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'Fig.‘Aﬂi " The Process for Producing Alumina
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Fig; A-3 Relationship of Alumina PtodUction Scale,
Capital Cost and the Cost of Alumina
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Table A-5 Purnace exhaust gas collection efficiency and
Fluoride Emission Level

o Levemf;s-_(;i_ 10-15 years aqo " Recent levels
Soaderberg Prabake Soadevberyg Prebake

Sollection efficienty 801 Raly a5 28%
Flaeride emigsion
- Without roof 35 Kg/T-AL 1o Kguo-Al 0.9 kg/T-Al  0.4-0.5 kg/T-al

szrubbing :

ith root 0.8-1.2 = B.7-1.1 .

garubbing .

G DR (HR ke il 5 o 1 o0,
L9650 2.60A B
19704 182 »
19804 0.91  #
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Table 'A~-6  Classitication of Alumi

{1) Methods: raduction oper'ations: precede

a
b4
O

- Distillation - - —— i
-~ ] Ziie analgan ]wﬁ Distillation

2 Refining by i e
ol J oY l——Herc Y amalgam i—— Pistillation({Schaidt Process) ————j
o Amalgamation ot T :

: [T Lead amaiaanm [~ pistillation é
g L bad gRaldsn c
o 5
§ — Three-layer electroelytic refining =
: [
4 :
T - Electrolytic refining by chioride bath g
) ’ . . 2
3 Reaction with - [Toneatioride ] Risproportionation B

E N tono » —

é} aluminum chloride reaction {Alcan process)
Reaction with [ onof Tuorid - Disproportionation
aluminuem fluoride | ———loh U000 reaction
— ¢iegler process i Alkyl-Aluminun ]—— Thermal decomposition ey
{I1} Methods: refining operations precede
Fluoride bath (Hall-Heroult process)
. ] Chloride bath

o - Aluninue sult’ich“'L
5 l Sub-sulfide { -~ Disproportionation reaction
S . i : £
= F— Thermal decomposion by plaspa 3

S 7
Reduct i N ~ Redution by sodiunm E!
eduction an : - .

—— c;lor‘mt.ioh_m 5.5} meduction by manganese (Toth process) P
L GEANd n & Low temperature elctrolysis by chloride bath —F
— - % ol fligh temperature electrolysis by chloride bath — 3
Alum num Refining ————j 3£ ’ — Fu
c i = Yl Organic Triethyl .
thlexide | JOvganac G TEAEEAWR G Rlectrolysis —

synthesis aluminum :
T . - - Thermal decomposition
Aumipa |7 Carbon reduction — | Aluminum carbide | -—- {Pechiney) -
Alumi : e e
j i - Thermal decomposition
—_— Re(‘mctlon 1o ———-{ A Juminum Nitrzde_]w i - ey
nitrogen stream (Pechiney)

Carbothermic -
reduction

b— Bayer process -

pracess

L~ Acid procass —

Reduction and_ |

T chlorination

roduection

Soda-lime .

__Refining by |

nam Smelting Processes
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Tfable A-7 ~ Comparison of Aluaminum Chloride Electrolysis and

Hall-Héroult Electrclysis

N ST T RIS oul

Chloride Process __N___H'w Process

Furnace Design Multi-Cell ~Single-cell
Electrolysis Temperature aC : 700 960
Ore Concentration % v 5% AlCLy . 2 - 7% Al90O3y
Bath Composition AlC14-NaCl-LiCl Alp03-NajhlF3- AlFy
Current Density B/ome 0.8 - 2.3 0.6 - 1.0
Interpolar-bistance cm 1 - 2.5 4
Decomposition Voltage, ' - 1.2
{Theoretical) v .
Operating Voltage (Theoretical) ¥ 2.2 1.9
Anode Overvaltage v ae) ' 0.5
Difference in Specific Gravity, 0.8 Q.2
Bath/Metal '
Electrical Conductivity e o™ 1.7 - 2 2,3

¢f Bath . .
Vapour Pressure of Bath Torr < 30 _ 2
Viscosity of Bath . cp R ' 4
Viscosity of Aluminum cp 3 © 0.6
Anode Consumption Rate cm/day YO -1
Voltage per Cell v 3 ' 4
Current Efficiency .85 0.89
Voltage Efficiency O.74% T 0.47%
Energy Bfficiency ' G.63* - 0.42*
Blectricity Consumption kWh/t Al 10, S00 13,400 .
Production Capacity tonne’ 10 - 30 1.

(Per day per cell) .
Anode Haterial : Graphite Carbbn

x Voltagg efficiency and energy efEiCiency are based on theoretical
operating voltage and theoretical electricity consumption respectively.

15, 7 — ;«*g’ﬁwﬁ‘i DT R I T, 5 — 2 At EORBE R T i L N
WBEL . BIREIEL T, FIRHCUSRERT 277 5 0T, 7 ~ 70 0 5 1Bl kM L
R EYUYD S, _ |

L BRI AR AL-SI=F ) 157 A ¢ =0 A LMY BT L LI,
if- 2 ODTHENRE ST B, M 1 OFL, LT CH i H O b | 200°C q)m;
R GRBHNCHI ST, 70§ = 0 AW, BT L TR T 4 b o C i
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o 52O ITUNE, M B TR LT, Fe - Si % LB MRS, %5 Al-Si B gt
B LWt (fe & 2080 Al o0 4=t 1y 0 A Mk 7 & S =0 4D 51 UL
RO e & DRI A RN L CEMER L, 7 A ¢ = Ak MBI TH B, AT 0 v
DY, hwmf@AﬂSrrah“MmMﬁmm‘:@mﬁﬁmawTW\;VA
ORI, BIRET % % Tro> -~ RRALBE N, B2 L 2 Fe St oo (i HUT i 75 &, 49
DUHRBHAG @ J D BRPT A~ & A A :

2.3 FEBMGEE PN L 9 ARE

Sl R, IR B H T A S o AT 5 by 1T ¥ eus, BITE
(& A EME DT A3 = AL LT B, B F U A b AT A Al
e Loidoditn < fe b b AL, DL 9B A,

AT LA A IR Y a4 R B X L, Rk e SO AVEI & h
B Y st - UG,

b, FALEo AOBRENT AL F AR T e b A CERBUE N i, SR
Tk, B AT o o b LU E  e oo 8 AR WTRE & 72 5,
UL, A A A OB R IR TR, BRI LT s LR e <

TR A A YA L BB RST A T ST R p DR, b (R
B D L BRI | (5l A E D £ kAT S

...... B A BB 7 1k R A DI, & A S RID o o
e B A Ao R G [ ﬁﬂ]}é} DAMEEEL foibg ol RN A G AR, BB L‘*’(i?ﬁi%d){}‘ o
o ADSHEROKE RO D, Ll KL TR, TR AR FIC X BUERGE NG
BRDIITI I Bk o =R BT B E T ke s =gk
AR DT, S A MO R A T A Ch S S, |

LichhsC, hita, b, @ -4, EERRo BT 5 gl E b i, S
E Al ML T A = ADBE L LTI R e A D
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3 2 neralogy ina Content of Non-Bauxite Rocks
e fer > T e A=} Mineralogy and Alumaina _ : _ g CK
reference able ! L sible Sources of Aluminum

and Materials that are Pos

JET I Iy

ToF Winaral % of AlgO3 in

Hajor Aluminous Theoretical

Rock Hinerals ¢ of Al303 in Whole: Rock Whole Rock
Mineral and Pormula in Mineval  or Matevial o or -Material
Alumi num - wavellite 37.1 - ~
phosphate ALy (POg)p {OH) 4
rock o *5HL0 E : Ok
millisite 37.4 variable 5-15

{NaX)Cahly (PO, )y
{O/) g 3H,0
kaolinite 39.%
(0H)g510481407¢

Aluminous illite : : 38.5 variable 15-30
shale {OH) 4K (Sigaly)
Alunite alunite . 37.0 1540 5.5-14.8
Coal illite and o 38.5-39.5 variahble 25-30
washings kaoplinite
Cozl ash mullite 84.0 minor 5-35

Al68i2013 '
Dawsonite dawsonite 35.4 8+ ' S 3
in oil NaAl(OH)9CO3 ' '
shale
High- kaclinite 39.5 75-65 > 30-35
alumina clay
Igneous plagiocclase
YOCKS feldspar
znortho- NaR1Si40g* 9.4 65-95  22-30
site CaAl‘?Sl208** 36.6 ’
Hepheline nepheline 15.9 - -
syenite {Ha,X} (A1, S1)504

alkalic feldspar 18.4 B0+ 20--25

KA15i40g -
¥ hAlbite Haz0°'nl,056510

*#* Anorthite CaO'A1203'28i02

sSource: AME

L1)--26



Referénce Table A-2

Estimates of World Bauxite Reserves

{million tonnes bauxite)

. . : Main
Countery Targa) 1a1g) Other®) Bauxite .-Af;éid?%)
- ) Type
WEST BLOC:
Africa:
"~ Cameroon 762 1,016 _ . gibbsite a4
Guinea 4,572 8,332 8,200 IBA Mar. 1979 gibbsite 44-62
3,572 Measured IBA :
_ : June 1980 _ _
Ghana 335 580 780 IBA Sept. 1977 gibbsite 50-54
: o 450 MB 11 May 1976 ' :
Sierrva Leone 122 132 100 ACDC 1978 gibbsite 52
South Africa nas nas 20 Min J 14 Oct. 1977
B _ S0 ACDC 1978 :
Other nas 102 102 :
Total 5,893 10,162
USA: 40 40 gibbsite 5058
Latin America: : _
Brazil 2,540 2,540 3,072 Heasured I1BA gibbsite 40-59
June 1380 '
2,500-5,000 MB
_ 5 Dec. 1980
Costa Rica nas nas 136 ACDC 1978
Colombia nas ‘nas 400 Reuters 22 Mar. 1979
Dominican .
Republic nas nas 32 Measured 1BA gibbsite/ 25
: Mar. 1977 boehmi te
Guyana 152 1,016 gibbsite 35-65
Haiti nas nas 7 IBA Dec. 1975 gibbsite/ SCav.
: boehmite
Jamaica 1,016 2,032 2,000 EMJ Nov., 1977 gibbsite/ 50av.
. - >1,500 IBA Sept. 1976 boehni te
Surinam 508 498 : gibbsite 45-60
Venezuela nas nas 37 Measured IBA gibbsite 49av.
June 1980
500 EMJ Nowv., 1977
Other nas 213 234
Total 4,429 6,320




keference Table A-2 (cont'd.)
- T T T T -
; ‘ Grade
uspM . LSEY e) Bauxite :
- Other als %1 50 - :
Country ta76a) 1a7gP) Ty pe Al203 (v
Asia: ) . ) )
India 306 1,412 1,600 Ind Min Nov. 1978 gibbsite 52-58
122 Measured 1BA
June 1980 .
Indonesia 406 711 700 IBA Dec. 1975 gibbsite 53av.
: ; st 5R_GE
Malaysia nas nas ; gibbsite 56 ?d
Philippines nas nas 63 MW 7 Apr. 1980 _dQ~JO
10O ACDC 1978
Turkey nas nas 21 Heasured IBA June 1380 60
Scuth Xorea nas nas 10 Min Mag June 1976
Other nas 50 50
“Total 761, 2,182
Western Europe: ) ) ‘
France nas nas 25-30 IBA Sept., 1978 boehmi te 55~60
{some gibbsite
and diaspore)
Greece 762 762 119 Measured IBA hoehnlte 53-65
June 1980
1,000 Min Mag Dec. 1980 {some gibbsite
900 Ind Min Dec. 1979 and diaspore}.
Yugoslavia 203 406 200 tieasured IBA June 1980
Cther nas 102 91
Total a4 1,259
Oceanéﬁ;
Australia 4,572 4,572 4,600 IBA June 1980
4,443 Aus Min Ind Quart gibbsite 30-62
32 {1979} {minor
4,440 BMR 1980 boehmi te)
Othey nas 50 50
Total 4,622 4,622
Total
Free World: 16,609 24,586
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Reference Table A-2 (cont'd.)

R : e - Main _
Country : ?3323; ?;?ﬁb)'  Other®! . Bauxite Alz;:df%)
. SR ) : Type
The Centrally Planned Economies
China - 152 . 152 100 EMJ Aug 1978 diaspore/
: . boehni te
Hungary 152 203 230-240 Min J 28 boehmite/  45-60
' ' . May 1976 gibbsite/
, _ : ' diaspore
Romania. nas nas ' boehmite/ 45--60
- ' ' gibbsite/
: _ diaspore
USSR 152 152 250 ACDC 1978 ' boehmi te/ 26-52
' diaspore

_ {some gibbsite)
Total 456 507

World Total 17,268 25,093

a) USBM,. 1976. Mineral Pacts and Problems

)  USBM, 1978. Aluminum {Mineral Commodity Profiles HMCP - 14)

@) ACDC = Aluminum Conductor Development Corp.; for other abbreviations,
.gee the list at the beginning of Part A.

(1)-~29



Range of Chémical constituents (%_content)-bf

Reference Table A-3

Bauxite -
1975 for. Trombetasi IBA QR Mar, 1979 for
. 1980

1975; EMJ Nov. _
' and IRA QR Sept.

(from Shaffer, g \
1977 for bominic¢an Repubi)ci

Guinea; IBA QR Mar.
for Jamaica)

S .
"~ Country and_ Aly03 510 Fe ,03 LOI*
Location of Deposit e e T -
nustralia; S o .
cape York 5260 2-10 §5-13 2,1-3.1 21-29
“Gove : 48 3-4 17 3~4 26
‘pDarling Ranges 30-48% % n.a, Pad. n.a. n.a.
 Kimberley 4750 2.5-3.5 nea. n.a. n.a.
Brazil: .
Trombetas Nodular 47,1 7.1 8.2 1.3 27:9
‘Trombetas Massive 49,9 4.8 9.3 1.4 28.6
Hinas Gerais 5559 1.6-5.6 6.9-9.6 1.1-2.0 25-30
China 50--70 9-15 1-13 2 n.a.
"powinican Republic 50 | 5 20 Neds 25
France ' 55-70 3-16 4-25 2-3.5 fl.a.
Ghana: : :
Bwaso 4861  Q.4-2.4 4-22 0.8-2.1 - 26-33
Xibi 32-60 0.3-2.9 645 2.0-6,2  13-30
Myinahin’ 41-63  0.3~3.1  1.2-30.9  1.5-5.3
Guinea: o :
Fria 48 2.5 21 2.2 25
Sangaredi. 60-61 0.3-0.7 2-4 3-5. 30
Guyana '51-61 4-6 1-8 2-3 25-32
Haiti 48.6 3.4 21.9 2.8 24,1
Hungary 50-60 1-8 15-20 2-3 13-20
India 45-60 1-5 3-20 5-10 22-27
Indonesia 53 4-5 12 Ti.d. n.a.
Jamaica: y
St. Ann 47.3 1.3 . 19.8 2,4 27.9
Clarenden 48.5 0.5 i8.8 2.4 26.4
Average Jamaica 49-51 0.7=1.6 19-21 2.5-2.7 25-27
Malaysia 38-60 1-13 3-21 1.2 n.a.
Sierra Leone 51-55% 1.5-2 10-18 1.5 27-31
Surinam SO~60 2-6 2-15 2-3 29-31
Turkey 55-60 5-7 15-20 2-3 12-14
USA: _ :
Arkansas ~ 45-57 524 2~12 1.6~2,4 2228
Oregon & Washington 31~35 5-11 33-135% 5-6 16-20
- Southeast states 51-56 12-15 1-5" 1.5-3.5 22~30
USSR - 26-52 2-32 1-45 1.4~-3.2 n.a.
Yugoslavia 48~60 1~ 17-26 2.5-3.5 1327
Romania 55 5 99 1-2 - N.a.

* loss on ignition
** ayailable

{13-30



B. % %
T N T

LAY b e

1965 40> A WA = %0 L /DR 3,729 77 2,000 LT - £275, 1980 FAC 4% 9,262
753,000 U & 1965 4 i L~ 2.0{ LTI L F2o. SRl L LT 6.3% T
%, Reference Iablo B-1 PL_{LA!“ b AR P CE TR SN O ;? ro’)};{[ B 25t Lt

SO X f; N AT Pt 0){#!1;\%4,&))1 fu)\U)‘F‘ﬂ‘E{fI b u{lﬂfn/u‘dﬁw T
WA S &L AR b il B BRI e AR w7 AR L PRl i L
DOHBHIETHD o R & UL 1965 S B L7 JE 5 32 v o . N
A, .,yfzf_ A 7T AT S DT AL 62 A% T H o fn A, 1980 SE AL, S _
‘{“.t;{-w--:& .l~ "7 V7. ¥ =T Crwqh, vii, 20 ey, o5 HiEEGE - =
74} 68. 9% i ,iﬁL"cu\zao’l_‘abie B- U, 54455 L7 5 2 (B 2 08 10 :b{gcof*i” e
HR DMy = 7 OB R RL LA LD ChE, BT LWL L 5, 1960 gs
&@&%ﬁﬂ%&ﬁ@mwttwwx»vu7m%ﬁxvmuu EELLbOnsD,
1965 4FI IR iA 110 75 U SRT il o> Ao b 0328 1980 440 (EH24S 2,700 15 U Bh L A i+ 2
% o'f\:;.lﬁjﬁ CA = T OIS IO s D, 1965 45 160 77 t T - 72 & 4% 1980 i
Vi1, 3008 t Eﬁ& HILHE T AL DD e B C, 1965 ’?F-L:#‘i 860 4t
WCdh e b oA, 1980 4R 0T 1 ?,O(} Bl &leofc, L Lino NI A38 .57
R IR S N B - T ORI S, BUEHE S (X oMb sz" F oo T
(R l?'t,fel‘ei)ce Fig, B—2 i, 8BRS EER YL LA,

1L L'CUiFW) ek S BEFR ¥V A P ORI -2 S 0 T TH B, B
CCN T vl A /ﬂ_ AN A FHGoA AT om A RT E’?rbilil_.fc
B S k8 ,bgk‘}"c SR D 80U LA L T, thThA— 2+ 5 U 704
DL T, Sl o’)fffj 3()%?‘. BALCURT B, SICKCHF = 7 25 14%, e A b
HBHTB D, WD AE = wl P 9,200 F5 L oW T ki 3 A oA G
5,20007 L .ﬁ%h»f 5 MR Rl o oo = 7RI B LR L, # 65%i0
Ll L&, L& DI Al DERERAFE P RORAFE AR L v 2
ﬁr}&;}g_d)%’f LT LR DS D,

g

2. 7*» kg
BR LA P L) *Jr} Wik, WMUR T L EYERMAT S e 3 0 2 55D



Table B-1 Changes 1in P;‘oduétion ghare of Major Bauxite .
prodquaing Countries : ]
(percentage share of total world production}

Figures shown in () indicate the ranking.

1965 1970 1975 11980

{2) 15.2. (1) 27.2 (1) 293

mustralia -

Guinea _ 4.3 C4.1 (3) 110 (2) d4.4
Jamaica (1) 23.2 (1) 19.8 {2) 15.0 (3) 13.0
USSR (2) 12.6 (3) 10.7 (4) 85 (4 0.9
Surinam : (3) 1.7 {4) 9.9 (5) 6.1 (5) 5.3
Brazil ' - - - 4.5
Greece ' 3.4 3.8 3.9 3.5
Yugoslavia 4,2 3.5 3.0 3.4
Guyana 4y 7.8 {5) 7.3 5.0 3.3
Hungary 4.0 - 3.7 3.2
France {5y 7.1 5.0 3.3 ' -
USA - - S 4.5 3.5 - -
‘motal share of the

first 5 major preducers 2.4 . 62.9 67.8 68.9
Total share of the |

first 10 major producers 82.8 . 82.8 86.7 86.8

Source: Metal Statistics, 1965-75, 1570-8B0

Ao SR T A I OTEEIL T A I FOM 0% L XSS 1D, WL ?{}%"-ff‘
ZiE WD T, TR T A L O FERNERT DT 4 D ke B, |
1966 45 (7 2) @2 R 7 4 3 R 1,478 75 4,000 L CA 7o nt, 1980 4Kt
3,505 7% 3,Uup L& 1966 AR EER) 2.4 o Wi L e TR SE M AL L O e e b L)
L 6.3%DMOTH B, | |
Referenge Table B—2iz4, £EREH A i RolEB L0 L‘%‘«:o
7l ‘J"ﬁikfﬁﬂ)ﬁ’éifé"«!'iﬁﬁaii.Z}ft%@'({«t\ Table B-2 st h-cud B b, e 4y
[F] A% 19?0 FLEECELL T 2 & CHh D, 1966 45t {; A5 7 %"e;iei, 7 x 'u_ |

(G U I:’\’AI SS 1981 t2 L uid 18T RO EN ML B 7 A 2 o /B0 R 2 664 45 8,000 1 . 5 fBgpil)
(Metallurgical uses) 452,446 75 1,000 t, Jke; o
. > ' : o IEELET COther than metallurgical uses) 45
FT,000 8 25, _ gicat uses) 4 ;18

(TE 2> MS 19651975 126X 1965 40 7 4 3 J-H: g JeASadh & NI €066 A S 2 L 7n

(1332



Pable 'B-2 . Changes in Iir'oductid_n share of
Major Alumina Producing Countries _
{Percentage share of  total worid production)

Figures shown in ( ) indicate the ranking..

1966 1970 1975 1980
‘Australia 2.1 {3) 10,2 (2) 19.2 (1) 20.7
CUSAT - (1) 35.9 (1) 28.5 (1) 19.2 (2) 20.0
USSR 3 (2) 7.6 (2) 12,7 (3) 11.2 (3) 9.3
Jamaica - {5) 5.4 (4) 8.1 (4) 8.5 (4} 6.8
‘Japan 4.5 (5) 6.1 {5} 5.9 (5) 6.3
Germany, Fed. Rep. S 4. 3.6 4.7 4.6
Surinam =~ - ' 2.8 4,9 4.3 4.1
France (4) S.7 4.7 4.1 3.8
Yugoslavia - - - 3.6
- Canada (3) 6.1 5,2 4,3 3.4
Hung’a’ry _ - - 2.8 -
Guinea ' 3.6 2.9 - -
Total share of the first
5 major producers : 70.7 65.6" 64.0 63.1
Total share of the first _
10 major. producers 87.8 86.9 84.2 . 82.6

Source: Metal Statistics, 1965-75, 1970-80

N i, W FE L T T A, P w o B CH e, 1970 HLLEA AU T A U B, v,
Soped h, WA, A2 b3 VT Ei D, DERBEECo05 HEOMAILD YT
Tl - LA L 2@ &5 MHOGrCORN A -7, hThd— 2+ F ¥ 7ORKRS DI
B & U<, 1966 45 i3 fims 80 U5 LMoo LT b » 7o & D ph, 1080 IS8 725 /5 L kA
.%¢%Kﬁ¢fhbnCﬁL(inFﬁUTM\#m%%%htmu<%$ﬂﬁﬁk®
Tws%m%makoho%®Vx7nﬁwﬁwﬁm%‘ﬁmmﬁ@%%%&ﬁwa&b
BEEEIR A S O Cd By DRI CT A § IHERRET A0 b & v O LT LA
M.1w%h391@%&ﬁﬂﬂ$h,%mymfmﬁ¢btoL#L?Aﬂwﬂmﬁ&
LoCob e b 9 ) 74 BT % 7 4 ¢ 9 KMOMRE R % » Tl Tty & OFROKCHII
AR O 409G, B I W #9 50% %04 L C L D0 Td %, Reference Fig, B3 i
o5 LA RS AR L, .
:@Iﬁkmﬁw7mswmmm\%w#%ff&ﬁu<£&$ﬁm®%@ﬁﬁﬁﬁm

(1J)-33



FLRUNE PP ARV O N & 3 R AR 1 w[§r6~“i”3§03%9%7967*ffﬁEl»“Cb13>ﬂ*;?‘ﬂ<3 PAUAR YR
oy i IR o &0 D

o AL E FR AR L L Yy 83% ‘C,D)/obl gty T oA WA TR

Vot b A L BRI LA, B ST T4 < BEH LA TRACERY S U S S % S N
.E'i?j_‘)\‘lﬁiit‘iiiﬂﬁz;'fE‘C?")\ SRR e Ty T T L RS HCd ':_r-:.--»
:Pw4rab5H%W;ﬂwﬁmmﬁﬁwnﬁhﬁ&LHMWMWAMHLﬁ&1%ﬂm&ﬁ?ﬁ‘
A0 2 T30 s TN ' : )

E%::@ﬂﬁbﬂﬁﬁtvmm‘ﬁ~¢@wr&%kn\ﬁmmﬁMQmmMﬁ1%q'
ﬁUKFﬂLfﬁmL“ué:&@%bummﬂwmahM5wm&10ﬁMﬂmﬁmW@
m%n%nﬁfﬂ’ma%fﬁqtﬁ\W&mqf%wMMNWibJ%uwamﬁ&m
s A R U L AR

394 83% L Tr o OO0 LAl R ITe ol n T A S
63%. N o

R AL i | R e B N R VR A

3. Flriz )A%ﬁiﬂlﬁ“f& _
b de < e YA b A XX A S DR, SRS 2 R ORT A
Fa

22 i oL T Lo L RHER

T
N e ey —ua 2
G, AT b 3 s v A

oy

i

1965 4, TWSﬂﬁbﬁ@AOWﬁﬁhm}bﬂmt“%>“%.%Gﬁumiﬁ%ﬂ
4,000 t &, 1965 fEILFY 2. JEIN L fe, A U O 6. 3D,
Reference ‘Table - B3 24, Sl B 7 e § o= o ARG o0 BE %ﬁ%’m L ANy
:wﬂsﬁ%\ﬁ%@ﬁ%@ﬁw%wﬁﬂnﬁﬁfyvxvwf\w1m5Mm$kokﬂ
mbf779ﬁ@%&7%.M//JDHhZﬁfBQ ﬁmwvﬁwﬁgﬁtmﬁnw
7 AU HDRY 1.8{%‘:’5\ T A O 2.2 85 CH 5, Fig, B LTl ,ﬂ'«y)}ure}cgq»’;
Fro =7 OB EFbLLL, | :
X HEAERLTELT AL =y A UG R E R I A \NL;XMn%
DAEFEAE LT DL LT ;%oqm“fvﬁﬁé%ﬁw%kk?lﬂ$\amuyﬁ
BIOWT o7 CEELTHAR)Y SRR ZOAE s = Vit s ok
X HEHERL T b,
19654 - 959
1970 91%
1975 88%
_ 1980 | 839/
thed, 749 TR G, 7 v s ARSI L C L, T oS

i s\&’
i

CE 1D HSEESTL IPAL SBIC K b, IPAT LTV 2 7RG 85 LT b5 0y o i i B e
Mz 83 2 e %, Reference  Fig, B~ 535136 (Definitions) &,

C13--34



Fig. B-j Percentage Share of World Primary Aluminum Production
by Geographical Area :
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Figures shown in ( ) indicate the ranking.
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Table B-4 Percentage Share of Six Major Producers
in Free World Production Capacity (1980)

{Unit: Ownership percentage in production capacity)

Bauxite Alumina Aluminum
ALCOA 16.8 20,7 13.3
ALCAN : : 6.4 11.8 10.5
kKaiser 7.8 10.2 707
Reynolds 4,9 8.9 8.0
Pechiney 2.7 7.5 8.1
ALUSUISSE: : 5.0 4.5 4.7
' Totél ‘for thes :
! ox These 43.4 63.6 52.3

" 6 companies

Source: Compiled from Spector Report, UNCTAD Report, etc.
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{H 1) Halco Mining Inc,

B3 ALCOA 27%. ALCAN 27%, MMA 20%,. PUK 0% VAW 10%,, ALUMET i\! 6%
Y23 ALCOA of Australia _ S .

WErn ALCOA 519%. Australian Interest Group 4 2 499,
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Tabhle B-5 .  Percentdge Share of Aluminum Companies
-in.the USA2)D)

%)
1948 1957 1964 1973 1974

CALCOA - T C 5007 43.t 33,0 32.1 32.0
‘Reynolds 29.3 26,6 27,9 19,% 19.8
‘Kaiger 20,0 271 25.0 14,5 14,7
Andconda - 3.3 2.6 6.1 6.1
Ormet. <) —._ - 6.9 5.1 -
Howmet - - - 4.4 4.4
Martin Marietta - - 3.3 4.1 4.2
National-Southwire - - - 3.7 3.7
Conalco - - 1.2 3.6 7.0
Alunax - - - 2.7 2.7
Revere ' ' ' - - 2.3 4.0
Noranda : : - - - 1.4 1.4
Total 100 100 - 92.8 ° 72.7 73.6

Notes : a) ¥ach share may'not add up to total due to rounding.
b) Based on year ~end production capacity.
c) Ormet's production capacity in 1974, 250,000 tonnes is _
not shown but divided and included in the capacity of
Revere (34%) ‘and Conalco {66%}, both partners in Ormet,

Source:  'The Aluminum Association, Aluminwues Statistical Reviews;
' 1973, 1974,

SHEAC S THEIL TR O, TBE AR TS (A BB ofFNF
SN GATHEEMRLBHRT L) Th, T4 F <Py L OeETH -7,
€ LB REO MRS D R LoD, il RS IR T
1970 fRd T 13% o = 722 oo 4 o ds, 1975 TR0 169, 1980 SE ik 20% D o = 7 i

B LA, A R T 3 2T 1980 IR, WAL O > = TR ERF R
22% WK AT VA, T = 7 ORI SG T Fig, B-3 it skovhs,
# 7c Reference Table B-=7 i ih b il R 4% (RS e>|1: A7 o 7RI L A,

' cﬁthMﬁmMﬁmM%ﬁanﬁtvé@ﬁu%@}mmg%aofub977vﬁ

Wir 7, ;;.ffohf;_hrwﬂu&mmh/t;:w;mdoombonH$L

DA TR D LA 1982 BB L4 240 T L (B4 > = 7 CI3 12077 1) Lto.l: :

Sl H ey st Oy TR ko - KO (ERN D AT & R, i

A s':. oA EREESIE C D o fetSi ks, 1/ HMEXESB L Rk, V1 :féiéﬂ"h' L

FUB, 1297, 749w, a2 v = b U 7EITERE A O YET S

P& TN, hae o2l A v Ay =T, Bl BRI o,

~
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Table B-6  Reported Capital Costs for Mines -

} o . . Capacity Date of Cost/tonne
Company and Lecation {1,000 tonnes/ Cost & annual output -
R “_year) “Estimave  (US3. 1980)
Completad:. o . . .
T 0BG, Boke {1973) - 6,000 1973 S 123
+ Min, Rio do Norte, Trombetas, 3,350: 1975 120
prazil (1979) ‘ Co )

Guymine, E. Montgowery, Guyana {[1973) 800-1, 000 19%9 A%- 56
* Comaleo, Weipa, Mustralia {1979} %! V1,000 1979 - 22
Under Construction: : .

Nab'l. Aluminium.-Co., Ovissa, India 2,400 1979 3
planned: ¥ &x - o .
TTMin, Yera Cyuz, Paracgomimas, Brazil o 2,000-4,000 1978 . 95-190

ALPART, §, Coast Mines, Jamaica b, 500-2,500 S 1978 . 45~ 75
* pauxiven, Los Pijiguaos, Venezuela 3,000 1980 183

* Incliudes cost of infrastructure.
s+ Upsts over the period frowm the early 1369s.

*+* Estimates based on various stages of feasibility studies.

Source: AME

L1 2 @R OGREB) ® | - o .

Wl D ROEMMANCIIT 5APHLA <L, P LKV, 1968 40 Metals
Weekic X B k. EHW E LCUSS3—10 L L8 B> € W Fon 1975 46 @
OPPENHEIMER REPORT Tk, USS$6 .7 CEIE L LT b, BEoMME LCr
tw&M@DNMmEBmmﬁnﬁmy0@¢mn%e‘Ihme BTkt h USS4—7 .~ L @3
DT B, | | |

Taple B-7 Comparative Direct Mining Costs of Bauxlte
in Jamaica, Brazil, and Australia

Costs in US$/tonne

Ttem

Jamaica Brazil . Australia
Labor 1018130 1.95-2.15  1.53-1,69
Fuel . oil 0.37-0.41 0.51-0.56. 0.37~0.41
Internal transport 0.72-0,79 - 1,231,356 . 0.72-0,79
Maintenance 1,17-1.28 1,37-1,51 1.,18-1,30
Misc. costs :  0.83-0.91 1,32-1.45 0.86-0,94
Total direct mining costs 4,27-4:69 4.66-5,13

6.38-7,02

Source: ‘Metal Bulletin {Sept. f980)
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Table B-8

‘Bauxite Levies and Royalties in

the Main Bauxite Producing Countries

Country

LeVY

Royalty

Comments -

Jamaica

Surinam

Haiti

Dominican
Republic

Guyana
Guinea

Sierra Leone

.8%-5.5% US
lngot price

6.0% US 1ngot
price

.73

Variable

Uss 0.50/S.

Uss 0.55/8. tonne

US$ 0.50/S. tonne

tonne

USS 0.60/5.

Us$ 0.04-0.10/tonne

B 2 O

US$ 0.17/tonne

S tonne . =

tonne -

of US$ 0.60/5..

Levy based on ALCOA us. lngot

conversion ratlo 4,3 s.
1 s. tonne metal as

in the case of Jamaica

ihformation'as ofrmid~1977

price;

Levy 1ndexed to Reynold s
ingot price; converson ratio
5.0 s, tonne = 1 s. “tonne
metal ' '

Agreement. wlth ALCOA extend—

ing to 31 -Dec., 1982 for mini-
mur payment of Uss17. ,00/tonne;
ALCOA also to pay a royalty
tonne on
exports, compared to previous

| charge of U8$0.55/5. tonne

(Reutars, 5 Dec,, 1980},

Ghana - 5% of realized value
of ore plus mineral
duty of (10% on realized
ore selling price _
Indonesia 10% of f.o.b, Mineral tax of Information as of mid-1977
: export value | USS 0.06/tonne _ _ _
Australia - Variable range Nii_aﬁplies to ALCOA which
from nil to - pays alumina royalties
gss 1,00 instead '
Source:

AME
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Table B-9 Estimated Total Bauxite Cost

(Uss/T)
Cost Item Jamaica New Plant
Mininy cost 6.,07% 6.07
Depreciation .66 3.3
Infrastructure cost 0.28 0.55
Interest _ ' i :1.38
~ {Sub Total) (8.01) {11.31)
Royalty & Taxes 17.04%* . 3,86
(Total) (25.05) {(15.17)

* Jamaica's mining cost is estimated at $4.27 - $4.69 in
Table B~7, but estimated at $6,07 in this Table,
the same as new plant. '
** In 1879

source: JAF {Japan Aluminium Federation)

Table B-10  Selected Bauxite Shipping Costs.

Scurce of . Destination of Freight cost : bate of
bauxite shipment US§/ tonne Freight cost
Australia: )
Gove, HN.7T. Stade, Germany, FR 10.50-12.50 Feb.-June 1979
: : 20.00-21.50 Jan.-June 1980
17.00 Hov, 1980
18.75 . Jan.-~Apr, 19Bt
Weipa, Qld. Gladstone, Dld. 8.00* Hay 1981
Porte Vesme, Italy 12.50-12.65 Jan.-May 1379
Netheriands/Germany, FR 18,00 - Nov, 1980
Germany, PR 17.50 Mar, 1981
Welpa/Gove Japan 15.00-20.00% May 1981
Jamaica: .
various ports usa 4.40- 4,90%* Sept, V980
Port Rhoades Lowisiana, USA 5.50 Cec., 1980
Dominican Republic:
Cabo Rejo Texas, 57 5.50 Apr. 1980
HBrazil:
Amazon USA quif 7.50 Hov. 1979
USA B,00-93.50** Sept. 1980
Guinea:
Port Kamsar USA qulf 10.25% May 1981
Canada (Fort Alfred, 10,50* May 1981
Quebec)
W. Burope 10,56 Hay 1931
Yugoslavia 20.00 Aug. 1980

Greace: :
Itoa Tarante, Ttaly 5.50 Har, 1980

Indonesia: _
Biantan Island Rotterdam, Hetherlands 14.00~144.50 MHid-1979

* Estimﬁtes by Sydﬁcy-based shipping consul tants
#+  Estimates by Met. Bull, Meanth., Sept. 1980

Source: AME
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Tahle B-11 Reported Capital Costs for Alumina ﬁefineries

Capacity Date of

Cost/tonne

Company and Location {1,000 Cost annual output
: MT/Y) Estimate {USS 1980)
Completeds.'_ o :
Eurallumina, Sardinia, Italy (1973) 600 1970 375
Aluminio Espanol, San Ciprian, 800 '1979 450
Spain (1980}
pueensland Alumina, Gladstone, 2 032 49
‘Australia (1973) ' 1374 430
Under Cohstruction:. . )
Alunorte, nr. Belem, Brazil 800 1978 660
Interalumina,. Puerto Ordaz, . 00 9 00-1. 700
Veneruela : t, 000 1980 1,000-1,
# ALCOA, Wagerup, W.A., Australia 500 1979 . 780
# Worsley, Worsley, W.R.,, Australia 1,000 1980 . 1,000
Auginish, Shannon, Ireland ' 800 1981 1,250
mlz}anr-l'é_'él_:
# Mine/refinery project, Cameroon 1,000 1979 1,130
Mine/refinery project, Alugui : .
# Mine/refinery project, Alugui, 1,000 1978 760
Boke, Guinea -
i eromCo. el Har . _ .
51§romco, Pepe. .azbour, Sierra 500 1980 1,000
. Sierra Leone . . - : _
$ Jamaica, S. Manchester 500 1980 830
¢ Bharat Aluminium Co,, :
" Andhra Pradesh, India . 600 1977 1'?30
¢ Bharat Aluminium Co., Gujarat, India 300 1980 1,230
% Kuala Tanjung, Sumatra, Indonesia 600 1981 1,250
Bauxite Parnasse, Kamiotissa, Greece 600 1978 730
Greek /USSR project, Greece 600 1980 1,250
Auruk i - ]
# Aurukun Project, Cape York, 01d., 1,200 1976 780

hdustralia

# Includes costs of mine and infrastructure

¢ Includes cost of mine

Source: AME
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Estimates of Costs of Bauxite at Varloua Deqtinations

Table B-12
for 1979 - 1980
Eau#ite Bauxite = Bauxite fBaukite
Rafinery Bauxite price ' required cost/tonne cost/ib
Locatién Source (US$/  per tonne alumina aluminum
tonne) alumina {US$/tonne) (US cents/lb)
USA, qulf  Jamaica 31.00 2.5 77.50 6.9
Guinea 30.50 2.1 64.00 5.7
Brazil 32.00 2.2 70.50 6.2
Surinam 38.00 . 2.2 83.50 7.4
Germany, FR Australia 28.00 . 2.3 _65‘50_ 5.8
~ Japan rustralia 22.00 2.3 50.50 4.5
France . Guinea . 30.00 2.1 63.00 5.6
‘Australia:  Domestic:
G t Weipa (incl. : '
ladstone Weipa (linc 15.00 .2 133.00 2.9
freight) ' .
Gove Gove, 10.00 2.4 24,00 2.1
Kwi a Darlin
-nana/ - Darling 6.00 3.3 19,80 1.8
Pinjarra  Ranges
Jamaica Domestic avéraqe
' - before levy  5.00 2.5 12.50 1.
-- after lewvy 29.00 2.5 -72,50 S Bed
Gresgce Domestic T 19.50 . 2,3 45,00 4.0
Source: AME
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Table B-13

Fiscal Regimes in Countries Planning
New Investment in Alumina_Refinery Plants

hustralia

Concessionary system, company tax 463, dividend with-

holding tax¥ 15%, foyalty currently $1.75 per. tonné
alumina in Western Australia, accelerated deprecia-
tion, some goverament:financed infrastructure, local
cquity reguired. e - S
Concessionary system, company tax, voydlties at $1.00
per tonhe bauxite, tax holiday, government-financed
infrastructure, ‘local. equity reguired.. :
Venesuela Concassionary system

Yugoslavia Collective ownership {direct equity participation)

Ireland Concessionary system
Shain ‘Concessionary system
Guinea Government equity, but bauxite levy in lieu of divi-
dends and income tax )
Greece Concessionary system
India ~Government equlty and concessionary systen
Turkey Cohcessionary system
Souvrce: IBA QH,:RUQHSE 1980
Table B-14 Bayer Alumina Production Costs — US$ per Tonne Alumina

Undiscounted :
{Caribbean Greenfield Plant, 1980 Start-up)

] . ,I\O t a 1‘“ .
uantity Price {ost cost
Raw HMaterials .
o Bauxite {incl. ievy)} 2.3 tonnes 37T 13,07 26
¢ Caustlc Soda " 0.1 tonnes 140.00  14.40 5
o Other 1.00
9807 32
Urilities
6 Fuel - boiler V0 GI oA 3,00 30,60 1%
-~ Calcination 4 GJ 3.00 12,00 4
o Other S 2.00
| | | Ti00 6
Maintenance Supplies 1.5% capital investment 10,20
Direct Labsr 1.5% man-hrs, 65,0 2.00
Supervision 20% direct Yabor ¥,80 -
Latoy Overheads 33 1/3% total labor .60 -
Rates & Local Taxes C0.5% capital investment 3.40 -
Depreciation _ : 5% capital investment 34.00 12
‘Return ‘on Capitai - i0% investment post-tax 67,00 25
Sales & Aadministration 5% selling price 15.00 5
11500 5

2TT.6T 100

* 64 = Giga Jouls (4,184 Joule = t cal)

IBA R, June

Source: 1980
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Table B-16 Selected Alumina Shippinq Cbsts

Uk B S, A AUT b RO BT IR A DA B MRS B & 2 D WAL Table B 16

Source of alumina

Destination of

Freight costs

Date of

‘alumina. -Us$/tonne.  freight cost
Australia: : : : O
Xwinana/Bunbury, WA  Geelong, Vict: 11.507* . Hay 1981
Bahrain 126,00 % May 1981 o
US West Coast 18.00-19.,00 . .Feb.~Apr.. 1980
' 20.00-23.00 ~ May 1980
15.00-19.00  Sept.-Nov. 1980
_ 22.00 Jan. 1981
US East Coast 23,00-28.00  Jan.-Mar. 1980
23.00 Dec. 1980
Gladstone, Qld. Bell Bay, Tasmania 16.00 * May 1981
' US West Coast 13.50 Oct. 1980
: o 22.00 ° ‘May 1981
US East Coast . :29.50-32,00  Mar.-May 1980
Metherlands 44.00 Dec. 1979
Horway : 42.00 May 1980
USSR {Black Sea) 54.00 Mar. 1980
Gove, N.T. Iceland Sept. 1980

Jamaicars _
Port Kaiser

Surinam:
Paranam

Japan

Louisiana, US
Virginia, Us
Spain

Bahrain

Virginia, US

31.00 -

4.00-~ 4.25.
6.00

29.00

'37.00

9.00

Kitimat, BC, Canada 14.00.

Sept. 1980
Apr. 1980
Qct. 1980

© Aug. 1980

Apr. 1980

Dec. 1980

* Estimate by Sydney-based shipping consultants

Source; AME
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