrodes, net: about 440

Cryolite and aluminium fluoride:

Expressed as F for pre-baked. 28

for Soderberg: 38

Remark: F-content of cryolite is about 54%, of aluminium
fluoride about 617,

Factual figures for a Hungarian Soderberg smelter (1949) -
26.1 kg/t cryolite - 14.1 kg F
21.8 kg/t Al fluoride 13.% kg F

Carbon electrodes are produced on the basis of pctroleun

respectively pitch-coke, with low ask- and sulphur content. BSpecial

coal piteh is needed as binder. The quantities needed (for 1 t of

anode paste):
about 750 kg. calcined coke

about 300 kg. pitch
The exact specifications for these materials comprise an

essential chapter of the know-how.




anpower Hore a broad diversity exists, depending on slze,
technical level of the plant, respectively the salarics rnd lapour .
policy of the country. Man-hours per ton are the usual index for
comparigon. Here again, two roin indicos sheuld te dizscerned,

namely:

a) net electrolysis workeTrs manpCucer. T™hiws means practieally
personnel for cell operations, metal tappin, and anode
replacement operaticns. Here the best figures ore tetveen

c.% and 4.7 man~hours per ton.

bt) Total manpnawer of the plant, includin, maintenance. The
beat figures are for this case 14-19% man-hours per ton.
This would mean about 750-800 men for a 100,000 tpy smelter.
Kelevant specific figures for new plants, snall plants in

developing countries used to be higher. -

The importance of the human factor 1s prelevant, berause of the
extensive character of production (a great number of small production
units). Due training and efforts aiming at conservation of skilled
manpower are indispensable conditions of normal work.

Working capital: Tts exact exigencies depend on a lot of factors,
among others on the method of alumina supply. When alumina 1s
shipped by big cargo vessels, larwe quantities of that raw material
are to be stored and increase the¢ assets zignificantly.  In the
practice, roughly 15? of annuzl metal production value can be taken
into consideration (about ¢.9 million dollars per 30,000 tpy ).

This includes also the value of molten metal, which 18 kept

constantly in the cells. .




Ve CRITICAL RBVIEW OF THE WAL TECHNICAL PREINVESTVEN = DECISTUIN MAaC

it .

The btasic decision on the establistunent of a possible smelter
and the *timing »f the investment will depend on corplex basi~ factors
L b

such ag:

- avallavility and price of clectric ancry,
- if 1t 15 possible to acquire zlumina under favourable conditions,
- evaluation of absorption capacity of the Maghreb market, and

final evaluation of possible foreign markets,

- avallability of financial nmeans for the project,
- results of a detailed feasibility study, including the

profitability of the project,
- availability of technical staff and skilled labour,
- conaiderations of general industrial developrment policy, also

with raspect to regional collaboration.

The relevant chapters of this study furrnish some preliminary

information and opinion which can contribute to the fermulation

of the above.

Here, we should like to summarize our opinion and recommendations
concerning some technical aspects of the project, keeping in view the

local conditions in Alperia.

Site. Power, harbour, water, cheap development possibilities

for the infrastructure should be available.
The sites visualized by S.N.3. in alseria, though basically

favourable, seem to have two disadvantages
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1) between the harbour and the plant there is a distance of
saveral kilometres. This necessitates double storage
tacilities of alumina and also o pormarent odditionsad
expenditure on local loading, plus transport and unloadirng

of the aluming, using cigtern-trucks or rallway wagons

2) they nre surrcunded by valuable :gricultural arcas, which

nieht be exposed to severe dumzge, as mentioned above.

Further investigation and detniled comparative calculations

are therefore necessary.

Capacity. Decision on this w.ll depend basically on tne
general marketing concepl. Here the two extrernes are possible

1) evaluating the market cautiously, being sceptical on

Haghrebian commercial integration,regarding the ocutside
markets with scepticism, insisting on ¢0ing alone;

2) relying upon Maghreb market integration, beins optimistic
as to the foreign, nostly Eurcpeuan, market,trying to find
some atrong partner or partners to guarantee sales of the
bulk of metal, hard line on co-ordinated efforts for
substitution of heavy non-ferrcus metals by zluminium, and

genneral promotion efforts for aluminium application.
Conclusion. to construct up to 100,000 tpy.

Life, as usual, will possibly leand here also to some compromise,
e.4. corbining caution with efforts in sales promotion in the

Yaghraebt countries,

Tt should also be mentioned that here specific investment
rosts will, of course, have an important say in favour of big

capaciting,




Startin, with relatively soall writa nns gloe wore advant aes,
Coepe that the after-start in-plant troirane ot tre peraonrel L Duoe
¢Aslur. Such oz oplant can worve tor Morecdin, ool oo for later
mors: bold developments. Examples of tuic philesophy con be round in

practice in some developing countrie o, e oan brasipoad badi

We Loeve been informed by 3.V.35. that tho) dnvestipynte cnly

w

possible capecities of 50, 100 -nd 128,000 sy Ve rolormend o

extend these zlso to alternatives coupnsed of PT=30,000 tpy potline

unita. These correspond to colla undor H0,000 alpere and gust thic
4+

range cffers alsc advantages fron teronion] Lnd inveatnment-cost points

of view (no difficultinas with rmrgnetic rlelds, chounper buster aystenc).

Inveatment stages. Stepwise construction is aeitl practice.

The total potline voltage should possitly he ased @non, but this

is not a rigid rule. Fotlines should be poasibly uniform.
Simultaneously, with the first stie.e, 1t 18 resgonatle to instul
worksheps and the laberatory for full rapircity.  Thoe ingot-casting
shop can bo extended stepwise. The arode plant should bo constructed
for full cnapacity. The cxcess production cnn he sold easily on the
market.

Type of cells. This will depend partly on decisions for

visualized capacity steps.e In the case o longer perind with

smaller production (up to about 50,000 tpy) iz probable, both
Soderbery and pre-baked may come into tre picture. From the point
of view of ervironmental damages, pre-baxed might be more favourable.
aAny cell type with good refercnces of long=tern plant expericnce

mieht be arceptable.
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PoLLP SUPPLY, TUHE PRTCE O7 !LECTRIC EWEPCY

5.1 Uoculvziomte,  Tecgides alumira, electric cnergy is the main
ractor ot a.uninium produc:ion. As it barc “2en inlicated in Chapter 3,
the demand of "t:-hnological" elcctric encrgy is under ideal circum-
stances 13 500 kwh/t in cesc of prebehed, eud 14 200 twli/t in case of
Soderbers anodes. The overall specific consumption is higher, because
of

- traiaformeotion aud rectificaticn losscs,

- emeal fovr aux’liavy plarts and ecnipsent, such as the

anode plant, the castirg shon, tbz srelter operation,

wntillation. This lest iten jtself may attain, in the
cese of total purification of exhaust gases end strong

ventillation, vwaluec vn to 600 kui/t.

Besides this it is inevitable that new sm2lters operated by fresh-

men have slightly higher consumption figures. For purposes of pover
source design, valu2e tetween 15 500 end 16 500 kwh/t can be regerded

as realistic.

The bulk of the power, serving the purposes of electrolysis will
be converted into direct current by silicon rectifiers. The primary
voltage of the rectifier station does not exceed 30 to 35 kV, so a step~
down trercfommation is usually necessary and even inevitsble, because
for cases of cmerpency the emelter power supply has to be secured from

the high-vecltaze network system.

The sro.ter has a practically conmstent load. Differences between

peak ard averese loeds are in the case of a 50 = 100 000 tpy srelter




ol the order of 3 - 3,5 Z. OUperation time is practically £760 hours per

vear. Dropouts exceeding one hour may cause severe d-mase :o the colls.

5.2 Power prices for aluminium productiion. These are usually

expressed in mills (0,001 US & per kwih). The price levels in some i~

portant areas of aluminium production (Ref. No. 1):

USA 2 -4 Gerrzny (Fed.) 5~17
Canada 2-3 France 5-7
Norway 2-3 Italy 7
Ghana 2,6 Japan 3~ 10
Iceland 2,5-3

The new smelters in Germany will use power at near 5 mills/kwh,
in the USA power at 4 mills is available in any amount.

Nuclear power enables to set the smelter right into the market
area. Example for this will be the STADE smelter of Reynolds, to be con-
structed near Hamburg, with a starting capacity of 100 000 tpy, to be
supplied by a 660 MW atomic power station.

The cost of nuclear power became competitive, at least under
European circumstances (Ref. No. 2). Some comparative date (600 MW,
€900 hours operation per year):

Fuel Cost per kwh
—_— ‘ : mill
Coal 8,7

Brown coal 6,3

Nuclear power 6,3




Besides cheap hydro-powcr and traditional fuels, natural gas has
becore one of the importcnt sources of electric enerry for aluminium
production. In the US Kaisers, Chalmette, La. smelter, Reynolds'

Corpus Christi smelter are based on gas Svel,

Pechiney and Uzire have set un their ilogueres and Lannemezan
smelters on the basis of the Lice cis field. ilare a 375 11! thermal
generation plant has been set up. The relavant power price has been
estimated by Bloch and lMoment (sec Ref. No. 3) at 4,5 mills per kwh,
The gas price has been sat at 25 ¢ per 1000 cuft, only there are
factors of czlculation, which do not permit a direct calculus of

power cost on the basis of this pas price.

The price of Groningen natural gas in Netherlands was 34 ¢/1000 cuft
(data of 1964).

Recent developments in gas turbine power generation offer an
interesting alternative for investors (see Ref. No. 7). Cheaper
investment, quick construction, possibilities of easy replacement

are enticing advantenes of this system. Hovwever its economics can

be utilized totally if, simultaneously with electric energy, heat

energy finds also consumption. However, extremely low fuel prices

may compensate this factor.

5.3 Electric erergy peneration in the Maghreb countries. This
study should clarify, if it is possible (or reesonable) to establish

an aluminium smelter on the basis of suppoccd cheep electric energy
to be produced from natural gas in Algeria ond/or Libya.




A thovough, detailed studvy of the possible sources of energy,
which should involve detailed and specific calculations of the in-
vestmgnt costs and production costs of the visualized power statioms,
taking into account all factors, vhich may influence the fuel price,
and the cost impact of infrastructural accessories will be inevitable
and exceeds that field of metallurgical and marketing considerations,
which has been set as the main purpose to the present Study. As we
have been informed in ALGERIA by Société lationale de Sidérurgie, the
Algerian Government entrusted SONELGAZ with the elaboration of such a
study for the case of three alternative plant sites (Arzew, Skikda,
Bedjaja). Accordingly, before the end of this year a realistic power

price calculation will be available for a possible Algerian smelter.

Similarly, it was not possible to establich a realistic power-price,
and not even a realistic price of natural ges in Libya. In this
situation, as cost of electric energy is one of the most important
items in aluminium production cost, we had to attempt ourselves a
rough, preliminary calculation. At the same time, we tried to cover

all essential information and data, available to us at this moment.

The final issue of this investigation should give a clear picture
on the competitiveness of production cost of aluminium metal in the
ilaghreb. Shipping this metal to Europe, will mean a transport cost of
the order of 1,2 - 1,5 ¢é/kg (for comparison: Cameroon to cif Europe,
EEC 1,10 ¢/1b, Ghana to cif U.K. 1,30 ¢/1b). Advantage by cheap power
cost should compensate at least for this drawback. This would mean a
minimum difference between European and ilaghreb power prices of 1,25 -

1,55 mill. Therefore, only from this poin; of view, a price of maximum
4,0 - 4,25 mills p. kwh would be desirable.




5.4 Electric energy on the basis of natural gas in Algeria.

Regarding quantities and availability, natural gas does not seem
to be any problem. The reserves of the country have been quoted at
2800 . 109 m3, of which the gas field of HASSI-R'!’EL represents about
2000 . 109 m3. A 580 km long pipeline from HASSI-R'MEL to SKIKDA
should transport 13 . I()9 m3 per year, in order to supply the Eastern
region (Ref. No. 4). Natural gas has been already widely applied in
electric energy generation. 1In 1968 in Algeria generated about 46 %

of its electric energy on the basis of natural gas (see Ref. No. 5).
All nevwly planned power stations will use natural gas as fuel.

Station Units (MW) Year of completion

Oran 60 + 60 early 1972
Annaba 50 + 65 late 1972
Skikda 125 + 125 1973

The unit fuel cost for natural gas has been indicated by lfurgatroyd
(Ref. No. 5 p. 64) as 19,9 US £/1000 cuft or 0,703 US ¢ per m>. As

average generation cost for Algeria, in the case of a typical existing
modern steam power station (ALGER Port II., with 360 823 GWh sold) he
indicates 0,961 ¢/kwh, of which the fuel cost is 0,340 ¢. (9,6 or

3,4 mills respectively). "

The walues given to us by Société Nationale de Sidérurgie on
28 llay 1970 were:




Price of electric energy (from existing sources)
0,045 - 0,1 DA per kwh, i. e, 9 - 20,2 mills.

Price of natural gas (9600 kcal per Nm3) 0,03 DA/m3 =
= 0,606 US¢ per m°.

On the basis of this latter gas price we made a rough calculation
of thevelectric energy cost both for the case of a traditional thermal

power station and a power station applying gas turbines.

The result was:

5,5 mills p. kwh for steam-generation power and

3,8 - 4,5 mills p. kvh for gas turbines.

The.approximnte character of'tﬁese results should be stressed
here again. The detaill of the calculations are submitted in Appendix
No. II. For purposes of cost estimation we used 4,5 mills, being of
the opinion, that in the worst case this should be assured by govern-
mental gas and power tariff policy. Taking into consideration the

excellent load factor, this would be justified.

5.5 Electric energy on the basis of natural gas in LIBYA.

Electric energy generation on basis of natural gas does not exist

at this moment and is not planned. There is a big production of gas.

According statistics (see Ref. No. 6) in 1969 72 . 109 m3 was the

yearly production (corrcnponding about 220 . 106 m3/day), ‘According
to what we were told the main problem is the difficulty of gas transport.

On the other hand, though at this moment large quantities are flared




uselessly, the oil producers claim, that maybe lateron repressuring of
significant quantities of gas will be necessary to keep the level of
oil production in the fields.

On answering to a questionary for the purpose of this study,
lMinistry of Petroleum says as follows (letter of 3rd June, 1970):
"Natural gas quantities between 0,35 and 1,12 , 106 m3/day may be
furnished. We think that such quantities may be transported through
an existing gas pipeline if the site of your supposed project is in
the Gulf of Sirte. The duration of the natural gas delivery may be
estimated between 15 and 20 years (here it was asked if a constant
gas delivery for at least 25 years seems possible to be guaranteed?).
Natural gas price can be negotiated after the supposed project is
officially proposed, studied and agreed upon by the Libyan Government."

We would like to add, that at present, concerning utilization of
natural gas, liquefaction, petro-chemical uses and production of carbon
black are visualized as having priorities. Non-officially we have
heard about a gas price tor petrochemical production which would be

very attractive.

As a conclusion, we think that at this moment it is not possible

to foresee any founded or exact price of power. At the same time, we
think that those rough calculations, which we made for ALGERIA, will
basically be applicable also for Libya. 15 - 20 years as duration for
the fuel supply is on the low side and in the case of later possible
reconsideration of the complex, this circumstances will require more
‘specific}investigntion. |
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6. SUPPLY OF ALUIINA A'D OTHER RAW MATTRIALS

6.1. Quantity of alu~in~: The alumina consumption per ton of
netal is about 1920 kg (-~ plant) to 1910 kg (skilled personnel,
less loss by dusting). This means that supplies should by foreseen

for about the double weight of the metal to be produced.

6.2. Quality of alumina: The exigencies, respectively exact speci-

fications should be suggested by the donor of know-how. It is important
that content of impurities affecting electrical conductivity of the
metal (e. g. Si, Ti, V) should be low. As an example, two commercial
specifications (figures indicate 7):

Figure 6 - 1
Examples of alumina quality characteristics.

1 11
A1203 min 99,00 98,5
Loss on ignitioa max 1,0 1,0
Si 02 " 0,040 0,020
Fe203 " 0,040 0,030
Ti 02 " 0,010 0,003
u.zo " 0,750 0,950
u.zo soluble " 0,300 0,020
Zn O " 0,008
Ca 0& " 0,100 0,050
vzos " 0,010 0,002
Mn O " 0,002
Other impurities " 0,020

The physical structure of the alumina should be in harmony with
the cell construction and technology (sandy, floury, intermediary types).
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for tha forescc1 case in the feacibility studr staen.

6.4. Mossibla sources o alurira supnly,

6.4.!. Ap owm alunina plant, In ord~r to consider this uzy of

colving the problen, it should Ho taken into consideration:

= the minizum econcmic size of an alumina plant can Lo considered

for the coaing years as betreen 200 000 and 600 000 ton-= rer vear:

- this would mean an additional investment of the order of
45 - 100 million US § which may 3still increase by furtter about 30 7,

because of accessory investrents;

- whilst, as it has becn mentioned, it is tecinicnlly feasible to
construct relatively small smelter capacities, from about 25-30 030 tpy
which can be extended in an almost continmrous vay and so easily adap:ed
to the exigencies 0f a moderatcly starting but slovly increszing market
demand, as it might be exnected for a ‘laghreb smelter, this is not
porsibie with an clumina plant, because modern alunina production

technics anply big-size, continmously vor:ing production lines of

200 000 = 300 CCO tpy capacity each. These are indivisible and their

vwork under nominal load woull, of course, not be reasonable.




“ae above into ronsideration, "1 oun alimina n.icnms foe
Turposes of the pcosible emelter In ona ¢f the Varhreb

Pt §

DLnonun cernm oo
hen ollor prrknors whicn 2vy also intcrrsted in the lonr=tcern
purchose of alu~ina, a2ad ¢i~pose of th. poovortionel ranit-' for
tac lvestmtat, would be reodr to participste. To find such
ossible parir.rs is already a tas': of the executive wvork. It might
be suggested, hoirever, to corsid-r a diccussion of this problem,
among others, with th2 UAR Coveram.nt, as accouvding informations,
this Covcrnmzat coasiders alzo the establichiant of 2 sm2ltar near
Asizn cam.  In the area of Cz2hel Abu Churt: hauvxite chould ba also
aveilebla heve, according literature. Sinmilavw ccuhinations corecrning

20c8ihle nertners mioht involve:
2) covernments and/or comparies in the .lediterraneen avea
(e. g. Yugoslavia, Creece) and in Vestern Africa (c. g.
Guirea; Chana, Conzo, Sierra Leone, Ivory Coast),

> dispose of bauxite deposits;

bie aluminium producers in Europe, including the East-

furope-n countries.

6.4.2. Purchased alumina., It is characteristic, that the bulk

of alunina is uscd by the producers themselves. According to
L.A. Harvey x’ the surplus (+) cor defieit (-) of alumina capacities

in the r.--socialist countries is as follows (1000 metric tons):

Lavrence A. larvey: World alumina picture.

In "Integration in Aluriniun", a Metal Bulletin Issue - Winter 1969,
p. 79 = 24,




omoemes, loclud cerpies (+) or deficit (=)
‘ cl lumina capacity

1072 (Tacerher) 1973 (estimate)

110

1430

345

R . 149
PRONTTY - T « 175
IR RRRELE 53
Srolov avivats eomp.l - 1190

Nor-sociziict gove.ament

A v ses + 205

cial, Loa=socialist worl. g + 629

T v . comnpare thase figures vith the slumina capacities:

1003, erd ol Dnnorhes 15 750 000 ¢t
1673, foresnon 22 600 000 t
it can be seecn that:
a) the bullt of production does not appear in the sales,
b) the surpluc caparit of ciurina plants (alumina production
capacity minu; smelter capacity equivalent) totalled alto-

gether 8 Z in 1950 ar? will shrirk to an even more modest 3 7.

otinicn 1n the indus.=r ie ¢hat the alumina supply situation,

~speeiallr in the Ruronean aro~ 1011 He tight, at lcast up to 1976,

thesr conditinng, *ho er~n1r for a nev smelter cannot be
€ose = Lo case cpot deals. Long~term contracts for cash,
sacter of motal for alumina vrdor loag-torm agreements are both usual

oo

iis has been v busie of alurmina supply for Ardal og




saac o Ve o, the Canadian Britis:: Aluminium Company an. the ALYOR

melter m orway. Similar agreements eiis: between the Nunparian
“luminium M-vacration as suppiler of alumina, and the Polish and

soviet suclirvs,
L3 order to locate a possible supplicr it may be of interest,
to revi.'/ the surplus respectively deficit in alumina supply according

ceogr --hicz! regions., Here again Harvey should be cited (Figure 6-1I1.).

Tigure 6 - II,

Non-socialist world surplus (+) or

deficit (-) of alumina canacity, 1000 metric tons

legion End of 1968 End of 1973
won=-nzlalist countries, total + 1223 + 625
Jorti, Merica (excluding Jamaica) - 1240 - 3150
Jamaic» + 1110 + 2570
South America + 1250 + 1230
Western Eurcpe (excl. Yugoslavia) - 1292 - 2380
‘iiddle Zest (incl. Turkey & Iran) - - 191
AMrica + 208 + 134
Asia (excl. Turkey & Iran) - 173 - 488
Australia & New Zealand + 1350 + 2900

The figures indicate, that Western Europe and the !'ear East will

be deficit areas,

The socialist countries, except Yugoslavia, cannot be taken into
consideration as possible suppliers. Poland, GDR are importers of
clumina, Rumania (partly), Czechoslovakia (totally) depend on imported
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hauvx te. The USSR is to some extent importer of “auxite, respectively
aturina, Hungary's excess bauxite, respectively alumina is sold out by

lra torm agreements,

A peographically favourably located nev producer of alumina,
depending on Australian bauxite will be the new plant to be constructed
ir Sardinia. According to published data, the initial capacity will be
650 00C tpy and this should attain till end of the scventies about 2
nillion tons. The competent company will be EMALUINA, an affiliate
of ALSAR (55 %), COMALCO (25 %), and Matallgesellschaft (20 7).

ALSAR again is owned by EFIil (52 Z), MONTEDISON (24 %), and by
TRACTION ELECTRICISE (Belgian) (24 7).

The possibilities, respoctively conditions of a possible long-term
deal can be clarified only by direct discussions betveen the concerned

parties.

6.5. Price of alumina: Here the long~term character of the con-

tract will have a decisive role. Whilst spot-purchases may attain
levels over 90 $/t Fob European ports, in the case of a deal vith an
overseas supplier for 10 up to 15 years Fob prices between 50 and 55 8/t
seom realistic. European prices are higher. Even 10ng-4tem deals are
here in the range between 70 and 75 $/t. This latter éic:ure will
probably change favourably, when the new big, economic plants will come
into being (Sardinia, Péchiney - Kaiser's plant, ALCAN'S European plant).
The production cost will stay here, however, about by 10 $/t higher
than overseas prices, simply because of bauxite transport's additional
cost (Australia - Mediterranean ports about 4,5 $ per ton of bauxite).




S2a transport costs o ‘lumina vill et OoLen 5o ZaCie. .,
as size of the vessels. A factuzl “ipur ol 4,5 5 % fes Tac N7 e
port to East European port way bho ropev i co oo osce a0
a way for purposes of calculatinn wn encc:r 3 037 tlertl fflon proce
of 65 8/t in the hope that this will v.7 -c% 4l-y =+ cot (= .tcie-

for coming up-to-date productica on thie Lrionzca eanst Liie .

6.6. Supply of cryolite and aluminium finoride: Toe necescary

" ———

quantities for current production ol on2 “on of rmetal rou-aly 30 ks
commercial cryolite and 30 Lg comrareial alvziniusn Zlusvils ~re con-
sumed. These proportions riay vary denendir~ or toechnolc-ies cad/cr
the quality of these materials. Tws for 1 100 0CQ tpy canecity cboud
3000 tons of cryolite and 2070 tons of alu-irium fluoricsa rLer year ara
necessary. In the case of smaller capacities, the quantities will

vary in 2 linear proportion.

Before start up, a significant quantity of cvvolite ic neaded for
the filling-up of the cells with clectrolye, i. e. about 6500-7000 tons
in the case of a 100 000 tpy smelter.

The price of synthetic cryolite Fob South Zuropean harbcur is
180-200 8/t, that of aluminium fluoride 220 3/:t. The mine of naturel
cryolite in Greenland does not cope vith the immense quantity rcoquire-

ments of today's market.

In the lfaghveb countries there is at present no production of
cryolite and aluminium fluoride, but the raw material situation for

this is very favourable. It might be sueqested to studv this problem

separately and to elaborat: a cctailed proposal for crordinated action
in this field,




A short summary of the raw material situation in the countries:
ALGERIA. There are three recently diccovered fluorspar (Can) deposits:

a) HOGGAR area (transport not economic)
b) ICHMOUL near BATNA
c) MAGHNIA

Quantity data are not available.

In the processing of phosphate rock, which contains about 3,5 7
fluorine, there is at present no recovery of fluorine but at the request
of a possible buyer, SONATRACH would be prepared to go ahead in devel-

oping a line of by-product fluorine compounds.

MOROCCO. El-Hamma deposit (near ifeknes) counts now 2.106 t fluorspar
rock (45 7 Can). Here a flotation dressing plant with 50 000 tpy
capacity (96 % Can) will start up to 1972 (it will be run as a joint
venture of BRP!M and OMNIUM NORD AFRICAIN).

In the production of phosphate fertilizers there is now no fluorine
recovery at all. At the SAFI complex, hoﬁever, where the input is of
about 600 000 tpy phosphate rock, there might be a recovery of about
8 - 10 000 tpy fluorine (corresponding to about 15 - 20 000 tpy cryolite)
possible. This could be implemented in the phosphoric acid concentratwn
step, only an economic process, starting from NaF would be needed by the
plant for this purpose.




TUNiSIA. dammem Zriba deposi* (n=ar Zeghouan) has an estadlisied
resarve of 2.106:t of fluorspar and possibilities of further quontities.
lore a flotation plant with a yearly capacity of 29 000 t product (27 %
Can) exists. It is under comsideration to double the output of this
plant and to establish production of fluorine compounds and, among
othars, of cryolite and aluminium fluoride. For these toth products
about 20 000 tpy have been suggested, corresponding to about 10 000 tpy
HF (hydrogen - fluoride) as intermediary product.

Fluorine recovery in the phosphate fertilizer production is not
foreseen. Vith the SIAPE process, most of the fluorine content of the
rock is lost in the gypsum wastes. However, this possibility should
be studied again. In Figure 6~III. we indicate a rough estirate of
recoverable fluorine quantities as by-product of phosphate fertilizer

production.

Figure 6 - III,

Production estimates for phosphate fertilizers production in the

Maghreb. (Based on data from: T.S. Abida, K.!1. Muttawa, K. Shantz:
Preliminary Investigations into the Fertilizer Situation in Algeria
and Morocco, Centre of Industrial Studies for the Maghreb, Tripoli,

Anril 1969). 1000 tons P205'




Figure 6 - 177,

1970 estimates 1375 estimates 1362 eciirates
produ. capacity produ. capacity prouu. capacity

Morocco 204 210 197 210 200 372
Algeria 18 19 120 1921 23% 208
Tunisia 178 207 257 303 257 310
Libya - - - - - -
Maghreb total 400 436 634 694 751 890
Recoverable

fluorine (F)

estimate 1000 t 12 19 22,°
Corresponding

quantity of

cryolite 1000 t 24 38 45

Remark: In average a rock with 30 2 P205 and 3 7 F has been supposed.

Fluorine recovery should be about 30 Z.

Summarizing, it can be stated that exceeding by for the consumrtion
of a possible Maghreb smelter, there could be a significant excess out~-
put in fluorine products for export purposes.

It seems advisable to realize the concerning investments in some
coordinated way.

Efforts for producing recovered crvolite from anode gases of the
cells did not prove economic on plant scale and the cryolite quantities

obtained by this way are not very significant.

6.7. Supply of carbon electrodes and cell linings.

The quantities of cafbon anode materials required:




-~

In case of Soderberg cnodes: 520 = 50) iy, e~oc2 pasin oY Ju ©
metal. This mecas about 400 kz/t ca’cirad petroleur = or plon’ coie

i

and 150 k;/¢ specicl coel pitch oo @2z c oone 7 peste piodoccion.

-

In case of prebaked anmodes S'0 kg/t cof metal everall PNV SN
net consuaption is normal (ret fig:rns do uo: con~ain th» vzipght of
recoverable anode strmrs). Azcozdingly, for a 100 000 toy moteol
production 52 - 56 000 tny electvcie paste, or 51 00D toy prehatud

anode blocks atve necessary.

This again means, that annuaily more then 40 020 tpy calcined,
ash-free coke and ebout 15 €00 tpv special quality pitch uill be
consumed. The filling-up o7 the anodes before starting recessitates
again a big lot of material. In the case of a 100 000 tpy plant witna

Soderberg-anodes the required an~ntity will be about 12 000 tons.

The cathode linings of the cells are usually built of prebated
electrode~carbon blocks made of anthracite, respectively by using
stamping electrode paste, which is made parily of a mixture of
anthracite and foundry-coke greins, partly cortains also scme granhite.
For the construction of a 1300 000 tpy smeltcor about 5 000 t cathode
blocks and roughly 5 500 t stawpirg pastes are used.

Some relevant price data:
anode paste Fob South Europecn harbour about £0 o/t,
prebaked anode blocks about 140 $/t,
cathode blocks 210 $/¢t,
the cathode paste price may be in the average less than 80 $/t,

petroleun coke Fo Gulf Coast harbour: about 35 g/t.




In the lMaghreb area the main raw material will be soin 2v.i.-.oie.
In Algeria, SONATRACH will start its 100 000 tpy calcir.-4 pc:volewn

coke production till late 1973. For some characteriatio. 4z il - ra 6-IV,

Figure 6 - 1V,

Characteristics of petroleum coke to be produced in ilgeria.

Sulphur less than ! 7
Vanadium - less than 80 ppm
Ashes maximun 0,5 7
Less on ignition less than 0,5 %
Real density 2,06 - 2,08

In Libya, at this moment there is no intention to establish

production of petroleum coke.

If necessary, the pitch as binder can be easily purchased from
Europe or other sources. In this way, the establishment of an own

electrode production seems indicated and feasible.

Cathode blocksshould be purchased from an experienced supplier.
Lateron, only the annual repairs of the linings require further, more
modest quantities of cathode carbon (about 1500 tpy for a 100 000 tpy
smelter).

The cathode stamping pastes can be produced in the anode plant.
The relevant recipes should be requested from the supplier o the
know=how.




7. Attempt of production cost analysis

The purpose of this chapter is to estimate the produc-
tion cost for the future smelter. Comparing the estimated
cost with the product prices glves an 1dea on the profitabi.-
lity of the venture. As a significant part of the product
has to be shipped and at the same time part of the raw
materials will be imported, the impact of transport cost
should not be neglected.

The general structure of aluminium production cost in
the Western world is roughly :

Alumina + power 4s%
Other raw materials 15%
Labour 10%
General expenses 10%

Capital charges o 20%

In the following, we shall apply the categories of
cost factors according to Lewis (see Ref. No. 1), namely

- alumina

- fluorides

- carbon T
- operating and maintenance supplies

- power “

- labour

- miscellaneous and general expenses
- capltal charges, as depreclation and interest
on fixed capital




A complete analysis should involve several variants,
so that the detalled costs for cases of prebaked and Soderberg
and these again for different capacities, should be elaborated.
We feel that such calculus would require a quite specific and
detailed calculation of the investment cost and of the produc-
tion cost for all cases. Such detalled data will not be
available before the stapge of Feasibility Study. Here,we
confine ourselves for cases of 30.000, 50.000 and 10.000 tpy
as these are the most probable ones and have derived the
data only for the case of Soderberg-cells. For prebaked
we calculated merely for the case of the bigger capacity.
Even so, the figures should be sufficient to indicate the
overall rentability of a possible project.

Supposition and initial data :

We have kept in mind a location in Algeria.

Alumina : Specific consumption 1920 kg/t; price CIF
Algerian harbour 65,0 $/t, additional local transport to
plant has been neglected.

Fluorides : The specific consumption figures
cryolite 32 kg/t with Soderberg, 26 kp/t with prebaked.
Aluminium fluoride : 32 kg/t with Soderberg, 26 kg/t with
prebaked.

Prices : cryolite, CIF Algerian harbour 205 $/t, aluminium
fluoride 225 $/t.

Carbon : Specific consumption 520-560 kg/t Soderberg -




paste (we counted 54o), or LU0 kg/t prebazed net, respectively 2i0°

kg/t gross welght. Price, respectively cost of anoce paste,
when of own production, should not be more than GO $/t, that
of prebaked anodes maximum 90 $/t.

We operated with these figures, at the same time the
differences in investment cost of the carbon plant have been
neglected, belng supposed, that the respective capital charges
of the carbon plant are contained in these cost figures.

Operating and maintenance supplies : This we estimated
as 20,0 $/t, based on data Ref. 1, corroborated by known
actual figures.

Power : Specific consumption (overall) in case of
Soderberg 16.000 kwh/t, in case of prebaked 15.000 kwh/t.
Price of power : supposed 4,5 mills.

Labour : We supposed per ton the following overall
numbers of marn-hours

30.000 tpy 20 man-hours/t
50.000 tpy 18 "
100.000 tpy 16 "

Wages 10 DA per hour, i.e. 2 $/hour.

Miscellaneous and general expenses : These include
insurance, supervisory, technical and clerical personnel and
contingencies. Here we assumed 2,5 percent of fixed capital
plus 30 percent of labour cost.




Capital charges : Fixed investment assumed as follows
30.000 tpy 28,65 m/$ 955 $/t/y
50.000 tpy 42,55 m/$ 851 $/t/y
100.000 tpy T4,7 m/$ T4T $/¢/y

Differences in investment cost factors between the two
anode types have been neglected. Life of equipment has been
assumed at 12,5 years, of buildings at 20 years. Interest
rate 6 percent.

The results of the calculus can be found in Figure 7 - 1I.
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Figure 7 -1
Average production cost estimate of aluminiun .o

(in US dollars per metric ton of product:

Soderberg Preova:o.
Item 30.000 50.000 100.000 100.000
tpy tpy tpy tpy
Alumina 125 125 125 126
Fluorides 14 14 14 11
Carbon 32 32 32 45
Operating and
Maintenance supplies 20 20 20 20
Power 72 72 72 6L
Labour Lo 36 32 32
Miscellaneous and
general expenses 36 32 28 28
Capital charges
1) Depreciasion 68 61 53 H3
2) Interest on fixed
capital 57 51 45 5

TOTAL 46Y 443 421 L28




Lo comvare the proouctlon eosts with Lnose o, -
2o we consulted the earnual renoxt of ALCAY 1o T

. e,

casnh orevcals as averape iapct selics prices

Sen 1048 23,7 ¢/1b - 523 4/t

for 1960 24,8 ¢/ib - 5U8 $/¢

This uicans thcoe a profit marein up to 7C - 110 §/t .= ir
possinio,

On selling the ingot to Europe, a transport cosi. of
12 $/1 alowt be realistie,

It 'z important to clarify in advance and unequivocally
the que=zti_ones of trade harriers, as these can attaln in the
case of ETC countries 5 to 9% for aluminium delivered from
outside {.:» ERC area. Discounts for simultaneous compensation
of additional frelpght and customs duties would curtail the
orofit nargin very sensibly and render the economy dubious.

The main possible sources of error in the above concide-
ration can be

- the unit price of alumina, wh2re a favour ' le
long term purchase agreement i: an inevitab’c
condition;

- miscellaneous and general expenses, wher: loccl
taxation might cause unexpected licreacer

- the volume of fixed capital, for which delinite,
finzl Tigures will require a complete dctalled
calculation, taking full account of realistiec,
local cost factors.
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8. MARKETING OF ALUMINIUM METAL

8.1 General background. Comparative flgurcs -

metal consumption

Recent estimates of world aluminlum productiorn capaci-
ties, with a forccast forthe period up to 1974 is shown in
Figure 8 - I. Accordingly, the world capacity, cstimated
at about 11 million metric tons/ycar for 1970 will be extend-
ed according known projects up to 1972/74 by roughly 27% up
to about 14.3 million.

For purposes of a preliminary and global cvaluation of
the aluminium consumption, spccific consumption fipures,
expressed in kg per capita per year are widely used. It 1s
also expedient to compare these figures with the relevant
data of Gross National Product (or G.D.P.. respuctively
Net N.P.) per capita and year. Figure 8 - II indicates
these figures for some countries. (1)

Though the scatter diagram of the consumption index
values versus Net National Product (kg Al per 100 ¢ N.N.P.)
show .no coherent correlation function, it can be e¢stablished
that 0,30 seems to be a reasonable minimum value in the range
of 200 - 600 $ G.N.P, per capita, that might be cxpected for
the Maghreb countries in the next two decades. (Scc Figure
8 - III).

(1) Based partly on undisclosed data shcet of the Hungarian
Aluminium Application Centre.




FIGURE 8 —~ I

.'ORLD _ALUMINIUIL PRODUCTION CAPACITIES AND T EXTENSICL PLAS
O THE PCRIOD UP T0 1972 = 1974 (Rof. Nos 1)

—~

Capacity. 1000 metric tons

w

Country 1970 19721974 estimated
Tiited Kingdom 39 , 300
Australia 104 187
Iustria 96 96
B:lgium - 66
Brazil 58 130
Cs3eSeRe 60 60
Couth Africa - 42
Scuth Korea - 15
France 369 408
Ghana 104 104
Crecece 712 90
Netherlands 32 90
India 120 223
Indonesia - 20
Iran - 50
Tceland - 45
Jamaica 30 45.
Japan 548 902
Yugoslavia 104 200

Kamerun 52 59




Capazitir, 1000 wobtrin =aq

- - oy L

Vg 190 19721077~ liats
G 1084 loh
L about 175 about )
Fol.ac 96 110
moory 65 £0
wren JaRe 79 79
S 514 0
1on FeRe 270 470
Ll 145 232
ia 75 150
L uln 84 134
inam T2 72
“ritzepland T4 74
“eden 50 50
UecelieRa 1830 2095
“iwan 33 36
ey - 30
a8, 0, 4172 4830
Venezuela 20 ‘ 25
“thers about 400 about 600
Total about 11026 14310




FLUUNE 6 - I

Cu PARATIVE_ATA_ON ALUMINTULL CONSUiciT0' AND NAWIONAL PL0T™"

- —

P7T_C2PIRA FIGUES 113 T7 1 I TIR=AELATION

J«w -y
.
—— -

Hels po2 4l consump- Concrmtion

Country Year ceritn,d tion per ca=  indox Lo Al

— _pive kgfyeer 1C0 5 T2
GellePa/cn 0772 2C00 2 por year
1 USA 1968 4280 (cwe 21.4 0y52
2. Sweden 1968 3340 (C1P 10.8 0.32
3, France 10€3 2510 (cnp 6.31) coy
4. Svitrerland 1965 2250 (CilP) 10.7 0,40
5. Ceraan Fed. Repe 1968 2280 ("1P) 10.7 i
CollsPs/c _botweon 1000 and 2000 4 per ycar
6. Unit:d Kinzdom 1968 1030 (cnp 8.8 0,48
To Cannda 1965 1825 gx«mp 8.91) 0,48
8. loruay 1966 1710 (cup T3 0,42
9. Australia 1965 1620 (1P 6.0, 0,37
10, Austria 1966 1150 (GNP 6.31g 0,55
11, Italy 1966 1030 (CNP) 4.0 0,29
CallsPe/ce betwecn 500 and 1000 5 per vear
12, Cerman Dsm, Rep, 1965 840 (InpP 8,0 0,95
13, U.5.5.R- 1965 820 (1P 4,7 0,57
14, Hungory 1968 310 (G 8.4 1.07
15, Czoc-orlowakia 1965 715 (I°P 7.0 0.0t
16~ Japan 1965 695 (nNp 4.11) 0,55
17. Grecce 1966 660 (Cip 2.5 0,38 :
18, Spain 1965 594 (InIp 2.3 0,39




NePe per Al consumr . Consurptiua
Count1y Year capita,é tion per ca~ index kg Al
pita kz/year 100 , Il.P,

GeNePe/co batwoen 250 and 500 § per year

19+ Poland 1965 465 (NNP; 3e1 0,66
20s Bulgaria 1965 438 (1INP 1.8 0.41
C.llsPefCo less than 250 § per year

21, Brazil 1965 217 (NP 0.7 0,32
22 UAR 1966 160 (cP 043 0,18
22, Sudan 1966 100 (CMP 0.1 0,10
°4~ Uganda 1966 100 §0MP 0.05 0,05
25+ India 1965 86 (NP 0.27 0,31
26+ Tanzania 1966 80 éanpg 0427 0,341
27« Tthiopia 1965 60 (onp 0,01 0,02

1) Data for 1967 ,
Source of 1966 CNP data : Marches Tropicaux et Mediterranccns,
Noe. 1248, October 1969,
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The main sectors of aluminium fabrication and their
quantitative proportions on the basis of European statistics
for the period 1960 - 1965 are indicated in Fig, 8 - IV(<).
Here, the input proportions were : virgin metal 80%, secon-
dary metal 20%.

Figure 8 - 1V

PRCPORTION OF ALUMINIUM FABRICATIONS

(Period 1960 - €5)

Products 2
Rolled 4s
(sheet, strip, foil)
Extruded 15
Drawn 10
Forged 2
Castings ' 25
Powder, paste, granules 3
100

Some comparative data concerning percentual brakdomrn
of aluminium consumption according to the main fields of
end uses, have been revealed in Figure 8 - V.




FIGURE 8 - V

PLACTIMUAL BRUAKIO.N FICUR.S OF ALULIINIUM COiISUNPTION
ACCORJLIG TOC Tiy LAIN CATUGCRILS OF T =-UST

Switzer—

°.F.R.  Ilun ary India Italy land UsA

1965 1965 1968 1965 1965 1965

Consumptiorn kg/cap 7425 5,76 0,30 3,97 7,83 17,54

1e Construction of vehicles 29,6 18,9 12,0 43,7 8,1 23,8
2o liachinery 12,2 4,0 - 8,7 20,4 6,4 ,
3. Electrical ind. 15,2 38,~ 55,0 6,5 10,8 13,2 .
4. Construction 10,1 4,1 6,5 12,0 24,5 24,2 ©
5e¢ Chemical, food, agri- : . : ‘ !

culture, packa.ing 12,5 10,1 7,6 9,9 19,6 10,0

Ce Household goods 3,7 6,7 12,0 7,6 53 10,0

7o Powder and siderurgy 6,0 3,6 - 3,6 1,3 4,7

de Illass products and others 10,7 14,1 6,9 8,0 2,8 7.4

Total 100,0 100,0 100,0 100,0 100,0 100,0




8.2. Marketing possibilities of aluminium to be produced

in the Maghreb area.

8.2.1 The aluminium market vithin the Maghreb. The
present situation,

Because of the preliminary character of this study and
the limitations of avallable time we have confined ocurselves
to a global quantitative evaluation of the present situation.
The fact-finding was founded basically on official data of
foreign trade statistics and interviews with povernment
cfficials and offlicers of involved enterprises as well,

The Figures 8 - VI to 8 - IX rcflect the recent situa-
tion, respectively the avallable global data on import and
export of aluminium, respectively aluminium products. On
calculating the consumption figures, we took the difference
of the imported and exported weight. We related consumption
per capita figures also to thc G.N.P., respectively G.D.P.
per capita values. Thls analysis, though it should be re-
garded only as a first, simplistic attempt of market capacity
evaluation, reveals that, the market - apart from Libya - 1is

evidently under-saturated with aluminium.
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While the world avera,e rconsumptior oer capita for 1925
was 1,85 kg and for 1967 2,5 kg, herc th. per capita figurcs

were

ALGERIA 1966
1967
1968

LIBYA 1966
1967
1968

MOROCCO 1965
19€6
1967
1968
1969
TUNISIA 1966

1967
1963

0,70
0,10
n,20

1,36

kg

1!
!

kg

1’70 1"

1,65

0,11
0,09
0,16
0,15
0,20

0,20
0,24
0,28

1

Though, as 1t has been sald, there is no direct ccrrela-

tion between G.N.P. per capita and the specific aluminlum con-

sumption, it should be mentioned that relevant figures for the

Maghreb are also far under the 0,30 kg per 100 US § value,

which fact also corroborates our opinidn <hat the aluminium

consumption, respectively application in trnesc countries is

by far not in compliance with up to date¢ economic proportions,

even considering their develcping status.

ALGERTA 1966
1967
1968
LIBYA 1966
1967

1968

kg aluninium per

100 § G.N.P,

28"
l

m

. C
.0
.0
046
L
1

O OO OOO
\O\OJ:’

.K:‘\TII

.
b
.




£ aluminium per

100 $ G.N.P,
MOROCCO 1365 0.055
1966 0.051
1967 0.084
TUNISIA 1966 0.140

'x) per 100 ¢ G.D.P.

Remark : The above figures are not exactly comparable with
those under Figure 8 - II, partly based on Net N.P. data.
As the difference between G.N.P., N.N.,P. and G.D.P. are not
too great in the case of these countries, the above indexes
can serve however, as indicative,

The values of present imports and exports have been
indicated in Figure 8 - X. It 1is a promising fact, that
imports of aluminium in the four countries has grown between
1965 and 1968 by about 16,5% per year.

We scrutinized also, to what extent there exists a com-
merclal interchange of aluminium goods between the Maghreb
countries. The findings are reflected in Figure 8 - XI, in
kg per year and 1lndicate,that this traffic is practically
nil. This fact seems to be contradictory to the existing
and only poorly used fabrication capacities for some products.
(See Appendix I).




FIGURE 8 - VI

GLOBAL ALUMINITUM CONSUMPTION FIGURES IN ALGERIA
JURING 1966 - 1968

Year 1966 1967 1968

Import, t 1540,7 1997,5 3523,8

Export, t 704,3 686,8 813,6

Net, for consumption, t 836,4 1310,7 2710,2

Population, 1000 12 150 12 969 13 358 .
GeDePe market price, 10 000 D.Ae 1488 000 1576 000 - -
%+ )ePe market price, 106 us & 3006 3184 -

GeDeP per capita, US o 247 245 250"

Al consumption, kg/capita 0,0€9 0,101 0,203

Index kg aluminium per ' 1)
100 $ GDP 0,028 0,041 0,08

1) estimate




FIGURE 8 = VII

GLOBAL ALUMIIIUIl CONSUMFTION FIGURES IN LIBYi
DURING 1966 - 1968

Year 1966 1967 1968
Import, t 2278,9 2959,0 2949,3
Export 1), t - - -
llet for consumption, t 2278,9 2959,0 2949, 3
Population, 1000 1677 1738 1790
GsN.Ps market price, 106 IL 55T ,4 665,9 -
GullePs market price, ‘IO6 Us 3 1560, T 1864,5 1976,42)
ColuPe por capita, US & 928,9 1072 1104 2)
Al consumption, kg/capita 1,36 1,70 1,65
Index kg aluminium per ' ' '
100 § GNP 0,146 0,159 0,15

Remarks s 1) Export of scrap possible, only the relevant figures
were available for nonferrous metals, globally

2) estimated




"IGURT 8 ~ IX

GLOBAL ALUMINIUM CONSUMPTION FIGURGS IN TUNISIA
" DURING 1966 - 1968

Year 1966 1967 1968
Import, t 1519,5 1229,3 1446 ,4
Lxport, t 191,5 142,8 138,5
Net, for consumption, t 1328,0 1086,5 1307,9
Population, 1000 4470 4527 4654’)
GeN.P. market prioce, 106 Dinars 493,3 - -
G.N+P, market price, 106 Us ¢ 948,6€+ -
G.N.P. per capita US § 212 2151) 220")
Al consumption kg/capita 0,297 0,24 0,28
Index kg aluminium per 100 GNP 0,140 Cy1N 04127

1) estimated




FIGURE 8 - X

VOLWIES OF VALUE, ALUMINITRI INPORTS AllD EXPORTS
OF THE MACH(EB COUNTRIES
(on basis of official statistics data on foreign trade)

A (Imports, 100 Us Dollars)

Year 1966 1967 1968
Algeria 1,825 20359 4,241
Libya 1974 2,386 34,266
Morocco 2,285 20537 2,801
Tunisia 1.5863 14327 14732
Total 106 Uus 3 73645 80609 12.040
Imports total (t) 70235 84945 104536
Average price, 3/t 1.056 962 1,142

B (Exports, 10° Us Dollars)

Year 1966 1967 1968
Algeria 0.249 00241 0,260
Libya . : -
Morocco 0.201 0.147 0,151
Tunisia 0,058 0.044 0.043
Total 106 Us § 0,508 04432 0454
Exports total, (t) 14490 1,308 1.742
Average price, ./t 341 330 260

(including scrap)




FIGURE C - X1

INTERCHANGE OF ALUMINIUM PRODUCTS BETWEEN THE MAGHREB COUNTRIES

QUANTITIES IN KG PER YEAR.

Imports from
Libya lorocco Tunisia Total

ALGERIA 1966 - 433 15 448
1967 - 2473 220 2693
1968 - 417 - 417

Imports from
Algeria Morocco Tunisia Total

LIBYA 1966 - 52 1878 1930

1967 - - 331 331
1968 - - 531 531

Imports from
Algeria Libya Tunisia Total

Imports from
Algeria Libya  !Morocco Total
TUNISIA 1966 - - - -
1967 - - - -
1968 1065 - - 1065

Remark: In case of contradictory data, we used the higher ones.
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cotweon the ccuntrices.,

) The preseont custons tordff recul=tiorn cvisonm oo rnll
does not favour che interchanpe 0F ¢ . ctuween “ho
four countrles v/e cther suprlicrs. Her tue ~fficial
mencrl tariffs  ct somctimes even =adverse, cvoncelally
becaus.: ¢f specinl reliiticons of the couwt:l 5 with som
surcpearn countrlee nd/or the EEC.  The potiern of this

situntion 1s however complicateit =and ch nycine, Jue to

recent bilateral speeinl resulicions with o “he Mochreb

QP\::L .
¢) Becnuse of laeck of metnl ang somis productior. faeititics
thore 1s practically nt remarkablc eoxpert no.ertial in
these countrics At peoosent. T oxistir- oo, sueh 7s
FMA's (Toroceo) cxecllint tube-weld'ng p2 i and pressu -
re cooke productism are vsed onlv te v v 1indited
(55 Xt (‘:ﬂd .
§.2.¢ The nlundiniw. morket within th Do .
Puturce oullool.

fotetniled and wrofound markut-oxpocts tons Toveenst

vculd recuire 1 thorou, b annlytic morket ctuw 0 ine inte

detalls for each sort of products cto be inveelieatew in cor-
rclation with celoevant obl.. > indusirinl and rocsunption fore
cast firures, cte. The speeial situation o he _nuolved woo
trles where Irn rural sreas traditionnl eivii o oviirn cenviron-
ment still c¢xists, varallel with the ctrivip- 3cv..oprent in
urban and in-ustrial arcas, would Justiry <o oo Lo
analytic ~pprcach to ge” meore realistic fifurcs ~1xs would,

however, by far cxcced the purposc and scope of vl worg.




Woomey, vacreforc, reccuamend that sueh a study i~ o »
pared separately. It would be most reasohable to combine
this task with 2 deta'led fact-finding analysis of the rr.-
sent alumlnium fabricaticn situation in the Marhreb count:!
and thc elaberaticn of a proposal concerning cocrdina*cd
development of aluminium semis fabrication industrics ani
a possible reascnable collaberation in the turnout cf
aluminium finlshed products.

Coming back to our prcsent tasks, we felt that it
weuld be satlsfactcry to draw o first-glance rlobal forecast
for aluminium metal cecnsumpticn, [or this, we applied
simple raeression based on perulation and G.N.P. expectations.
In this attemst we started from the following suppesitions

A) 4 slightly optimistic apprcach, expecting that eco-
nomic nluminium anplication ana consumption will b.
stimulated also by rovernmental means, making use
of orpanized methods, 1ize application consultinge
services. This is reflected in the supposcd kg /Al
per 100 £ G.N.P. or (G.D.P.) fipures, for which we
hove projected values approaching 0,30 up to 1990,

b) The f>llowine uniform fFrowth pates have been suvnpo-
sed for the whole time-period (perecent per year)




Populaticr ALCERL A 2 (Li30=-50  2,5%)
- LIRY ., 3
MOROCCO 2,0
CTUNTSTS 2,5
G.N.,P.,: respectively G.D.P.
| ALGERI/ 7
LIBY! 6
MORGCCC 5
TUNISTA €£,5

Figure 8 - XII shows the rlobal results of this cilculor,

The tarpet for 1975 would need some effort, but *he
fipures for 1980, respectively 1990 can be easily achicve
and reflect cven some conservative caution. In suppeort cof
this statement 1t should be considered, that the forecast
kp/capita fipures are still below the 1965 world averare
(1,85 kr) or even the present Libyan level (nbout 1,7 ko).
The average annual prowth rate of metal absorbtion wculd
be 11,7% per year, starting from 1968.

In round figures the above asscssment says, that total
Maghreb need for aluminium would be

1975 27.000 t/year
1980 46.000 t/ycar
1990 105.000 t/ycar
It mipht be supposed tnat about 40T and 307 in 1667

cf these aquontities wlll be required in such dimensions
spceinl qualitlies, for which therc uwill be ne producticn




FIGURE 8 - XII

ALUMINIUM DEMAND FORECAST

FOR THE MAGHREB, TONS PER YEAR.

1967 1975 1980 1990
Algeria 1 310 8 220 15 400 46 000
Libya 2 960 7 420 11 900 21 000
Horocco 2 280 7 940 12 800 25 000
Tunisia 1 090 3 370 5700 13 000
Total 7 640 26 950 45 800 105 000

Total kg Al per capita 0,23 0,64 0,95 1,65




facilitlics In the arca or which will b. cove 0 FOUEDEL TR R
surnrllies because of commercial reascns. TriL SRV S tIE IR S S SIS
rortion is 1in compliance with thc breakdeown ~F %3 CURTEUTR A

accordin~ te maln product proupc as in Moperale o PRI o DR
way, the purchasing capacity of the involvedo counilrlioo, 1,

the interral rot absorbinec capacity - <he S S e TN
roughly at

for 1975 16.000 t/year

for 1980 28.000 t/vear

for 1990 75.000 t/ycar

The 2bove plicture may, of course, changs. Locleoni.y
case the fundamental political and cconomic conditions Cove-
lop in a way that the present trend rates o -rou ST
modificd. However, even the indicated levels of opsunrtion
suppose the following measures

a) To establish in the involved countrics proiuction
facilities for the most important se=ts

- sheet, possibly also fcil
- e€xtruslons

- wire rod

- castings

It 1s Important, that the quality of the visu. . lzo.
products should be equivalent to those from devaelened Sndu -
trial ccuntries and thercforc, proper repionnl standsards
should be established. The problem of cconrric ZCTp-pro-
cessing deserves special attention.




b) The development indicated above under 1) shculd be
implemented in a coordinsted way, on the bnsis of
mutual understanding.

¢) Specinl efforts should be macde to facllltate the
broad application of 2luminium, using avallable up-
to-date forelpn expcerience. This 1s especeially
important in the field of electrical industry and
cleetrification. It seems rational to axcrt thesc
efforts in a jJoint way, using all means of common
technical information.

d) VWhen amending the customs tariff systems of the cour-
tries, or the relevant bilateral arrecments, it shcul”
be kept in mind tc promote mutual trade 1n aluminium
roods between the countries of the Maghreb.

It cxcecds by far the sccope of this study to outline
an optimal sctup for the coming semis production. Howcver,
on the basis of our findings 1t can be suppgested as a prelimi-
nary proposal for consideration :

- To sct up jointly with the future smeltcr a cast/
rolling mill for wire-rods with a capacity of about
20 000 tpy (corresponding Properzi 7B typc);

- To set up in the most important industrinl rerlons
two or three cast/rolling units for abcut 5 - 8 000
try each, in order to cover the requirements in

- rounds for producticn of houschold rooids
- ondulated sheet for roofs and other pur-

poses




- shect and strip. in generai
- To set up an extrusion mill in one of the countrics
which might supply mainly :
- profiles for construction
- small diameter tubes

In crder to promote these developments in an optimally
rational way, we suppFest to preparc a detailed study concer-

ning both

1) market analysis and forecast of aluminium s.mis and
finished poods,

b) ~nlternatives for development of semis production in
the Marhreb countries.

8.2.3 The aluminium metal market outside tho Maghreb

On this, hardly more can be said than Feneral statement o
that arc of lastinr value for a prospective venlcr. The cor b
annual growth of the demand on the European Market, which
cvidently is the most interestine in this case, 1s estimnted
between 7 and 10%. The construction of production facilitiee
for the period up to 1975 has been planncd trking into consi-
deration the more ambitious firures. Thereforc, it cxists the
possiblility of the danger, that - in case of non-fulfillment
of market cxpectations - sipnificant idle smelter capacitics
which may attain on world secnle 1 million tpy, mirht bc avai-
lable. Competition on behalf of other materials, ~dversitics
of the political and economie climate may affect these develop-
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mcnts sirnificantly. Eurcpe, 2s a whole, 1s nt prosont
imperter of primary aluminium. Flrurc 8- X'II inlicntes

on the basis of Wohnlich's data (Ref. No. 8 - 3) the reneral
picture, according to the situation by thc cnd of 1068,

The aluminium consumption of the Western Purcpoean coun-
trics 1s put by Domony (Ref. No. 4) for 1969 ~t ~ lcvel of
1.907,000 tons., Existing smeltcer capacities »f the whele
Eurcpean area, except the Soviet Unilon, accerdins to 1970
firures amount tc 2 224 800 tpy. These capreitlics should
increase, taking into vicw schedul.d projects to 3.475,000tcn
per year up till 1974. (See also Ref. No. L)y, This ccrrus-
ponds tc an annual growth rate of about 11,50, (TFer detnilo,
sce Fieure 8- XIV).

Taking into account all these ficures and also the un--
known factor of Soviet mctal cxport, further the potentinl
of future capacities outside Europe, but with =2 product
destination to the Europenn countrics, lilke the ALBA-smelter
in Bahrein, 1t seems clear that Europe cannot be roerarded

for 1975 as an area to be undersaturated by vrrimary metal.

Interration efforts and growing internaticnalization
~f the bir producers 1is characterlistic on world-senale and
also in Europe. Another important fcature of the scventies
scems to be to favour smelter sites near or within tho mar-
kets, contrary to the previous decades, where the proximity
of cheap electric power wns often the determinin~s facter.,

The European aluminium market should be reearded as an
orpanized one. The "Aluminium Club", a cartcl-1llxe nssceint ooy
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TIGURE 8 - VIII.

PRIMARY ALUMINTIUM PRODUCTICN AND CONSUMPTIN' Bkl o

IN EUROPE BY THE END OF 1968, It 1000 '™ r 7.5,

LEC Production Consumption Balarce of irmmor: /4
arc. ex.oit {7 by

commer’ s, ot v

Fed. Germany 257 539 RVIGH

‘rance 366 294 - 8

Italy 142 205 !

Hetherlands 47 19 - 11

Belpium - 145 + 152

Erl  total 812 1113 F232

EFTA

Norvay 474 45 -’13

tustria 85 69 - 17

Switzerland 76 70 - 0

Sweden 57 65 + 9

United Kingdom 38 397 + 341

Denmark - 8 + C

Pinland - 12 + U

EFTA total 730 656 - €0

OTHT RS 203 191 . L

Europe altogether 1745 1960 < 313

Remark: The formal deficit of 1960-1745 = 215 t and th~ ci...oezciz)
of 313 t differ, prohably because of changes n riozts, <. n

accounted items in grovp "others', etc.




FIGURE 8 - X1V

EXISTING AND PLANNED SMELTER CAPACIETIES IN THE

EUROPEAN AREA, 1000 TONS PER YEAR.

Capacity Capacity to be attained
1970 up to 1972 - 74

United Kingdom 39 300
Austria 26 96
Belgium - 66
Czechoslovakia 60 60
France 369 408
Craece 72 90
Netherlands 32 90
Iceland - 45
Yugoslavia 104 200
Poland 926 110
Hungary 65 30
German Dem. Rep. 79 79
Norway 514 691
German Fed. Rep. 270 480
Italy
Rumania
Spain
Switzerland
Sweden
Turkey

Total




. nialn producers determines practically the nrice Lo
romiirn porticipant in this arranpenent which nracticalliy
Cxlsts since early sixtles are ALCAN, ALUSUISSE, PECHINZY,

w7 -

J,, the. Austlon public-scoctor smelter RANSHOF.' . The UG/,
¢ mpnaies are hindercd in overt pactlicipaticn by the Antl-T—
.74, however, as they already have and furthor develep cleni:
ficrat peositions in Europe, a cooraination ~f thedir wetion
‘s cvident.  Similarly, the state-owned export coroanics A
Tast-Europe have to take into account the realitics ~f b

sitqation,

The power of t.ae associaticn is based cn the fact, L
thev do not only command thc bulk of rrimary metal orcduc.aon
_ut Alspose also of sirfnilicant comls capacitics Lacnsoiren,
ror the "independent" semis fabricator important nrice reiuc
tlc.s are rranted, 1f he iz a remelar customer. The prooiu
ave thueir gquctas of sunply.

It scems inevitable for a new producer who desires £

s.11 to Europe, to makc proper arranrements in du. time vio
-he "Club".

On the ~ther hand, just in order to diminish the rickec
possible sales difficulties, 1t is indicated to solect, for
the tnitial period of production, a modest - thourh sti1l eco
nemic - capacity, say between 30.000 and 60.000 “py.

Flexible accomodation to market exlgencles ruQuirc that
product quality should be on the usual up-to-date level and
scre transformation pessibilities into semis, e.fm. wire rods
should also Lo available.
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APPENDIX T,

SOME DATA AND INFORMATION Od TIL PLESTNT STATE OF ALUNINIUM
APPLICATION AND FABRICATION IN THE MAGH.EB COUNTRILS.

Each country is covered by a chapter. These chapters contain
figures, indicating the breakdown of imports and exports (if any)

according the main groups of productse

On the basis of interviews and plant-visits also some basic data
on existing enterprises in this field of industries have been compilede.
It should be stressed, that these informations and datashould not be
regarded as oomplete. The oorrectness of intimated data could not be
controlled. Some data for 1965 and before rely on the Study of Societe
Tunisienne de Banque (Ref. No. 8/10)e

Figure A-VIII gives the overall import breakdown data for the
four countries, based on 1968 figures.




ALGERIA

FIGURE A - I,
BREAKDOWN OF 11iPOHTS OF ALUTTINIUM PtODUCTS
TO ALGZR1A ACCORDING 1ALl GROUPS OF GOODS.

(metric tons)

Year 1965 1966 1967 1968
1e Ingots 33 195,0 145,1 321,2
2. Rods, bars, profiles 280 201,0 200,2 572,17
3o Shect, plates, foil, .

over 0,15 mm thickness 212 171,9 2772 954,5
4. Foil, under 0,15 mm thickness 508 493,1 600,0 570,2
5s Constructions and their parts 138 15,5 20,0 154,5
6., Houseliold goods 1) 367 152,4 453,8 280,6
7» Cables, ropes, wire - 0,2 - -
8. Tubes, accessories of tubes,

hollow bars 17 140,8 84,1 173.5
9+ Others 49 170,8 217,2  296,6
Total 1993 1540,7  1997,5 3523.8

1) Including also some sanitary goods,




ALGERIA

—————

FIGURE A ~ 11,

BREAKDOWN OF EXPORTS OF ALUNINIULN (OODS FROM AL RIA

(metric tons)

Year 1966 1967 1968

1« Ingots 70,3 -

2+ Scrap 59745 570,1 622,17

3+ Houschold goods 1) 0,2 0,15 0,8

4. Others 36,3 16,5 ° 190,2 3)
Total 704,3 686,8 813,6

1) Including sanitary goods
2) Including 107,2 t bars and profiles
3) Including 186,9 t bars and profiles
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INTERVAEUZD AT VISITED PRODUCTIS 11 ALCIii,

Smelter project of S.lM.S.
(Cocicte Pationale de

Sideinrgie)

AT UMAF
(Alger)

SONELEC
(Alger)

ALLAL
(Societe 1'Aluminium Algerois)
Alzer

Y - L

15/ e

lis

Capaciiy helucen 50 -

.

Site probably AGZO or SUiN.

stare of Jeasibility ciusy,

besinaing; of constructioy Juvin

PN

Four Years Plan pericd (.. 7150

Rolliry mill for strin ond produvction

of household goods. Pres.at acoeu

output 350 tpyre. Projecthc 2 oo -
nization und externcion ore undey
~lould o

considcration, Thoeo

realizrd up to 1973, _.in¥linz mit)

capacity may attain wp to ~C COU0

Production of non=isclaicd and 1o
lated cables,.

Their production pro,our o Jcr i
is 800 t ~luminium cahl:o, 800
ALMELEC cable.
9,5 mm ¢ Properzi rod.
gonsumption for 1971 il "o
3 000 trye.

They use

IIDADTIRG

They produce houcehsld goc’n I'rom

Iooriblc

~f

)

imported Cdises. le®~l i1rie a1 400
was 312 tymae Tho 0 v of o

capacity-




CHAPTER 1I.

LIBYA

FIGURE A ~ I11.

BCAKDOWN OF LIBYA'S IIPORTS_OF ALUMIDIUL FRGLUSLS
ACCORDING TO [IAIN CROUPS OF GGCDS,

(metric tons)

Year 1964 1965 1966 1067 1036
1+ Ingots 0,4 - 18,8 - 100
2. Rods, bars, profiles 11,8 53,8 61,3 3060,6 R
3o Sheet, plates, foil,
over 0,15 mm thickness 291,3 321,4 501,8 371,68 245.6

4, Toil, under 0,15 mm

thickness 12,3 51,5  106,9 172,240
5, Constructions and their

parts 266,8 290,6 234,4  5090.0 oo
6. Household goods 92,9 64 177,8  216,0 204
7. Cables, ropes, wire 40,3 1,1 - - 4
8. Tubes, accessories of

tubes, hollow Lars 298,9  641,9 1103,9 1301,9 U050
9., Others 130,6  107,0 14,0 20,1 169,68

Total 1205,3  1561,3  2278,9 2959,0 20470




TITTZRVICWED AID VISITED P..ODUC) S _Lil LLEY...

LABCPLEX Assembiin; nluminium windovr oo .
Tripoli doorc, nartitions, ceilianm, donoc

rations, cic.

letal turnover about 50 tyn-
ITHA13S8Y Froduction of hougchold sooam Tron

Tripoli purchased discs.

Metal turnover 60 — 125 tpy .
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CIVPTER

I11

NCROCCo

FICURE A = TIV.

CLUANTOUN OF HOROCCO'S IMFORTS OF ALUMINIUN PiODU, ™3

ACCORDING TO [LAIN GROUPS OF GOODS IN 1965~1969.

(metric tons)

Year 1965 1966 1967 1068 N
1s Ingots 549 6,3 3,5 24 20
?» Rods, bars, profiles 560,9 385,3  1308,0 551.3 10350
3s« Sheet, plates, foil,

over 0,15 mnm thickness 725,9 909,3 815,8  1.34.5 15397,
4. Foil, under 0,15 mm

thickness 166,5 205,8 233,3 362,2 RIS
5s Constructions and their

parts 10,4 17,1 2,2 249 i
6. Household goods 33,1 69,9 57,9 50,6
7. Cables, ropes, wire 256,4 2,1 40,4 1.9 e
8+ Tubes, accessories of ' '

tubes, hollow bars 12.4 13,8 82,1 72.0 ol
7« Others 187,9 288,2 215,9 213.5 20

Total 1960,4 1894,8 2759,3 2017 (
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IIOROCCO

FICURE 4 =~V

b \3AKDOUN_OF IXPORTS OF ALUMINIUM GOODS FROM 10it0.CO
1965-1969 (metric tons)

Year 1965 1966 1967 1960 1969
s  Ingots 51,6 7,9 39,7 -~ -
2e Sorap 447,4 573,7 436,5 48{7“3 65012
3« Housgehold poods 0,5 0,3 2,0 0,5 0,4
4e Others ' 16,1 12,0 = 0.2 5.8

i ———

—— v 1t

Total 516,2  593,7 478,2 489.0  656,4




INTERVIEWED AND VISITED P.ODUCZRS IN NOKOCCO

114 (Manufacture FFoil processing, they siopped their
lNarocaine de 1'Aluminium) own small foil plant ac uncconomice
Mohammedia They import about 250 t foil per ycare.

Welded irrigation *uber.  Can be pro—
duced in diameters 3,7,5,6 inches.
The capacity is 500 ipye. The pro-
duction bectween 30 and 69 tpye

Ondulated cheet. Their production,
starting from imported sheet is about
300 tpy. Their capacity is about
3000 tpy.

Corking capsules arc made of impor-
ted thick foil

Metallic yarns. They are made for

use in brocade tissues., Thcy are

produced of imported strip.

Two types are made :

« INOXOR yarn from alumirium foil
between two plastic layers,

- NC 13 yarn from plastic foil,
metallized in vacuum.

Pressure cookers. The capncity is

30 000 pcs per year, vhilc the pro-

duction is 8 000 pcs per yoare




CeCeile (Compagnie Generale
d'Electricite)
Plant : liochammedia,

Head officej Casablanca

AeCuMa  (Africaine de
Constructions letalliques)

~

Jesablanca

10y -

They preiuce 2lgo ovher, .raditional

hourchol:l goodse

The consuvmption of Jigr: is arou™

8 = 9L ¢pye Prodvrciich of collip-
sible tubes will start 107ue  Thcin
overall aluminium cor~apiicn 16 noo
about 15072 tpye.

They intend to set un a ensti-rolline
mill with a capacity of azbout 5000 t. -
The tecimical level of the plant and
the quality of +ihe products are

excellent.

Productiion of isolrted on' non-iso—~
lated cables.e Thir latier arz pro-
duced with alvanized stecl--oope
corc (ACSR) and alzo witl ALUIIOVELD
corc. The raw materizl is 2,5 mm g
rod., They usce about 900 tons of

i

aluminiun per year. (At Yhc same

time ~bout 1500 tpy coppar )

They r~re producers of stcol and rlu--
minivm constructions. For thin la‘tels

purpose they have set un rezanily o

separated neat workchop and ~u 20f]
liate ¢ AFCOAL., Ure of rluminium irc

at the level of 1CC ipse




11ALCO

Casablanca

TABOR (Has not been visited)

Casablanca

CHIMICOLOR

(Has not been visited)

TIMSIT

(Has not been visited)

104 =

They arc affiliates oi ALCOA in 1 .
field of metal constructions. Tiv.s
claim to be the most cxprriencod !
strongest enterprise of this kind o
alaminium applicaticn in the counir,
They use about 250 %ons of imporicu

metal per year.

Production of castings. Aluminiun

consumption 5 = 8 tpye.

Use and mix importcd aluminium powder

into paints,

Production of household oods,




TUNISIA

FICURE A -~ VI

BRCAKTOWN OF TUNISIA'S IMPORTS OF ALUMINIUM PitODUGYS
ACCORDING TO MAIN CROUPS OF GOODS IN_1965-1948

(metric tons)

1966

Ingots 16,3
Rods, bars, profiles 51,6

Shcet, plates, foil,
over 0,15 mm thickness : 5544

Foil, under 0,15 mm
thickness 283,1

Constructions and their
parts 26,5

Household goods 32,7
Cables, ropes, wire 768,5

Tubes, accessories of
tubes, hollow bars 991

Others 27644

Total 1519,5  1229,3




TUNISIA

I'IGURE 4 - VIT

BREAKDOWN OF EXPORTS OF ALUIINTUM GOODS FROM TUNISIA

Year

1966-1968 (metric tons)

1966

1967

1968

Ingots
Scrap
Household goods
Others

186,4
3,0

2,1

04,43
46,9
0,1

1,5

Total

142,8




LITERVISHED AND VISITED P.ODUC i3 11 TUIITSIL

A: HAA.’JBT S.A.
TULIS

SOFOIECA
(Societe de Fonderies et

de liecanique Tunis)

Snciete de llatiere Electrique
CUAKIRA Tunis

SOTAL
(Societe Tunisienne

de 1'Aluminium)

Start in 1970 produciion of collan--
sible tubes, to be made from importcd

disce.

Tie nain field of cetivities in steel
and iron casting. Aluminium casting
is only an accessory branch in th ir
procductions Juring 1268 iher pro-

duced 14 tons of ~luminiv: caciin:

Production of insvlated c-bleg un tn
100C¢ V. They should like to une
aluminium, however at prnzent the
elccliricity supply commanies still

insist using copper.

Production of household roods, cspa-
cially veasels. They produce also

enamelled and gulvanised ~tecel gcodse
350 tons of aluminium atrip ~re usad

per year.

Assembling of building ~nd construc~
tion elements of aluminiva (eema win—
dow-fr.mes, doors, pnials, boxes eic.
They cover about 90 % oo his lzind ¥
production in Tunigin. Their aluniri

product output is 80 -~ 120 tpy.
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EYOBHIRNION

- i i

DETAILS OF BLEGTRIC IMIFPeY_0on™ "3ETHATION CALCULATICS

——

14 ALGIRIA, Traditional thermal pouer plant, ras fuelled.

Suppositions; respectively iritial dato
Installcd capacity 200 1!
Specific invectment cogh 150 ,/'ku

Interest loss factor Zox
construction period
(intercalar factor)

37

1
rest and amor:lzation 3,5 7 per yeor

Ilaintenance and ronrirp
cost factor ¢ % per yeax

Salaries (avera,>) 8 DA
per hour, corresponding 2330 ¢ per yecr

Number of employer: 20C

Overheads and manczement .
cost fector 30 %

Availability facic~ o
installed capacity Ty

Operation time £760 hovrs per rear

Specific heat consumption 2500 kcal/kwh

Specific cost of fuel heat energr 0,6312 S/Gcal T

(0,03 DA rper ! m gas of 9600 l:cal per B> heat valuo

This means (,CC0C5 & per m3, respactively G.606 £ per 9600 -,
Ergo : 1 Gcal = 10% Keal 11l cost 63,12 £




Explication of symbols @

overall costs, 4 per year
oonstant costs, & rer year

variable costs, » per year

investment cost of the power plant §

intercalar fa tor (interest losses during construction
period)

capital services (depreciation + interest) % ver y-ar

cost factor of repair and maintenance, in proportion
. s v
to capital investment . per year

cost of personnel and mangzgement o per year

average operating capacity (capacity load factor x
nominal capacitys MW

operation time hours per year
average specific heat consumption kcal/kwh

A specific fuel heat energy price $/Gcal

C +C
o v

D.':%a (ina + b) +P + LoTogoAQ 10-'3 =

200 000 x 150mks (1,37 + 8,5 + 2) +
' 6

200 x 3880 x 1,3 + 200%0,74%B8760x2500%0, 6244102 = 4,09410

1,01 o 10° + 2,05 . 10° «

T415 o 106 % per year,

Power production : 148 000 x 8760 = 1,3 109 kwh/y
' 6

Unit cost of power : %1%2;57%5- = 0,0055 3/kwh, that is 5.5 millas.
'




2+ ALGERIA, power plant, applying gas turbines,

Suppositions, respectively initial deta @
Installed capacity 200 MW
Specific investment cost 105 3/kw
Intercalar factor 1,14
Interest and amortization 8,5 % per year

ilaintenance and revair
cost factor 2,5 5 per year

Salaries, average, as under 1
Number of employees 80

Overheads and management
cost factor as under 1

Availability factor 95 % of installed capacity
Operation time 8760 hours per yecar
Specific heat consumption 3300 kcal/kwh

Specific cost of fuel
heat energy as under 1

+C =
[

= 200 000 x 1°5T%6 (1,14 « 8,5 +2,5) +

+ 80 x 3380 x 1,3 =

+ 200 x 0,95 x 8760 x 3300 x 0,6312 4 1073

2,50 « 10% + 0,40 + 10° 4 3,47 o 10° =

6,37 « 10° 3

Production of energy = 190 000 x 8760 =

= 1,66 , 107 kwh per year




6,27 10" =
1,65 o 107

Unit cost of encrgy @
= 0,00382 § per kwh, that is 3,0 1.l1ils.
1. ¢ Crvourcble 1oo JSrctor., thic ni-ht elerlovnio.

8]
soructioa o7 iy 160 000 : 5780 = 1,471 4 107
5
6.0 « 10

Unit cout  -F--=-liealee m
1,701 , 10

- $,0015 Lf=m (404 aills)




ALGLRIA

Centre d'Industric et de
Technologie

126 Bis A, rue Didouche lourad
B.g. 99, Plateou Fauliere

IV™ Etage

lMinistry of Industry and Lnergy
"Colisee™, rue Zephirin Roccas

SeNeSe (Societe Nationale de
Siderurgie)

2, rue de Chenoua, Hydra

Tel : 601 544 Alger

ALUMAF
Gue de Constantine
KOUBA, Alger

SONELEC

(lue de Constantine
Kouba, Alger

Tel : 766 865, 765 525

ALLAL (Societe 1'Aluminium
Algerois)

Plant : 19 Victor Hugo
Hussien Dey, Alger

Me Akrouf, Director
M. Ll=-hiss, Acting Project llanager

Mr, Hacini (was not present)
Mr. Boudjemline (Adviser)

Mre Hocine
lir. Budin
IIr. Hadjad

lIre Ould Hamou Brahim
Director

Mr. Ali Khaled, Nirecteur
Laminoir et Trefilerie

Mr. A. Bismuth, Direcctor
(was not present)




LIBYA

Industrial Research Centre
P. 0. Box 3633
Tripoli

[linistry of Petroleum

LIPETCO
Tripoli, !itchell Cotts
Building

Ministry of Planning
Tripoli

LABOPLEX

Suani Road, 1 km
Tel : 32224 - 39681
Tripeli

NHAISSY, Manufacture of
household roods ’

Tripoli, Suani Road, 1,5 km

lMre Ae Sharri
Director

Mre Abdulhamid Sif-Elnaser
Chief of Personnel and Training
Affairs

Mre. Abdulhy Ben Omran

Director of Technical .Jepartment

Deputy llanaging Director

Mre. Shmila, Director of iicononic
Department

lNr. Gerger, Chief, Technical
Department

Mr, Bashir ' Ramadan

Mre Khiary, Ingineers, Technical
Department

Mre Arafat Saad,
Manager




1I0ROCCO

Mlinistry of Commerce and Industry Mre lioumni, Deputy Director of the
Tel ¢ 27 511 jepartment of Mines wn! Geology

lire Bstel (Ceologist), Univercity
Paris, working for bauxite curvey

lire Senhagi, Dircction du Commerce
Mre Belkhayat, Director of Inductries
lir, Houel, Director of Burcau
d'Etudes

Mr. Laraki, Engincer of the
Bureau d' Etudes

Ilinistry of Planning Mre. Echiguer, Director of Coordino—
tion of Technical Assistance

llinictry of Foreign Affairs Mre llounir
Mr. Cherkaoui Tahar
(Assistance technique multilaterale

il.lleAs  (lianufacture Marocain lire Calice, Directeur
de 1'aluminium)
lohammedia, rue PFatima Zahra

24.91/98
CGE, Maroc (Compagnie Cenerale Me Jecnzelles, Tircctor
d'Electricite) (was not present)

Plant : Ilohammedia

lead Office : 68, Bd de la fir, Christian Veron

Resistance, Casablanca

A+CeMe  (Africaine de Mre. Yo He (labbay
Constructions Metalliques) Administrateur = Directeur
Ain Sebaa, Casablanca

Av. Khalid Bnou Loualid

Tel : 48061
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s

»

e (oroccan Aluminiur !
2Tanaryy Seha )

"o rao oz Puzaney, Casablanca
el A6 12, 405 25

r. A+ Derrada, Zirectoo

Hr. . e Himr, (from ALZ0A
Internntional )

U.5ePe  (CUfice Cherifién deu lire Ounjjou lascon
Plonnhaten)

iroc=Chimie ’ Lir, Lerage
(i Virese 1 Service de developpe= Chiel de developperent Ductior

irate  Complex laroc=Chimie de (by telephone)
Latiy Laroe)




TINIS1A
Permanent Consultative Comnittee
of tiue lia~hreb

1, huc de Orece

Tunis

Centre ilationale d'Dtudes
matrielles de Tunisie

ite iwehrana I

1neuvle Rihane

el ¢ 286 390 286 111

Jociete Tunisienne de Banque
1y itue Habib Thameur
Tunig

Tel ¢ 258 000

inistry of Leonomy and Planning
Kasba, Tunis

Al laaden S.A,.

6, Rue Jean Jacque Rouseau

SOFOMECA  (Socicte de Fonderies
et de lMecanique)

lire Chadli Tnani
Vice Chairman
lMre Belkhodja

llre Moktar Aneray
Lconomic Expert

lire llohammed Daya
Acting Dlirector

lirces Adca
Charge de la Tirection du
Jeveloppement

llre L1 lledda

(Name of "cneral llanaging Director
M. Mathari)

Mr, Radhouane Ghozzi

Chief insineer, Chicf of Chemical
Industries Divivion

Tel : 260 874

(President : lir, Tawfik Chaibi)

Hanayser,

lre Komoon lahmoud
Technical llanager
(Metallurgist)




- 11t =

Tocinte d2 matiere Blectrique M. Hohammed Tawfils Iil~Loun”
(hallra Dirvcctor

Ge 2 Office ¢ 40 Rue 18 Jenvier

T ¢ (Plant) 208 230

soral. (Socicte Tunisienne de Mre. foussef Bayahi
1Aluminium) Sdministrateur

fre No. 6 Au Port, Tunis

“ 1 256 093, 242 1351, 242 836

B llrs Bachir Samandi

© s ilarine, Tunis Mrector
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