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POR.HMARDjL INTJ<ODUCT0IíY Jí31MíKS 

This study tries  to  ¿ive rn answer to  the que. tion,   if   it  in 

possible   ?»n I rePBonrbi.»  to  stprt  rlur.inium production  m on*  of 

the MPi.hreb countries.       Secondly:     if the  natural  ¿an rvnilnblo 

in  these countries-;  or<n  serve ps  P   rm-rne  of che;~*p  electric 

energy for this joGRible  production of p. lumini um. 

In the courri  of this work we  m d to apply up-to-drte 

•i-fnrmrxion on rluminiur   production techniques ?nd   -jconorny  to  the 

loorl   realities,   covorin,, ?lno  pf.pectR of  TPV material sup} ly end 

evrluption of the  motp.l  m?rkot.       At  the  sr.r.e  time vc  tried to 

follow  p  coherent  line of i der F.,  on exp]pinin¿,  briefly the rnore 

irportant bri.jc notions. 

The p.bnvj  rpmn fie; tions of   tin E   ¡-,tudy  roEulted  in two 

dip.p.dvr ntppasi 

1. The study b^nrme  lengthy comprred to  itr. preliminary 

chpracterr 

2. It was difficult  to Recuri the  e ay eomprohensibility 

for the p.vorp^e rcrdor wi thoiit  , enerrl knowledf3 of 

the specific field. 

He  tried  to  avoid PH details,   ...ich mi ^Jit  he  found in 

textbooks,  on the other hrnd,  ve  vi shot'  to  concentrate into  tne 

text  pllbfsic  idors f»nd possibly  also  dotp  r-nd  iuforn;tion  •. hich 

r.eem important  for decision making in thir, matter.       There rrs 

fount ed partly on own   ixperionne rnd rre partly otherwise not 

rccessiblö through published prpors.       Therefore,      .<  feel  thrt 

our work,   exceeding its brfiic ti-.sk,  cm r.«rve  two i,¡rin purposes; 

A- 
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1. If   nfforr:   a   r'Ount   nurrirnary  ol'  x,i     SHT tj.-n  j.n  tío 

j ivnlvo'.t   countries   fron   the  ¡ oint   oí"   v.i •• •  oí'     lur,-.ir.iur. 

I ro.'.unti on  an     conEun:|-tJon.       An  toom   i norl 3d ; o ,   at 

r.r^r.ont,   no  oxh^r   recent   fsimilar  rnrk  on   thi:.   toj-jc  is 

pvri lr<ble « 

2. It  may  R-rv:  rr   a   compendi um  for  thon o  i ho  .• i  •  i ívolved 

in  the  future  smelter projaot   investment  nana, ..-ment. 

Ho  should like  to express our   than- s  to  rll   ¿ ov »rimontai  -mtS 

company officers  1 ho  helf.-»    us uith  thoir rdvioo  and ¿rfjite. 

interviews  for the  puri or..3  of this   r>tuc.y. 

1 •    SJJJ-y A£Xi.. COilCLUC ICIJ&, A1W>.'.>•..%01 j. J, ,MT jOKg 

3)     Il   RU >rií.   joRsiblj  ¡ n.I  ri>-f>onabl'"-  to  establish  an     luc.iniun 

.' elt 'T   in  A.1   -¡rip.       The jrpotieal  ntepE,   t.h1 oh  lv<-, ;    , - ;-u t'kor, on 

i  ir  islptt";r  h,/ Cocí i't-í Nationals dt» Si •- ;rnr/_,ie  F»C*OI.   correct  and 

i  'Psonpble.       Tha  j ref ¿r .mn 3  for Algeria  vs.   Lib„r .15 íoiuv.^a1   by the 

)"o] lo s'in;,   r.ain PTfiinents: 

p)     The  qia nü ti ü
C
   anu   thi  dur; 1.ion  of natural  ¿an  ;'ulMly 

ar-> here  Mora  clarified.       Por Libya   tho  certainty fi   i.ur-tion  for 

only 15 - ^0 yarrs  hps  hsan  indicated; 

b) In hl f, ria  ther -.  exists  electric en er c'y  í an oration,   bri.od 

<m natura]   {,t\n ant.  this  ir,  to be  extended,  uhi 1st   ^n  LJ bya  only 

oil-firing  exists and no other fuel  is vi nuali zed; 

c) Alt;.ria   itsolf affords r   conni ' »rabie  inland narket 

j (¡tentici.       Fron  the point  of viow of  th > v-Lol     Mr^hrob rraa Oí.  t* 

r.rrkot  of aluminium,   it  bar  o  fr-vour"bla  centro 1 situi tion.       On th< 

cher hp.nd,   Libya*r  feographio RJ tu,-ti on,   er.jocially thrt  of   the 

Gulf of Sirte»  vhich Boamr,  Xha moat  probable;  ni tu  for  r  possible 

."••elter,  v»oulu imply remarkable additional frai/ht  costn. 
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d) Algeri p.  will   •-.) ;\\oi;--   from  1S73 of  -•   domortic  ¿rndncti on 

• f potro)unn  coke,   pn  mj'ortmit auxiliary r-,Pt;r->.-'l  of nlur.iinium 

.rotinoti on.       In Al.   TìP   r-n '   in n ..>i {hbonrin,, Morocco  r.nd Tunirin., 

H  well,   ti'or.' r.-"   r-i,infic>nt   '.¿rofnt;; of fluorspar.       Tili s raw 

riorial   brr.in,   'fi..  t)i ;  j or.: i ble uti li zrtion of  fluorine  by-products 

of  th^  phorphrte  fertilizers   production,   off -i   ;n  omplo-  bri,i 8  for 

.ona, tic production  of oryolito rml Piumini um flnoiido,  other 

Tjortrnt   in, redi 2utr, of  Pluninium .smelt ir opcr. tion.       In  Libya 

V eso not   rirlB pre not  p.vrilrbloj 

e) Tho  problem of r ?on>i tin,-.-  r killed mpnpower  c~n   bo  moro  ersily 

•olved in  Al fari p,   whOnt   in  Li by  the  existing: labour in   bound  to 

] rojects of hifh.jr priority. 

f) In Ali   IìP,   there  exists rlror>uy rome  trruition of pluniniuw 

foundry : nd rolling-mill prrotjoj. 

AF'inrl,  definite decision o n bo trk.-n only pftor the  evalua- 

tion of  the  dn'ilod  fe-r.j bi li ty r.tudier  which r.re   b<jin¿,  undoi taken 

>nd concerning smelter economy, unit  j. rioo of «1 eotri c energy and 

• lumini nr mrrket  r nd frbrm-tion -nd plrnnin,   of  futuro uevelopment. 

2) The snelter  should.  bo  fod  with ¡urohasod rluninr,   to  be 

Mîoured by frvonrpblo,   Ioni-term contracts.       Construction of rn 

inte, rrted rlnnina  plpnt  doe.s  not  seem  ropsonrblo.       Lat  r on, 

j ">rtici, ati on in a  common  vintnr    for  rlmánr  production  oà ; ht  be 

of interest. 

3) Thg  Mnelt >r nhould bo  of nipped i ) th an own pnode-carbon 

i Jpnt,  tobe  bpnod  on doi ertJc  petroleum coke PH  rrw material. 

4)    Tho   initial  capacity of th i  Kmjlt -r r.i/.ht   bo reasonably 

tre on  30,000 • nd  50,000 tpy.       Hi f her fj furor,  won Id   bo   jurtified 

<iil,V  in th-   orso of asfooiction  . Hh  a. jrrtn r,   who  niornnteoe  tho 

nplos or th»  conrumjtion of tho  exceso  metri. 
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5) Proli mi nary  ..if, ti ma tor,  of   ¡ow  .,    , no.-   -a.   ; la: ...   - •. 

^rodactma  canta   faaan  to   corroborato  th '   f:vonr   nlo   t-",n¡i;,i,,v   a, 

future naaltar. 

6) O,inion on pre-invortmant âcci.rxon f- ctors  ira    :••.•.•)-. 

ìxirór.n.ìd and  .IF,   r ••nomm mde.I to   the attrition of th •   fMar-   ; nv , tar. 

(Chapter 4). 

7) A  fUobpl  cvalurtion of the rlunininn market   in th.    j/ ¿hia-b 

: untrior,  on   tha   br*is   of  strtïnti cal  ti.-tr  rn».   t:kin;    into   noma .. ra- 

tion  mrero-aconomio ralnti onrhi rn  r,hoWa  th.  folloni m   inaa-nt 

¡ai tu; ti on i 

r) Tha r.irrkot, except Li byr , ir, v*ry urn ûraatiir-tod axth 

plur.ijniuni. The avar"va conrumjtion jar calaíta of th>_ 

four countries in 196? was 0.¿3 kL., »hilBt th/ world 

r.vorpßo totalled  2.5 kg /capta.. 

h)    In  the  la tost  f :riod,   rlnminiun   imports of   th,;.  fo- r 

countries pr:   incr.<rr.jn¿; by about  l6.5j„ Por year  (1S,6>-6G). 

Tha  volumes of  importad aluminium ; ooar,  for   th 3 four oountrio 

totalled  12 million dollar* for  1S66,   corrosj onamL  to 

10,500 tons. 

c)    Th T >   lu practically no   exchan^a  of aluminju/n j/roauotc 

between  th? four  countries.    Tha   antual  dolivori ;s   xn 

19-8  totrlled 2(two)  tone.       On   tho oth ?r hand,   th.ro o.a at 

n.v.nificant  idi.:  fabrication creaci ti Oí   for  certain   j.ro .unta 

(-••fe.  woldod tubes in fio rocco ).       fouturi  information and 

co-ordination  of  comarco rolicy Focm hero  Ccfîirrblu. 
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fi)    It   in   a  ,- JJI :r'- lj.honom.3non th ^t   thor.:   - s   no  CO.K oinno or 

organized r.triv-  to   fro mot •   uoonomjc applic, lion  of 

aluminium.       Th) mont   striking   i xa ripio   for thifs   is  tho 

amazingly h"i (_,h pro i ortion of coprir cables pro .uct J on 

.-md  une, 

It   iB ad vi FT hie  to   s^dy   tin r   r-itutinn on  :•.   ro£p.on"l   ba:is   -<n¿ 

tako  co-ordinatoci practical  stops,   in  order  to promet'- more   rvound 

. íVOIOJ mont. 

Th-.rofor?,   wo r¡oon: .>nî  th.»  following: 

r)    To  ontabJish  in tho  involved countries production 

faci li tigs for  tho nor.t  important   semis,   Ruch PS  — 

- Bho.it,   possibly also foil 

- extrusion« 

- wi r„   rod 

- oaf; ti n^'B 

It   in  important  that  th ,   quality of  tho visualized products 

houl,.   bo   o";jvrl ni  to   thono   from d^valoped industrial  count ri os  and, 

ihoi.forc,  proper regional standards   should bo ¿F.tablishod.       Tho 

.roblom of ooonomic scrap-processing «.'.oRervos special attontion. 

b) Tho  dovolopmentn  indicated above nndor a)  should  bo 

i rip] ornonted .i n  a  co-ordjnatod way,  on  tho   bams of Mutual  imu.,>rr>tandm/,. 

c) Sp:oial   offerte  shoul     bo ma-.o  to   facilitate tho   broad 

pplic  tion of  aluminium,  using pvaj labi"' up-to-date foreign   cxpor- 

i onces;.       Thir-   if;  osp:cially important   in  tho field of  olootr.ica.1 

imluntry and  el ootri fi cation.       It scorns   rational   to oxort   thoso 

fforts in a  joint way,   nninL   all means of common  t  chnical  information, 
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d)     'h TI   ."HCiiilin/   th'-.'  ou: tonn   trriff  ryr.t MIC  of  the 

countries,   or th"-   r.'lovrnt  hil: tor'-l  .'¿ r :  rmnt; ,   u   f.l.onK b;; 

J.v] t   in ni ml  to  promet«:* nutiml tr-do   in rlurcinium  î.OOJH  botween 

tîi:  ooimtrJoB of tho   hc*, hrub. 

It   exceeds  by  f  r  tho  rc<.po  of   thi r.  Rtn..,y  to   outlin     m 

o;tinPl   set-up   for   tho  cornili,    r,-»rn.i«   production.       HowoVor,   on  tho 

hpf.jR of our  fingiti,/,,   it  c.va bo  RH, [e! tod  "•;   r>. j_rolininr ry •.iro>p:vl 

for conBi^rrtj.on ; 

-To   set up,jointly ..i th th :  future  Rm,,ltor,   r-   cr-r.t/rolling 

mill   for iti r >  rods ;oth r   erp POI ty of nbout  20,000 tpy 

(corresponding Prop orzi   7B type); 

- To  nut Dp,   in  the mot t   inportrnt   in'.ur,trial  regions,   two  or 

three cpst/rollin^  unite for about  5 - 8,000 tpy orch,  in 

order to oov  r tho r quir;<:onts  in 

- rounds for production of household ¿pods 

- om'ulrt,).,  sheet  for roofs and othor ;urposeB 

- she .t  rnd  stri] ,   in ^encrai 

- f. -t up,   in on    of th > coumnes,  PU  „xtruK.i.on mill, 

hioh mi,,ht  supply mrinly: 

- profilar  for construction; 

- r.mpll  di-mot.:r tubos. 

In ordjr to  k romot„ thor,.; dcvolo.« monts  in en o¡ timr-lly 

rrtional  v;f»y, ¿^ ßli£(.£ßi  to prn-fro r  uctr.ilod jrt-ydy oonccrninft 

both 

p)    market  raplysifi r n<    for;oaft  of aluminium nomis  and 

fi ni shu.1  £,oods} 

b)    p.It  rnptivop  for dov-lo, t.r ¡at of r, :mis  production in tho 

f>( hrob count ri es. 

(Quoted from Chapter 8.22) 
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P)    A  ron,-h  foivc?í-t  c-lcuJntj on :.j¡o\ r,  th;,-  follo; a.n»    --'burìm^r, 

' br.orj..tJon cr-jmniofi   in th •  I.r^hr.'b countriws.: 

ÈS' 'j£"^..eii T
con,- ìml ti on  j.n_ tonr,  f .• r   •,     r 

to tri MPí¿lS^,a..}R t/1 :_ii"iiía' iJ 

!S'75 27,000 16,000 

1SÖ0 46,000 26,000     • '- 

ISSO 10^,000 ?%000 

9)    In th.i  crac th : j. rojjot^d production  should nubstriUi .-Uly 

oxco'îfl thu f bov . qurntitJoR,   31  i s ìM'V.ìB.;ù  to mpJco rrr¿ ti¿oi .,nta for 

fur-rr-ntcnl SP1:ïJ,,   rofu.ihly ft   'list'   prices. 

10)    It hp.r,  noon found th. t  .-in thrcu  Mr^hrob count ri ut,   ih.ro 

exista  f  r;;.''l)ñt-ic  josr.ibi li ty -to  j roduoe  fluorine ¿.roductn,   ruoti, 

othcrK,  oryol.it ho  p.nd piumini un fluoride.       This poBñib'lity  ìB 

b.-rod pprtiplly on  ni ¿m fin; nt  do;.or,itfi of fluor&pp.r  (CaP   ),   rnd, 

on  th-ì othor hrnd,  on joi;; ibi/  fluori n    r ^cov :ry from the product ion 

of phosphate f.jrtjljzoir.  for uv oi.tic ur,o p.nd  exportation. 

Wö £.c'£°HlPn¿  to   r.tud/  th-<  r,]jv;nt   B.ituption on p   reponrd 

br.RJB rnd to   ôlp-horpto P  co-ordinftod p]rn of potion  for p   iurv^y 

pnd .' ivolopmnt  plp.n ia thi:.  fi old. 
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2.  CSÍSUL rTFo.¡ ' íl.Tí-°íL BL3Jñ <\Lui i INI m «„ij^my ¡, / 

':'#1    lì1. .JEk.Pl}Snc5L of ~Inninium.        Tho jro..'sctK)a <,i   • i-,;,., iijU ., 

•hon.h  St  h.-;    bogun on r   nomnorejrl  r.crlo only :t   th .   ,.,i I  0f  th- 

JSth  cmtnry,   .I'»volor :.L  P,| ,-ctr cul. rly MI.;  hr¡-   qn:aÍK' ..ív-.-ly 

outf trá^püil  th-  oth :r non-forroní,  m;.t."lr. 

YOCTí     1900 

-1000 mt     5.8 

Finire  2-1 
World Proùiic_tion__of Al'»Kín 1 um 

1510     l£20        1S30       1S50       J¿&0 

44.9      125 -6S       1509        4630 6530      ovor 
10,000 

(forwCP.nt ) 

Th-ra  ir,  in-lic  tion  th, t   ó ri n¿ th.  n ..et  ¡Ljcndc th-  conf.ur.j tion 

. í r]"minium rot.-l   uill  furth >r '.1 ncr -P.K .   b.y  r   jo  rly rr ,,.:•  of  6   to 85*. 

3'ibrt  ntirl riditi on.-1 j. roduotion ot j^oiti ¿f.   ~re  .-t  this  «.ornant  under 

Tonntr'otjon pli ovor tho  world. 

Th...  rbovo  1   : :rlof.nijnt  of  00 n numj. t j on mu j rou'iot.i on .T n   -ma  to 

th-  f.-vo'ir-bla   ch-rì.ic-1,   jhysical  rn.l Meohm.i ocl  proj.ortj os  of  thaw. 

M^tPl,   uh^oh   on-blotl Jtf    hror.I  r.^ li cation  in  important  fizlÙB,   f.ncn 

. r. power tri nsMj r.i.jon,  tr^nt^ort,   .rcbjnt,  construct.! on,   etc. 

In mah  r wr»y,   Pluminium  bicrm-o   nn esn mtif lin(;,ru.Iicnt  of all 

.OVOIOJMV. economi OB 
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'' ^   ¿TI JP.\,J *       ^'*'    1 rcl.,1ctjon of  •• lm .,i n.iuo  ii o  i- .uuy   .. 

bo'ixito  or     or.  r   ro.i.  n.-t   rio.l.       Ar,   o   soi,   oxcjplion,   c:or.,ii,crcA- 1 

CjU.-uiti ti :     of  oli: ;r  or-n,   r.uch  or;   olun.it.:  :-n..   a ;j ,'o>lino     r)   , roc; 

in  th ; rSDRs   but   vi th  t]j     ;ror.-tit   bruxito   ou, p ly po ;rib;i ] 3 ta on ,   th; 

mi,.ht  bo   onnnomi clly  junto fi où only un. .or  í,¿  .cool  c: „iiti.oj.o, 

Prorj   tho  p;oolopir,ol ponc-tic  j oim   of vjew,   tv.o oor.ic  t,yj oc of 

bruxito o'.-i;  known: 

o)     thoso  in connection . i ih   > ;;:• ¡r ti c bos-rock (lot   rite-l.'/i •..•") 

ond    b)     thor,:j  in nonn.-ction voi xh   n.udi m ;ntrry rocks (corctic-tyi o ). 

Ror/vrcling the min ;• rolo/.io--1  cho.rootjr on.. ch.T.iool  com; ofoi.tio».. 

tho r.oí-it   importrnt   for tur»1:   or- tho   fol lowi n;,: 

Tho  aluminium oxiòo i.ioy bo prasont  in th.,  or-  in th;   fori., of 

trihydroto AlgO, 7    31^0 or monohydrrto Al^O,    7 HjO.      Thi'   1  to;r 

opoln,  mo.y  occur  in  tro ("iff ¡rent   forms:     bo omite ont1, ¿io r. por. 

Tho  y roooBñing of monohyslrot :• houx.it .,   of..pomolly of ujon^orin  typ-, 

is mor.-   ox)  msivö thm thrt of tho trihy..roto   (pibbf,ito or hy.lro- 

pi Hi to)type. 

Tha bp.uxitc oontrinR tho follooinp no in componenti.: 

AlgO.  botvojn 40 - 60<* 

Fe„0-, 

S i Op 

Ti02 

2 - 20% 

1 - 6V 

1 - B% 

12 - 30/Ü 

Tho  ootive SiOp  content  in  the  ora   if. of ¿ root  importonno. 

Rinne ..uria,   the o.luminn production,   cnuìtjn r,où,    :,.nd ALO-,   IOBF.Oí 
¿   j 

oro proportionol  to th    cont nt of rctivj  Bilico,. 
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Development  vork .in  rttoMptii n/- to   .ir.ijrrov    th .•   jconomj di' 

low-f racle  brnxitt¡ ¡.roceBsí n,    JE nt  , rjR.nt  cp.rn jd out. 

Th ì   -investnunt  cost   for  the  ontrbli shiv, :nt  of   b-uxit ,  r.ijnintr 

faciliti os  ni i ht  be of 10  to  25 US I  ].er  ^nmi: 1  i.-„tric  ton cri.rc.ity, 

The  mpin    rouncin;   oountricR of  bruxite <"m'.  thoir or, roi tien 

r».r ;  imli or tjd in Figuro 2  - II  (r^f.  IIo.l). 

figure 2__- n 

Bruxlto  Profilici n^ Countries 

£oniitj7 iLíl£f,-c¿tjLin  ljOOO 
motric tons 
"" Tl96.b) 

Meßt ora H.imisfhv. re USA 

Brazil 

1800 

¿50 

Domini orn Hop. 900 

Guy r>nn 3^ 00 

Hr Hi 400 

Jrr.TJ.CP. 13250 

f]i>rjnr>m 6000 

"íiropo FTAnOG 

Cr-!-iCo 

Itrly 

256© 

225O 

275 

YupoBlr.vir rbout 2500 

Hungry H 2000 

USSR H 60OO 

Roiun.- n i r it 100 
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ABin 

£eün.tT2 

Africn 

Indi?, 

Indonesia 

MPIP.VP. 

tSJ-J*!.  in 1,000 
metri o ions 

350 

1900 

1300 

Sarawak  (in  Malpy^ßJ." )       300 

China about     500 

Ghana 

Oui n 3P 

flj orra-  L :one 

750 

325O 

350 

Austral ir 

World    Total p.bout 

425O 

6420O 

In '-'.-»turn Africa thro pro important deposits of bruxito 

which, up tillno!, h^   -   not  boon sufficiently oxploitod (o.g. 

Guinea,   Ghana,   Ivory Const,  Con^o,  M'li). 

2.3    production of rlunina.       To-day all  aluminium  in j roduc-jd  m 

two main  technological  &topf»: 

p)    production of nor.ajrcial aluminium oxyda  (Al.O,) i .0. 

piuma iip 1 

b)    production of the metal frori th..  oxydo,   by hi, h 

temperature el sctrolysis  (smoltor procuss). 
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This  wry rry  b>   r •. rr^.c'l  rt   ;rjn,nt  rt,  the   only   joonimic   \r\y. 

Jìocjnt   -ffortr,  jn  nor,.   countnOB  to  Mtrm  principally n,H w.-ys 

of jrodnctjon hnv,,- not  proved  fruitful.       Thnr.  nt, f.-rvont   if.  rlr.o 

nUjjjort.Hi  by the   fret  of tho   world-wide viforon:   co.intruction 

mtivity  in the  fi old  of nlunine   pl?>ntr;  r nd   electronic   sr,¡-It   rn 

rccnTuirif.  to  th •   c]rr,r,.i r.,-1   j rócennos. 

The nor.t   economi o rnd nontly uso',  j rocost.  for  th.-  prcuntion 

of r-lunjnr   from bauxite   IR   th ;   wet-rlcrlin :•  or nof-c^llod  B;%/er 

procesa.      This process hnr,  soveml vrrioti.es rml th.: dor-.i en should be 

carried out individurlly,  cV», ending on tho  chrrrct ;rxsti cs of the 

bruxito.      Tochnoloty ,-n . ocurrí nt w TO KI ,• ni fi orntly ...ovolopod 

rftor  tho Saconu  t'orlu ','n.r.       Tho  most  import'nt futures  of 

modorn plnnt:     lrr^o  ocuipnu.-nt unit:;,  raspantively ¡reduction lines, 

npplicrtion of continnonn processor,  rutomr.tic control,   not.  types 

of equipment,   sophintiorted hort rml cr.untiô  Rod,-, economy r,nd 

rocovry, utilization cf  by-products. 

re The  production of rlnt-jn,-   IF, r  noBtly hort-.-norgy intensiv». 

industry,  it no-do riso  hi ¿.  çurntitjefl of onusti c sodp rnd industriel 

wp.tor.      Tho mr.in consumption  figures p ir on,.« metric ton of 

"lumina rro:- 

bpuxito,   t 2,2 - 3.0 

ornatic  Bodr.j   t  0.06 - 0.18 

nt irn,     t   1.5 -  3.0 

•l'oirjo po.ior kwh.  230 - 300 

fuol  oil,  kC.   110 - 120 
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"lu-   -r'v •'-;  ..ntr   pro  rnnh       ponding; on  1a..    .     xi . 

ohpr.-ot   nr.xjcs,   .~n .     hould  bj   roi;nrded  only  r>r   indier/i 

wrt IT   \o->nd  p. >r t  of rimai no   is     about        ¿0  to   30  '.^ 

OP sen   lin--,   on  m  in,'roui ont,   ir>  ni so  njodod. 

Ii.   re i. A 

The  mrjn   jfflu -ni   in   "rod mud",   r.n  rlc-lin     ir:;to,   cc;u; i.nj.n. 

mostly Fo¿0   ,   Ti02,   Si-Og,   AlgO,,   NPgO.       Vnnndjum  or.d   , : lliu , mr-y 

ooonomicolly be recovered AB  by-p roe'nets.       A  br>¿ kthrou, h  ir 

economic processing of  th .   red mud on n commercirl  ocl; ho.r, not 

yt_t   not   ri o li zod. 

Por th.;   30f::iom-i e sia.;  of n new nlumj.nr   plnnt,   r   cr|,rcH;-  cf 

200,000 to   300,000 r.-.otric  tons  psr yorr  se >ms   to  be  tho n.inimum. 

Bi í   producers  t -»ufi to visunlizo  on j million  t/yoor plonts   („ji^tr- li. , 

Jnmcicn,   Fechinoy's new j-.ln.nt  in piropo). 

The specific  invor-tront  cost of rlw.inr   jlentr,   in  botv; ;>.n 

163 -~nd  220 US$  p-T motrin  ton  onnunl  enjneity. 

Moin  footers  i .lflu^noinf   r,  l;ction of the.   «vita  wns until now 

montly th';  proximity of  r.  bn.uxite mino,  rvp.j lrbi li ty  of tronsj.ort 

(hrrbour)  facilities ono  thormnl   onorpy.       In  nom;  conos,   into¿r?tod 

n lumi nr/^lumini um faciliti as hnvo boon  oonß traeteti.       N..o  dovelopnont. 

in  err,'o  shipping nnd  th¿  nvrilrbility of bip, qunntj ti JB of oro, 

OBpeoirlly tho A'ir.trrii r.n  bnnxito with ¿ronulnr structure. 

fnci iitrtin,"  bulk trrnsport,  arc p.,/.in  influ mcin^ in tho   cense 

of this  Mter philosophy;     kcopin,, in view nino the proximity of 

the metnl t.irrkets. 

It should  be mentioned thnt,  for tho production of on ..•  ton of 

notnl,   roughly two  tons   of pluminr  ore nc-oded.       This d   toriuinos 

tho  enprcity proportionß. 
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Th -   onr.-ntial  t  chno logier.]   perforano.,   in  t:   •     ...   . •.,   •• 

nm.ilt ./   i i*   ti;  obtrin  thjnvtp   1  from  th.)  oxK....   (; lunur:- , 

Thi •••   in  ùonj by an   -electrolytic  j rocjn¿;  .t  :   V .,   "PIV; 

about  940  C     -".nel in a m ylium conni st i n; of rr,olt,m fuoj,  • „-:;rlxr . 

Thin   process is performed at  a li.i^h current   ;nt..n. :. ty   (i,  C.) 

np to   100,000 Amparos mil mor.;.       Aluminium  n/r^ltiii;   i :,  -   highly 

eleotri c-onjTf:*y intensive   industry;     foi   th ,•  pro-,notion  --i'  on.o 

ton of m.jtr»l  pbont   15f000  kwhs pro needed. 

Thü  production of tho   nmolt?r is  ¿ ri ni; ry or  vi j, i-: rl^ .i :JJ¡- 

njtrl,  which  is shipped  in  infots,   slrb.= ,bi llotr, ->rt  i.f r-yt Iyintj 

up-to-drte  oart-rollin^ tachnolo¿:ieB,   ¡artly   in  th.  forn; of 

Prop ir zi   rod or  li re/or cant-rolled Rtrip. 

As  tliif.  r.tud.y in  cone Tti :d with   just   the  posnibl     ont."'¡ilj u.^nt 

of aluminium  smultor(ß),   thi  r .'levant   technical ;.n..   •oonoDic   im'urwa- 

tion  will  be presented in  the naxt  chapter,   ceprrrtolj  PH..   iu  detcil. 

^•5    S jconclp ry f lumi nium.     Thi F;   in ¿roduo ;d.  by procpsni.nf; r.nv..  re- 

msltinf aluminium scrap.       Ae  th J production  of r> .cond; i-y  r lumi ni um 

is  f n,rplly   monomio and   tho  B  condrry mutai   cm   b.   "i.vnt-, uonnly 

rppliei.,   ospocjrlly for castings,   itr  turnov ;r c¿).~ntity rxtrxnc, 

in  «or,,- ci volopod industriai  economi OB,  about  20^ of th.   tot- 1 metal 

domr'nd.       Tho investment  cost  por metric ton ,  .r yo"r ::.:.c<r.\l.-ry 

smelting capacity is about  100 USi. 
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2.6     Prediction  of  o-.ri.s,   j'."Li jj-  e j *, -ì_»__J: 

The   in  usi ri OF.  mrmif ".".turi n;    ' lo».   * 

- pioto,   sho .:t,   stri}-,   foil   (roll.. 

r r.fv'.iiots  fi' eh  PB 

¡I   reinforced) 

'   Tr .'."il Ot ÍÍ ) 

- extrusions   (o.£.   profil..-!.,   roof,   udj.. .-;,   fl'tn) 

- for,' 3 n/;;s 

wir:,   cblç,  ACKR   (rlumj ninni  cobi.:,   U 

- pow'l .r,   r'*ste 

- vi-">ldod  tubes 

- ¡Irrwn  tobos 

p.r ;   i;.?norPlly olpsrifiod  nr,  f-c.is   f-brn:; tion.       An  inportrnt 

port  of   th     r,orni s in  up  o  of alloys.       Tho  pro ;'.not i on of cpBtin/s 

in  ro/orded ¿, „--v-rpHy rv p. o-j orrto  { rouj.   of industry.      A  further 

link  in the   j i n ;  i« th ;  provinoti an of oluniniuin  finished products 

( ••/ .   construction   .-lonontr.,   hollou-.wp.ro,   ohomi or.l  industry 

.'qui pm ;nt,   oto. ) 

Conni dori n,   th j   or.xp.bli f,hinir of neu Piumini um  in,.ustriüs,   it 

should be kept   jn mind thrt:- 

p)    Th,;  niatp.l  en  pono trate-  tho Lo..o:.tic  or othur visur li zed 

Markets only uh :n  th,.  noojr.BPry  OPJ rei tier, of somi- 

fabri option r.ni   finirti od  ¿oo.is will   be   pvajlp.ble  at   the 

samo timo. 

b)    Th.i   economy of aluminium inuustry n;  tho  mor,- fvourable, 

tho moro the ruotai production con  ¿3,;t   integrated towards 

manufacture of s ¡mi s and  f i nir.hed  yondn. 
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3« IHS ALUflNIUK.. SK^LTSK  INDUSTRY 

3.1    Toflhnolo/y,   jfpu^p),;nt,   struntur>  of th•   2' 1;Tlx • 

Th '   t 'OhrT'ln, y t. n <r.- lly appli où  -1 s  th-,   olanoic 1 l-HoI'Oult 

¡.roc ss,   üF.jm   "n   ••!   ctro lysis  hi, h  t .¡m; orrturo     of  about  S30-S'5>C   C   . 

Tho  ol ,'Ctrolyte¡  JR uolt..-n  cryolitho   (3NaF,.Al  I)»   usually >;HL  som 

excess   Al   -,   eontont.       The   alumina   if:  disfiolvoù   .in   tino  flux.     The 
5 

ertho'le  is  th .   cell   -lcotrodo carbon  linJn,..  itaolf,   roop>.otively 

th •  nijrfmo  of  the no It on  alunni ni'imlryor at  tho  cell   better,;.     The 

orrbon r.noù.is  ?r    jw-rs -.1  .into  th •  olectrolyt :  PH..  arc  conoumcù  by 

olootrolytic  oxyùrtion.       Tho cells aro  olocirically bo un.', in  ¿.cries 

crii '•''. pot-lino.       Th.   a.mporr,_.; of oominrci',l  potlinon vory   )..twocn 

40,000  and  about   l^O.OOO  A.        Th.;   coll   -varr^  volir, o   i ¡:  r,»ont   4.0 

- 4«5 V,       Tho  potljnon  ar •.  fed  by D.C,   converted  3n  silicon 

rootifyor  ntationn.      Thos ¡  hovo   off inj onci or. up   to  over 98/.. •     Tho 

D.C.  voltale  of tho rectifier station ilotorminofi  th ;  nuub r  of  the 

ells.     It   is usually bctwo  n  750 and  1100 V, 

In siioh  a  wry,  tho  r reduction c > acj ty of n.  potli.n..  ir    determine 

by two  factors: 

a) tho  current  int ¡nsity, 

b) th.j D.C. voltr.. o  of th.;  roctifier station,   by winch  tho 

numV.r of colls  iß  clot ormino!» 

Th )   basic ,'<,roupr. of   aquipm^nt  for an a lumini um smoltor 

rospootively,tho mrin plant  do, rrtmonte rr.'  tho  following. 

- ì] ;otric sub-station,   ine] m'j nf_  nwitoh^oar  rnu transform ors, 

- roctific-r station, 

- trannformur and distribution system for A.C.   consumers 

(molting furnrocs,  motors), 
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lì:      .-1 ' otr-iyti n   ojlls   rno  thoir  busbor  tyr. e .r., 

.;1   otrolysin  Bjrvico  an*    o.uxiljnry  o' ui j.m jnt   (CI"<UOF  l'or 

mountj nf;,  for n.nod ->—mani pul; ti onr.,   cruBtbrt ; kor; ,   •" lumina- 

no pj  TO   nr nth  r  fé o'int UJVìCOF, ,   t"ppin^ cronici   o,   bp„o,ial 

toohin . ry for  th     furioso  of  roj. lo o ,,-i-ont  ni '.  cl„- n.in,   of 

etc J1  oon-.'.i'ctor  studs   in  thj  opru.  of  Sod -rbor,',.  pa/'::,   oto.) 

í-t-tion  for imloodin;.  and Rtor."fû of rlumino, 

. v >nti Urti on oynt   i    for tho oollhouros,   p-.s  ] uri f io,- tion  and 

oryoli to-roeovary,   if nny, 

foundry nhoj   ¿'..uniment   (holding  pud molti n,    furnpoos,   >.t uip- 

mont  for th j casting;  of inf.otr.,   slabs,   billets,   crrn.'S  anu 

oth ;r  hpndlin,   oçuipmont  ana transport  fpoilitiof.  for tli-„• 

pbnvo,   spw for infots,  millinp m;»ohin  ry fcr se; Ipirif; shoot- 

•i napts,) 

ponribly uruipment   for  di r. et  crr.tint of roer»  ani.  strips, 

(Prof   rzi  mill,  ronp jot i vely strip-rolling castinr mill  with 

p.uxi ] i.rri OB), 

P." xi li pry services   (oomprcssor,  vacuum  syf»t:ms,   if Pny,   water 

PU j ply,   etc.), 

rofpir   r.hop (with  special regard to   r.qui r'i-iontr, of ¡smelter 

maintenance), 

modo  pli»tit  (with  storage), 

laboratory, 

f, onoro 1  stores, 

offiooB,  w »Ifare  establi shmonts ,  etc. 
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Irrte  íu'.rlo  rlwjnium  j roducers  ;lov dopod thcir  ov:n  '„pooific 

cül  J'iifn.       Th : most   important   futuro  of   tho   r...-ll  d .£i(7i   is 

th-, .s,= ] ;otion  of  th : ¿nwljj^Um.       Concernine   this,   four bpxic 

typen  f.rv ';ROù  r\t  ¡resent: 

1) continuons,   solf-brkinf   Sod;rb^rf- rnodon   with horizontal 

r.tucls   (studn r.ro  nightly com c 1   otocl   rods,   which  convoy 

tho   o] ;ctric  current  to   th;:  .".node  crrbon), 

2) Co :.¡Th.-r{_. Mioclef»  with vjrticrl  stndr,, 

3) pro-b-*kod rmodor,, 

4) continuous prc-bfkjd p.nodos. 

The opt li cation of   th;   d.if forait modo  systoms  h.-vs vr-riod 

drrmnticrlly  in  the  lf.r.t   tdr •    doc:<dos. 

During World Wrr  II,   "íuroj u-n practice  wr.n much .in  frvour  oí' 

horizontrl  ntm.s Lo.: ;rb :r,:'.       Th,.   fiftior.   :.rouf,ht   ."   hrurkthrough of 

th ; v;rtio~l  Sol rb:)r,\,   culminati n¡   with the   of.tr-bl j sh   ont of 

Kitimrt   In Cmnlr  rrnt  Nofiuoror.  in Franco.       Tho  sixties  brought r-.fer.in 

rn nv.-rv-helminr-  nt'irn to  clmiricrl prc-brkod r.nodoe.       "îvon  Pochi nay, 

onj of the  pr/viouE chrmpjonr  for  vcrticr.l  Sod?rbort; assigned 

INTALCO  (in  tho USA),   DISTOKON  (in Greoce)   ^nd SLATINA   (Rumrnir) 

with pro-brkod nriodoo. 

Th.;  continuous pro-b~kod mod OR  system  is r.  spremi <oovolopment 

of VAW  Jn thi  GFR.      Until  no-,,,   it  hr.R  bo n rpj li od oxclusivoly 

in Gormm plrnts. 

Th :  recent  picturo,   though much in frvour of  pr--brkod mouos, 

ig nltnp.thor not unr.mbi pious.       Tho qurnti trti voly v ry f imi ficrnt 
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Emulier incus try  jn  tho  USSR m. ¡s  plmoi.t   .xcluriv.ly   o-.-th   t/,   ;   d" 

Sof.jrbjr/.;.       /•.   let   of now  projects  ols 'wh_r.'  r.r •   rib*)    : 'ï,i/n.'.  vu th 

Eo .  rbor,..       Son»   V.-XPII¡" les : 

Srrrr.ìonhn   ( .xt-nrnon) Brazil ho ri zonto 1 So.jilor,: 

Soylishjhir Turkey vorticrl " 

ALNOK Norwry vortinp.l " 

Koynr Indien Vtjrticp.l " 

Krilr^n Aluminium 
Co.   (   xt.nfi.ion) Indir. v<:rtier.l " 

BdiP^m India horiaontrl       " 

Korhp In li a. vorticr»! " 

iilvntrf^r,  p.nd.  di spov.ontPf.OR  of th :  Li fferont   .-modo  F>yr,tons 

pro  stili 'in '. >r di noussion,   ,.;v ,n  i i thin  th.; t.'-.chnicpl  stnff of 

IcTf.o  norie trodoucors. 

On fi „•]••;oti n<   th>.  tyj:o  of rnodo  nyntj""),   tJio   following  nrin 

pp.ttorn of clur* otori nti cs of tho  two np.i n vpriotioR   (]' ro-bp.kol p.nd 

Sodorborp) mi; ht   s -rvo PB  a  ^m ..olino   (Rof.  No. 2), 

Pro-B'kod ¿odjibor^g 

Powor consumption  lowr Anodo  plont,   ch^pp^r. 
(by •'hont   1000 kwh/t). „..   ...     . v '    ' Slightly  los« mrjipovïjr 
Plux consumption lo  or n<-jdod. 
(cryolitho  + nluminium fluorido). 

Lo«, rtmosj. h rie pointjon 
(no  tpr distilling fro« -nodos) 
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A-   to   r;ocj fi c  i nv,;; tnont   corvi;.:     •, it!;  : .• • 11 ,-r  ¡ 1 - r. ' r , 

So". . rV-r-'   ir.  eh  .-por, hut   m   th-   one     oP  ]-r,      r.ru. lv r,.,   . r* -bok.o 

.in   tli     mor    coononne.       ftc/rrùj n,    th-    ¡i-    octi   4.  .;< . t,   v. h v.-   j icta<i; 

IS   F .1 rrp 1 : ' r. 

^jtrr;t   conj-r-rrti v;   figures-   for   PJ   •rifu;   i no ,;:t' •. nt   C'-.,-1.--.   ; nh 

r-mdunti on  fiORtr--.   ~n .   th o r  v.-ri o"U <»n  '•;-   ••   l'^fiojcr,   •. f     1 • Jit 

c^i'cjti :r¡,c"n   o .•    . .t ormi ,u; '.  only   m  the  erro  of  sp >oif.i . .   coot 

f.-ntí-r.s,   ..-.p.   nf ir.tructi on } r i c,o   luvols,   p ri COS -;i"    -ludria   ;n-.:r(g 

oml   rrv  r u""! >ri r ] s. 

Thor.-.:   fro torn  VJ 11  rlr.o   u:t;rf)nj   th    r,nr>:  :-p.<oific  j -'T" i : .tors 

of  pot lin    •' -r,i¿.n,   os;p jci   lly  the £pr£_;rrt_ _' ..mot.-L-iì  i'°   ìjl-   "   ^ '^où 

f'-'T   th '   ."no...'!;  on-    th :  bn:,bo.rs.        Hi ¡* Ji  joo -r pricon   justify  lower 

o'irrjnt   '...nr.i ti or,,  which    o.ffliot  rfrin r.n incrcoro   in s¡ oci f ic 

inv:Rtr-:ont  co;-ts.       Optu-dui np oolo-ulofi ons  for  'Lion     factors 

Bhonl,l be  .on  olo'.ont   in r   r .,•."! .¡vont  Pcsihi lj ty Ltudy. 

^ • 3    F J" turas o f_ u I »to-í'.r'te  smaltor techniques. 

Ar,   to  th.-  eoli   r.jZví,   r n-1 current  int mot.io;   of tin  potlinos, 

lorpo  production um tí   -r.    n   t up-   with c,.ll;¡  of 100,000 il   ML. rbove 

(s       Rof.  No.   3  -n.I  4):     • -./•-.  t'SGR  to   130,000 A,   F'  ohinjy  o bout 

130,000 A.      Smr ll.-r  {lrntf,,   onpociolly  in   . -volopinp   inOu;tri OB , 

r.r î   still  ounKtruotetl,   how.Vjr,   v.it!i  m-rr^nt   i ut..'nr i ti or,   from 

50,000 A  to  fbont   70,000 A.       The-   íUIVPntr; or,   in  thi r-  o;\i,o   or,   : 

nitri) lor,   chopper busbrr sy;,t,.m,   thy  c  11 o¡ .„rotion  in  • •• r>i .T,   thoro 

or ~;   IOBS  possibilities of troubles  in oj- oration. 

Eloctncol   e(uipi   nt  r.nd  burhor eysIanr,  oro  cntifitncti).. in r. 

wo/  to  piinimiz.  > l jctrifi  energy  losses.    Hi f h  efficiency  (up  to 

rbov-t   Sij.i'^o)  silicon  r cti fiorii  rail oll-woluod bur-box systems  arc 

h-, r ;  tho  HO in f ; turoe. 
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C.'llhouso  njortioni-   ' r •  VM •'. - ly  • .;0.'o n.i .-.._• ..   (Oru;.t-hr   • 3-:.in. . 

f.--1jn<;  of   ."lucili" ,   t-^rin,   f.f   th :  m.;trl,   io.T'lotinn of  int.r\.l-.r 

'..intn.nco,   r¡.- n^ pu].' ti oon   conc,.-rni n.    i  •/].r-..:r  ,-nx  r /  1 h     ,- :;      .-. ,   -.n 

th •  owotpct   stoofi  for St   ' ,r oorf- o-nodofs. )       H. r-.   r;,   C:.P1  >    vac.;.  •• i 

p.piliod,   •  . f.   by Fachiri y,   .'imin;.   rt   rn  oxtr.i»,c   ..-ounor-y  :m  n-n4n.w..r. 

Flont-ncrle  putomrtion  i R ,   qmts   r*.oontly,   \ .v  lodino.      In 

soma  rroj   cts,   just  und  r  oonntrocti on,  rutonotic  control  of  ¡   rio .an 

crist-broPkJnc.  rnd fcodinfc  of th,;   e..,lle  with  .- lumina p.n..  r.-yU; tion 

of the   Jnt.r;n]rr usVncjs will   be  foroBo.n or,  vo.ll.       Othodo 

li ni a,     ;if:   ¡. houli1,   .¡a  o.bnu.t  4 yo-TS. 

Por  , urpor. ;F  of their foundry   rho; ,  mo¡ i  rmoltors  p.pj. l,y   iwo- 
otoge  furnr.oo o/sol jrne.       The to¡¡- ..:.  oct; 1  JO  colKotüd  in o   miocci, 

,..;ts   írrnsfuBcd ini'    p  hoi-'.in,'.  fiorare.,   -nò  is pour':1'.   ;Jthor  into 

in, otñ   (ooirv, nhoin-moulds ) or  to   r.lpbs or  billets  (ur,.m¡. direct 

or r.tin,',   of   BOVT]   ji  :P,Oí;   oimultonoonrly). H-.ro,   proper    x-opoi f- 

i option  of   th.: r^trl,   ; .o idin(j  of   chutes,   r.    WJII  as  moxi mol   r „eh. in¿: 

tion Pir.  rutonrtion  in  tho  cpr-tinr, j r >oasn,p.re nwm¡   th.; moan 

f..-." turar, of up-to-dpto   technolooy.       Por th^ production of   uiro, 

th.;  Iroj wrzi-mill  .ir,   i,i .ely ."nlioil   (c."\..-city .'.f typo  7B 'bout 

20,000  tons/yorr). 

In tho  production of mod^e  or -no'. ; y. oto tctol m oh-ni zr ti .>n> 

putoiotion  ond p. totolly olooud   syot^m  for wx .rio.ls horu.lin^ oro 

chprnctori.Rtics of p.n up-to-doto  jlont.       Hor ;  it  JS cljpprtod,   if  J u 

tho criticp.l proci'Sf, of mixin/f.p   continuouF> or r   b-'tch rK;thod  js  th.;. 

nor-;  prof?roblo.      Som i   ni.-   producers  pro  still    in f vour  of tho 

bp.toh proco-BS,  vhioh pffords nor;  B;cnrity in PVOj-.'.jnt; bi.f,  BCO.IU 

failures of the ¿.rpnulor compositi on« 
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In  ti. .   [T . '.voti-n  ;ìf ¡rc-Vkod     ru  ' ,r>,    or ti-  r  r .n. ni, 

ach i   v.r.^nt   in   the   n j., ]-1 í cvt i . n  nf  tli •   v.ibr tion   t. chiù qu,...   inr-t .'f.d 

nf  ] r .•.'.:••> .in; .       B-foru  Cí-HB I .. -r j nt:  ita  .'f¡-l-lC  tion,     th<;r »nah 

r.'f,r.-in.p     n  ] I: nt-sc le   .:Xj    rijnco   should  b,    f.ht." 3 n d',   how ver, 

or.] ;Oirl]y  in  r«'l'in^n  t     tìi •  qur li t.r,ti v     oh; re ci . ri sti es   rnó  fiant 

';:h; vjour  of th.    jrodv.ct. 

3 • 4   i.r-^-Iici¿ : 'i* e£2_ii£ AÌI'-'. il?-3.1 tü.r * 
Motfl quality.     Th3r,  is  gon^rrlly mr.inly doj-....ndinr on  impariti.;s 

m  r]i¡min-    ns   rno('.o  ori'bon.     Tho  jurity  of  ih :•   'etri  r,ho'/ld  he   in 

th..-  rv.r;n.¡   ovvr  99.6^.     The   nain,   ¿u.v.r.' lly rca.i t.y.'.  clr.s. ot   f.f 

. i:rJty  rr..:     99.0,   99-5,  99.7 mJ  99«^.       It   IB  jnjcrVnt  thrt,   for 

th •   Miry  -s :R  of   -;1 ¡etri cri  conductors   (wir.:,   crbl_,buBbrrs,   etc.) 

.:.itrr>. q^rliti -s Uî;O.. to  h.:  r,p .jci fi od.       H r:>,   on.;  ,'r-jat  ].roouoor ' s 

pp.-c.j f j tr>ti oris  r-Miirv   mini nun 99«5%Al,   maximum 0.15/- S3, 

rosj. octi voly,   0.01?.. Ti   + V   (for titrninn  rnd v^rr-diun).     Tho 

norreni-, riding   specific  resi et noe  iß 0.02?ó3 ohm.  mm /m for  rolled 
2 

rod,   rnd   0.-.'6-35 °hm.  mm /m  for drawn  wire. 

It   i..   .-If o nnir«l to furnish alloy  input».    Th.:  composition 

ronjoctivoly other qurlity roqui r •) .,nts rr.   UF.urlly d ;finud  in 

this  O.->PJ  by  th.;  customer. 

As   to   th ;   rhyfiio  1  shrj. :•  of  tho  product,   tho  Piriti v.-riotics 

.->)     In: etr  for remolti n£;.    Us'i-lly   in pioc:r.  from 19 kL,.  upward 

Thoir sh-pe  rhould   froilitrto   strckine;,   storage»,   handling, 

lo.adin,;  -nd imloadi n/:: m-ni j ni* ti one.     Di,, j. rodoeors 

developed thoir own  system  (o.fj.  ALCAN'B TIÎI-LOCK,  ÂLCQA-S 

BAB-LOK). 

b)    extrusion -,  r.ha .t  - rnd  io.ro  in^o-ts. 

ThoRo .'TO used   lirootly for s^mJB-frbri c'ti on purposes. 

Si-rne   exomj.lTy drt»  on unurl  di r .mr.xonn: 
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- Extrusion  inf_,ot-   (¡'.vlmdrir   forrr. )    üarolo::;  iH0-4i.."    :' . 

length up  to 2 b. 40 mm. 

- Sheet   inbot,   called  siso  rolling   s.l abr-   (oblong  fori:.}: 

thickno:;so.i  170-C:20 rr.~..   width  730 -  2200,   length 1300 -   43OO  -r.i. 

- Wire   ingot   (rectangular section  roda)   102  x 102  -;:,. 

15 \   x  l^i  i;,m. 

c) Directly   cast  and  rolled rod  (Properzi-rod). Here  !.(:,   9»5» 

12   and   15 'nrr,.   are usual   diar.eters. 

d) 'Directly  cast  and rolled strip.     ¡1ère width up  to  about 

1200 rr.rr,.   i a feasible. 

e) In   a or. o  caaes it   is  justified  to  deliver the net al   in molten, 

slightly  superheated  state directly   to  the consumer. 

Examples  for this  are  in the  USA and UK  and Italy   (see  Ref. 

No.   6).       This  is  justified  only   in  the  case that  quantities 

of  several   thousand tons per year  are  transported. 

3.5    Factors and conditions  of investment. 
Considerations on selecting the plant  Bite. 

Know-how,   engineering.    Â partner,   respectively contractor, 

with proven experience  should be contacted.       Only cell  constructions 

with favourable long-term  results,   which could be demonstrated  in  full 

plant-scale,   should be accepted,   especially for new producers. 

Fees used to be undisclosed,  tut  should be of the order of I.5 

million  USC  for a 50,000  tons per year plant   (know-how and basic 

engineering). 
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3o:;,e  Key   factors  of  investment,     h-qu   ... ..r.     *.. ...,kt   IK   U^'J' 

0. 35-0.40   tons  per   ter,  annual   cajacity.      7'. < a]        •   ht,   includir.. 

cathode   linings   and   anodes  should  be   cl'   *hv   c-,< .-   ~i  0. 7 ;•>-•'•. 80   ' 

per ton/year.       As  to construction WOM.   tv-v ;: a : v   i:.ildir(;   ar< 

the pot-roon.s with  lengths up   - ^ about.   '   !0   ;. .       '~v :  -yooiOr  vet- 

ro oni  area   for 1   ton  capacity   por year   ( .;     U;ILì.'   *"''  .'.:   -   r, cm4 

o 
projects)   is between 0.]é  and 0.05 ";"'.     "L<>  :^lDv-:.r.-   . icrva for 

pre-baked  anodes   are here generally   on   4h<>   lo-^r  o.j' ,        'iddilional 

buildings need  further ¿Q-30/fc  of thio  area.       Potree-a-   with  two 

rows of  cello have  proven to be  the moat   advenga,, '¡cue. 

Power-plant   capacity.     Electric   load   factrre  er-, very   favourable, 

since  the   load  is   almost uniform,   e.fe.   for  a  capa- it,,-   of  '-0,000  tpy 

the peak   is at  95  MW.     For 100,000tpy,   the  peak   : s  !.\)  /¡Vi.   and the 

average   184 ¡O.i.       The security  of power  supply   i.* of  "-xtreree 

importance.       Connections with  the  network   for emergency  supply 

or stand-by capacity  in  the  power plant   are necesrary.       Failures 

of power   supply  exceeding one  hour rr.ay  ir.flìc4.  hesvy damages and 

even cause total   close-down  of production. 

Specific   investment  costs.     Authentic  published data  are rare   and 

should be  regarded  with caution,   especially becaure only  overall 

figures  used to   be   given,  without  indicatin0 what   i.:;  included, 

""he regular increase  in price levels   is  rn-oth-T distort i r.f.,  factor. 

Some published figures,  without  commentary,   ;;ee   in tabi«  3 -  I. 
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Figure    3 - • I 

Examples  of Inv< sstment Data of Al urn ini un: Smftlters 

Ko. Capacity  mt/y 
Startup 
Year ¿/t. Recark 

1 44,000 19o3 730 Europe 

2 1/7,000 early  sixties 610 M 

3 105,000 1967 860 Africa 

4 228,000 1968 570 U.S.A. 

5 22,000 1969 680 Europe 

6 90,000 1970 1030 Africa 

7 90,000 1971 
< in( 

800 
j.power?) 

Bahrain 

8 84,000 1971 Í 320-910 Europe 

9 90,000 1970? 710 Asia 

10 100,000 after 1970 890 Europe 

11 50,000 1974 880 Europe 

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

700  and 900 US   1  per ton. Comparative  data,   calculated on  the basis 

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

specific  investment  cost as follows! 

capacity t/.vear J± 

20,000 880 

30,000 830 

50,000 74O 

100,000 650 
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Realistic  values and breakdown   of  the   investment  cos*   can  be 

calculated on}y  for  specific  cases,   design  and  cost  factors,     '"his 

should be  the   task   of  a Feasibility  Study  or a Preliminary  Technical 

Project.       ^he  fjllowin^ data,   based on calculations  for purp^r:is  of 

a 5^,000  tpy  smelter with Soderber^  anodes mi^ht   indicate  the 

proportions of main   cost   iteras. 

Figure    3 -  II 

Kou^h breakdown  of investment  cost  factor of smelters. 

Construction  and buildings 

Machinery and equipment 

Busbars 

Rectifier Station 2) 

v tpy jo 

200 28 

210 30 

74 10 

30 r) 

) 70 10 

34 3 

balance balance 

740 100 

Cell  linings and first  filling-up    70 

Carbon paste plant 

Others 

Total 

1) Á thorough purification system for exit  gases can alter 

the picture. 

2) Current prices of equipment   are 8-12  3/kw. 

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

anode plant. 

Equipment 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 

nectars for 50,000  tpy and 30 hectare for a 100,000 tpy unit. 
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30, 000 tpy 

Industrial water 
peak m-/min. } 

averaga'min. 1.5 

drinking water 

peak if; /min. C.4 

average/min. 0.17 

Ground   water level   should be possibly   low,   the  terrain  should 

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

required- 

1 00,000  tp.y 

8 

4 

1 

0.4 

Recirculation of industrial water ia possible. 

Other requirements on site. 

It should be accessible for transport.  In case of non- 

integrated unit, the alumina will be received by car6o vessels. 

For this purpose, vessels with 30,000 t load weight are usual. 

Corresponding harbour facilities are necessary, which are also 

used for 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 &ases may cause damage in the nearby area. Vegetation 

and animal farming may be severely affected, unless very expensive 

precautions, respectively captive systems are involved,  ^aking 

this into view, less cultivated areas should be preferred in some 

cases. 
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Time  scheduling of construction.       It   is  general  practico 

to construct  tho   smelters in  several  stages,   by  poil inen  or even 

by parts of potlines. 

Some   examples  concerning  the  duration  of construction. 

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

lasted  18 months. 

A  30,000   tpy   smelter in India needed 2.5  years. 

Tho 90,000  tpy ALBA-smelter should begin  start-up  about 

29 months after final   decision and put   into  full   capacity 

operation 4 years after final decision. 

3.6  Factors of Production 

Eloctric energy.       The bulk of consumption  is the B.C.   energy 

which is used for metal production and covering  the hoat losses 

of the cella.     Somo   factual  figures- 

Pre-Baked 

Pechiney,   1908 
Jan-Feb.   (Ref, No.  3) 13,635  kwh/t 

Hungarian plant 
30,000 tpy,   1969 

SoderberR 

14,405 kwh/t 

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  2/Ó)  and because of motoric  consumers.     This 

latter may become  significant  in  the case of strong ventillation 

combined with gas capitation.       A 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 

B.C.   side. 
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Tr. newer plants,   power consumption  is usually   slightly  hii3her 

because  of lack of training. 

Materials.     The  c.ain   specific   consumption   figure.!  kg.   p«r 

ton  of ¡netal' - 

Al un. ina.     about   1910 -   ly?0 

Anodes 

Paste  for Soderberg;   315 -  f>°0 

Pre-baked electrodes,   not:   about  440 

Cryolite  and aluminium  fluoride. 

Expressed  as P for pre-baked-     28 

for Soderbergi     38 

Remark'.     F-content   of cryolite   is about  ^4JÓ,   of aluminium 

fluoride  about 61 To. 

Factual   figures for a Hun6arian Soderberg smelter  (19^9)" 

26.1 kg/t  cryolite -    14.1 kg F 

21.8 kg/t   Al   fluoride    -     ÌÌ.Ì  kg P 

27.4 kb F 

Carbon electrodes are produced on the basis of petroleum 

respectively pitch-coke, with low ash- and sulphur content.  Special 

coal pitch 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. 



-    3C    -. 

î'anpowor       Here  a  broad  diversify   exists,   d«.-pendinto  on   size, 

technical   levul   of  the   plant,   respectively   the   salaried   r.nd   labour 

policy  cf the-  country.       Man-hours per ton are   the usual   tndex  for 

comparison.        Here  again,   two  ::vin  indie.»o   should  te  di.-cerned, 

namely 

a) net   electrolysis  workers manpower,     ^hia mean«  practically 

personnel   for  cell   operations,   metal   tapping   and  anode 

replacement  operations.     Here  the  best   fifcur-.;3  are:  he*.ween 

2.8  and 4« 7 man-hours per ton. 

b) Tntal  manpower  of  the plant,   including maintenance.     The 
t ('ir best   figures  are  for this case  14-15 man-hours  per 

This would mean  about  750-800 men  for a 100,000   tpy  smelter. 

Relevant   specific   figures  for new plants,   anali  plants in 

developing countries used   to be  higher. 

The importance  of  the  human  factor is prélevant,   because  of the 

extensive character of production   (a ¿roat  number of  small   production 

units).       Due  training  and efforts aimmte  at  conservation  of  skilled 

manpower are  indispensable  conditions  of normal  work. 

Working  capital;     Its exact  exigencies depend on a  lot   of factors, 

among others  on  the method  of alumina supply.     When alumina  is 

shipped by  bife car^o vessels,   larfce quantities  of  that   raw material 

are  to be  stored and increase  the  assets   sienificantly.     In   the 

practice,   roughly  15/   of annual metal  production value   can be taken 

into consideration  (about  Í.1} million dollars per 30,000  tpy). 

This  includes also the  value  of molten metal,   which  i a  kept 

constantly  in  the cells. 
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•'..   CHI?I"rtL  REVIEW  OF  -"HE ¡«TAI7  TEClftlCAI  FREIMVESTKEir  DECISIS  K.LCTC 

''rhe  basic   decision  on  the   est ablishment   of a possible   smelter 

and  tht   timing  of  the   investment   will   depend   on  corplex  bar?v-   factors 

such  an1 

availability   and price  of  electric  'inert;,', 

if it   is possible  to  acquire  alur.ina  under  favourable   conditions, 

evaluation   of absorption capacity of  tüe Ha6nrob  market,   and 

final   evaluation of possible  foreign markets, 

availability   of financial  means   for  the  project, 

results  of a detailed feasibility study,   includine  the 

profitability of the project, 

availability  of technical   staff and  skilled labour, 

considerations of general   industrial   development  policy,   aloo 

with respect  to regional  collaboration. 

The  relevant  chapters of  this   study   furnish some  preliminary 

information  and opinion  which  can  contribute   to the   formulation 

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 Algeria. 

Site.     Power,  harbour,   water,   cheap  development   possibilities 

for the infrastructure   should be  available. 

The  sites visualized by S.N.3.   in ^l6eria,   though  basically 

favourable,   seem  to have  two  disadvantages 
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1) between  the harbour  and   the plant   there  is  a distance of 

several  kilomètres.      '""his necessitates  double   storage 

facilities  of  alumina  and  al .50   a permanent   additional 

expenditure on   local   loading,   plus  transport   and unloading 

of   f ht.- alumina,   usmb cistern-trunks  or railway  wagons, 

2) th<jy  are  surrounded   by  valuable   i6ricul turai  aruas,   which 

m i edit   be  exposed  to   severo  damage,   as mentioned  above. 

Further   investigation and detailed  comparative  calculations 

are  therefore necessary. 

Capacity.       Decision  on   this vili   depend basically  on   the 

general  marketing concept.     Here  the  two  extremes  are possible 

1) evaluating the  market  cautiously,   bein6  sceptical   on 

Haghrebian commercial  integrati on, refearding the   outside 

markets with  scepticism,   insistine, on  going alone} 

2) relying upon Maghreb  market  integration,   being,  optimistic 

as  to  the  foreign,   mostly European,  market,trying   to  find 

some   strong partner  or partners   to guarantee  sales  of  the 

bulk   of metal,   hard  lino  on co-ordinated efforts  for 

substitution  of heavy  non-ferrous metals by  aluminium,   and 

general promotion efforts  for aluminium  application. 

Conclusion.      to construct up   to 100,000   tpy. 

Life,   as usual,   will possibly lead here also  to  some  compromise» 

e.g.   combining caution  with  efforts in  sales promotion in  the 

í'a¿hreb countries. 

It  should also be mentioned that  here specific  investment 

costs  will,   of course,   have  an important  say  in  favour of big 

capacities. 
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etartir.,-,  with  rulliti vol,y   sivill   ur.Ms  ms   al;-c    eor.>    uivar;* ar,<:c, 

e.g.   'ha-»    4he  after-r.tart  m-plan4    traine,,,   oí   tre;   ; « reonnel   ic  cue-, 

o:iPi.;r.        ouch  a   plant   a-in  c rv-   t'^r ".ra-dira;"   >'. .'   -air- o   -r   I at, r 

more  bold  developments.     Examples   of   t:.ic  [hilosophy   fan   b<    found   in 

practi-o   in   come   di.-vt.-l opinft  rv-untri- o,   •..;   ir.   er.ir,í   '...i   laiia. 

We  Lavo  been   mfonr.ed by   cu!. 3.   that   the,,   inve^iyate  cnlv 

possible   capacities  of  'yO,   100   anrì   1:?,0C^   *ry.     Y,-   r-.; D.-.e-nd   to 

extend  these  also  to  alternativo.?  rotated   af  ?y-=Q,ÛOC   tp.>•  potline 

unita.     Those  correspond  to  relis  un¿.¡r  ;d0,0G0 capere   ur.1  jirnt   this 

ranfee  offers  also  advant2fc0 3   fror,   toe-iica]    and   inv.etrae nt-c03t  points 

of  view   (no  difficulties with rr,aeTiotic   field;;,   eiu-uper bastar   systenc). 

Investment   stages.     Stepwise  contraction  i J  usual   practice. 

Tho   total   poti ine  voltage should possili,; >^o  used  coon,   but   this 

is  not  a  riéid rule.     Potlmes  should be  possibly uniform. 

Simultaneously,   with  the  firct   sta5e,   it   is   resaonatle   to ins tul 

workshops  and the   laboratory   for  full  capacity.     Tm.  inf;ot-eastin6 

shop can  bo extended  s+epwi3e.     The  anode plant  should be constructed 

for  full   capacity.     The ixcusn production can  bo  sold easily   on  the 

market. 

Type  of cells.   This will   depend partly   on decisions  for 

visualized capacity  steps.     In  the  rice  a longer period with 

smaller production  (up   to about  50,000   tpy)   in probable,   both 

Soderberfe  and p. re-baked say   come   into the  picture.     Froir.  the   point 

of view  of environmental  damages,   pre-batced miftht   be more  favourable. 

kny  cell   type with good references  of lor^-tem plant  experience 

m i¿ht be   acceptable. 
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S,    PCi^F SUPPLY.  TUE l'IT CE Q? riECTRIC EtŒ?.CY 

3.1    v.l.- uivei:-ntr.     resides alunira, electric energy is the nain 

Victor oí aluminiura production.    4s it >.PZ Vien inlicated in Chapter 3, 

the demand of  't i Cinologi cal" electric energy is under ideal circum- 

stances  13 500 xwh/t in case of prcbaked, pud 14 503 kwh/t in case of 

Soderber<5 anodas.    "lie overall specific consumption is higher, because 

of 
- trau-"»formation ar.d rectification losses, 

- ermC íor  auxiliary plants and equipi?,*nt,  such as the 

anoOe plant,  the casting shop,  tha trotter operation, 

wntillation.    This lest ite.j itself my attain, in the 

case o€ total purification of exh<r.».ot gases and strong 

ventillstion, values i<? to 600 kvj'u/t. 

Besides this it is  inevitable that new smalterà oparated by fresh- 

men havfe slightly higher consumption figures.    For purposes of power 

source design, values between 15 500 end 16 5^0 iwh/t can be regarded 

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- 

do',ra trr.r.cïoraation is usually necessary and even inevitable, because 

for cases of emergency the rtielter powar supply has to be secured fron 

the high-voltage network system. 

The «nit« hct a practically contient loaé.    Differences between 

peak ar.d ovsrs«« loads are in the case of a 50 - 100 000 tpy emites 
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of the order of 3 - 3,5 I.    Operation time is practically C760 hours per 

year.    Dropouts exceeding one hour may cause severe dimage to tbe colls. 

5.2    Power prices for aluminium production.    Thesa are usually 

expressed in ©ills (0,001 US fi per kwh}.    The price levels in some im- 

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

mills mills 

USA 2-4 Genrmy (Fed ) 5-7 

Canada 2 - 3 France 5-7 

Norway 2-3 Italy 7 

Ghana 2,6 Japan 8-10 

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 data (600 MW, 

6000 hours operation per year) : 

Fuel                               Cost per kwh 

  DPf mill 

Coal 

Brown coal 

Nuclear power 

3.2 8,7 

2.3 6,3 

2,3 6,3 
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Besides cheap hydro-power and traditional fuels, natural gas has 

becoce one of the importait sources of electric energy for aluminium 

production. In the US Kaisers, Chalttette ; La. smelter, Reynolds' 

Corpus Christi smelter are basad on gas fuel. 

Pechiney and Ugine have set up their ilogueres and Lannemezan 

smelters on the basis of the Laco gas field. Hare a 375 LU thermal 

generation plant has been set up. The relavant power price has been 

estimated by Bloch and Moment (see Ref. No. 3) at 4,5 mills per kx*h. 

The gas price has been set at 25 é  per 1000 cuft, only there are 

factors of calculation, which do not permit a direct calculus of 

power cost on the basis of this gas price. 

The price of Groningen natural gas in Netherlands was 34 eVlOOO cuft 

(data of !964). 

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 advantages of this system. Hotever its economics can 

be utilized totally if, simultaneously with electric energy, heat 

energy finds also consumption. However, extretnely low fuel prices 

may compensate this factor. 

5.3 Electric energy generation in the Maghreb countries. This 

study should clarify, if it is possible (or reasonable) to establish 

an aluminium smelter on the basis of s'jpporcd cheap electric energy 

to be produced from natural gas in Algeria end/or Libya. 
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A thorough, detailed study of the possible sources of energy, 

which should involve detailed and specific calculations of the in- 

vestment costs and production costs of the visualized power stations, 

talcing into account all factors, which may influence the fuel price, 

and the cost impact of infrastructure! accessories will be inevitable 

and exceeds that field of metallurgical end marketing considerations, 

which has been set as the main purpose to the present Study. As we 

have been informed in ALGERIA by Société Nationale de Sidérurgie, the 

Algerian Government entrusted SOUELGAZ 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 establish a realistic power-price, 

and not even a realistic price of natural gas 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 ¿/kg (for comparison: Cameroon to cif Europe, 

EEC 1,10 ¿/lb, Ghana to cif U.K. 1,30 ¿/lb). 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 point of view, a price of maximum 

4,0 - 4,25 mills p. kwh would be desirable. 
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5 «4 Electric energy on the basis of natural gas in Algeria. 

Regarding quantities and availability, natural gas does not seen 

to be any problem. The reserves of the country have been quoted at 
o -i 

2800 . 10 m , of which the gas field of HASSI-E*Î!EL represents about 

2000 . 1Q9 m3. A 580 km long pipeline from HASSI-R'MEL to SKIKDA 
9 3 

should transport 13 . 10 m per year, in order to supply the Eastern 

region (Ref. Mo. 4). Natural gas has been already widely applied in 

electric energy generation. In 1960 in Algeria generated about 46 1 

of its electric energy on the basis of natural gas (see Ref. No. 5). 

All newly planned power stations will use natural gas as fuel. 

Station Units (MW)      Year of completion 

Oran 60 • 60 early 1972 

Armaba SO + 65 late 1972 

Skikda 125+125 1973 

The (mit fuel cost for natural gas has been indicated by Murgatroyd 

(Ref. No. 5 p. 64) as 19,9 US ¿/1000 cuft or 0,703 US i  per m3. As 

average generation cost for Algeria, in the case of a typical existing 

modern steam power station (ALGER Port II., with 360 823 GUh sold) he 

indicates 0,961 ¿Vkwh, of which the fuel cost is 0,340 rf. (9,6 or 

3,4 mills respectively). 

The values given to us by Société Nationale de Sidérurgie on 

28 Ilay 1970 were: 
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- Price of electric energy (from existing sources) 

0,045 - 0,1 DA per kwh, i. e. 9 - 20,2 mills. 

3 3 
- Price of natural gas (9600 kcal per Na ) 0,03 BA/s - 

3 
• 0,606 USé per m . 

On the basis of this latter gas price we made a rough calculation 

of the electric 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 

3tC - 4,5 mills p. kwh for gas turbines. 

and 

The approximate character of these results should be stressed 

here again.    The details 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. 
9   3 

According statistics (see Ref. No. 6) in 1969   72  .   10   m   was the 
6     3 

yearly production (corresponding about 220 .  10   m /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 
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uselessly, the oil producers claim, that maybe iateron 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, the 

Ilinistry of Petroleum says as follows (letter of 3rd June, 1970): 

"Natural gas quantities between 0,35 and 1,12 . IO6 m3/day nay be 

furnished. We think that such quantities nay 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 nay 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 utilisation of 

natural gas, liquefaction, petro-ehemical uses and production of carbon 

black are visualised as having priorities. Mon-offieially 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 investigation. 
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6. SUPPLY OF ALUIIIHA ATO OTHER RAW MATERIALS 

6.1. Quantity of alcini; The alumina consumption per ton or 

metal is about 1920 kg (-.-v 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 %): 

Figure 6 - I 

1 xamples of alumina quality characteristics. 

I II 

Al2°3 min 99,00 98,5 

Loss on ignition max 1,0 1,0 

si o2 
ti 0,040 0,020 

* CMU* 
M 0,040 0,030 

Ti 02 
>• 0,010 0,003 

N«20 • 1 0,750 0,950 

Na20 soluble II 0,300 0,020 

Zn 0 II 0,008 

Ca 0& II 0,100 0,050 

?2°S 
II 0,010 0,002 

Ito 0 •1 0,002 

Other impurities II 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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aL-.OEt tao. excluriv* vay applied.    Fr- t'iir  pur-;?-;,  .;pncial   .railva- 

cí.nte-::s  ar._ u3-;d.     Sea tra .<?-«ort  is  p/iLrLv c'-'V-.-ed '• .   c.-> v- -V-• 

with .".bout  tto 30 00? tons  r?it  loi.d.    V.iloclip^ facil:.ticj  ?-.r.va he,in 

cons:rucccci for several sraeU'n-s,  situated a'.: th.! r0:133 :'....    T'i.e impect 

of unload ir.'2 aid possible  additioral s tortue cf ali-tirn  <-n ir.va3tr;ent 

end production costo have rot been published ani should be calculated 

for ths fore3cr. i case in the feasibility study staryi. 

6.4.     ^ossibla source", o/ al'j-r'.r.a supply. 

6.4.1.    An cm alumina pl.^.t.    In orr'cr to consider this way of 

sylvian the problea,  it should ha taken into consideration: 

- the minimum economic size of an alumina plant can be considered 

for the coaing years as between 300 000 and 600 000 tor." y er year; 

- this would mean an additional investment of the order of 

45 -  100 million US $ which may still  increpe by further about 30 %, 

because of accessory investreatsj 

- whilst, as it has been mentioned, it is technically feasible to 

construct relatively small snelter capacities, fron about 25-30 000 tpy 

which can be extended in an almost continuous way and so easily adapted 

to the exigencies of a moderately starting but slo\;ly innre P s in« market 

demand, as it might be expected for a Maghreb s-aalter, thin is not 

possible with an alu-aina plant, because modera alumina production 

technics apply big-size, continuounly vor!:ing production lines of 

200 000 - 300 C00 tpy capacity each.    The3e are indivisible and their 

work under nominal load woulJi, of course, not be reasonable. 
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~:.:r. :  -ne  .-.bevo  irto   «-onsideratior.,  -n o\m a lu «ni via vr.1.   for 

•-.:_:-..i'. -  purposes of the penible zmAtzr in orto cf the ï'a-h*-cb 
c'-'•'-"— :    >--  -"-'-»£   TT. re-r JV.-..'.: 1 e i.'-'l r..>ht be rccoariânJc! only 

••*!-.p.n o'.:.,r  ::-.rt:-.3ra wliicu cri also interested  in the lon^-ttm 

purchv.se ci air.-ina,  emù cispose of th.: proportionel napìf .  for 

the  i-iveitrmnt,  vould be reedy to particípete.    To find  such 

possible parr.rs is already a tis!: of the executive work.    It raight 

be suggested, however,  to consider a discussion cf this  problem, 

cnon» others, with th? UAR Covamr^nt,  as accordino informations, 

this Government considers also the establishment of a s.r.elt^.r near 

Asvcn am.     In the area of Gabel Abu Churu!-: b-umte chould ba  aleo 

avpilcbl- here,  according literature.    Similar combinations concerning 

pocsiMn pprtnors flight involve: 

e) c^vüi-nncnts and/or coapar.ies in the Jaditerranean area 

(e.  g. Yugoslavia,  Greece)  and in Western Africa  (e.g. 

Guinea,.  Hiana, Congo,  Sierra Leone, Ivory Coait) , 

which dispose of bauxite deposits; 

b) bip aluminium producers in Europe, including the East- 

Europe-n countries. 

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

of alumna is used by the producers themselves.    According to 

L.A. Harvey x,  the surplus   <+) cr deficit (-)  of alumina capacities 

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

x 
Lavrencs A. Harvey: World alumina picture. 

In "Integration in Aluminium", a Metal Bulletin Issue - Winter  1969, 

p.  79 - 04. 
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S-. tier privat"--  ccmn.-.;•..' - -. 

Mon-r,jcir.Iist gove¿rmnsnt 
*>.y:z:.i r' ;us 

Tela],  .-on-socialist WíCí. 

wrplLS   (+)   or deficit  (-) 
cf   luTiina capacity 
1   ''I-'! 

(racer.ber)      1973 (estimate) 

+ 2'*. 3 

•:- M 75 

+ 5?4 

••- 38 

- 78 

- ¿88 

- 12~» 

+ 

•> 224 

110 

1430 

345 

149 

175 

53 

1190 

205 

+  122C 629 

Lr. v . compare th-ie figures "ith the sluaina capacities: 

!C63,  erd ol D-—rlic 15  750 00O t 

1573,   foresc-an 22 600 000 t 

it  can be seen that: 

a) the bulk of production does not appear in the sales, 

b) the surpluc capacit; of rlupina plants (alumina production 

capacity tninu,:, smelter capacity equivalent) totalled alto- 

gether 8 I in 19<C av.i will shrink to an even tmm modest 3 X. 

:*n opinicn in tlic in-Ius.- ir  chat the alumina supply situation, 

-spf.rinliv in th~ European ire- »::.ll be ti8ht, at  least up to  1976. 

Under thesr conditions, tha sr-ply for a new sew Iter cannot be 

:. .c'en coo - to case cpot daalo.    Long-t«ra contracts for cash, 

j.rt'•«•_• of r:.t?.l for a Ursina ix/lcr long-tera agreefnents are both usual ' 

r.v.cil-.'e.    T'ús lies been LV basis of alucina supply for Ardal og 
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.rtac. .v Ve   v,   tha Canadian Brit tal: Aluminium Company an-.'  t\--c ALPOR 

-•nielter   .n   , jrway.    Similar agreements ej.isi between the I'unparian 

'.luminiur. ^-rooratior. as  supplier of alumina, and the Polish and 

Joviet smelato. 

1: orier to locate a possible supplier it may be of interert, 

to revi-/ the surplus respectively deficit in alumina supply according 

jeogr    hicr-1 regions.    Here again Harvey should be cited (Figura 6-II.) 

Figure 6 - II. 

Mon-socialist world surplus (•) or 

deficit  (-) of alumina capacity,  1000 metric tons 

:'egion 

Aon-, i :islist countries,  total 

Morti» America (excluding Jamaica) 

Jamale:'. 

South America 

Western Europe (excl. Yugoslavia) 

liddle Erst (incl. Turkey t, Iran) 

Africa 

Asia (esci. Turkey & Iran) 

Australia û New Zealand 

End of 1968 End of 1973 

• 1223 • 625 

- 1240 - 3150 

+ 1110 • 2570 

• 1250 • 1230 

- 1292 - 2380 

— - 191 

•  208 • 134 

-  173 - 488 

• 1350 • 2900 

The figures indicate, that Western Europe and the Near East will 

be deficit areas. 

The socialist countries, except Yugoslavia, cannot be taken into 

consideration as possible suppliers.    Poland, GDR are importers of 

alumina, Rumania (partly), Csechoslovakia (totally) depend on imported 
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bauxite. The USSR is to soœe extent importer of bauxite, respectively 

alunna, Hungary's excess bauxite, respectively alumina is sold out by 

lev; term agreements. 

A peocraphically favourably located new producer of alumina, 

depending on Australian bauxite will be the new plant to be constructed 

in Sardinia.    According to published data,  the initial capacity will be 

600 00C tpy and this should attain till end of the seventies about 2 

million tons.    The competent company will be EHÄLUÜINÄ,  an affiliate 

of ALSAR  (55 %), COMALCO (25 %), and Matallgesellschaft  (20 1). 

ALSM again is owned by EFIH (52 I), MONTEDISON (24 %), and by 

TRACTION ELECT1ÏCISE (Belgian)  (24 %) . 

The possibilities,  respe« tively conditions of a possible long-term 

deal can be clarified only by direct discussions between the concerned 

parties. 

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

tract will have a decisive role,    imi 1st spot-purchases nay attain 

levels over 90 tit Fob European ports,  in the case of a deal with an 

overseas supplier for 10 up to 15 years Fob prices between 50 and 55 tit 

sesta realistic.    European prices are higher.    Even long-terra deals are 

here in the range between 70 and 75 tit.    This latter picture will 

probably change favourably, when the new big, economic plants will cone 

into being (Sardinia, Fichiney - Kaiser's plant, ALCAN'S European plant) 

The production cost will stay here, however, about by 10 tit higher 

than overseas prices, simply because of baur.ite transport's additional 

cost (Australia - Mediterranean ports about 4,5 t per ton of bauxite). 
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6.6.    Supply of cryolite and alu^itriutn flv.orfdr;    Tim necessary 

quantities  for current production of on* ton of r.ot^l roughly 30 k%~ 

conraercial  cryolite and 30 kg CORK:: 2 re ini  ilr.rriniu^ fluorid3  -re con- 

sumed.    These proportions r.2y vary deperii?-* or. technolcv'.e? rnd/cr 

the quality of these materials.    Thus for   1  ICO OCO tpy capacity abo«,: 

3000 tons of cryolite and 3000 tons of alu.ir.ium fluoride per yenr ara 

necessary.    In the case of smaller capacities, the quantities will 

vary in a linear proportion. 

Before start up, a significant quantity of cryolite is needed for 

the filling-up of the cells with electrolyte,  i.e. about 65CO-7000 tons 

in the case of a  100 000 tpy smelter. 

The price of synthetic cryolite Fob South European harbour is 

180-200 $ltt  that of «luminimi fluoride 220 $/t.    The mine of natural 

cryolite in Greenland does not cope uith the immense quantity require- 

ments of today*s market. 

In the Maghreb countries there is at present no production of 

cryolite and aluminium fluoride, but the raw raterial situation for 

this is very favourable.    It sight bs suggested to study this problem 
<^__1_____¡fc_i^fc___ .„_____^____— |       11 m   ..:  mm—mm 

separately and to elaborate a detailed proposal for coordinated action 

in this field. 
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A short summary of the raw material situation in the countries: 

ALGERIA.    There are three recently discovered fluorspar (CaF ) deposits: 

a) HOGGAR area (transport not economic) 

b) ICHIfOUL near MTNá 

c) MAGHNIA 

Quantity data are not available. 

In the processing of phosphate rock, which contains about 3,5 % 

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. 

yrocc°!    El-Hanna deposit (near Heknes) counts now 2.I06 t fluorspar 

rock (45 I CaP2).    Here a flotation dressing plant with 50 000 tpy 

capacity (% 2 CaF2) will start up to 1972  (it will be run as a joint 

venture of BRPM and Oî«IUH HORD AFRICAIN). 

In the production of phosphate fertilizers there is now no fluorine 

recovery at all.    At the SAFI complex, however, where the input is of 

about 600 000 tpy phosphate rock, there night 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 concentration 

step, only an economic process, starting from NaF would be needed by the 
plant for this purpose. 
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TUNISIA.    üamn&Ta Zriba deposit  (near Zeghouan) has an established 

reserve of 2.10    t of fluorspar and possibilities of further quantities. 

Hare a flotation plant with a yearly capacity of 29 000 t product (97 1 

CaF_) exists.    It is under consideration to double the output of this 

plant and to establish production of fluorine compounds and, among 

others, of cryolite and aluminium fluoride.    For    these both products 

about 20 000 tpy have been suggested, corresponding to about  10 000 tpy 

HF  (hydrogen - fluoride) as interraediary product. 

Fluorine recovery in the phosphate fertilizer production is not 

foreseen.    With 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 estitrate of 

recoverable fluorine quantities as by-product of phosphate fertiliser 

production. 

Figure 6 - III. 

Production estimates for phosphate fertilizers production in the 

Maghreb.    (Based on data from: T.S. Abida, K.Î1. Muttawa, K. Shants: 

Preliminary Investigations into the Fertilizer Situation in Algeria 

and Morocco, Centre of Industrial Studies for the Maghreb, Tripoli, 

April 1969).     1000 tons P-0-. 
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1970 

Figure 6 - III. 

es timates Del estimates 1975 e£, i. instes 
produ. 

204 

capacity 

210 

produ. capacity prouu. capacity 

Morocco 197 210 290 372 
Algeria 18 19 ISO 181 2 34 208 
Tunisia 178 207 257 303 ¿57 310 
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 1  P.O. and 3 I F has been sit noosed. 

Fluorine recovery should be about 30 %. 

Suaniarizing, it can be stated that exceeding by for the consumption 

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 cryolite 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 carbon anode materials required: 
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In case of Soderberg anodes:    520 - bóO ki, e~.oc<2 pasta ? "-r ".3.4 O 

metal.    This natas about  400 k3/t ca'ciraJ ;>*rolcirr - or fife'   CJ\ : 

and  150 k,~/t special cocl pitc%. a:-  corrov-ï    ::  oeste p-.-¿jc¿ior. 

In case of prcbaked anodes S'O kg/t ci metal rverall  .-:..•: V0 Wt 

net consumption is normal  (ret £ifrir«s do ao: contain tha weight of 

recoverable anode stu-n^s).    AccorcHncly, for a  100 000 r.?y uzicl 

production 52 - 56 000 toy electrode paste, or 51  000 t.iy prc^nb.d 

anode blocks are necessary. 

This again means,   that annually more than 40 000 tpy calcined, 

ash-free coke an¿ about   15 C00 tpy special quality pitch t/ill be 

consumed.    The filling-up of the anodes before startin3 necessitates 

again a big lot of material.    In the case of a 100 000 tpy plant wit« 

Soderberg-anodes the required fm-mtity will be about  12 000 tons. 

The cathode linings of the cells ere usually built of preba'.ted 

el«ctrode-carbon blocks made of anthracite, respectively by usins 

stamping electrode paste, which is made partly of a mixture of 

anthracite and foundry-coke grains, pertly contains also soma graphite. 

For the construction of a 100 000 tpy smelter about 5 000 t cathode 

blocks and roughly 5 500 t steeping pastes are used. 

Some relevant price data: 

anode paste Fob South European harbour about PO g/t, 

prebaked anode blocks about 140 $/tt 

cathode blocks 210 $/t, 

the cathode paste price nay be in the average lese than 80 $/tt 

petroleum coke Fo!i Gulf Coast harbour:  about 35 $/t. 
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In the Maghreb area the main raw material will ÛV,    .JOLT»    rv-a^.JiC. 

In Algeria, SONATBACH will start its  100 000 tpy calciti -1 pr iroìev.n 

coke production till late  1973.    For some chr.ractoript: .s-v.   ii v.ra 6-IV. 

FJRure 6 - IV. 

Characteristics of petroleum coke to be produced in Algeria. 

Sulphur less than  ! 7 

Vanadium less than 00 ppm 

Ashes maximum 0,5 Z 

Less on ignition 

Real density 

less than 0,5 % 

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 blocks should be purchased from an eKperienced 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 of the 

know-how. 
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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 gives an idea 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 b$% 
Other raw materials 151 
Labour loi 
General expenses 101 
Capital charges 20? 

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

alumina 
fluorides 
carbon 

- operating and maintenance supplies 
- power 

labour 
- miscellaneous and general expenses 
- capital charges, as depreciation and interest 

on fixed capital 
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A complete analysis should involve several variants, 

so that the detailed 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 detailed data will not be 

available before the stage 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 rentabllity 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 kg/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 - 
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paste (we counted 5^o), or HHO  kg/t prebaxed net, respectively 

kg/t gross weight. Price, respectively cost of anode paste, 

when of own production, should not be more than 60 $/t, that 

of prebaked anodes maximum 90 $/t. 

10 

We operated with these figures, at the same time the 

differences in Investment cost of the carbon plant have been 

neglected, being 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 k ,5  mills. 

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

30.000 tpy       20 man-hours/t 

50.000 tpy       18 '   » 

100.000 tpy       16  "   " 

Wages 10 DÂ per hour, I.e. 2 $/hour. 

Miscellaneous and Renerai 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. 
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Capital charges : Fixed investment assumed as follows 

30.000 tpy 

50.000 tpy 

100.000 tpy 

28,65 m/$ 

12,55 m/$ 

7*,7 m/$ 

955 $/t/y 

851 $/t/y 

7^7 $/t/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 7-1. 
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Figure 7-1 
Average production cost estimate of aluminium 

(in US dollars per metric ton of product) 

Soderberg Preücir:.:. 

Item                                     30.000 50.000 1OO.000 100.000 
tpy tpy tpy tpy 

Alumina 125 125 125 125 

Fluorides IH in 11 11 

Carbon 32 32 32 146 

Operating and 
Maintenance supplies 20 20 20 20 

Power 72 72 72 61 

Labour l»0 36 32 32 

Miscellaneous and 
general expentes 36 32 28 28 

Capital charges   : 
1)  Depreciation 68 61 53 1

J3 

2)  Interest on  fixed 
capital 57 51 45 ¿,5 

TOTAL 46* m H21 ¿»28 
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lo compare  the   production costs  with those  o, 
.:.;•;.   we   ,onsulted  the  annual report et ALCk'J.  ï- 

Ain\)  rev;cl s as average  ingot  saies prices   : 

i'c- i?68        23.-7 t.'lb - 523 $/t 

for 196o        24,P $/ib - 5*J8 $/t 

This  rubans  thac  a profit margin up  to 70 -  110  $/t   • ••-;• :r 
POSSIDIO. 

On selling the  ingot to Europe, a transport cost,  oí 
12 $/t   nlt'^t bo realistic. 

It   J 3  important  to clarify in  advance and unequivocally 
the questions  of trade barriers,  as  these can attain  in the 
case of EiC countries 5 to 9%  for aluminium delivered from 
outside th? E'IC area.    Discounts for simultaneous compensation 
of additional freight and customs duties would curtail the 
profit nargin very  sensibly and render the economy dubious. 

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

the unit price of alumina, whsre a favour  •le 
long term purchase agreement  ir. an inevitable 
condition; 
miscellaneous and general expenses, wher.  loc¿.l 
taxation might cause  unexpected increase- 
the volume of fixed capital,   for which definite» 
final  figures will require a complete detailed 
calculation, taking full account of realistic, 
local  cost  factors. 
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8. MARKETING OP ALUMINIUM METAL 

8.1    General background.    Comparative figure?   ;_•._ 

metal consumption 

Recent  estimates of world  aluminium product5on capaci- 

ties, with a  forecast for the period up to  197^  is shown in 

Figure 8-1.     Accordingly,  the world capacity,  estimated 

at  about 11 million metric tons/year for  1970 will be extend- 

ed  according known projects up to 1972/7^  by roughly  21% up 

to about 14.3 million. 

For purposes of a preliminary and global evaluation of 

the aluminium consumption,  specific consumption figures, 

expressed in kg per capita per year are widely used.     It  Is 

also expedient to compare these figures with the relevant 

data of Gross National Product   (or G.D.P.,  respectively 

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 established 

that 0,30 seems to be a reasonable minimum value in the range 

of  200 - 600   $ G.N.P.  per capita,  that might be expected for 

the Maghreb  countries in the next two decades.   (Sec Figure 

8 -  III). 

(1)    Based partly on undisclosed data sheet of the Hungarian 

Aluminium Application Centre. 
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FIGURE 8-1 

•QUID ALUMIHIUIÏ PBOPUCTION CAPACITIES AND TIS EXTEÍCIQi; PLC'S 

POil THE PERIOD UP TO 1972 - 1974 (Rof. Mo.  1 ). 

Country 

United Kingdom 

Australia 

/ustria 

Bjlgium 

Brazil 

'a » ,J * D # It # 

South Africa 

South Korea 

France 

Ghana 

Oroeoo 

Netherlands 

India 

Indonesia 

Iran 

Iceland 

Jamaioa 

Japan 

Yugoslavia 

Kamerun 

Capacity.  1000" metric tons 

I97O 1972-1974 estimated 

39 300 

104 187 

% 96 

66 

58 130 

60 60 

42 

15 

369 408 

104 104 

72 90 

32 90 

120 223 

20 

50 

45 

30 45 

548 902 

104 200 

52 59 
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Capaoitjr,   1000 rr.jtrJ/ 

19Y0 1972-197'   --Li-iatäL 

toL.;i¿ 

r.i.. r,ry 

'•îr-rr.  'J,lì. 

""r* '"" 

.••liin P.R, 

: ' uiy 

- ••-•-ia 

0  ¿in 

..". /¡.T'-irn 

'•ritPi^rland 

' veder. 

'..•Ivan 

'. ''irk^v 

Venezuela 
r thrrs 

1084 

about     175 

96 

65 

79 

514 

270 

145 

75 

84 

72 

74 

50 

1830 

33 

4172 

20 

about     400 

about 

about 

MO 

60 

79 

691 

430 

232 

150 

134 

72 

74 

50 

2095 

36 

30 

4^30 

25 

600 

Total about 11026 14310 
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FIiiUM 8 - i;., 

Co- PAHATIVE   jATA 0!I ALtMIHIUIi COFSÜTrT^I AND NAVIOIIAL Pi.'QT. 

FIT. (V.^ITA ?IGU:ì£3 '-;IJ rt" I I:
T
T3R~RELATIOII 

Country Yoar 
!<•?• po': 
Ce. pi ta ,3 

Al consump- 
tion por ca-      incbx 
pita kff/yoar     1C0 Z 

Conav.Tntio.i 

Q.H.F./o, c-'v? 2C00 3.p?r year 

1. USA 
2, Sweden 
3 5 Franco 
4« fwitnarland 
5s German Fcd^ Hop. 

G.II.P./c , botwoon 1000 and 2000 

6, Unit3d Kingdom 
7. Canada 
8, llorv/ay 
9. Australia 

10, Austria 
11, Italy 

G.I'I.P^/c, between 500 and 1000 # por roar 

1968 1030 
1965 1825 
1966 1710 
1965 1620 
1966 1150 
1966 1030 

2. German Psm, Rep, I965 
3. U.3.3.R, " 1965 
4. Hungry I968 
5. Czechoslovakia 1965 
6- Japan I965 
7* Greece I966 
8, Spain 1965 

840 (IIKP! 
820 (l'TíP 
310 (G!!?¡ 
7f5 (nn» 

21.4 
10.8 
6.3 
10.7 
10.7 

1) 

8,8 
8.9« \ 
7.3U 

6.0 
6.3 
4.0 

8.0 
4.7 
8.4 
7.0 
4.11} 
2.5 ' 
2.3 

ÀI 

0,5: 
0.32 

Q,±o 

o,40 
0,48 
0,43 
0,37 
0,55 
0,39 

0,9.5 
0,57 
1»0" 

r.    c.r- 
*• : J j 

0,38 
0,39 
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Countiy 
II.P. per  Al consume • 

Year   capi ta, 3  tion per ca- 
 Rita kg/year 

G.N.P./c. botwoon 250 and 500 % per year 

Consumption 
index kg Al 
loo ; ii.p. 

19. 
20. 

Poland 
Bulgaria 

1965 
1965 

465 (NNP) 
438 (imp) 

O.H.P./ot less, than. 250 » per year 

21, Brazil 
22, UAR 
23, Sudan 
?4 » Uganda 
25. India 
26«. Tanzania 
27. Ethiopia 

1965 
1966 
1966 
1966 
1965 
1966 
1965 

217 (NIJP! 
160 (UNP 
100 (GWP, 
100 jr-Np' 
86 (NNP; 
80 (OKp; 
60 (aro. 

3.1 
1.8 

0.7 
0.3 
0.1 
0.05 
0.27 
0.27 
0.01 

0,66 
0 41 

0,32 
0,18 
0,10 
0,05 
0,31 
0,341 
0,02 

1)    urta for I967 
Source of I966 GNP data i 
No, 1248, October I969. 

Marches Tropioaux et Mediterraneans, 
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The main sectors of aluminium fabrication and their 

quantitative proportions on the basis of European statistics 

for the period I960 - 1965 are Indicated in Fig. 8 - IV(¿). 

Here, the input proportions were : virgin metal 80$, secon- 

dary metal 20$. 

Figure 8 - IV 

PROPORTION OF ALUMINIUM FABRICATIONS 

(Period I960 - 65) 

Products JL 
Rolled 45 

(sheet, strip, foil) 

Extruded 15 

Drawn 10 

Forged 2 

Castings 25 

Powder, paste, granules 3 

100 

Some comparative data concerning pereentual brakdown 

of aluminium consumption according to the main fields of 

end uses, have been revealed in Figure 8 - V. 
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8•2•     Marketing possibilities  of aluminium to be  produced 

in the  Maghreb area. 

8.2.1    The aluminium  market vlthln  the  Maghreb. The 

present  situation. 

Because of the preliminary character of this  study and 

the  limitations of available time we have  confined ourselves 

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 government 

officials and officers  of  Involved enterprises as well. 

The  Figures 8 - VI to   8 - IX reflect  the recent  situa- 

tion, respectively the available 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  the G.N.P.,  respectively G.D.P. 

per capita values.    This  analysis, though it should be re- 

garded only as a first,  simplistic attempt  of market  capacity 

evaluation,  reveals that,   the market - apart  from Libya -  Is 

evidently under-saturated with aluminium. 
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While the world averse ^onsumptior ,)or capita for 19'5 

was 1,85 kg and for 1967 2,5 kg, hero th- per capita figurée 

were : 

ALGERIA I960 
1967 
1968 

LIBYA 1966 
I967 
1968 

MOROCCO 1965 
1966 
1967 
1968 
1969 

TUNISIA 1966 
19G7 
1968 

Though,  as   It has been said,  there  is  no direct  correla- 

tion between G.N.P.  per capiti and the specific  aluminium 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 opinion that  the  aluminium 

consumption,  respectively  application in theso countries  is 

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

even considering their developing status. 
kg aluninium per 

100  5   G.N.P. 

0,70 kg 
0,10 1! 

0,20 ,1 

1,36 
1,70 !l 

1,65 !! 

0.11 kg 
0,09 1! 

0.16 II 

-0,15 1t 

0,20 II 

0,20 kg 
0,24 H 

Û ,28 H 

ALGERIA 1966 0.C28* 
1967 o.o.ir 
1968 Û.0Ê-'- 

LIBYA 1966 0.01^6 
1967 0,159 
1968 0.149 
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MOROCCü 

TUNISIA 

1965 
1966 
1967 

Kg aluminium per 
100  $  G.N.P. 

0.055 
0.051 
0.081 

1966 0.1MO 

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  is 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- 
mercial interchange of aluminium goods between the Maghreb 
countries.    The   findings are reflected in Figure 8 - XI, in 
kp; per year and Indicate,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) . 
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PIQUEE 8 « VI 

GLOBAL 'ALOmiHÜM CONSUMPTION FIGURES IN ALGERIA 

3miMQ 1966 - 1968 

Year I966 I967 I968 

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 
O.D.P, market price,  10 000 3. A. 1488 000 1576 000 - 

a..). P. market price,  106 US # 3006 3184 • 

G.D.P per capita, US £ 247 245 2501) 
Al consumption, kg/capita 0,0€9 0,101 0,20S' 

Index   kg aluminium per 
0,081) 100 % GIF 0,028 0,041 

1 )    estimate 
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FIGURE a - VII 

GLOBAL ALWiniTO CON3UMFTTOW FTQTOES IH LIBYA 

gJRIHG 1966 - 1968 

Year   1966 1967 1968 

Import, t 2278,9 2959,0 2949,3 
Export      ,  t 

Net for consumption, t 2278,9 2959,0 2949,3 

Population,  1000 1677 1738, I790 

G.N.P. market price,  10    IS. 557,4 665,9 

G.N.P. market price, 10    US 4         1560,7 1864,5 1976,42^ 

G.N.P. par capita, IB S 928,9 1072 IIO4 2^ 

Al consumption, kg/capita 1,36                  1,70                    1,65 

Index   kg aluminium per 
100 a GW» 0,146          0,159           0,15 

Remarks t    1)   Export of scrap possible, only the relevant figures 
wero available for nonferrous metale, globally 

2)   estimated 
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7I0UR3 8 - IX 

GLOBAL LLlMIIim CONSUMPTIOlf FIOUBSS IN TUNISIA 

' PORING 1966 -. 1968 

Year 1966 I967 I968 

Import,  t 1519,5 1229,3 1446,4 

Export,  *                                                  ?91,5 142.8              138,5 

Net, for consumption, t 1328,0 1086f5 130T,9 

Population, 1000 4470. 4527 46541 ' 

G.N.P. market price,  10   Mnars 493,3 

G.N.P. market price,  10   US S 948,6^ 

G.N.P. per capita   US %                         212 2151^               2201 ' 

ài consumption kc/capita                          0,297 0,24                0,28 

Inda*   kg aluminiwi per 100 GNP             0,140 0,111               0,127 

1 )   estimated 
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PIQURE 8 ». X 

VOLUMES OF VALUE. ALUHIflWH IMPORTS AND EXPORTS 

OP THE HAOHifflB COIWTRIIS 

(on basis of official statistics data on foreign trade) 

A (Imports, 10° Œ Dollars) 

Year 1966 1967 1968 

Algeria 1.823 2.359 4.241 
Litya 1.974 2,386 3.266 
Moroooo 2,285 2.537 2.801 
Tunisia U5Ö3 1.327 1.732 

Total 106 US $ 7,645 80609 12.040 
Imports total (*) 7.235 8.945 10.536 
Average price, %l\ 1,056 

B (Exports, 106 IS 

962 

Dollars) 

1.142 

Year 1966 1967 

0.241 

1968 

Algeria 0-249 0,260 
Lilaya ... .„ - 

Morocco 0,201 0.147 0,151 
Tunisia o„058 0.044 0.043 

Total 106 œ S 0„5O8 0.432 0.454 
Exporta total, (t) 1,490 1.308 1.742 
Average price, 5A 341 330 260 
(including scrap) 
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nam e - ¡a 

INTERCHANGE OF AIÄUMIIW PRODUCTS BETWEEN THE MAGHREB mmmiTss 

QUANTITIES IN KG PIE YEAE. 

Imports fro« 

Libya Morocco   Tunisia Total 

ALGERIA    if66 433              15 448 
1967 2473            220 2693 
1968 417 

Imports fron 

417 

Algeria Morocco   Tunisia Total 

LIBYA 1966 

1967 

196S 

52 1878 1930 

331 331 

531 531 

I 

1967 

1966 

Imports fron 

Algeria Libya   Tunisia   Total 

TUNISIA 1966 

1967 

1968 

Rasurk: In ci 

Imports fro« 

Algeria Libya   Morocco Total 

1065     -      -     1065 

of contradictory data, we used the higher 
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conservatism   . .  tu   c;.t   ;a      , "  :•..'•"'„     "a,-., ¿r -c^:; rr.oc-le.,   axae-- 

cinlly  e,i  e" r---'"   "   "  r  '     •'-•        '   '    '•'   ''•'•     :" :":': -'* %r   :rKv  Poin"- 
of view  of th./   Inaivi aa C   .at';: a,   :   -e. » -:r.L<..   an.  niant   aeserv. 

attention  -i  thu   1 aa .    '.•.  ra; .''.••.•:.   t     ". .L<nr ua-te-data 

light  mava'"   applicata a"   '    '• n-1 .u.--_   :aa.'la  b.       ;:;or..-.'ly   co~ 

ordin^ted. 

3.     Tac   eaiemci-ela*     c,:-/:'.kG   ^Jaing'at   •. xrerta4 'er.  and 

inpert':~;i   n   ."  alampa. ai   a.i   ?"Iv,. "m ^r, orr.aic. '  r--    parolical- 

ly complet«-:;»   ax*:rav..-'>' '   ":•:.:.   ••1v    / alat  ai  VU-.-:    -f  tac   Maghrat 

area/     Ce ali,  ':>•.•••/a un ta a  c> ¡;n:r   ;    '.   "r-:>e.,:,   a-1-    ç-'act j eaily 

nil,     TK.   r?cz,;ñ     •    ,1 U   dfr f   -.   aia   nain'.;'  t:a,   ^aii-ainf   ; 

a) ai.;: f.iûvioiti--'. ari •:>.• .-:h. * • •_• :'v:?.'i./.c; aar:. .•¿-•..•:•'. de-- 

\'i...apai parali'1. : ; it>- .daa .".ai.tr'o.-., •''•;.:• at evadi • 

nàtoc"   pi.ini.irs,,     ta ?u.;h   »   -/a..'  basiceli   :h ._•€   1s.   na 



', ' ...r x,. iîicn o'LT/   jji.^-.-'.ctLï    - t     iemanc   iVoi-., ; . . . .i.,,    JUIJ,;1,, 

oetwecr:   the   ccuntrios. 

1)   The  present  customs  tariff  renulatior  ¿y:'¿ein  ¡'tna-ill; 

doe;;   not   favour   uhi,   interchange   of  roc.  ,   „cv.iun  th<_ 

four  countries   v/r other  suppliers .     fK.r .   tuo   official 

general   tariffi;    .et  sometimes  even   adverse,   especially 

because   cf special relations  uf   the   couetol  s  with  som«. 

European  countries  and/or  the  EEC.     Tht   pattern  of this 

situation  is  however compile-it eü   ano  eh-nririo,   Ju«.   to 

recent   bilateral  special  regulations  wltoe.o  the  "¿aphreb 
area,. 

c)   Because   of  lack  of metal   ana  eu.mic  production  i'nci'Lltie.' 

there   ly  practically  nc  remarkable   export  potential  in 

these   countries   it  p.'osent.     TV    existir,-  ;•!.:.,   such   os 

MMA's   (Morocco)   excellent   tube—wolcll nr p: .r.r.   an«:  prosau 

re  cooker production  -ire  used  only   to    . v ry   lini tec1, 
extend. 

8. ? .¿     The  aluniirau:.» market  wit hin  th .• Ya,_y_: _ü . 
Future  out loo]:. 

A  Jet ai led  mò  profound market-expect - •. Jen.;   forecast. 

.«aculei recuire   i  thorough analytic market   ctu-.y.   -¡lnr mtc 

details   for  each  sort  of products   co  be   mv..o i^.Uu   ir. cor- 

relatici: wxth  relevant   cid..a  industrial  and   -vv.¿u:..;>tior.  fore- 

cast   fiouros,   etc.   The  special   situation  of  -A\<.  ...nwlvOed  ¿:\r. • 

tries  wíure   án  rural  areas  traditional  civil • oa¡j rn environ- 

ment  still  exists,   parallel with  the   stridir:;* Jève-iopr.ont  in- 
urban and  industrial   areis.   would  juotii'y   aa,   a 30  cii'o: 

analytic  approach to  got more realistic   fleuri      this  would, 

however,  by   far exceed  the purpose  and  3COpe  cf a:Ij  <-'or.<. 
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V   rmv,   liitrt-fcr» ,   recc;.imenü  that   such a  btudy   i-   -r  - 
pareri  separately.     It  would  be most   reasonable  to  combine 
this  task with   a  detailed  fact-findinr analysis of the pre- 
sent  aluminium  fabrication situation  in  the Marhreb countri 
and  the  elaboration of a nroposal concernine coordinated 
development of  aluminium semis  fabrication industries and 
a possible- reasonable  collaboration in  the  turnout of 
aluminium  finished products. 

Comlnr, back   to our present  tasks,  we  felt  that  it 
would be  satisfactory  to draw a first-fiance rlobal  forecast 
for aluminium metal consumption.     For   this, we  applied 
simple  repression based on population  and G.N.P.  expectations 
In this  attempt   we  started   from the  following suppositions   : 

a) A  slightly  optimistic  approach,   expectinc that  eco- 
nomic aluminium amplication and  consumption »ill b, 
stimulated  also by  rovon.mentnl  means, makinp ust 
of organized methods,  like application consultine 
oervices.     This  is  reflected  in  the  supposed  kr Al 
per   100   $   G.N.P.   or   (G.D.P.)   figures,  for which we 
h:-ve projected values approaching 0,30 up to  1990. 

b)     The  following uniform prowth sates have been suppo- 
sed for  the whole  time-period   (percent per year)   : 
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Population   : ñLGEfilii 3 
LIBYA 3 
MOROCCO 2 ,£ 

Tunisi;. 2,5 

G.N,P.:  respectively G.O.P. 

ALGERI/ 7 

LIBYA 6 
MOROCCO 5 
TUNISIA 6,5 

3  (I ' ? 8 0- JO ?,5%) 

Figure 8 - XII shows the rlobal results of this cr.lcuio..-. 

The target for 1975 would need some effort, but *he 

fipures for 19-80, respectively 1990 can be easily achieve 

and reflect even some conservative caution.  In support ci 

this statement it should be considered, that the forecast 

kp/capita fipures are still below the 1965 world average 

(1,85 kg) or even the present Libyan level (about 1,7 kf). 

The average annual prowth rate of metal afcsorbtion would 

be 11,71 per year, starting from 1968. 

In round figures the above assessment says, that total 

Maghreb need for aluminium would be : 

1975    27.000 t/year 

1980    46 .000 t/year 

I990   105.000 t/year 

It might be supposed that about ^0%  and 30T in 1 GO ' 

of these quantities will be  required  in  such dimensions 
special qualities,   for which there will be  ne production 
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FIGURE 8 - XII 

ALUMINIUM DEMAND FORECAST 

FOR THE I1AGHREB, TONS PER YEAR. 

1967 1975 1980 1990 

Algaria 

Libya 

Morocco 

Tunisia 

Total 

! 310 8 220 15 400 46 000 

2 960 7 420 II 900 21 000 

2 280 7 940 12 800 25 000 

I 090 3 370 5 700 13 000 

7 640 26 950 45 800 105 000 

Total kg Al per capita   0,23   0,64    0,95   1,65 
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facilities in the area or v/htch will b._ ccv^ 

supplies because of commercial reasons.  Thi 

portion is in compliance with the breakdown 

according tc main product groupe as in fpper/ 

way, the purchasing capacity of the inveito:1. 

the Internal ret absorbínr capacity r,f the r- 

rouphly at : 

for 1975 

for 1980 

for 1990 

16.000 t/year 

28.000 t/year 

75.000 t/year 

1 -   -• • !.. 

' ,-:jti~- t r, lv 

:• f prt. ••_•. • 1 t ~ 

¡i 'í  I 1 *î ti, •   . 

c v_-.tr: •t 

I' :. ;; v V, ;   ij 

The above picture may, of course, chanp.. b-lc;:- .. i 

case the fundamental political and economic conJitionn deve- 

lop in a way that the present trend rates o: -TOMLA  ,;-.V 

modified.  However, even the indicated levels c:  ^¡uunptio: 

suppose the following measures : 

a)  To establish in the Involved countries production 

facilities for the most important ser.ia, .--c-  ~¡, 

- sheet, possibly also foil 

- extrusions 

- wire rod 

castings 

„1ZC-.1 It is Important, that the quality of the visu: 

products should be equivalent to those from developed ind< 

trial countries and therefore, proper regional standard-3 

should be established.  The problem of e-conoir-ic i.x-ip-rro- 

cessinc deserves special attention. 
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b) The  development  indicated above under  a)   should be 
implemented in a coordinated way, on the basis  of 
mutual understanding. 

c) Special efforts  should be made to  facilitate the 
broad  application of aluminium, usinp available up- 
to-date foreign experience.     This is  especially 
important in the  field of electrical  industry  and 
electrification.     It  seems rational to  exert these 
efforts in a joint way, usinp all means  of common 
technical information. 

d) When amending the customs tariff systems  of the coun- 
tries,  or the relevant bilateral arreements,  it shoul< 
be kept  in mind to promote mutual trade  in aluminium 
roods between the  countries  of the Maphreb. 

It exceeds by  far the  scope of this study to outline 
an optimal  setup for the  cornine semis production.     However, 
on the basis of our findinps  it can be suppested as a prelimi- 

nary proposal for consideration : 

- To  set up jointly with the   future smelter a cast/ 
rolline mill  for wire-rods with a capacity of about 
20  000 tpy   (corresponding Properzi 7B type); 

- To  set up in the most  important  industrial repions 
two or three cast/rollinp units for about 5-8 000 
tpy  each,  in order to cover  the requirements  in 

rounds for production of household roods 
ondulated sheet for roofs and other pur- 

poses 
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- sheet and strip, in penerai 

To set up an extrusion mill in one of the countries 
which might supply mainly : 

- profiles for construction 

- small diameter tubes 

In order to promote these developments in an optimally 

rational way, we suggest to prepare a detailed study concer- 
ning both 

a) market analysis and forecast of aluminium semis and 
finished goods, 

b) alternatives for development of semis production in 

the Maghreb countries. 

8,2,3 The aluminium metal market outside the Maghreb 

On this, hardly more can be said than general statement.^. 

that are of lasting value for a prospective vender.  The ccr ; 

annual growth of the demand on the European Market, which 

evidently is the most interesting in this case, is estimated 

between 7 and 10?. The construction of production faci litire 

for the period up to 1975 has been planned taking into consi- 

deration the more ambitious fir-ures.  Therefore, it exists UK 

possibility of the danger, that - in case of non-fulfillment 

of market expectations - significant idle smelter capacities 

which may attain on world scale 1 million tpy, night be avai- 

lable.  Competition on behalf of other materials, adversities 

of the political and economic climate may affect those develop' 
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nient s  significantly.     Europe,  as a whole,  is  at  pr>-so-nt 
importer of primary aluminium.    Figure 8- x:il   Lndicatos 
on  the  basis  of Wohnlich's   data  (Ref.   Ho.   8-3)   the   renerai 
picture, according to   the  situation, by the end  of 1968. 

The  aluminium consumption cf the Western  European coun- 
tries   is put  by  Domony   (Ref.   No.   H)   for 1969  at  1   level of 
1.907,000 tens.     Existing smelter capacities  of the  whole 
European area, except   the  Soviet  Union,  according to   1970 
figures amount to 2  224 000 tpy.    These capacities   should 
increase,  taking into  view  schedul-d projects  to  3•W .OOOtcr 
per year up  till  1971» -     (See also Ref.  No.   4).     This  cr res- 
ponds  to an  annual growth rate of about  ll,5f>.   (^cr  details, 

see  Figure   8- XIV). 

Taking into account all these   fleures and  also  the un- 
known  factor of Soviet  metal export,   further the potential 
of future  capacities  outside Europe,  but  with a product 
destination to the European countries,  like the ALBA-srnelter 
in Bahrein,   it seems   clear that Europe cannot be regarded 
for 1975 as  an area to be  undersaturated by primary  metal. 

Integration efforts  and growing internationalization 
of the big producers   is characteristic on world-sc^le and 
also  in Europe.     Another important   feature of the  seventies 
seems  to be  to favour  smelter sites  near or within   the mar- 
kets,   contrary to the previous decades,  where  the  proximity 
of cheap electric power was often the determining  factor. 

The European aluminium market   should be  regarded as  an 
organized  one.    The  "Aluminium Club", a cartel-like   associât 
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FIGURE 8 - :aii. 

PRIMARY ALUMINIUM PRODUCTION AITO CONSUtlPTI^- BA„A; 

IN EUROPE BY TKE END OF  1968,   I??  1000 I'". ' 'S 7   ";. 

EEC Production 

Fed.  Germany 257 

France 366 

Italy 142 

"¡etherlands 47 

Belgium - 

Ere     total 812 

urapt ion Ra1 o^ce of irnor:   '+' 
arc r:;..ct   (••'   by 
CO' 

539 ••• '¿': 

294 -    ?•": 

205 ...     <,; 

30 -   11 

145 +  152 

1113 

EFTA 

Mon/a y 474 

Austria 85 

Switzerland 76 

Sweden 57 

United Kingdom 38 

Denmark - 

Finland - 

EFTA    total 730 

OTHERS 203 

45 

69 

70 

65 

397 

P, 

12 

656 

191 

- '13 

- ¡7 

+  9 

+ 341 

+  C 

+ : ! 

69 

Europe altogether    1745 1960 

Remark: The formal deficit of 1960-17*5 - 215 t and t>: 

of 313 t differ, probably because of changes ' 

accounted items in grovp "others", etc. 

•!• 313 

c-.. \-:rcir' 
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FIGURE 8  - XIV 

EXISTING AMD PUNNED SHELTER CAPACIETIES IN THE 

EUROPEAN AREA,   1000 TONS PER YEAR. 

United Kingdom 

Austria 

Belgium 

Czechoslovakia 

France 

Craece 

Netherlands 

Iceland 

Yugoslavia 

Poland 

Hungary 

German Dem. Rep. 

Norway 

German Fed. Rep. 

Italy 

Rumania 

Spain 

Switzerland 

Sweden 

Turkey 

Total 

Capacity Capaci ity to be attained 
1970 up to 1972 - 74 

39 300 

96 96 

- 66 

60 60 

369 408 

72 90 

32 90 

- 45 

104 200 

96 110 

65 30 

79 79 

514 691 

270 480 

145 232 

75 150 

84 134 

74 74 

50 60 

- 30 

2224 3475 
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.i.,   nain  producers determines   practically  the  orice   i.,-"' 

.*-.- mir.  participant  in this arrangement which nractically 

exists   since   early   sixties   are   ALCAN,   ALUSUI5SE,   PECill'^Y, 

v;'.:, the   Austi.an public-^.ctor  smelter  RANSHOF..:'   .     The  UEo 

c .mp.rvier.  ire   hindered in  overt   participation by  the  Anti-T-. 

L-;;, however,   as they  already have  and  further develop  eirni- 

fleant   positions In  Europe,  a coordination  ^f their  action 

Is evident.      Similarly,  the  state-owned  export  cor manico   of 

East-Europe   have to   take   into account   the realities   ~f th.. 

s< 'aation. 

The   power of t.ie association is   based  on the   fact,   thai, 

they do  not   only  command  the bulk of  primary  metal   çrcduc.^f.'i 

j..:t dispose   also of  simificant   c.-mis   capacities   thens.JveS. 

For the   "independent"  semis fabricator  important  orice reduc - 

tic.s  are  rranted,   if he   is  a repagar  customer.     The pro ':u-e • 

have their quotas of supply. 

It   seems   inevitable   for a  new producer who  desires   t 

sell to  Europe, to  make  proper  arranrements   in du.,   time   vi 

she "Club". 

On the   other hand,  just in  order  to diminish  the risk: 

possible  sales difficulties,  it   is  indicated to  select,   for 

the initial   period  of production,  a modest  -  theufh  still  ec 

nonic  -  capacity,   say betv:een  30.000  and 60.000  tpy. 

Flexible  accomodation to market   exigencies  require  that 

product  quality should be  on the  usual  up-to-date   level  ani 

sore transformation possibilities  into  semis,  e.r..   wire   rod- 

should   also  te available. 
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APPENDIX    I. 

SOME DATA AMD INFORMATION OH TIP PiiESEHT STATE OF ALUiîINIUIj 

nrnr-TTT r• °»•"^•" • •s MACIUEB COUNTRIES. 

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 products. 

On the basis of interviews and plant-visits also come basic data 

on existing enterprises in this field of industries have been compiled. 

It should be stressed, that these informations and datashould not be 

regarded as complete.    The correctness of intimated data could not be 

controlled.    Some data for 1965 and before rely on the Stu^ of Société 

Tunisienne de Banque  (Ref. No. 8/l0). 

Figure A-VIII gives the overall import breakdown data for the 

four countries, based on 1968 figures. 
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ALGERIA 

FIGURE A - I. 

BREAKDOWN OF I ¡¡PORTS OF ALUMINIUM PRODUCTS 

TO ALOISIA ACCORDING IIAIN GROUPS OF GOODS. 

(metric tons) 

Year 1965 1966 1967 1968 

1 •    Ingots 

2.    Rods,  bars,  profiles 

3t    Sheet, plates, foil, 
over 0,15 mm thickness 

4. Foil, under 0,15 mm thickness 

5. Constructions and their parta 

6,    Household goods 1) 

7. Cables, ropes, wire 

8. Tubes, accessories of tubes, 
hollow bars 

9. Others 

332 

280 

212 

508 

138 

367 

17 

49 

195,0 

201,0 

171,9 

493,1 

15,5 

152,4 

0,2 

140,8 

170,8 

145,1 
200,2 

277,2 

600,0 

20,0 

453,8 

321,2 

572,7 

954,5 

570,2 

354,5 

280,6 

84,1        173.5 

217,2       296,6 

Total 1903 1540,7      1997,5     3523.8 

1 )    Including also some sanitary goods» 
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AL0Ì3RIA 

FIGURE A - II. 

BKKAKDOUN OF EXPORTS OF ALUHIHIUH COOPS PROF. AL'.'-SIA 

(metric tons) 

Year 

1. Ingots 

2, Scrap 

3, Household goods 

4. Others 

1) 

Total 

1966 

70,3 

597,5 
0,2 

36,3 

704,3 

1967 

570,1 

0,15 

686,8 

1968 

622,7 

0,8 

116,5 2)       190,2 3) 

813,6 

1 )    Including sanitary goods 

2) Including 107,2 t barn una profiles 

3) Including 186,9 t bars and profiles 
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INTERVIEWED Ain VISITED PRODUCERS IH AL<" 

Limelter project of S.N.3. 

(Cocieto nationale de 

Sidenirk'io) 

Capaci i,y   oetucen  yO •••  1 5 ^     "'-•'  ''¿.-l -• 

Sito probably k'.lZÎÂ' or  cS.'.l\'.'-L.     • . 

citale ox   rcasibilit;: .r«;u:y„     To:yr\bL 

beçinnin,;;  of construct i or   huiiv; 

Pour Year:; Plan pericd  (.-... 'O. J   ' ';]•) 

A7UMAF 

(Alger) 

Rolling r.iill for  e trip end prodi'Ji 

of household ¿joodc.    ?"cu*,nt   ü ».L 

output 33° tpy.     Project   M' MO ...co- 

nization  :Jid exter.rdo:;  PVQ iv.dcr- 

consideration.     Thc-o  "I ould >:: 

realized up to  1973'     :o1lir PI". 

capacity may attain up   to  "0 CO 

SOMELEC 

(Alger) 

Production of non-ino In. ted ;md i- •• 

lated cables. 

Their production pronai.- 'o >'cr   '¡:''T> 

is 800 t cluniniun cabL~;   800   '-. 

ALHELEC cable.     They use   : rparted 

9t5 ifi 0 Proporzi rod-     Alir. iniu'i 

cohsianptiori for T973 -'il1, ":-J -bov" 

3  000 t^y. 

ALLAL 

(Société l'Aluminium Algérois) 

Al.Ter 

They produce household ¿of.1.:: frei 

imported discs.    I"<?*-•?.  i.i> vo vi iy. ;) 

was 312   line.    The-   li    x       of •,:   ^; 

capacity- 
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CHAPTER    II. 

LIBYA 

FIGURE A - III. 

BiiiaKSOUN OF LIBYA'S IIIPORTS OF ALUHIIIUJH raOi.AJC9G 

ACCORDING TO i IAIN GROUPS OP GOODS. 

(metric  tons) 

Yeax 1964 1965 1966 1967 1S uo 

1.    Ingots 0,4 - 10,8 - 1 c _ 0 

2.    Rods, bare,  profiles 11,8 33,8 61,3 366,6 •MM 

3.    Shoot, plates, foil, 
over 0,15 mm thickness 291,3 321,4 501,8 371.P- 2/.;. 6 

4.    Poil, under 0,15 mm 
thickness 72,3 51,3 106,9 172,2 A   I 

5,    Constructions and their 
parts 266,8 290,6 234,4 5 00.° Qy-, : ' 

6.    Household goods 92,9 64 177,8 216,G 294. 

7,    Cables, ropes, wire 40,3 1,1 — < ' V 

8.    Tubes, accessories of 
tubes, hollow bars 298,9 641,9 1103,9 1301,9 9'^-9 

9.    Others 130,6 107,0 74,0 20,1 169,8 

Total 1205,3      1561,3      2278,9     2959,0     ?.0Ar
7: 
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INTERVIEWED Ai ID VISITES P.íODUC : s in LIBY/.. 

LA3CPL2X 

Tripoli 

Asspmlij-i!!,', aluminium wir.'iov.'--f :•;;:.,;.., 

door::,   partitiono,   coilinr.-,   ('^ce- 

rations,  etc. 

Metal   turnover about  50 tpy- 

IFHAI3SY 

Tripoli 

Production of household -ooc¡3 fron 

purchased discs, 

'ïletal  turnover 60 -  125 tp^ - 
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CHAPTER    III 

MOROCCO 

FIGURE A - IV. 

UJAXTO'.m OF tlOROCCO'S IMPORTS OF ALUHINIUH PRODU,:" 

ACCORDING TO HAD! GROUPS 07 GOODS IN 1965-1969. 

(metric tone) 

1965 1966        1967 1966 

1,    Ingots 5,9 

?.,    Rods,  bars, profiles 560,9 

3.    Sheet,   platen,   foil, 
over 0,15 mm thickness 72},9 

4*    Foil,  under 0,15 mm 
thickness 166,5 

5»    Constructions and their 
parts 10,4 

6. Household j;oods 33,1 

7. Cables,   ropes,  wire 256,4 

8»    Tubes,   accessories of 
tubes,   hollow bars 1??4 

9.    Others 187,9 

6,3 3,5 3,4 

909,3      015,8     l_o<!.ß 

205,8       233,3       36?, 2 

17,1 

69,9 

2,1 

2,2 

57,9 

40,4 

jí.,6 

1:9 

13,8 82,7 7f»-0 

235,2        215,9        213:5 

.1 

385,3      1308,0        551.3       1--3V 

!,M7,Y 

Potai 1960,4      1894,8     2759,3      2611 



101     - 

MOROCCO 

PICURE A - V 

;^AICDOWH OF SXPORTS OP ALUI1INIUM POOPS FRO'l liOHOJCO 

1965-1969     (metric tons) 

Year 

1 - Ingots 

2. Scrap 

3. Houoohold goods 

4« Others 

Total 

1965   1966   1967   i960   1969 

51.6 7,9 39,7 

447,4 573,7 436,5 480.3 650,2 

0,5 0,3 2,0 0,5 0,4 

16.7 12,0 - 0.2 5-8 

516,2      593,°     478,2     489.0     656,4 
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INTERVIEWED AND VISITED P^ODUCURS IN MOROCCO 

MIA (Manufacture 

Marocaine de l'Aluminium) 

Mohammedia 

Poil processing, they stopped their 

own small foil plant nr, uneconomic. 

They import about '¿lj0  t foil per year. 

Welded irrigation tuber.  Can be pro- 

duced in diameters 3> < » 3»6 inches. 

The capacity is 500 tpy. The pro- 

duction between 30 and 6rj tpy. 

Ondulated sheet. Their production, 

starting from imported ohect 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. They are 

produced of imported strip. 

Two types are made : 

- INOXOR yarn from aluminium foil 

between two plastic layers, 

- NC 13 yarn from plar-tic foil, 

metallized in vacuum. 

Pressure cookers. The capacity is 

30 000 pes per year, t.-hilc the pro- 

duction is 8 000 pes per yaar. 
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They pre luce  ;..lco oi-her,   „ri-ditional 

household ¿foods. 

The consumption of Ciic:;  in a>ouA 

8 - %J   cpy.    Prod"3-;-io. C coll:.,)-' 

sible tubes vfill  start   '?7*^    "¡loir 

overall   iluminium cor"Ui.,r L,on ir; n- .: 

about  IDC"! tpy. 

They intend to  cet un  a cr.Bt-rolli.T~ 

mill v;ith a capacity of about 'jOOO t. 

The technical  level of  the  plant and 

the quality of the producir, are 

excellent 1 

0.0.L!.    (Compagnie Generale 

d'Electricité) 

Plant   :    lîohammedia, 

Head office}  Casablanca 

Production of isolated ,?V  non-iso- 

lated cableo.     Thi'   latter ara pro- 

duced with galvanised stccl--vopc 

core  (ACSR) and alrjo wit!   ALIIIO'.-.TSLD 

core.    The raw material  is ?,5 mm ß 

rod.    They une about 900 tons of 

aluminium per year.     (At   the  name 

time about  I5OO tpy copper). 

A.CM.     (Africaine de 

Constructions Métalliques) 

Zi fjablanca 

They are producers of stoal and rlu-- 

minivm construction:;.    For this lattei 

purpose they have set un recently a 

separated neat workshop ar.d an affi. 

liate  :  AFCOAL.    U~o of r1.uminium ir 

at the  level of  1C0 tpy„ 



- 104 - 

ÜALCO 

Casablanca 

They aro affiliates or ALCOA in •'. .>. 

field of metal constructions. Tn../ 

claim to be the mont experienced ; ' 

strongest enterprise of thin kind o 

al iminium application in tho count-. 

They use about 250 J:onc of imported 

metal per year. 

TABOR (Has not been visited) 

Casablanca 

Production of castings. Aluminium 

consumption 5-8 tpy. 

CHIMICOLOR 

(Has not been visited) 

Use and mix imported aluminium powdor 

into paints. 

TIMSIT 

(Has not been visited) 

Production of household ^oodo« 
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CHAPTER IV 

TUNISIA 

FIGURE A - VI 

ACCORDING TO MAIN GROUPS OF GOODS IN 1965-1°69 

(metric tons) 

Year 1965 1966 1967 

Total 

V) •'£ 

1. Ingots 13,5 16,3 14,1 36.7 

2. Rods, bars, profiles 56,5 51,6 151.6 7ü,9 

3. Sheet, plates, foil, 
over 0,15 mm thickness 128,1 55,4 296,9 28^,2 

4. Foil, under 0,15 ran 
thickness 315,9 283,1 103.8 Hi,; 

5. Constructions and their 
rarts 28,5 26,5 3 V 61 1 

Ú« Household goods 18,7 32,7 17,0 35-? 

7. Cables, ropes, wire 670,8 768,5 512.1 747.1 

8, Tubes, accessories of 
tubes, hollow bars 8,4 9,1 12,3 41,0 

9. Others 43,0 276,4 «3,9 47t6 

1283,4  1519,5  1229,3  1446,-', 
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TUNISIA 

FIGURE A - VII 

BREAKDOWN OF EXPORTS 0? ALUTIMTUn GOODS FROM TUNISIA 

1966-1968 (metric tons) 

Year 1966 1967 1968 

1.. Ingots 

2. Scrap 

3. Household goods 

4. Others 

86,4 94,3 96,5 

3,0 46,9 41,2 

-. 0,1 - 

2,1 1,5 0,8 

Total 191,5 142,8 138,5 
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IiTTDWraJED AND VISITED P..0DUC >:.<S III TUNISIA 

A:   ilAalEI!    S.A. 

TUIIIS 

Start in  I97O production of collap- 

sible-tubes,  to be mr.de  from imported 

dices. 

SOFOtECA 

(Société de Fonderies et 

do Iiecaniqus Tunis) 

Tae nain field of retivi ties ir, stool 

and i^on carting. Aluminium casting 

is only an accessor;»' branch in t'v-ir 

production,  jluring 19^P, i'ic;; pro- 

duced 14 tons of aluminiu.". cactin . 

Société de Ilatiere Electrique 

CIIAKIRA Tunis 

Production of insulated cblce un V 

1000 V. Vhey should like to u~o 

aluminium, however at präsent the 

electricity supply companies still 

insist using copper. 

SOTAL 

(Société Tunisienne 

de l'Aluminium) 

Production of household goods,   espa- 

cial ly vo3sels.     They produce  also 

enamelled and galvanised r:toel gcodso 

35O tons of aluminium atrip arc UFOCì 

per year 

IMKL 

Tunis 

Assembling of building and construc- 

tion elements of aluminivi (e.g. vrtn— 

dow-frmes, doors, portals, boxer, etc. 

They cover about 90 )!> of .his kind ri 

production in Tunisia- Their a?u'ú:i 

product output is 80 - 120 tpy.. 
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EíTAILS OF ELECTIÏIC Pir'HY CO• ^iîMATION CALCULADO'" 

1. ALGERIA, Traditional thermal pouc- plant, r.as fuelled- 

Suppositions, respectively initial data : 

Installed capacity 

Specific invortr.c'i.t er.ct 

Interest lose factor lor 
construction period 
(intercalar factor) 

Interest and amor u-za'-ion 

Iîaintenance and ronr.ir 
cost factor 

Salaries (averau^) 8 DA 
per hour, corresponding 

Number of employe: î 

Overheads and mana.j'emor.t 
cost factor 

Availability facte- o>.' 
installed capacity 

Operation time 

Specific heat consumption 

20Ü h'.' 

150 ';./kw 

1,37 

3,5 '%  per year 

'¿ )[•      per yea* 

2330 ¿ per yec.r 

20C 

30 Ji 

P"60 hours per yen1" 

2500 kcal/kwh 

Specific cost of fuel ^eat enere 0,6312 3/Gcal 

(0,03 DA per 1 nr  gas of 96OO I-.cal per Km heat valu?. 

This means 05CCóC5 G per nr, respoctivoly 0,606 / per 9600 

Ergo  : 1 Goal - 10 Kcal trill cost 63,12 ¿ 
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c » c + c o   e   e 
c
c - *íAñ (*•a + b)+ p 

Too 
C - L.T.ç.A. 10 v 

-3 

Explication of symbols : 

C  - overall costs, 3 per year 

C  - Constant coots, Ï per year 

C  - variable costs, ¿ per year 

B - investment cost of the power plant $ 

i - intercalar fa tor (interest losses during construction 
period) 

a - oapital services (depreciation + interest) fo  per yoar 

b - cost factor of repair and maintenance, in proportion 
to capital investment £ per year 

P - cost of personnel and management ¿ per year 

L - average operating capacity (capacity load factor " 
nominal capacity) HW 

T - operation time hours per year 

g - average specific heat consumption kcal/kwh 

A - specific fuel heat energy price $/0cal 

C - C + C o   o   v 

10 -3 co * Brö"5 (i,a + b) + p + UT.g.A. 

- 200 000 x 150^ (1,37 . 8,5 + 2) + 

+ 200 x 3880 x 1,3 + 200x0,74x8760x2500x0,624.10~3 - 4,09.10 

+1,01 . 106 + 2,05 . 106 - 

« 7,15 . 10 $ per year. 

Power production : 148 000 x 876O a 1,3 . 10* kwh/y 

Unit cost of power : py-'^yg?  - 0,0055 3/kwh, that is 5.5 milles- 
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2.    ALGERIA,  power plant,  applying gas turbines. 

Suppositions,  respectively initial data  : 

Installed capacity 

Specific investment  cost 

Intercalar factor 

Interest and amortization 

Maintenance and reDair 
cost factor 

Salaries,  average,   as under 1 

Number of employees 

Overheads and management 
cost factor as under 1 

Availability factor 

Operation time 

Specific heat consumption 

Specific cost of fuel 
heat energy as under 1 

200 nw 

1Ç5 3/kw 

1,14 

8,5 Co per year 

2,5 /j per year 

80 

95 /« of installed capacity 

876O hours per year 

3300 kcal/kwh 

C - C + C 
o   c   c 

- 200 000 x 105^ (1,14 . 8,5 + 2,5) + 

+ 80 x 3380 x 1,3 •:• 

+ 200 x 0,95 x 8760 x 3300 x 0,6312 . 10' 

- 2,50 . 106 + 0,40 . 106 + 3,4V . 106 

6,37 . 106 3 

,-3 

Production of energy - I90 000 x 876O - 

,r 9 
m  1,66 . 10 kwh per year 
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Unit cost of energy 6,JJ  -  10 

1,66 „  1CK 

0,00384  3 per kwh,  that is 3|2<*.  i-'-.ii! 

\:\ c .-co or I0..C f'vour;'ol.  lov-.'  Ai.-tor-.,  thir- ni-ht    otû.-.r'.o-.v.L. , 

.0 10: KO ,   : 

rrvuotion o: TO'-.'-r    160 000 :: O76O -  i,,;?!   „  n/ !: 

Unit cout 
1,.'01  .  ic' 

- Û.C04D4   >A"li    (-'f54  .lilis) 
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