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ABSTRACT

The discovery of bauxite  in G uyana  w as coincident w ith  the  adven t of 

the  a lum in ium  industry . G uyana 's  endow m ent w ith  relatively large 

deposits of baux ite , rich  in a lum in ium  oxide a n d  m ineralogically 

com patible w ith the  a lum ina  technology u sed  by th e  North A m erican 

a lu m in a  industry , led to the  co u n try  becom ing the  m ajor supp lier of 

baux ite  to N orth Am erica during  th e  Second World W ar.

In addition  to its  high a lum in ium  oxide co n ten t and  gibbsite 

m ineralogy, the  G uyana  bauxite  deposits possessed  th e  properties of low 

iron  co n ten t a n d  low levels of all th e  im pure elem ents in  bauxite. These 

p roperties  conferred on  G uyana a  n ear m onopoly in  the  refractory  

baux ite  m ark e t w hich em erged from  the  increase in steel p roduction  an d  

technologic developm ents in  the  p o s t w ar steel-m aking process.

G uyana, however, never rea lised  its  potential a s  a  bauxite  p roducer, 

c o n s is ten t w ith th e  quality  of its  resources. The discovery of bauxite  w ith 

m ore favourable m ining conditions in  a  n u m b er of o th er coun tries led to 

a  diversion of investm en t from G uyana

The G uyana industry , however, while never achieving the  size an d  

degree of vertical in tegration  a s  th a t  in the  new  resource  endow ed 

coun tries , con tinued  to operate profitably for four decades th ro u g h  its  

m onopoly of the  refractory  baux ite  m ark e t and  the  p roduction  of baux ite  

for o th e r non-m etallu rg ical applications.



C oncerns by the  G overnm ent over the  lack  of investm en t in  th e  

industry , led to its  acquisition  by the  sta te . However, a fte r a  period of 

successfu l operation  u n d e r  sta te-ow nersh ip , p roduction  an d  revenues 

declined. A ttem pts to rehab ilita te  th e  in d u stry  forced th e  G overnm ent to 

change its policy on sta te-ow nersh ip  an d  em b ark  on  a  p rogram m e to 

divest itself of its  share-ho ld ing  in  th e  industry .

The lack  of investm ent in  th e  in d u s try  for th e  p roduction  of 

a lum in ium  h a s  been  a ttrib u tab le  to uncom petitiveness of G u y an a  

baux ite  th rough  high m ining cost a n d  sh ipp ing  cost. T his s tu d y  h a s , 

however, u n d e rta k en  a  m ore com prehensive an a ly sis  of th e  con tribu to ry  

factors to com petitiveness in  baux ite  p roduction  a n d  h a s  revealed a  

n u m b er of econom ic factors th a t  seriously  q u estio n  th e  com petitiveness 

parad igm  w ith refererence to G uyana  bauxite . The analysis  also reveals a  

n u m b er of non-econom ic factors th a t  were responsib le  for the  diversion  

of investm en t from G uyana  to o th er b aux ite  endow ed coun tries . 

G uyana 's  loss of the  refractory  baux ite  m ark e t h a s  also  been  a ttr ib u ta b le  

to uncom petitiveness assoc ia ted  w ith  inefficient m anagem en t u n d e r  

sta te-ow nersh ip . While conceding a  n u m b er of inefficiencies u n d e r  

sta te-ow nersh ip  th a t  h a d  a n  im pact on efficiency, th e  s tu d y  h a s  show n 

th a t  a  n u m b er of exogenous factors co n trib u ted  to th e  developm ents in  

th a t  m arket.

D espite its  failu res in  the  p ast, th e  G u y an a  baux ite  in d u s try  

m anages bauxite  resou rces w ith advan tages over th e  resou rces in  m an y  

o th er producing  coun tries th a t  could  re su lt in  th e  co u n try  regain ing  its  

position  a s  a  m ajor supp lier of baux ite  to the  a lu m in iu m  in d u stry  a n d  to 

the  refractories a n d  abrasive in d u strie s .
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1

C hap te r 1 

INTRODUCTION

1.1 G uyana in  World B auxite P roduction

G uyana  w as am ong the  world 's firs t bauxite  p roducing  coun tries and  

the  first W estern  H em isphere country , after the  U nited S ta tes, to become 

a  m ajor p roducer of bauxite  for th e  a lum in ium  industry . P roduction 

s ta rted  tow ard the  end  of the  F irst W orld W ar, a n d  even w ith the  wide 

fluc tuations du ring  the  in ter-w ar years, accoun ted  for 9 per cen t of world 

production  for the  decade of the  1930s, an d  by the  beginning of the  

Second W orld W ar, G uyana a ssu m ed  the  position  of the  w orld 's th ird  

largest p roducer. The situa tion  changed  dram atically  over the  decade of 

the  1940s w ith the  increase  in dem and  for a lum in ium  during  the  W ar 

w hich led to a  225 per cen t increase  in  ten -year average a n n u a l world 

baux ite  p roduction  an d  to a  nearly  600 per cen t increase  in G uyana. 

This elevated G uyana to the  position  of the  w orld 's second largest 

p roducer, accoun ting  for 19 per cen t of world p roduction .

G uyana 's  position, however, changed  over th e  nex t decade. After a  

steep  decline in  a lum in ium  production  following th e  end  of the  War, the  

m etal found new  app lica tions a n d  gained accep tance  a s  a n  industria l 

m etal. This led to an  increase  in p roduction  of 121 per cen t over th a t of 

the  decade of th e  1940s an d  to a  126 per c en t increase  in  bauxite  

p roduction . The ra te  of increase  in p roduction  in  G uyana exceeded th a t 

of the  world for the  first two years of the  decade, increasing  its m arke t
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sh are  to 22 per cent. P roduction , however rem ain ed  s ta tic  for th e  re s t  of 

the  decade, resu lting  in a  fall in  m ark e t sh a re  to 16 p e r cen t. W hile 

p roduction  con tinued  to increase  over th e  decades of th e  1960s a n d  

1970s, the  ra te  con tinued  to fall below th a t  of th e  w orld re su ltin g  in  a  

fu rth e r decline in  m ark e t sh a re  to 10 p er c en t a n d  6  p e r cen t 

respectively. W orld p roduction  increased  a  fu rth e r  18 p e r  c en t over the  

decade of th e  1980s; p roduction  in  G uyana, how ever fell 33 p er cen t 

over th is  period resu ltin g  in  a  fall in  th e  c o u n try ’s m a rk e t sh a re  to th ree  

per cen t an d  even w ith  the  com m issioning of a  new  p ro jec t in  1990 th a t  

m ain ta ined  p roduction  a t  the  level of the  prev ious decade, its  sh a re  fell 

fu rth e r to 2.7 per cen t for the  nex t decade. Table 1.1 show s ten -y ear 

average G uyana an d  world baux ite  p roduction  a n d  G u y an a 's  sh a re  of 

world p roduction  over the  period 1920 to 2000.
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Table 1.1 G uyana And World B auxite P roduction

Ten Year Averages 
( 0 0 0  tonnes)

Period Guyana World
Guyana % 

of World
% Increase

Guyana World
1920 -29 130 1,315 10 - -
1930 -39 200 2,270 9 54 73
1940 -49 1,385 7,250 19 592 224
1950-59 2,670 16,350 16 93 126
1960-69 3,750 37,000 10 41 128.
1970-79 4,220 73,700 6 13 99,
1980-89 2,810 86,600 3 -33 18
1990-99 2,850 108,800 3 0 26

Sources
1. Guyana Geological Survey, Bauxites and Latérites Deposits of 

Guyana, 1968.
2 .Overseas Geological Survey, Mineral Resources 

Division, Bauxite Alumina and Aluminium- 1962.
3.UN Technical Assistance Team Report, The Bauxite-Aluminium 

Industry of British Guiana, 1964.
4.The Commonwealth Economic Committee, Non-Ferrous 

Metals, 1966.
5.US Bureau Of Mines, Minerals Yearbook, Bauxite and 

Alumina, 1954-2000.
6.Bauxite Industry Development Company, Guyana, Statistics 

1971-2000.
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B auxite is u se d  for the  p roduction  of a lum in ium , refracto ries , ab rasives, 

a lum in ium  chem icals, cem ent, an d  a s  a  flux in  a  n u m b e r of m etallu rg ical 

p rocesses. The ca ta ly st for th e  increase  in  w orld p ro d u c tio n  since the  

decade of th e  1920s, however, w as th e  rap id  grow th in  p rim ary  

a lum in ium  p roduction  w hich increased  a t  a n  average of 83 p e r c en t each  

decade betw een 1920 an d  2000. G uyana  w as one of th e  p rincipal 

beneficiaries of the  early stages of th is  developm ent, especially  th e  

phenom enal increase  in th e  decade of the  1940s w hen  th e  d em an d  for 

a lum in ium  for a irc raft p roduction  du rin g  th e  Second W orld W ar re su lted  

in a n  increase  in  world a lum in ium  a n d  bau x ite  p ro d u ctio n  of 280 p er 

cen t an d  206  pe r cent, respectively. P roduction  in  G u y an a  over th is  

period increased  512 per cen t, a ttr ib u ta b le  to: (1) its  endow m ent w ith  

relatively large resou rces of h igh  quality  tr ih y d ra te  bau x ite  com patib le  

w ith th e  A m erican Bayer technology u se d  by th e  N orth  A m erican 

a lu m in a  refineries; (2) the  existence of p roduction  capacity  th a t  could  be 

rap id ly  expanded; an d  (3) its  geographical location  w ith  re sp ec t to  th e  

N orth A m erican co n tin en t in  te rm s of d is tan ce  a n d  secu rity  of sh ip m en ts  

du ring  the  W ar.After a  steep  decline in  a lu m in iu m  p ro d u c tio n  tow ard  the  

end  of the  W ar, new  app lica tions for th e  m eta l in  electric pow er 

tran sm iss io n , tran sp o rta tio n , con stru c tio n , packag ing  a n d  co n su m er 

du rab le  goods, led to a  co n tin u o u s increase  in  d em an d  for a lu m in iu m  

an d  m etallu rg ical bauxite  over the  nex t five decades. G uyana, however, 

partic ipa ted  only m arginally  in  these  developm ents, record ing  in c reases  

in  each  of th e  first th ree  decades, a n d  falling p ro duction  in  the  nex t 

decade before a  new  pro ject com m issioned  in  1990 led to a  250  per cen t
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increase  in  p roduction  over th a t  of the  preceding decade. Table 1.2 

show s ten -year average world a lum in ium  an d  G uyana an d  world bauxite  

p roduction  for the  period 1920-2000.
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Table 1 .2  G uyana  And W orld M etallurgical B auxite  

And P rim ary  A lum inium  Production  

(Ten Year Averages )

Prim ary Aluminium_________________ Metallurgical Bauxite
Period World Guyana

Quantity % Total Quantity % Increase Quantity % Increase
1920-29 170 - 1,315 1,315 - 130 -
1930-39 334 96 2,270 2,250 71 200 54
1940-49 1,270 280 7,250 6,890 206 1,225 512
1950-59 2,810 121 16,350 15,530 125 1,470 20
1960-69 6,530 132 37,000 35,150 126 1,650 13
1970-79 14,625 124 73,700 66,330 89 1,230 -25
1980-89 16,226 11 86,600 77,940 17 625 -49

1990-99 21,150 30 108,800 97,700 25 2,210 254
Metallurgical bauxite for the production of aluminium is estimated at 100 

percent of total world production for the decade of the 1920s and 1930s, 99 percent 
for the decade of the 1930s 95 percent for the decades of the 1950s and 1960s 
and 90 percent for the decades of the 1970s 1980s and 1990s.

Sources:
l.Metalgesselshaft, Metal Statistics, 1975-1985.
2 .Overseas Geological Survey, Mineral Resources Division 

Bauxite and Aluminium, 1962.
3 UN Technical Assistance, 1964, The Bauxite-Aluminium Industry of British 

Guiana.
4 .The Commonwealth Economic Committee, Non-ferrous Metals, 1966.
5.US Bureau of Mines, Minerals Yearbook, Bauxite and Alumina, 1954-1994.
6 .Bauxite Industry Development Company, Guyana, Statistics, 1972-1996.
7. Australian Mineral Economics, The World Aluminium Industry, 1982.
8.US Geological Survey, Minerals Year Book, Aluminium, 2000.
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A m ore detailed  analysis of the  d a ta  on G uyana 's baux ite  production, 

show s th a t  m etallurg ical bauxite, during  the  decade of the  1940s, 

accoun ting  for a lm ost 87 per cen t of total c rude  baux ite  production. 

However, over the  nex t decade, the  share  of m etallurg ical bauxite  fell to 

54 per cen t an d  by the decade of the  1980s, to 24 per cent. The industry , 

tow ard the  end  of the  decade of the  1950s shifted  its  focus from the 

a lum in ium  in d u stry  to the  p roduction  of refractory  baux ite  to take 

advantage of th e  increasing  dem and  for th is  p ro d u c t a n d  its technical 

advantage in  p roduction  th rough  its  endow m ent a s  the  only source of 

baux ite  th a t  satisfied  the  technical specifications for refractory  bauxite 

dem anded  by the  consum ing  industries. This developm ent placed 

G uyana  in a  n e a r  m onopoly of the  m arke t for refractory  bauxite. It, 

however, con tribu ted  to the  coun try 's  failure to partic ipa te  in  the  growth 

in  world baux ite  p roduction  betw een 1950 a n d  1975 since the  h igher 

re tu rn  on investm en t in  refractory  bauxite  induced  the  operating 

com panies to d irect m ost of the ir investm en t in  th e  in d u stry  to th a t 

p roduct. A series of developm ents over the decades of th e  1970s, 1980s, 

a n d  1990s, w hich w ould be d iscussed  in deta il la te r  in the  study, 

affected bo th  the  dem and  for an d  supply  of refractory  bauxite  and  

resu lted  in a  d ram atic  decline in p roduction  a n d  to th e  co un try  losing its 

dom inan t position  in the  refractory  bauxite  m arket.

Table 1.3 show s a  breakdow n, by grades, of five-year average a n n u a l 

baux ite  p roduction  for G uyana  over the  period 1935-2000.
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Table 1 .3  G uyana B auxite Production  By G rades 

Five-Year Averages

(000 Tonnes)

.Dried Bauxite Calcined Dry Bauxite Percentage of Total
Products (5% Bauxite2 Equivalent Total Dry

/ Year Métal- Chemi- Refrac- Abras Métal- Non-MeU- Bauxite Métal- Non-Metal- 
cal tory -ive lurgical lurgical Equivalent iUïgicai lurgiical 

_________lurgical___________________________ ____________________________________________
1935-3,9 290 0 5 275 20 295 92 7
1940-44 1,130 25 10 1,075 60 1,135 95 5
1945-49 1,320 60 60 1,255 260 1,515 83 17
1950-54 1,450 60 270 1,380 985 2,335 58 42
1955-59 1,400 90 340 1,330 1,070 2,400 53 47
1960-64 1,350 125 380 1,280 1,410 2,690 48 52
1965-69 1,850 150 550 50 1,760 2,180 3,940 45 55
1970-74 1,700 170 670 20 1,615 2,510 4,125 42 58
1975-79 755 280 690 0 720 2,610 3,365 23 78
1980-84 530 335 470 25 500 2,084 2,585 19 81
1985-89 720 310 410 0 685 1,660 2,380 30 697
1990-95 1,550 240 260 0 1,470 1,705 3,175 46 54
1996-00 2,300 255 160 0 2,185 785 2,970 74 26

Production of Metallurgical and Chemical bauxite classified as Dried bauxite is 
reported as bauxite with moisture content of 5% from crude bauxite containing 15% 
moisture. The quantity is then converted to Dry Bauxite Equivalent -bauxite with zero

Refractory and Abrasive bauxite classified as Calcined bauxite are produced by 
washing and screening of crude bauxite containing 15% moisture, and removing 
approximately 20% of particles <150 microns. The washed product is then calcined at a 
temperature of around 1100-1700°C during which the free moisture and water of 
crystallization are driven off together with about 20% dust losses. The volume of finished 
product is then converted to crude bauxite equivalent by multiplying by a factor of 4 and the 
crude bauxite equivalent multiplied by a factor of .85 to arrive at dried bauxite equivalent

Sources
1.Bauxites and Laterites Deposits of Guyana, Guyana Geological Survey 1968.
2.Overseas Geological Survey, Mineral Resources Division, 1962.Bauxite Alumina 

And Aluminium.
3.US Bureau of Mines Minerals Yearbook, Bauxite and Alumina, 1954-1997.
4.Bauxite Industry Development Company Statistics, 1972-2000.
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1.2 In d u stry  S tud ies

The change in  G uyana 's position in world bauxite  p roduction  led to 

the  in d u stry  being the  sub ject of s tu d ies  by governm ent, in ternational 

agencies, an d  in d u stry  experts, over the  period 1960 to 1990 to identify 

the  factors responsib le  for its declining role in  world bauxite  production 

an d  to recom m end m easu res for reversing the  trend . These stud ies fall 

in to  two broad , tim e-related  categories b u t in bo th  periods significantly 

influenced governm ent policy on the  in d u stry  an d  its  overall developm ent

The first group  of s tud ies  (United N ations T echnical A ssistance, 1964 

an d  G uyana D evelopm ent C orporation, 1968) were u n d e rta k en  prior to 

1970 w hen th e  in d u stry  w as fully owned by two of the  m ajor 

m u ltina tional co rpora tions in the  a lum in ium  industry . While both  

com panies w ere expanding a lum in ium  production , investing in new 

baux ite  m ining  an d  a lum ina  capacity , and  expanding  the ir operations in  

o ther p a rts  of th e  world, they  were m aking no investm en t in expansion  in 

G uyana. The s tud ies , therefore, analysed  developm ents in  the  industry  

entirely  in  the  con tex t of the  world a lum in ium  in d u stry  even though, by 

1963, baux ite  for non-m etallurg ical app lications accoun ted  for m ore 

th a n  50 per c en t of to ta l production . The U nited N ations s tu d y  a ttrib u ted  

the  cessa tion  of investm en t in  the  in d u stry  entirely  to loss of 

com petitiveness associated  w ith high m ining a n d  sh ipp ing  costs for 

m etallurgical baux ite , a n d  recom m ended investm en t in expansion  of 

existing a lu m in a  capacity  an d  forw ard in tegration  in to  the  production  of 

a lum in ium  (UN T echnical A ssistance Team  Report, Page 12). The G uyana 

D evelopm ent C orporation study , accepted  the im pact of h igh m ining and  

sh ipp ing  cost, b u t  identified a  n u m b er of non-econom ic factors th a t
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influence the  investm en t decisions of the  m u lti-na tiona l co rpo ra tions in  

the  a lum in ium  industry , an d  recom m ended in creased  governm ent 

involvem ent in  the  in d u s try  a n d  the  g ran ting  of gen ero u s tax  a n d  fiscal 

incentives to the  m ajor a lum in ium  com panies to s tim u la te  forw ard 

in teg ration  in to  a lu m in a  production , even a t  the expense  of refractory  

bauxite.

The second group of s tu d ies  were u n d e rta k e n  w hen  th e  in d u stry , a fter 

ten  y ears  of profitable opera tion  u n d e r  sta te -ow nersh ip , en co u n tered  

declining p roduction  of m etallurg ical a n d  refractory  baux ite , declin ing 

a lu m in a  p roduction  a n d  even tual c losure of its  a lu m in a  refinery, loss of 

its d o m in an t position  in  the  refractory  bauxite  m a rk e t a n d  a  steep  

decline in  its  financial perform ance. The first th ree  of th ese  stud ies , 

(Kaiser E ngineering, 1981; US Steel, 1983; an d  R eynolds, In te rn a tio n a l, 

1985), identified h igh  cost of p roduction  assoc ia ted  w ith  th e  co st of 

stripp ing  overburden  a n d  sh ipp ing  as  underly ing  fac to rs in  th e  in d u s try 's  

com petitiveness. They, however, a ttr ib u te d  the  s teep  decline in  its  

perform ance since th e  la tte r  y ears  of th e  1970s to in ad e q u a te  investm en t 

in m ain ten an ce  an d  rep lacem en t of equ ipm en t, a n d  ineffective 

m anagem en t u n d e r  s ta te  ow nership . The s tu d ies , therefore, 

recom m ended  large in jections of cap ita l a n d  v arious form s of foreign 

m anagem en t involvem ent in the  opera tions to res to re  p roduction  levels 

an d  re tu rn  th e  in d u s try  to profitability.

In its  ap p roach  to the  E u ropean  U nion for financia l a ss is ta n ce  u n d e r  

its  SYSMIN In tervention  F und , to im plem ent th e  reh ab ilita tio n  p lan  

proposed  in  the  Reynolds study , the  E u ro p ean  U nion u n d e rto o k  a  s tu d y
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of the  opera tions (SYSMIN Report, 1989), while th e  G overnm ent, in an  

a ttem p t to a ttra c t foreign investm ent an d  m anagem en t back  into the 

industry , com m issioned a  study  by Alcan (Alcan, 1990). The SYSMIN 

study  concen tra ted  on refractory bauxite  w hich w as considered  critical to 

the  E uropean  U nion steel in d u stry  and  recom m ended financial 

a ssis tan ce  from SYSMIN for the rehabilitation  of th e  in d u stry  with an  

em phasis on the  Linden refractory  bauxite  facilities a n d  a  res tru c tu rin g  

of the  in d u stry  to facilitate the  Linden O perations being  placed u n d er the 

m anagem en t of a  foreign private contractor. The A lcan s tu d y  endorsed 

the  concept of re s tru c tu rin g , b u t recom m ended investm en t to increase 

the  overall scale of the  Linden O peration, by increasing  production  of 

bo th  m etallurg ical an d  refractory  bauxite  u n d e r  th e  m anagem ent of 

Alcan.

1.3 Objective of the  S tudy

High p roduction  an d  sh ipp ing  costs for m etallurg ical bauxite  were 

relevant factors in  the  loss of com petitiveness in  the  m etallurgical 

bauxite  m arket, while the  in d u stry  w as u n d e r  th e  ow nership  of the  

tran sn a tio n a l corporations. High p roduction  cost, in ad eq u a te  investm ent 

an d  inefficient m anagem en t u n d e r  sta te  ow nersh ip  were also 

con tribu to ry  factors to the  loss of com petitiveness a n d  even tual decline 

in p roduction  of refractory  bauxite. N evertheless, th e  w riter’s hypothesis 

is th a t  these  factors do n o t provide a  com plete exp lanation  of the  

developm ents in  th e  in d u stry  since the  decade of th e  1950s a n d  are no t 

adequa te  ind ica to rs of the  p rospects  for its fu tu re  developm ent.
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The objective of th is  study , therefore, is to investigate  th e  validity of 

the  hypothesis. To achieve th is , th e  study: (1) u n d e rta k e s  a  m ore 

com prehensive analy sis  of the  econom ic fac to rs th a t  de term ine  

com petitiveness in  th e  m etallurg ical baux ite  m ark e t (2) an a ly ses 

tnon-econom ic factors th a t  influsnce in v estm en t decisions in  

m etallurgical baux ite  an d  a lu m in a  capacity  ; (3) ev a lu a tes  th e  im p act of 

exogenous econom ic, technologic, a n d  non-econom ic factors on th e  

dem and  for a n d  supp ly  of refractory  bauxite; (4) a s se s se s  th e  im p act of 

sta te-ow nersh ip  on th e  industry , w ith specific reference to th e  

m otivations for s ta te  ow nership , loss of econom ies of vertical in teg ration , 

the  m anagem en t s tru c tu re , an d  th e  change in  pub lic  policy on  

s ta te-ow nersh ip  a n d  (5) pro jects th e  fu tu re  p ro sp ec ts  for th e  in d u s try  in  

light of its  baux ite  a n d  o ther high a lu m in a  resou rces, w orld d em an d  for 

its p roducts , the  changing  s tru c tu re  in  the  in d u s trie s  a n d  m ark e ts  for its  

p roducts , a n d  a  c learer definition of governm ent policy on  ow nersh ip  a n d  

control of th e  industry .

1.4 O rganisation  of th e  S tudy

The s tu d y  is organised  a ro u n d  seven ch ap ters . The firs t c h ap te r is  a n  

in troduction  to the  topic, an d  briefly traces  the  h isto ry  of th e  in d u s try  

over the  period of its  existence, se ts  o u t th e  h y p o th esis  a n d  objective 

w ith a n  ou tline  of the  issu e s  to be ad d ressed , a n d  de ta ils  its  

o rganisation . The second  ch ap te r reviews th e  evolution of th e  in d u s try  in 

the  contex t of the  world in d u stry  an d  u n d e rta k e s  a  b rief descrip tion  of its  

p roducts , th e ir in d u s tria l app lica tions a n d  th e  m ark e ts  in  w hich  they  

com pete. The th ird  c h ap te r u n d e rta k e s  an  analy sis  of th e  factors th a t  led
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to the rap id  rise of G uyana a s  a  m ajor producer of m etallurgical bauxite 

an d  those th a t  con tribu ted  to the  loss of its position a s  a  p roducer of th is 

product. The focus is on: (1) the  im pact of the  in d u stry  an d  m arke t 

s tru c tu re  of the  a lum in ium  industry ; (2) the  econom ic factors th a t 

determ ine com petitiveness in the  m arke t for m etallurgical bauxite; and

(3) the  role of non-econom ic factors in determ ining  the  tim ing and  

location of investm en t in  the  bauxite  and  a lum ina  industries . The fourth  

ch ap ter analyses the  econom ic, technologic and  m ark e t developm ents 

th a t  led to the  increase  in dem and  for refractory  bauxite. It th en  

evaluates th e  changes in those  factors th a t  resu lted  in  stagnation  in 

dem and  for refractory  bauxite  an d  con tribu ted  to G uyana 's  d ram atic  loss 

of m arke t sh a re  for th a t  p roduct. The fifth ch ap te r exam ines the  im pact 

of s ta te  ow nership  on the  in d u stry  and  traces th e  m otivations for sta te  

ow nership, a n d  exam ines the  effect of certain  specific a sp ec ts  of sta te  

ow nership  on the  in d u s try ’s perform ance. It also analy ses the  change in 

governm ent policy on ow nership  an d  evaluates the  re su lts  of governm ent 

in itiatives a t  d ivestm en t of the  industry . The six th  c h ap te r evaluates the 

fu tu re  p ro sp ec ts  for the  in d u stry  in  light of: (1) its  baux ite  an d  o ther high 

a lum ina  m ineral resources; (2) projections of w orld a lum in ium  and  

bauxite  dem and; (3) the  changing  s tru c tu re  of th e  a lum in ium  industry ;

(4) the  changing  dem and  for high a lum ina  refractory  m ateria ls; (4) the  

changing m ark e t conditions for abrasive baux ite  an d  (5) changes in 

public  policy on s ta te  ow nership  of the  in dustry . The final chap ter 

sum m arises the  findings of th e  s tudy  and  u n d e rta k e s  an  a sse ssm e n t 

a sse sses  the  p ro spec ts  for the  industry .
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C hap te r 2 

THE EVOLUTION OF THE GUYANA 

BAUXITE INDUSTRY

2.1 H istorical D evelopm ent of The G uyana  B auxite In d u s try

B auxite p roduction  in G uyana s ta rte d  in  1917, th e  y ear w hen  w orld 

a lum in ium  production  achieved the  level of 140,000 to n n e s  an d  w orld 

bauxite  p roduction , one million tonnes. The coun try  rose  rap id ly  to the  

position  of a  m ajor p roducer by the  beginning of th e  Second  W orld W ar, 

being ran k ed  am ong the  largest th ree  p roducers, a n d  for th e  decade of 

the  1940s a s  th e  second largest p roducer. G uyana 's  position , however, 

changed  d u rin g  the  decade of th e  1950s. Table 2.1 show s ten  year 

average baux ite  p roduction  for th e  m ajor p roducing  co u n trie s  for the  

period 1920-2000 an d  the  change in G uyana 's  m ark e t sh a re  over th a t  

period.
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Table 2 .1  World B auxite Production Major Producing 

C oun tries Ten -Year Averages 

(000 Tonne)

Country 1920-2 1830-3 1940-49 1980-59 1960-69 1970-79 1980-89 1990-99
United States 370 270 1,940 1,690 570 1,920 830 n.a
Suriname 80 280 1,450 3,110 4,140 5,890 3,530 3,500
Guyana 130 190 1,385 2,670 3,750 4,220 2,810 2,850
Jamaica 0 0 0 2,516 8,105 11,000 8,559 11,545
France 440 770 630 1,380 2470 2,630 1,460 400
Hungary 110 260 570 1,929 1,590 2,650 2,890 1,100
India 0 5 20 100 690 1,480 2,570 5,450
Guinea 0 0 1 290 1,760 7,150 14,700 15,000
Australia 0 0 10 10 21,500 19,100 30,100 42,750
Brazil 0 0 0 10 220 990 5,720 10,420
USSR/CIS 0 130 410 1,730 2,920 3,940 6,170 6,200
Yugoslavia 60 190 1,380 1,590 1,960 2,880 3,360 n.a
China 0 0 90 660 320 860 2,800 5,080
Total World 1,315 2,270 7,250 16,350 37,000 73,700 86,600 108,800
Guyana % 10.00 8.50 19.00 16.30 10.10 6.00 3.20 2.60

Sources

LUS Bureau of Mines, Minerals Yearbook, 1955-1990.
2.Metallgesellschaft, Metallstatistik, 1980-1990.
3. IB A State of the Industry Reports, 1975-1994.
4.USGS, Minerals Yearbook, Bauxite and Alumina, 2000.
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The a lum in ium  industry , w hich w as directly  responsib le  for th e  

increase  in d em an d  for bauxite , becam e o rganised  d u rin g  th e  la s t  decade 

of the  n in e teen th  cen tu ry , following the  developm ent of th e  H all-H eroult 

p rocess for th e  conversion of a lu m in a  to a lu m in iu m  in  1886 an d  th e  

Bayer p rocess for the  econom ic ex traction  of a lu m in a  from  baux ite  in  

1888. S im ultaneously  w ith these  developm ents, geologists in  G uyana  

were reporting  occu rrences of large deposits of h igh  A1203 bearing  rocks 

of sim ilar chem ical an d  m ineralogical com position to th e  baux ite  deposits  

of Georgia a n d  A labam a in the  U nited S ta tes  in  the  geographical region of 

the  coun try  categorised a s  the  Hilly S and  a n d  Clay Belt. The 

jux taposition  of these  two developm ents led to the  com m issioning  of a n  

investigation of these  deposits to determ ine th e ir ex ten t a n d  techn ica l 

su itab ility  for the  p roduction  of a lum in ium . The first com prehensive 

repo rts  on th e  geological an d  chem ical p roperties of th ese  deposits , 

pub lished  by the  G u ian a  Geological Survey D ep artm en t betw een 1910 

an d  1914 (Overseas Geological Surveys, 1962, Page 104), covered a  

group of deposits ad jacen t to the  D em erara  River. T his rep o rt s tim u la ted  

considerable in te res t in th e  U nited S ta te s  a n d  E ngland  a n d  led to a  ru s h  

by com panies in  those  coun tries to acquire  title to p roperties  in the  a rea . 

In 1914, a  g roup  headed  by the  A lum inium  C om pany of A m erica (Alcoa), 

en tered  in to  a n  agreem ent w ith the  B ritish  Crown A gents for th e  righ t to 

exploit deposits a t a  location 65 m iles u p  the  D em erara  River. In  keeping 

w ith the  te rm s of the  agreem ent, th a t  exploitation of th e  deposits be 

u n d e rta k en  by a  B ritish  or B ritish  C om m onw ealth  en tity , Alcoa, th ro u g h  

its C an ad ian  su b sid ia ry  N orthern  A lum inium  inco rpo ra ted  D em erara  

B auxite C om pany (Demba) in  1916. (S hahadudeen , 1981, pages 73-79).



17

D em ba s ta r te d  opera tions in 1917 w ith m ining a t a  location 70 m iles u p  

the  D em erara  River a n d  processing  a t  M ackenzie a t  th e  head  of ocean 

navigation on the  river, five m iles no rth  of the  m ine. This operation 

except for a  b rief cessation  of p roduction  betw een 1921 and  1922, h as  

con tinued  u n in te rru p te d  since th a t  time. D em ba w as jo ined  in 1942 by 

Berbice B auxite Com pany, a  subsid iary  of A m erican Cyanam id th a t 

s ta rted  exploitation of the  extrem ely low iron deposits discovered a t 

Kwakwani on the  Berbice River in 1939, for the  p roduction  of chem ical 

bauxite. The operation  w as acquired  by Reynolds M etals in  1952 an d  the 

two com panies opera ted  u n til th e  m id 1970s w hen they  were acquired  by 

the  governm ent.

The developm ent of the  in d u stry  since 1917 could  be placed into five 

clearly defined eras: (1) in itial developm ent; (2) rap id  growth and  

consolidation; (3) p ro d u c t diversification; (4) com plete state-ow nership ; 

and  (5) d ivestm ent.

2.1.1 The Initial D evelopm ent E ra  1917-1939

This e ra  covers the  period 1917-1939. The in itial operation  w as a 

sm all q u a rry  w ith  little capital investm ent, u n d e rta k in g  the  m ining of, 

bauxite  ore ou tcrops, tran sp o rtin g  the  ore by a  sim ple railroad  to a 

cru sh ing  p lan t an d  sh ip-loading facility a t M ackenzie w here it w as loaded 

on to sm all ocean-going vessels for sh ipm en t to Alcoa's refinery a t  St. 

Louis on the  M ississippi River. Production increased  from  4 ,200 tonnes 

in 1917 to 29 ,000  to n n es  in 1921 w hen the  steep  decline in a lum in ium  

production  du rin g  the  recession  of the  early  1920s led to its 

d iscon tinuation . Production  resum ed  in 1923 following a  resum ption  of
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dem and  for a lum in ium  an d  recognition of the  high  quality  of the  G uyana 

ore for b lending  w ith A rkansas, A labam a, a n d  Georgia o res to im prove 

the ir A12G3 an d  SiG2 con ten t. The resum ption  w as accom pan ied  by a n  

expansion  of the  size of the  operation  th ro u g h  the  developm ent of 

add itional m ines in th e  vicinity of the  original m ine, in v es tm en t in m ore 

soph istica ted  m ining equipm ent, c ru sh ing  an d  drying facilities, a n d  

expansion  of the  po rt a n d  ship-loading facilities.

The reo rgan isation  of Alcoa in 1929 resu lted  in  D em ba becom ing a  

subsid ia ry  of A lum inium  Com pany of C an ad a  (Alcan) a n d  s ta r te d  

sh ipm en ts to A lcan's a lu m in a  refinery in  Arvida, Q uebec. The level of 

p roduction  over the  re s t  of th is  e ra  fluc tuated  w ith  th e  cycles in w orld 

a lum in ium  production , rising to 185,000 to n n es  in  1926, falling to

35,000  to n n es  in 1933 a n d  rising to 480 ,000  to n n es  a t  th e  o u t-b reak  of 

the  Second W orld W ar. The to ta l p roduction  over th is  period  consisted  of 

m etallurg ical bauxite  for the  production  of a lum in ium  excep t for sm all 

tria l q u an titie s  of calcined bauxite  for the  p roduction  of ab rasives an d  

refractories in  1938.

2.1 .2  The E ra  of C onsolidation an d  Growth, 1940-1954

This e ra  com m enced w ith the  increase  in  d em an d  for a lum in ium  for 

a ircraft p roduction  d u rin g  the  Second W orld W ar. Average a n n u a l w orld 

prim ary  a lum in ium  production  increased  from  300 ,000  to n n es  in  the  

decade of the  1930s to 1.2 m illion to n n es for th e  succeed ing  decade w ith  

p roduction  reach ing  a  peak  of 1.94 m illion to n n es  in  1943. P roduction  

fell sharp ly  tow ard the  end  of the  W ar to 7 50 ,000  to n n e s  in  1946, b u t  

w ith a lum in ium  gaining accep tance  a s  a n  in d u s tr ia l m etal for
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applications in electrical tran sm ission , tran sp o rta tio n  equipm ent, 

construc tion  an d  packaging a n d  consum er du rab le  goods, dem and 

increased  a n d  production  increased  steadily to average 3 m illion tonnes 

for the  period 1950-1954.

The increase  in a lum in ium  production  over th is  e ra  resu lted  in 

average a n n u a l world bauxite  production  increasing  from  2.27 million 

tonnes for the  decade of the  1930s to 7 m illion to n n es in  the  decade of 

the  1940s, an d  12 million to n n es  for the period 1950-1954 w ith a  peak 

of 14 m illion tonnes in 1943. G uyana, as a  m ajor supp lier to the  North 

Am erican a lum in ium  industry , benefited from these  developm ents. With 

w ar-tim e conditions in  E urope a n d  E uropean  a lu m in a  an d  a lum inium  

production  capacity  inoperable, m ost of the  increase  in  world production 

took place in  N orth Am erica, w hich  betw een 1940 a n d  1954 accounted  

for 65 p ercen t of world production . (Overseas Geological Survey, 1962). 

Average a n n u a l baux ite  p roduction  in G uyana, increased  from 200,000 

tonnes for the  decade of the  1930s to 1.38 m illion tonnes for the  

succeeding decade, w ith  p roduction  of 1.98 m illion tonnes in 1943. 

Production  fell to 750 ,000  to n n es  in  1945 b u t increased  after 1946 to 

average 2 m illion to n n es  for the  period 1950-1954. w ith  the  in troduction  

of refractory  and  abrasive bauxite , w hich were s tim u la ted  by the  dem and 

for steel a n d  changes in  steel m ak ing  technology, a n d  by the  dem and  for 

abrasives for the  finishing of m eta ls  in the  expand ing  autom obile and  

consum er du rab le  goods in d u strie s  and  the increase  in  th e  production  of 

chem ical bauxite.

To m eet the  increase  in p roduction  during  th is  era , D em ba extended 

its  m ining opera tions to Itun i, 40 m iles so u th  of M ackenzie, and
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co n stru c ted  a  ra ilroad  to link  the  two locations. New m ines were also  

developed in  the  M ackenzie a re a  an d  im provem ents u n d e rta k e n  in  its  

m ining a n d  processing  facilities. The com pany also m ade  a  m ajo r change 

in its  sh ipp ing  logistics to increase  the  size of sh ip m en ts  to  N orth 

Am erica w ith  the  estab lish m en t of a  tran sh ip m en t facility in  T rin idad  to 

load sh ip s  lim ited to loading to 40 per cen t of capacity  in  G u y an a  to th e ir  

full capacity

This e ra  w as also m arked  by diversification of the  p ro d u c t m ix of th e  

industry . The first developm ent in 1942 w as the  s ta r t  by B erbice B auxite  

C om pany of p roduction  s chem ical bauxite  from  the  extrem ely  low Fe20 3 

bauxite  deposits n e a r Kwakwani on the  Berbice River a s  a  rep lacem en t 

for kaolin  for the  m an u fac tu re  of a lum in ium  b ased  chem icals in  th e  

U nited S ta tes. The com pany estab lished  a  m ining  opera tion  a t  Kw akwani 

140 m iles u p  the  Berbice River a n d  a  drying an d  sh ip -load ing  facility a t  

Everton 7 m iles from  the  m o u th  of the  river. The opera tion  w as acqu ired  

by Reynolds M etals, one of the  new  e n tra n ts  to the  expand ing  a lu m in iu m  

in d u stry  in  1952, renam ed  Reynolds G uyana  M ines, a n d  ad d ed  

m etallurg ical baux ite  a s  its  p rim ary  p roduct. The second  developm ent, in  

1947, w as the  in sta lla tion  by D em ba of k iln  capacity  ded icated  to th e  

p roduction  of refractory  a n d  abrasive bauxite.

P roduction  of m etallurg ical baux ite  a n d  a lu m in a  for the  N orth  

A m erican a lum in ium  in d u stry  an d  a lu m in a  for export to  E urope, s ta r te d  

in 1952. T his led to an  im m ediate  slowing of grow th of m etallu rg ical 

bauxite  p roduction  in  G uyana  and , w ith  increasing  p roduction  of 

refractory, abrasive, a n d  chem ical bauxite , m arked  th e  beginning  of the
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change in em p h asis  of the  in d u stry  from bauxite  for th e  production  of 

a lum in ium  to baux ite  for non-m etallurgical applications.

2.1 .3  The E ra  of P roduct Diversification

The th ird  e ra  effectively m arked  the  end of G uyana 's  role a s  a  m ajor 

p roducer of m etallurg ical baux ite  an d  the  e s tab lish m en t of refractory 

bauxite  a s  the  in d u stry 's  p rim ary  product. The period s ta rted  w ith a  

series of developm ents th a t  led to a  decided sh ift of m etallurgical bauxite 

production  from  Surinam e, G uyana and  the  U nited S ta tes, the  m ajor 

th ree  world p roducers a t  the  tim e, to Ja m a ica  in  the  1950s an d  to W est 

Africa, Brazil an d  A ustra lia  in  the  1960s. The first of th ese  developm ents, 

prom oted by the  en try  of Reynolds M etals an d  K aiser A lum inium  to the 

North A m erican a lu m in a  industry , involved the  m odification of the  Bayer 

technology to p rocess th e . m ixed m onohydrate an d  trihydra te  baux ites 

discovered in  Jam aica , Haiti, an d  The D om inican Republic. The 

developm ent w as suppo rted  by a  change in  US G overnm ent policy th a t 

estab lished  baux ite  an d  a lum in ium  as stra teg ic  m ateria ls for the 

N ational Defence Stockpile an d  considered Jam aica  a  strategically  safer 

location th a n  G uyana  an d  S u rinam e for the  baux ite  a n d  a lu m in a  for 

the ir stockpile requ irem ents. The governm ent therefore provided 

M arshall Aid financing to com panies for the  estab lish m en t of bauxite  

m ining an d  a lu m in a  capacity  in  Jam aica  w ith repaym en t effected by 

m eans of p u rch a se s  of a lum in ium  from th e ir sm elters in the  United 

S ta tes an d  baux ite  for the  Stockpile.

The first stage of vertical in tegration  in th e  in d u s try  occurred  during  

th is  e ra  w ith  D em ba investing in a  350,000 to n n es  pe r year capacity
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a lum ina  refinery th a t  w as com m issioned in  1961. T his refinery  w as, 

however, of basic  engineering design to produce  low -grade a lu m in a  

u tilising  a s  feedstock, the  large volum es of tailings g enera ted  by the  

increase  in  refractory  baux ite  production . No exp an sio n  of a lu m in a  

capacity  w as u n d e rta k e n  du ring  the  e ra  even th o u g h  w orld a lu m in a  

capacity  increased  from  7 million to nnes to 18 m illion tonnes a n d  

a lum ina  capacity  w as being increased  in Ja m aica , S u rin am e , A ustralia , 

the  U nited S ta te s  a n d  E urope.

Refractory baux ite  capacity , however, con tinued  to in crease , D em ba 

increasing  capacity  from  375 ,000  to 525 ,000  to n n e s  in  1966 a n d  

Reynolds installing  capacity  of 125,000 to n n es in 1967. By th e  end  of th e  

era, th e  in d u stry  w as vertically an d  laterally  diversified p roducing  

m etallurgical, chem ical, refractory  an d  abrasive baux ite  a n d  a lu m in a  

w ith th e  sh a re  of non-m etallu rg ical bauxite  increas ing  from  a n  a n n u a l 

average of 54 per cen t for the  first five years of the  e ra  to 60  per cen t for 

the  la s t five years.

2 .1 .4  The E ra  of Full S ta te-ow nersh ip , 1971-1990

The fou rth  era , 1971-1990, w as the  period d u rin g  w h ich  th e  in d u s try  

cam e fully u n d e r  s ta te  ow nersh ip  a n d  control w ith  th e  n a tio n a lisa tio n  of 

D em ba in 1971 a n d  Reynolds G uyana M ines in 1975. D em erara  B auxite  

Com pany w as ren am ed  G uyana  B auxite C om pany (Guybau) a n d  

Reynolds G uyana M ines, Berbice M ining E n te rp rise  (B erm ine). While th e  

m otivation for the  n a tio n a lisa tio n  of the  in d u s try  w as d issa tis fac tion  w ith  

the  developm ent of co u n try 's  baux ite  reso u rces  in  th e  con tex t of th e
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alum in ium  industry , G uybau  discovered very early, its  alienation from 

the  a lum in ium  in d u stry  a n d  its  n ear m onopoly of the  refractory bauxite  

m arket. Two m arke t s tu d ies , (William Hill, 1972 a n d  A rthu r D Little, 

1973), com m issioned by th e  com pany, projected strong  growth in 

dem and  for refractory baux ite  over the  next decade, a n d  in response  to 

th is , th e  com pany d irected  its  to ta l investm ent program m e to increasing  

p roduction  of refractory bauxite . The first p h ase  involved im proving the  

efficiency of the  calcining k ilns to achieve a  25 per cen t increase  in  

capacity  betw een 1972 a n d  1975 and  the second, investm en t in  a  new 

kiln  an d  developm ent of a  new  m ine to increase capacity  by a  fu rth er 25 

p er cen t by 1978. W ith th e  acquisition  of Reynolds, the  in d u stry  also 

increased  production  of chem ical bauxite from aro u n d , 150,000 tonnes 

p e r year in 1975 to 400 ,000  to n n es  per year by 1980, to take advantage 

of th e  increasing  dem and  for th is  p roduct an d  declining production  in 

Surinam e. These in c reases  were all achieved a t  the  expense of 

m etallurgical bauxite, p roduction  of w hich fell from  a n  a n n u a l average of 

1.8 m illion tonnes in  1960-69 to 1.25 million to n n es  in  1970-79. The 

increase  in production  of th e  h igher value p roducts , together w ith high 

m etallurgical bauxite  prices, resu lted  in the  in d u s try  achieving a  high 

degree of profitability over the  period 1972-1980 a s  show n in Table 2.2.
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The second decade of th is  e ra  w itnessed a  d ram atic  decline in 

p roduction  of all th e  in d u stry 's  p roducts an d  a  fall in  its income, 

resu lting  in it being technically  b a n k ru p t by 1990. The change s ta rted  

w ith  the  deterio ration  of the  industry 's  p roduction  capability  th rough  

inadequate  investm en t in the  m ain tenance  a n d  rep lacem ent of 

equ ipm ent a n d  a  d ram atic  loss of m anagerial an d  techn ica l skills. This 

resu lted  in  refractory  baux ite  production  rem ain ing  virtually  sta tic  for 

the  period 1976-1980, in  spite of the  increase in  p roduction  capacity, the  

con tinu ing  high dem and  for the  p roduct and  high prices m ade possible 

by the  in d u stry 's  m onopolistic position in the  m arket.

A fall in the  dem and  for refractories and  an  increase  in the  supply  of 

refractory  baux ite  from o ther sou rces an d  su b s titu te s  for refractory 

baux ite , led to a  fall in the  dem and  for G uyana refractory  bauxite  during  

the  first ha lf of the  decade of the  1980s. These developm ents coincided 

w ith  a  change in  dem and  for h igher quality  a lu m in a  (lower S i02 , and  

Fe20 3) for the  p roduction  of 99 .7  a lum in ium  m etal, a n d  reduction  in the  

percen tage of fines (-325 m esh  Tyler) dem anded  by environm ental 

regulations. This m ade it n ecessary  for the  com pany 's a lum ina  refinery 

to be su b s tan tia lly  m odified an d  its  inability to finance the  necessary  

m odifications resu lted  in  the  refinery being closed in  1982. The com bined 

effect of lower levels of p roduction  on the in d u s try 's  financial position 

a n d  on the  coun try 's  econom y, led to the  governm ent having to reso rt to 

in te rn a tio n a l lending agencies for financial a ss is ta n ce  for the  in d u stry  

an d  having to change its  policy on s ta te  ow nersh ip  to satisfy the  

agencies' conditions for financial a ss is tan ce  an d  agree to s tru c tu ra l an d
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organisational changes in the  in d u s tiy  th a t  shaped  its  developm ent over 

the  nex t era.

2 .1 .5  The E ra  of D ivestm ent 1990-2000

The change in  governm ent policy on ow nership  of th e  in d u s try  h a d  

the im m ediate effect of a ttrac tin g  investm ent in  a  m ajo r new  baux ite  

project involving a  50:50 jo in t ven tu re  betw een Reynolds M etals an d  the  

G overnm ent w ith Reynolds u n d e rtak in g  the  m an ag em en t of all a sp ec ts  of 

the operation. T his project w as com m issioned a t  th e  en d  of 1990, a n d  by 

the end  of 1992, resu lted  in  a  40 percen t increase  in  overall baux ite  

production . A second developm ent d u ring  th is  period  w as the  

re s tru c tu rin g  of th e  sta te-ow ned  sector of the  in d u s try , G uym ine w as 

dissolved in 1992 a n d  its  two operating  divisions L inden a n d  Berbice, 

incorporated  a s  sep ara te  com panies, L inden M ining E n te rp rise  (Linmine) 

and  Berbice M ining E n terp rise  (Bermine). L inm ine, in  keep ing  w ith th e  

in te rnational lend ing  agencies’ conditions for financia l a ss is ta n ce , w as 

placed u n d e r  th e  m anagem en t of a  foreign co n trac to r, M ining a n d  

Engineering Services (Minproc), of A ustra lia  w ith  th e  objective of 

im proving its  a ttrac tiv en ess for d ivestm ent, while B erm ine con tinued  

u n d e r local m anagem en t pend ing  its  abso rp tion  by th e  jo in t-v en tu re  

Reynolds project.

B oth these  developm ents were u n su ccessfu l. The Reynolds jo in t 

ven tu re  project, while increasing  m etallurg ical b aux ite  p roduction , 

becam e unprofitab le  after 1995 th ro u g h  h igher th a n  projected
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investm en t a n d  operating  costs, a n d  w ith the  acquisition  of Reynolds 

M etals by Alcoa in 2000 an d  the  res tru c tu rin g  of Alcoa's a lum ina  

opera tions, Alcoa sold its  sh a re s  in the  project to the  G overnm ent. The 

effect of th is  w as th a t  the  en tire  in d u s tiy  cam e u n d e r  s ta te  control a t  a  

tim e w hen  the  governm ent w as in the  p rocess of reducing  its 

shareho ld ing  in the  fully s ta te  owned com panies. The m anagem en t of 

Linm ine by M inproc w as also unsuccessfu l. The new  m anagem ent, 

im m ediately u p o n  assu m in g  control of the com pany reduced  the  scale of 

opera tions to an  uneconom ic level a n d  adopted  a  stra tegy  of confining its 

activ ities to the  p roduction  of refractory  bauxite, a t  a  tim e of falling 

dem and , increasing  consum ption  of C hinese bauxite , th e  en try  of Brazil 

to the  m ark e t an d  falling prices for the  product. Refractory bauxite  sales 

fell con tinuously  after 1992, an d  by 2000, h ad  reached  the  po in t where 

p roduction  w as only 15 percen t of its  1975 peak  an d  G uyana 's  share , 12 

p er cen t of the  world m arket.

In accordance  w ith its  new  policy on ow nership  a n d  control of the 

baux ite  in d u stiy , the  G overnm ent m ade two u n su ccessfu l a ttem p ts  to 

privatise  Linm ine an d  one to privatise Berm ine. The rea so n s for the 

failure a t  p rivatisation  w ould be d iscussed  in  g rea ter detail in  a  la ter 

section  of th is  study.

2.2 The P roducts of the  G uyana B auxite Ind u stry

B auxite  is norm ally  assoc ia ted  w ith the  p roduction  of alum inium ; 

approxim ately  94 per cen t of world production  in 2000 u sed  for the
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production  of a lum ina , 94-95  per cen t of w hich, w as u se d  for the  

p roduction  of a lum in ium . Of the  rem ain ing  6 per cen t of w orld baux ite  

p roduction , a b o u t 30 per cen t is u se d  in c rude  form  for th e  p roduction  of 

a lum in ium  chem icals, P ortland  an d  high a lu m in a  cem en ts, a n d  a s  flux 

in a  n u m b er of m etallurg ical processes. The rem ainder is calcined  for the  

p roduction  of refractory  bauxite  for the  p roduction  of h igh  a lu m in a  

refractories, a n d  abrasive bauxite  for the  p roduction  of fu sed  a lu m in a  for 

the p roduction  of ab rasives, refractories, an d  p ro p p an ts  for th e  oil a n d  

gas ex traction  in d u strie s . The 5-6 per cen t of a lu m in a  p roduction  n o t 

u se d  for the  p roduction  of a lum in ium  is u sed  in  th e  m an u fa c tu re  of 

a lum in ium  chem icals or fu rth e r p rocessed  for u se  in th e  m an u fa c tu re  of 

refractories, ab rasives an d  ceram ics. The un iq u e  chem ical, m ineralogical 

com position a n d  physical p roperties of the  G uyana  baux ite  reso u rces  

have resu lted  in  the  evolution of the  diversified p ro d u c t m ix th a t  

identifies th e  in d u s try  from  those  of the  o th er b aux ite  p roducing  

coun tries. T his h a s  m ade the  G uyana  in d u s try  su b jec t to different 

econom ic, technological a n d  m ark e t forces from  th o se  of co u n tries  

d ep en d en t on th e  a lum in ium  industry . While the  in itial developm ent of 

the  in d u s try  w as b ased  on the  p roduction  of m etallu rg ical baux ite , an d  

its la te r developm ent on the  p roduction  of refractory  baux ite , it h a s  also 

p roduced  a lum ina , chem ical an d  abrasive bauxite . This fea tu re  u n d erlies  

the  im portance  of a  descrip tion  of the  p ro d u c ts  of the  in d u stry , th e ir 

specific p roperties  a n d  in d u stria l app lications, a n d  th e  dynam ics of the  

m ark e ts  in  w hich  they  com pete, for a n  u n d e rs tan d in g  of th e  d irection  of 

its grow th, its  even tual decline a n d  its  fu tu re  p rospects.
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2.2.1 M etallurgical B auxite an d  A lum ina

M etallurgical bauxite , or m etal-grade bauxite , is a  generic term  

applied  to all bauxite  u sed  for conversion of baux ite  to a lu m in a  (A120 3) 

w hich is the  raw  m ateria l for the  p roduction  of a lum in ium . While A120 3 

is found in  n a tu re  in the  m inerals co rundum , d iaspore, boehm ite and  

gibbsite, so far no p rocess h a s  been  developed for the  extraction  of 

a lum in ium  m etal d irect from any  of these  m inerals, hence the  A120 3 m u st 

first be ex trac ted  an d  th en  converted to a lum in ium . The Bayer process 

th a t  m ade it technically  an d  econom ically feasible for A120 3 to be 

ex trac ted  from  bauxite , h a s  undergone various m odifications over the 

years  to tre a t baux ite  w ith different chem ical, m ineralogical an d  physical 

ch arac te ris tic s , a n d  to im prove p rocess efficiency. The process has, 

however, rem ained  basically  u n changed  since it w as p a ten ted  in 1888 

an d  involves: (1) the  digestion of bauxite  in  a  hot, concen tra ted , caustic  

soda  so lu tion  a t  elevated p ressu re  to dissolve the  hyd ra ted  a lum in ium  

oxides, (2) the  separa tion  of the  hydrated  a lum in ium  oxides in the  form 

of a  liquor from  w hich the  insoluble residues are  d isposed  a s  w aste  and  

the  liquor w ashed  to remove all traces  of res id u es an d  caustic  soda, (3) 

the  seeding of the  liquor w ith a lum in ium  trihyd ra te  to form a lum in ium  

trih y d ra te  c ry sta ls  a n d  (4) calcination  of the  a lum in ium  trihydra te  in 

ro tary  or fluidised bed calciners to p roduce calcined a lu m in a  for 

conversion to a lum in ium  m etal. A bout 5-6 per cen t of the  a lum ina  

trihyd ra te  is re ta ined  for the  m an u fac tu re  of a lum in ium  chem icals, or 

s in tered  or fused  for the  production  of sin tered , ta b u la r  or fused a lum ina  

for abrasive, refractory  an d  ceram ic applications.
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The B ayer p rocess s ta rte d  w ith two m ajor v a ria tio n s—th e  E u ropean  

p rocess for refining boehm itic baux ites found in  E urope  an d  the  

A m erican p rocess for th e  gibbsitic baux ites  found in  th e  U nited  S ta tes, 

G uyana  a n d  Surinam e. The discovery of baux ite  o res in  th e  C aribbean  

Is lan d s—Ja m aica , Haiti, The D om inican R epublic— a n d  A ustra lia , a fter 

the  W ar, w ith different chem ical, m ineralogical a n d  physical 

charac te ris tic s  led to m odifications of the  basic  p ro cess  to econom ically 

p rocess a  g rea ter variety  of ores, a n d  to a  change in  th e  specifications for 

m etallurg ical baux ite  w hich resu lted  in  m ateria ls , initially  no t even 

classified a s  bauxite , cu rren tly  accoun ting  for nearly  50 pe r cen t of world 

m etallurg ical baux ite  production .

M etallurgical baux ite  for export is norm ally  sh ipped  in  c rude  form  

w ith beneficiation confined to c ru sh ing , to reduce  lu m p  size, w ash ing  

an d  screen ing  to rem ove clay a n d  o th er ex tran eo u s m inera ls , a n d  drying 

to reduce  m oistu re  co n ten t to im prove hand ling  a n d  reduce  sh ipp ing  

cost. W here baux ite  is refined a t  the  source, it is norm ally  fed d irec t to 

the  refinery except in  the  case  of low grade baux ites  w hich  m u s t  undergo  

various form s of beneficiation to rem ove excess silica, organic chem icals, 

pyrites an d  o th er im purities.

Table 2 .3  show s the  U nited S ta te s  B u reau  of M ines specifications for 

m etallu rg ical baux ite  for the  G overnm ent S trategic Stockpile, a n d  the  

analy sis  of m etallurg ical baux ite  from the  m ajor p roducing  co u n tries  

cu rren tly  u se d  for the  p roduction  of a lum ina.
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All bauxite  found  in  G uyana, a n d  included  in  its  reso u rces , sa tisfy  

even the  1940 U nited S ta te s  G overnm ent Stockpile specifications for 

m etallurgical bauxite  a n d  could therefore be converted to a lu m in a  by an y  

of the  varia tions of th e  Bayer p rocess u tilised  by th e  in d u stry . The 

classification system  u se d  by th e  dom estic industry , how ever, classifies 

only ore w ith Fe20 3 of two to 10 per cen t, average available  A120 3 in  

excess of 50 per cen t an d  to ta l S i0 2 of 1-10 per c en t a s  m etallu rg ical 

bauxite. This very restric tive classification excludes, from  th e  cou n try 's  

resources, large q u a n titie s  o f ore of sim ilar quality  to th o se  included  in  

the  resources, m ined  a s  m etallurg ical baux ite  and  converted  to a lu m in a  

in  the  o ther m ajor b aux ite  p roducing  coun tries.

The high A120 3 a n d  low S i0 2 co n ten t of G uyana  b au x ite  m ake it 

possible for m ost of th e  m ateria l m ined to be sh ipped  w ith  only c ru sh in g  

an d  drying. However, w ash ing  w as u n d e rta k en  a t  th e  L inden O perations 

to increase  the  lim it of S i0 2 in  the  ore being m ined. The co u n try 's  

m etallurgical baux ite  h a s , however, th ro u g h o u t its  h isto ry , m ain ta in ed  

an  available A120 3 of 50-53 per cent, an d , b ased  on  its  identified 

resources, is capable of m ain ta in ing  th a t  quality  for m ore th a n  300 y ea rs  

a t  the  c u rre n t level of exploitation.

2 .2 .2  Chem ical B auxite

The p roduct classified  a s  chem ical baux ite  varies considerab ly  from  

one producing  co u n try  to a n o th e r—a wide range of baux itic  m ateria ls  

varying from 1-5 p e r c en t F20 3, 45-62 pe r c en t A120 3 a n d  4-20 per c en t 

S i0 2 categorised a s  chem ical bauxite . The m ateria l p ro d u ced  in G uyana  

is of the  h ighest quality  w ith  typical A120 3, S i0 2, an d  Fe20 3 of 60 per cen t,
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6 per cen t an d  1.5 per cent, respectively, and  is p roduced  by selectively 

m ining baux ite  w ith  the  appropria te  chem ical com position, c ru sh ing  to 

reduce lum p size an d  drying to reduce  free m oisture. The p rocess u tilises 

th e  sam e facilities a s  those u se d  for the  production  of m etallurgical 

bauxite.

The m ajor application  for chem ical bauxite  is the  production  of 

a lum in ium  su lp h a te  for u se  in  w ater clarification, pap er m anufactu re  

an d  sewerage trea tm en t. Sm all quan titie s  are  u se d  for the  p roduction  of 

a lum in ium  chloride, activated  bauxite, refractory  grade calcium  

alum inate  cem ent an d  w hite P ortland  cem ent. The h igh  A120 3 a n d  lower 

S i0 2 co n ten t of chem ical bauxite  a n d  consequently  lower level of w aste, 

led to it rep lacing  bauxitic  clays a n d  kaolin in  th e  U nited S ta tes  and  

E urope a s  th e  source of A120 3 for the  production  of a lum in ium  su lpha te  

in  the  1940s. C onsum ption  increased  in the  1970s w ith the  increase  in 

env ironm ental regu la tions an d  cost of w aste d isposal, im provem ents in 

the  quality  of w ater in  bo th  developed an d  developing coun tries and  

increase  in pap er production . It is, however, still in  com petition w ith 

kaolin  an d  bauxitic  clays a t  locations w here these  m ateria ls  are  available 

close to the  a lum in ium  su lp h a te  production  facilities or where 

env ironm ental restric tions are  less stringen t. Lower quality  baux ite  and  

bauxitic  clays found in A ustra lia , India, Indonesia  a n d  several African 

an d  Latin A m erican co u n tries  are  also u sed  for the  p roduction  of 

a lum in ium  su lp h a te  a n d  som etim es classified a s  chem ical bauxite.

A lum ina trihyd ra te  p roduced  from  m etallurgical baux ite  by the  Bayer 

p rocess is the  principal su b s titu te  for chem ical bauxite , its  h igh pu rity—
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Fe20 3, S i0 2 a n d  T i0 2, less th a n  0.03 p er cen t—m aking  it m ore su itab le  for 

the  p roduction  of low Fe20 3 a lum in ium  su lp h a te  for the  m an u fa c tu re  of 

high quality  paper. Increasing  env ironm enta l regu la tions in  N orth 

Am erica an d  E urope have led to th is  p ro d u c t rep lacing  chem ical baux ite  

for the  p roduction  of a lum in ium  su lp h a te  for w ater tre a tm e n t over th e  

p a s t fifteen years. C u rren t a n n u a l w orld p roduction  of chem ical baux ite  

is e stim ated  a t 700 ,000  to n n es  w ith  350 ,000  to n n es  exported  an d  the  

rem ain ing  350 ,000  tonnes consum ed  in dom estic  a lu m in iu m  su lp h a te  

production . Overall p roduction  h a s  been  considerab ly  red u ced  since the  

1980s th rough  the  rep lacem ent of chem ical baux ite  by  a lu m in iu m  

trihydra te , rep lacem ent of a lum in ium  su lp h a te  for w a ter purification  by 

poly-alum inium  chlorides, the  u se  of h igher Fe20 3 su lp h a te  in  sew erage 

trea tm en t, an d  the  conversion from acid  to n e u tra l a n d  a lkali p rocesses 

in p a p er m anufactu ring .

Table 2.4 show s the  typical chem ical analysis of chem ical baux ite  

from th e  m ajor supp ly  sources.
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Table 2 .4  Chem ical G rade Bauxite, Major Sources

D etailed C hem ical Analysis

Chemicar Elem ents (%) Guyana Brazil Malaysia United States

Loss On Ignition (L.O.I) 31.0 29.00 27.50 32.0 0
Silicon Oxide (Si02) 5.50 9.0.00 9.0 0 21.00
Ferric Oxide (Fe20 3) 1.25 3.20-5.00 3.50 2.50
Titanium Oxide (Ti02)) 3.00 1.00-3.00 2.00 3.00
Aluminium Oxide (A120 3)) 60 57.00 57.50 42.00
Potassium Oxide (K,0) < 0.02 n.a n.a n.a
Magnesium Oxide (MgO) < 0.01 n.a n.a n.a
Phosphorus (P2O5) < 0.10 n.a n.a n.a
Moisture (H2o) 5.00 5.00 7.00 n.a
Organics (Chemical 
Oxygen Demand)

<0.35 n.a n.a n.a

Source:
1. Bauxite Mines World-wide USBM 1994.
2. Analysis of Guyana Chemical Bauxite, General Chemical Corporation, 

Syracuse Laboratory. 1988,

2.2 .3  Refractory B auxite
P roduction  of refractory baux ite  constitu tes  the  second largest 

application  for bauxite, c u rre n t world p roduction  estim ated  a t  1.1 million 

to n n es  u tilising  approxim ately 3 .5  m illion to n n es  crude bauxite. 

Refractory baux ite  is u se d  as  the  raw  m aterial for the  m anu fac tu re  of 

refractory  b ricks and  o ther sh ap es , and  for m onolithic refractory 

p roducts , su c h  a s  p lastics, castab les, cem ents a n d  gunning  and  

ram m ing  m ixes. Sm all qu an titie s  a re  also u se d  a s  flux in welding rods 

a n d  in a  n u m b er of m etallurgical processes, an d  for sk id  resistance  on 

highw ays, airline park ing  ap ro n s a n d  in d u stria l floors. The steel in d u stry  

is the  largest consum er of p ro d u c ts  m ade from  refractory  bauxite  w hich 

find app lica tions a t  every stage of the  process; significant quan tities are



36

also u sed  in the  a lum in ium , cem ent, g lass an d  ceram ics in d u s trie s . The 

desirable p roperties of baux ite  based  refractories in  th e  steel-m aking  

p rocess are  h igh  refracto riness (refractory bauxite  hav ing  a  PCE value of 

38 an d  a  m elting tem p era tu re  of 2200o C), res is tan ce  to th e rm a l s tre ss  

and  o ther h e a t induced  physical s tre ss , h igh res is tan ce  to  physical w ear 

an d  corrosion by chem ical agen ts, ability to w ith s tan d  th e rm a l shock  

and  ab rasion  an d  the  very desirable  property  of re -h e a t expansion .

Refractory baux ite  is a  p ro d u ct of the  post-w ar e ra —com m ercial 

p roduction  s ta rtin g  a ro u n d  1947. The p ro d u ct belongs to th e  g roup  of 

n a tu ra lly  occurring  m ateria ls  classified a s  alum ino  silicates, rang ing  in  

a lum in ium  oxide (A120 3) co n ten t from 20 to 90 p er c en t on  a  calcined  

basis, an d  includes: (1) fireclays, flint clays a n d  kao lin , w ith  A120 3 

co n ten t of 20-45 per cen t, (2) the  sillim anite group m in e ra ls—sillim anite, 

an d a lu site  an d  kyanite, classified a s  m id-a lum inas, w ith  A120 3 co n ten t 

of 50-70 percen t, a n d  (3) baux ite  w ith  A120 3 co n ten t of 70 -90  per cent. 

Included  in the  group for refractory  app lications, are: (1) syn the tic  

m ullite, p roduced  by b lending  an d  sin tering  a lu m in a  a n d  silica to 

p roduce a  m ateria l w ith 72 per cen t A120 3 an d  28 p er c en t S i0 2 a n d  (2) 

m ateria ls p roduced  in th e  S o u th -eas t U nited  S ta te s  by the  

hom ogenisation  a n d  sin te ring  of m ix tu res of baux itic  clays, kaolin  a n d  

baux ite  to p roduce a  range of p ro d u c ts  m arketed  u n d e r  th e  b ran d  n am e 

M ulcoa, w ith A120 3 co n ten t of 50-70 percent. The syn the tic  a lu m in a  

m ateria ls , classified a s  ex tra-h igh  a lu m in a  w ith A120 3 c o n te n t of 93-99  

per cent, com prising brow n an d  w hite fused  a lu m in a  p roduced  by the  

electro-fusion of calcined baux ite  or calcined a lum ina , respectively, a n d  

s in tered  an d  ta b u la r  a lu m in a  p roduced  by high tem p era tu re  s in tering  of
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calcined a lum ina- are also som etim es included in  the  alum ino silicate 

group. While m ateria ls spann ing  the  entire high a lum ina  spectrum  are 

u se d  in refractory  applications, th e  industry  classification of refractory 

bauxite  applies only to m ateria ls w ith  A120 3 con ten t of 80-92 percen t th a t 

a re  the  m ateria ls covered by th is  study .

Refractoiy bauxite  is p roduced  by heating  selectively m ined or 

beneficiated bauxite  ore of the  appropria te  chem ical com position, in 

ro tary , vertical shaft or ro und  dow n-d raugh t kilns, a t  tem p era tu res  of 

1650-1750°C. This process, described  a s  calcination , re su lts  in the  

com plete elim ination of free m oistu re  and  w ater of crystallization from 

th e  ore. The p roduct is th en  held  a t the elevated tem pera tu re  for an  

extended  period to increase  density  and  reduce porosity, resu lting  in a  

dense, dead -bu rned , volum e-stable p ro d u ct w ith chem ical and  

m ineralogical com position an d  crystalline s tru c tu re  different from those 

of the  original ore. The p roduct is shipped, run-of-k iln  or c ru sh ed  and  

sized, to p roducers of refractory  products , who u n d e rtak e  fu rther 

c ru sh ing , grinding, sizing an d  b lending  to produce sh ap ed  refractories 

a n d  m ateria ls  for the  p roduction  of m onolithic refractory  products.

G uyana 's  to ta l p roduction  of refractory bauxite  is u n d e rtak en  in 

ro ta ry  k ilns, in co n tra s t to its  m ain  com petitor, C hina, w here the  m ajor 

p a r t  of the  p roduction  is u n d e rta k en  in  vertical sh a ft an d  round  

dow n-d raugh t kilns. The process in  G uyana involves th e  m ining of ore 

w ith  Fe20 3 con ten t of 0 .5-2 per cen t, S i0 2 of 1.5-10 per cen t an d  A120 3 of 

59-61 pe r cent. The ore is first c ru sh ed  an d  w ashed  to achieve an  

average of 4 per cen t S i0 2, th en  screened  to elim inate partic les less th a n
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150 m icrons (100 m esh  Tyler). The concen tra ted  m ateria l is th e n  fed to 

oil-fired ro tary  k ilns h ea ted  to a  tem p era tu re  of 1700-1750°C, a n d  cooled 

in a  ro tary  cooling cham ber after em erging from th e  k ilns, for storage a n d  

sh ipm ent. This p rocess re su lts  in a  conversion factor from  c ru d e  ore to 

finished p ro d u c t of 25 p er cent.

Table 2.5 show s the  detailed  chem ical analysis of th e  c ru d e  ore a n d  

the  typical chem ical, physical an d  m ineralogical p roperties  of th e  

fin ished p ro d u ct resu ltin g  from th is  process, while Table 2 .6  com pares 

the  chem ical com position of G uyana  refractory  baux ite  a n d  th a t  from  th e  

o ther m ajor sources.
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Table 2 .5  G uyana Refractory Bauxite D etailed

Chem ical Analysis

Crude Ore Finished Product
Chemical Typical (%) Typical (%) R ange(%)

Aluminium Oxide 60.00 89 87.25-91.20
Silicon Oxide 4.00 7.00 5.00- 7.00
Ferric Oxide 1.00 1.25 0.83-1.25
Titanium Oxide 2,20 3.20 2.82-3.60
Sodiun Oxide <0.01 0.00 0.00-0.02
Magnesium Oxide <0.00 0.00 -
Phosphorus Oxide <0.05 0.00 0.04-0.07
Potassium Oxide <0.01 0.00 0.02-0.00
Calcium Oxide <0.01 0.01 0.00-0.03
Chromium Oxide <0.09 0.00 0.08-0.13
Manganese Oxide 0.00 0.00 -
Zirconium Oxide <0.00 0.00 -
Gallium Oxide <0.05 0.00 0.01-0.15
Zirconium Oxide 0.165 0.15 0.150 -0.168
Barium Oxide < 0.014 0.014 0.01-0.02
Lead Oxide <0.001 0.001 0.000-0.003
Loss On Ignition 31 0 0.10 -0.20
Moisture 15.0 0.00 0.15-0.20
Physical
Bulk Specific 2 3.15 3.1-3.25
Porosity 30.00 14.00 10.00-15.00
Mineralogy
Gibbsite 100 - -

Sources
1. Guyana Mining Enterprise, Internai Company Information
2. Laboratory For Multi-element Analysis, Sleeuwijk, Netherlands, 1995
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Table 2 .6  Refractory Bauxite, M ajor Sources

Typical Analysis

Chemical Elements (%) Guyana China "A" China "B" Brazil
Aluminium Oxide (ai2o 3) 89.00 88.00 83.00 84.00
Silicon Oxide (Si02) 6.00 5.00 7.00 10.00
Ferric Oxide (Fe2Oa) 1.50 2.00 2.00 2.5-3 .00
Titanium Oxide (Ti02) 3.20 3.90 4.50 2.00
Magnesium Oxide (MgO) < 0.02 na na < 0.05
Phosphorus Oxide P W < 0.04 0.10 0 < 0.05
Chromium Oxide (Cr20 3) < 0.025 0.10 0.10 < 0.04
Calcium Oxide (CaO) < 0.02 0.20 0,20 <0.04
Potassium Oxide (K,0,) < 0.03 0.10 0,15 < 0.06
Sodium Oxide (Na20) < 0.02 na na < 0.05
Zirconium Oxide (Zr02 ) 0 na na n.a
Loss on Ignition (L.O.I) 0.15 0 0 0.00
Moisture (H2o) 0 2.00 2.00 0
Physical Properties

Bulk Specific Gravity (BSG) 3 3.30 3 3.05

Sources:
1. Refractories Production and Properties, J.H. Chesters, 1983.

2. Technology of Monolithic Refractories, Akira Nishikawa, 1984.
3. Evaluation of Markets for Calcined Bauxite in Westen Europe and Japan. 

Arthur D. Little, 1973.
4. Study of the North American Market for Refractory Bauxite, William Hill, 1972.
5. Bauxite Industry Development Company Guyana, Product Specifications 

1975-2000.
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2.2 .4  Abrasive Bauxite

The p roduction  of abrasive bauxite  co n stitu tes  the  th ird  largest 

app lication  for bauxite, c u rre n t a n n u a l w orld p roduction  estim ated  a t

900 ,000  tonnes, u tilising  approxim ately 2 .0  m illion tonnes crude 

bauxite. A bout 75 per cen t of world abrasive bauxite  is u sed  for the  

p roduction  of brow n fused a lum ina, w hich is p roduced  by the  

electro-fusion of a  m ixture of abrasive bauxite  an d  coke in  a n  electric arc 

fu rnace  a t  a  tem pera tu re  in excess of 2,OOOOC. The fin ished  p roduct is 

u se d  for the  p roduction  of coated  abrasives, grinding w heels, abrasive 

pap ers  an d  refractories. The rem ainder is u se d  for th e  m anufactu re  of 

ceram ic p ro p p an ts , w hich are spheres of 1.0 to 3 .5  m m  diam eter, 

p roduced  by sin tering  a  m ixture of abrasive baux ite  an d  clay a t a  

tem p era tu re  of a ro u n d  2,OOOOC. P roppan ts a re  u sed  in  the  hydraulic  

frac tu ring  of rocks in the  oil an d  gas ex traction  in d u strie s . The spheres 

are  m ixed into a  slu rry  w hich is pum ped  u n d e r  very h igh  p ressu re  into 

wells to form  a  frac tu re  in the  rock  form ation. The hydrau lic  p ressu re  is 

th en  released , an d  the  p ro p p an ts  rem ain  a s  a  prop in  the  fracture , to 

keep it open an d  create  a  p a th  th rough  the  flow of oil and  gas is 

increased . Sm all q uan titie s  are  abrasive baux ite  are  also u sed  for the  

m an u fac tu re  of calcium  a lum inate  cem ent.

Abrasive bauxite  is p roduced  by a  p rocess sim ilar to th a t for the  

p roduction  of refractory  bauxite , th e  m ajor differences being the  chem ical 

com position of the  ore, the  calcination  tem p era tu re  an d  calcination 

period. M aterial for the  p roduction  of fused a lu m in a  could  be produced  

from ores w ith Fe20 3 con ten t a s  h igh  as  5 per cent, S i0 2 of 5 per cent,
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and  a  calcination  tem p era tu re  of 1100-1200C com pared  w ith  1.5 p e r 

cent, 4 per cen t 1 ,650-1,750°C , respectively, for refrac to ry  bauxite; 

m ateria l for the  m an u fac tu re  of p ro p p an ts  could to lerate  Fe20 3 an d  S i0 2 

levels of 6 per cen t a n d  calcination  tem p era tu re s  of 9 0 0 -1 OOOo C. 

Technical and  econom ic factors in  the  p roduction  of fu sed  a lum ina , 

however, im pose very s tr in g en t lower lim its on A120 3, u p p e r  lim its on  

S i0 2 and  T i0 2 an d  a  very sensitive S i0 2:Fe20 3 ratio . T hese specifications 

res tric t the  p roduction  of acceptable m ateria l to a  sm all n u m b er of 

bauxite  producing  co u n tries  a n d  m ake it difficult from  any  one source  to 

be u se d  for the  p roduction  of h igh  quality  fused  a lu m in a . T he no rm al 

practice in the  in dustry , therefore, is to u se  a  b lend  of m ate ria ls  from  

various sources to achieve the  b est levels of A120 3, S i0 2 a n d  T i0 2 a n d  

add  iron filings to the  b lend  to control the  S i0 2 : Fe20 3 ratio .

Production  of abrasive grade bauxite  s ta rte d  in  G u y an a  in  1938 b u t  

never achieved a  significant level since it u tilises  th e  sam e p roduction  

facilities a s  refractory  baux ite  th a t  w as alw ays in  sh o rt su p p ly  a n d  w as a  

m ore profitable p roduct. P roduction  ceased  betw een 1970 a n d  1980 a n d  

w as only resum ed  on a  lim ited scale after 1980 following the  fall in  

dem and  for refractory  bauxite . S u rinam e becam e th e  m ajo r p ro d u cer in  

the  early 1960s followed by A ustra lia , b u t  after th e  d isco n tin u a tio n  of 

p roduction  in S u rinam e in  the  early  1980s, G uinea, U nited  S ta te s , C h in a  

an d  Brazil becam e p roducers. G uyana  con tinued  p ro duction  on  a  lim ited 

scale, aim ed a t m ark e t n iches w here co n su m ers a re  p rep a red  to p ay  a  

h igher price for m ateria l w ith  low Fe20 3 an d  TiG2 a n d  low levels of o th e r  

im purities for p u rp o ses  of blending.Table 2 .7  show s th e  chem ical 

com position of the  ore u se d  for the  p roduction  of ab rasive  baux ite  in
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G uyana an d  th a t  of the  finished p roduct com pared w ith  those from the 

o ther p roducing  countries.
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Table 2 .7  Abrasive Bauxite, Major Sources 

Ore And F in ished  P roduct 

Specifications

Chemical E lem ents (%) Guyana O ther Producing C ountries - P roduct
Ore Product USA Australia Guinea C hina Brazil

Aluminium Oxide (A120 3) 57.00 86.00 80.00 84.00 91.00 87 .00 80.00
Silicon Oxide (Si02) 4.00 5.50 7.50 7.00 1.70 6.00 8.00
Ferric Oxide (Fe03) 4.00 6.00 6.50 7.30 5.20 3 .00 7.00
Titanium Oxide (Ti02) 2.50 3.60 3.25 4 5.00 6.0 1.50

Magnesium Oxide (MgO) < 0.02 < 0.02 n.a n.a n.a n.a n.a
Potassium Oxide (p2o 5) < 0.025 < 0.025 n.a n.a n.a n.a na
Chromium Oxide (Cr02) < 0.015 < 0.015 n.a n.a n.a n.a n.a
Calcium Oxide (CaO) < 0.01 < 0.01 n.a n.a n.a n.a na
Loss on Ignition (L.O.I) 30.50 0.00 3.00 1.00 1.00 0.50 2.00
Moisture (H20) 15.00 0.00 0.00 0.50 1.00 0 2 .00 1.00

Sources:
1 Internal company data, Guyana Bauxite Company. Guyana.
2 .Internal data on analysis of Refractory bauxite from various 

sources, Washington Mills, North Grafton Massachusetts.
3.Internal data on abrasive bauxite from various supply sources. Exolon/ESK  

Tonowanda, New York, United States.
4 .Internal analysis of ABRASIVE bauxite from Triebacher Scheimetal, Villach, Austria.
5.Specifications of Australian abrasive Grade Bauxite for the manufacture, 

of Proppants, Carbo Ceramics New Iberia, Louisiana.
6 .Specifications of Abrasive bauxite produced by Norton Proppants for the manufacture 

of proppants, Norton Proppants, Little Rock, Arkansas.
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C hap te r 3

COMPETITIVENESS IN METALLURGICAL 

BAUXITE PRODUCTION

3.1 M etallurgical B auxite A lum ina

The a lm ost six-fold increase  in  bauxite  p roduction  in G uyana an d  its 

rise  to the  position of supplying 19 per cen t of world bauxite  dem and 

over the  decade of the  1940s w as directly a ttrib u tab le  to: (1) the  increase  

in the  dem and  for a lum in ium  for a ircraft p roduction  du ring  the  Second 

W orld W ar, followed by increased  dem and  for app lications in electrical 

tran sm iss io n , tran sp o rta tio n , packaging, co nstruc tio n  an d  consum er 

du rab le  goods in  the  years  im m ediately following th e  W ar; (2) G uyana 's 

endow m ent w ith  relatively large trihydra te  baux ite  resou rces, com patible 

w ith  the  A m erican Bayer p rocess u tilised  exclusively by the  North 

A m erican a lu m in a  refineries; (3) th e  high available A120 3 con ten t of the 

G uyana  ore th a t  m ade it desirab le  for b lend ing  w ith  the  A rkansas, 

A labam a an d  Georgia ore in  the  U nited S tates; (4) G uyana 's geographical 

location in  re la tion  to the  N orth A m erican a lu m in a  refineries in te rm s of 

d istance  an d  the  safety of sh ipp ing  u n d e r w ar-tim e conditions; an d  (5) 

the  existence of in fra s tru c tu re  a n d  p roduction  capacity  th a t  could be 

rap id ly  expanded  to m eet the  su d d en  increase  in dem and  im posed by the  

W ar. Over th is  period the  only baux ites th a t  could be econom ically 

p rocessed  in the  N orth A m erican a lu m in a  refineries were those from the 

U nited S ta tes, Surinam e, a n d  G uyana, hence  these  th ree  coun tries
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enjoyed a  m onopoly on bauxite  supply  to N orth A m erica w hich  

accoun ted  for a lm ost two th ird s  of world a lum in ium  p ro duction .

The rap id  increase  in  dem and  for a lum in ium  led to a  d e sp e ra te  search  

by the  a lum in ium  in d u stry  for new  bauxite  reso u rces a n d  prom oted  

research  to modify the  A m erican Bayer technology to econom ically 

process the  m ixed trihyd ra te  an d  m onohydrate b au x ites  d iscovered in 

the C aribbean  Is lan d s ju s t  before the  war. The size of th e  Ja m a ic a  

resources, th e ir low overburden , an d  the  sh ipp ing  ad v an tag es over 

G uyana an d  S urinam e m ade them  attractive  to th e  N orth  A m erican 

com panies who were p repared  to invest in the  m odification of th e  existing 

a lu m in a  refineries to u tilise  the  C aribbean  Is lan d s baux ite . They w ere 

also p repared  to invest in  new  m ining an d  refining capacity  in  Ja m a ic a  

in stead  of investm en t in  expansion  of bauxite  p roduction  in  G uyana  in  

the  decades of 1950s an d  1960s. The discovery of large, h igh  grade, low 

overburden  reso u rces in  G h an a  an d  G uinea, th e  C ape York a n d  Gove 

p en in su la s  in  A ustra lia , an d  S ou th  E as t Brazil a n d  th e  la te r  discovery of 

m assive deposits of low grade trihyd ra te  bauxite  in  S o u th  W est A ustra lia  

an d  h igh  grade trih y d ra te  reso u rces in  the  Am azon region of Brazil, led to 

a  to ta l cessa tion  of investm en t in G uyana.

W orld bauxite  p roduction  con tinued  to increase  a t  a  h igh  ra te  over the  

nex t six decades, increasing  78 per cen t each  decade betw een  1940 a n d  

1980, a n d  a  fu rth e r 34 per cen t betw een 1980 a n d  2000 . P roduction  in  

G uyana, however, increased  only 12.7 p er cen t each  decade  betw een 

1940 an d  1980 a n d  fell 18 p e rcen t over the  nex t two decades. G uyana 's  

perform ance in  the  p roduction  of m etallurgical b aux ite  w as even worse.
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W hile m etallurgical bauxite  accoun ted  for 94 per cen t of the  increase in 

world p roduction  over th e  period, average a n n u a l p roduction  of th is  

p ro d u c t in G uyana rem ained  sta tic  over the  period 1950 to 1980. 

P roduction  fell 50 per cen t betw een 1960 an d  1980 a n d  increased  only in 

the  decade of the  1990s to re tu rn  to the  level of the  decade of the  1950s.

The stagnation  of p roduction  in  G uyana a n d  the  diversion of 

investm en t have been  a ttr ib u te d  to loss of com petitiveness th rough  the 

h igh  cost of m ining ore deposits w ith overburden  th ick n ess  of 30-70 

m etres  com pared  w ith 1-3 m etres in the  new  resource  endowed 

coun tries , a n d  the  high cost of sh ipping  assoc ia ted  w ith the  limited 

d ra u g h t a t its  bauxite  loading ports. While there  is validity to the 

a rg u m en t of h igh  m ining a n d  sh ipp ing  costs, it is necessa ry  to undertake  

a  m ore com prehensive analysis of th e  econom ic factors th a t  determ ine 

com petitiveness of a  p ro d u c t like m etallurgical bauxite. It is also 

necessa ry  to evaluate  a  n u m b er of non-econom ic factors th a t  influence 

investm en t decisions on the  tim ing a n d  location of m etallurg ical bauxite 

a n d  a lu m in a  capacity  to determ ine the  ex ten t to w hich these  factors 

con tribu ted  to the  diversion of investm ent from  G uyana.

3.1.1 Econom ic Factors

M etallurgical bauxite  is n o t a  s tan d a rd ised  or a  final p roduct—its 

p rim ary  application  being th e  raw  m ateria l for the  p roduction  of a lum ina, 

hence  the  co st of p roducing  a lu m in a  shou ld  be the  m easu re  of 

com petitiveness of baux ite  from different sources. An evaluation  of the
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elem ents of cost a t  the  various stages of the  production  p ro cess  from  the  

m ining of bauxite  th ro u g h  the  p roduction  of a lum ina , to g e th er w ith  th e  

pricing m echan ism s for m etallurgical baux ite  are  therefore  e ssen tia l to 

determ ine the  tru e  com petitiveness of G uyana bauxite . The e lem en ts of 

cost to be considered  are: (1) investm en t an d  cap ita l co st for e s tab lish in g  

bauxite  m ining operations; (2) operating  an d  to ta l co st for b au x ite  m ining  

operations; (3) a lu m in a  p roduction  cost; (4) bauxite  sh ip p in g  cost; a n d  

(5) the  pricing m ech an ism s for m etallurgical bauxite.

3 .1 .1 .1  Investm ent a n d  C apital C ost

B auxite p roduction  is a  highly capita l in tensive activity, a n d  hence  th e  

am ortization  of cap ita l is a  su b s ta n tia l com ponen t of to ta l p ro duction  

cost. C om parison of the  investm en t for th e  e s tab lish m en t of baux ite  

p ro jects is therefore im p o rtan t to determ ine the  im pact of cap ita l co st on  

to tal p roduction  cost. The size of baux ite  m ining p ro jec ts  h a s  varied  

considerably  over tim e a n d  from  one co u n try  to an o th e r; th e  s ta r t-u p  

capacity  of pro jects in  the  1950s and  1960s being 500 ,000  - 1.0 m illion 

to n n es per year. The m in im um  econom ic s ta r t-u p  capacity  of new  

projects a t  the  c u rre n t tim e is betw een 3 m illion a n d  5 m illion to n n es  p e r 

year w ith  pro jects expanded  to capacities in  excess of 12 m illion to n n es  

per y ear in  A ustra lia , Brazil a n d  G uinea. Total an d  u n it  in v es tm en t co st 

and  cap ita l cost for new  pro jects an d  expansion  of ex isting  pro jec ts also  

vary widely for p ro jec ts a ro u n d  the  world.
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The basic  technology of bauxite  p roduction  h a s  no t changed  over the  

y e a rs—95 p er cen t of c u rre n t world p roduction  still m ined by open-cast 

techn iques an d  beneficiation of m etallurgical bauxite  confined to 

c ru sh ing , w ashing , screening an d  drying, u tilising  varia tions of the  sam e 

basic  techn iques. The p roduction  sequence an d  the  scope of the  various 

activities, however, vary significantly from one coun try  to an o th e r and  

even from one operation  to an o th e r in  the sam e country . The production  

sequence involves: (1) clearing of vegetation by bulldozers; (2)

co n stru c tio n  of access ro ad s to th e  m ine an d  hau lage roads or o ther 

facilities for the  tran sp o rt of ore to the port or p rocessing  p lant; (3) 

e stab lish m en t of in fras tru c tu re  su c h  as housing , w ater, power and  

roads; (4) stripp ing  of overburden  which, in  deposits w ith low 

overburden , is u n d e rta k en  by bulldozers, sc rap e rs  an d  power-shovels, 

a n d  in deposits  w ith high overburden , by sc rapers, w alking draglines, 

w heel-excavator and  conveyor system s, power shovels or back-hoes an d  

tru c k s  an d  h igh-capacity  suction  dredges w here deposits a re  located in 

sw am ps or close to large supp lies of water; (5) m ining of ore u tilising  

draglines, pow er shovels, b ack  hoes a n d  front end  loaders w ith b lasting  

to loosen the  ore in  deposits w here it is h a rd  a n d  com pacted; (6) loading 

th e  m ined ore to tru ck s , rail-cars, or conveyor system s for hau lage to 

m ine stockpiles, barge loading facilities, or d irec t to the  processing  plant; 

a n d  (7) beneficiation w hich involves varying degrees of crush ing , w ashing  

a n d  screen ing  to remove im purities su ch  a s  clay a n d  quartz , lim estone 

a n d  o ther ex traneous m inerals, a n d  drying to reduce free m oistu re  to 

im prove hand ling  an d  reduce  sh ipp ing  cost, w here the  ore is for export.
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While tl^e basic  activities are  sim ilar, the  cost of e s ta b lish in g  new  

bauxite  m ining  projects vary  widely from one opera tion  to  a n o th e r 

depending  to the  scale of th e  operation, the  geographical loca tion  an d  

geological s tru c tu re  of the  deposits, th e  physical fea tu res  of reg ion , the  

physical ch arac te ris tics  of th e  overburden  an d  the  ore, th e  d is ta n c e  of 

the m ines from the  port, th e  operating  sequence a n d  n a tu re  of the  

activities a t  the  various stages an d  the  availability of in f ra s tru c tu re . The 

unavailab ility  an d  unreliab ility  of d a ta  on investm en t c o s t for the  

estab lish m en t of new  baux ite  pro jects a n d  expansion  of ex is tin g  ones, 

especially in  the  1950s a n d  1960s m ake precise c o m p ariso n s  of cap ita l 

cost extrem ely difficult. A significant am o u n t of d a ta  a n d  in fo rm ation  on 

investm en t in bauxite  pro jects have becom e available since  th a t  tim e 

(US. B u reau  of M ines 1983 a n d  1987; In te rna tiona l B auxite  A ssociation , 

1978; A ustra lian  M ineral Econom ics, 1981 and  1993). B u t even th ese  

suffer from  serious d iscrepancies a n d  inconsis tencies o n  critical 

p a ram ete rs  su ch  a s  insta lled  capacity , allocation of in v es tm en t betw een 

in fras tru c tu re  a n d  productive a sse ts , a n d  betw een b aux ite  a n d  a lu m in a  

p roduction  in in teg rated  projects. These deficiencies se riously  lim it the  

accu racy  of m u ch  of the  d a ta  for m eaningful com parative c o s t analysis. 

Table 3 .1 , b ased  on d a ta  on  investm en t and  in sta lled  capac ity  from  

A ustra lian  M ineral Econom ics, In te rn a tio n a l B auxite A ssocia tion  a n d  US 

B u reau  of M ines, an d  u tilising  the  in d u stry  s ta n d a rd  of a  20 year 

am ortization  period an d  a  15 per cen t d isco u n t ra te  for evaluating  

projects, show  to tal an d  u n it  investm en t an d  u n it  cap ita l c o s t for new  

bauxite  projects. The d a ta  show  u n it  investm en t co st vary ing  from  

U S$3.50 to U S$14.60 per a n n u a l tonne of capacity  w ith  th e  low est cost
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being th a t for th e  A roaim a project in  G uyana a n d  th e  h ighest for Los 

Pijiguaos in V enezuela. Table 3.2 show s estim ated  investm en t an d  

cap ita l cost for expanding  m ine p roduction  a t two existing  locations in  

G uyana (Alcoa M inerals a n d  Chem icals, 1999 Page 4) com pared  w ith the  

pub lished  estim ated  cost for expansion  of p ro d u ctio n  in T rom betas, 

Brazil (U.S Geological Survey, 1997).

The d a ta  reveal th a t, in  spite of high investm en t in  equ ipm ent for 

stripp ing  overburden  in G uyana, the  investm ent a n d  cap ita l cost for the  

developm ent of new, a n d  for expanding  existing b aux ite  projects are  

lower th a n  th o se  for m ost of the  o th er bauxite  p ro d u cin g  countries. This 

is a ttrib u tab le  to: (1) th e  geographical location a n d  accessibility  of the  

G uyana  baux ite  deposits; (2) the  physical fea tu res  of the  te rra in  over 

w hich baux ite  is tran sp o rted ; (3) th e  proxim ity of th e  baux ite  deposits to 

navigable rivers for in te rn a l tran sp o rt; (4) th e  ex istence of basic  

in fras tru c tu re ; an d  (5) th e  availability of idle capacity  th a t could be 

expanded  a t relatively low cost.
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Table 3 .1  Investm en t And C apital C ost 

M ajor B auxite  Projects 

1970-1990

Mine /  Country Annual 
Capacity 
(000 mt)

Investm ent Cost 
Total Unit (US$ 

(US$000) /to n n e  
annual 

capacity)

A m ortization / 
US$ /to n n e  

annual 
p roduction

Trombetas -Brazil * 6,000 230,000 38.33 6.10
Paragonias -Brazil 7,000 480,000 77 10.00
Lyledorp - Suriname * 2,500 85,000 34.00 5.40
Mt Saddlebrook- Australia * 8,000 500,000 62.50 10
Tougue - Guinea 8,000 242,000 30 4.85
Kidi - Ghana 2,000 184,000 92.00 14.70
Aroaima- Guyana * 2,500 50,000 20.00 3.20
Los Pijiguaos - Venezuela * 6,000 550,000 91.66 15
Ituni - Guyana 1,500 40,000 27 4.25
Boke - Guinea * 6,000 400,000 67 11.80
Weipa - Australia * 11,000 319,000 29.00 4.65
Orissa - India * 2,500 85,000 34.00 5.43

* Projects implemented.

Sources
1. U.S Bureau Of Mines, An Appraisal Of Mineral Availability 

For 34 Commodities, Bulletin 692, 1987.
2. Bureau of Minesu, Aluminium Availability, Market Economy Countries, 

Information Circular 8917, 1983.
3. Guyana Bauxite Company, Internal Records, Appraisal of Ituni Bauxite 

Project, Guyana, 1994.
4. Reynolds Metals Internal Records, Appraisal of Aroaima Bauxite Project, 

Guyana, 1989.
5. N.V Billiton Maatschappij, Suriname, Internal Records, Appraisal of 

Lyledorp Bauxite Mine, 1995.
6. Sierra Leone Mining Company, Internal Records, 1991..
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Table 3 .2  E xpansion  Of B auxite M ining Projects 

E stim ated  Investm en t And C apital C ost 

(1999 US$)

Mine /  Country Annual 
Capacity 
(000 mt)

Investm ent Cost
Total Unit (US$ 

(US$000) /to n n e  annual 
capacity)

Am ortization 
(US$ /to n n e  

annual 
production)

Linden-Guyana1 2,500 31,200 125.00 2.00
Linden-Guyana 5,000 53,400 96.00 1.70
Kwakwani-Guyana 2,500 31,200 125.00 1.99
Kwakwani- Guyana 5,000 47,900 95.00 1.53
Trombetas (1998) 3 ,0001 90,0002 3 0 .0 0 5.80
Trombetas2 5,000 200,000 40.00 6.20

The data for Guyana do not include the cost of expansion of 
processing capacity or improving shipping capability .The estimate for 
processing capacity is US$10 million and US$17.5 million for 2,500,000  
tonnes and 5,000,000 tonnes respectively at either location. The estimated 
cost for improving shipping capacity is estimated at US$20 million for 
2,000.000 and US$30 million for 5,000,000 tonnes at either location.

The expansion of the Trombetas project is currently under 
construction and due to be commissioned by the end of 2002 .

Sources:
1 .Feasibility Study of Guyana Bauxite Mining Operations, Alcoa 1999.
2 .Commodity Review, U.S Geological Survey, Mineral Industry of Brazil, 

1997.
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3.1 .1 .2  O perating  a n d  Total C ost

The prim ary  e lem ents of opera ting  cost for the  p ro d u c tio n  of 

m etallurgical baux ite  are diesel fuel an d  electric pow er for th e  opera tion  

of m ining  an d  tran sp o rta tio n  equ ipm ent, fuel for drying, opera ting  

supplies an d  spare , m ain tenance  of m ining, tra n sp o rta tio n  an d  

processing  equipm ent, labour and  adm in istrative  expenses, while to ta l 

cost inc ludes the  cost of am ortizing capital. Published  d a ta  on  cost for 

bauxite  p roduction  (US B u reau  of M ines, 1987 an d  In te rn a tio n a l B auxite 

A ssociation, 1984) show  considerable varia tion  a n d  p re se n t difficulties of 

in te rp re ta tion  because  of inadequate  inform ation  on  th e  p roduction  

sequence, m ining  techn iques, tran sp o rta tio n  m ethods, d ifferences in  

d a ta  collection a n d  classification, differences in costing  m ethodology a n d  

the  c lassification  of cost e lem ents assoc ia ted  w ith th e  m in ing , h au lage  

and  p rocessing  activities, th e  tim e period to w hich th ey  apply , an d  the  

sou rces from w hich  they  are  obtained . The values also a re  significantly  

different in several cases from  those provided in  d isc u ss io n s  w ith th e  

operating  com panies in som e of the  producing  co u n tries  (D iscussions 

w ith S ierra  Leone M ining C om pany (Sieromco), 1991; Billiton, S u rinam e, 

1997 a n d  G uym ine, G uyana, 1975-1990), an d  ap p ea r, in  th e  case  of 

G uyana, to have included  som e costs assoc ia ted  w ith th e  p ro d u c tio n  of 

refractory  bauxite.

D a ta  on average opera ting  cost for th e  operating  m ines in  th e  m ajor 

bauxite  p roducing  co u n tries  (US B u reau  of M ines, 1987, T able 3.3) show  

G uyana  having th e  h ighest co st for b aux ite  delivered to a  load  p o rt or 

local refinery. The accuracy  of th is  d a ta  is, however, questionab le , since
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the  cost show n for m ine an d  mill cost is nearly  th ree  tim es th a t  reported 

by any  of the  th ree  opera tions in  the  industry . The m ine an d  mill cost 

show n for A ustra lia  is also inconsis ten t w ith d a ta  provided by A ustra lian  

M ineral Econom ics, an d  ap p ea rs  to have excluded cap ita l cost.

In terna l tra n sp o rt cost, or hau lage, from the  m ine to the  point of 

sh ipm en t or th e  dom estic refinery is an  im portan t com ponent of cost of 

p roduction  of bauxite , an d  is a  critical e lem ent of com parative cost 

analysis. D ata  on in te rna l tran sp o rt cost are  n o t readily  available, hence 

it is difficult to com pare th is  elem ent of cost w ith any  degree of accuracy. 

E stim ates by th e  US B u reau  of M ines, A ustra lian  M ineral Econom ics an d  

In te rna tiona l B auxite A ssociation, a n d  inform ation from  d iscussions w ith 

executives a n d  financial s ta tem en ts  from the opera ting  com panies in 

G uyana  are therefore u se d  to m ake b road  com parisons.

In terna l tra n sp o rt cost is a  function  of the  p roduction  sequence, the  

d istance  from the  m ine to po in t of local p rocessing  or export, and  the 

m ode of tran sp o rta tio n . All these  functions vary considerably  for 

opera tions a ro u n d  the  world a n d  even for opera tions in  the  sam e 

country . In G uyana  for in stance , the  production  sequence, the  location of 

the  m ines in rela tion  to the  p rocessing  facilities, an d  the  location of the  

processing  facilities in relation  to the  sh ipp ing  po rt and  the  

tran sp o rta tio n  m ode are different for th e  th ree  opera tions in the  country. 

The operation  involves com binations of truck , rail a n d  barge w ith overall 

cost varying from  U S$5.00-U S$7.00 per tonne  (Financial d a ta  from 

G uym ine, Linm ine, an d  B erm ine-1975-2000. an d  A roaim a Bauxite 

Com pany, 1990-2000). In Jam aica , th e  size of th e  is land  re su lts  in sho rt
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haulage d istances. The physical fea tu res of the  coun try , how ever, re su lt 

in  different m ethods of hau lage  from m ine to local refineries or 

processing  p lan t an d  sh ipp ing  p o rt involving com binations of tru ck , rail, 

cable conveyor, an d  aerial tram , all of w hich involve h ig h  capita l 

investm ent b u t low operating  cost, w ith to ta l cost varying from  less th a n  

U S$1.00 to U S$3.00 per tonne. In ternal tra n sp o rt co st for th e  different 

m ines in A ustra lia  involve conveyor and  rail over d is tan c es  o f 10 to 50 

kilom etres an d  vary from  U S$2.50 to US$ 7.00 per tonne. In  Brazil, the  

hau lage d istance  from  the  only exporting m ine to th e  load ing  po rt is 

u n d e rta k en  by rail over a  d is tance  of 16 kilom etres a t  a  co st o f less th a n  

U S$2.50 per tonne. H aulage d is tances for the  various o p e ra tio n s  in 

G uinea vary from  130 k ilom etres for the  Boke opera tion , to 500 

kilom etres for th e  K india opera tion  w ith  tran sp o rta tio n  c o s t by rail 

varying from U S$5.00 to U S$11.00 p er tonne. (A ustra lian  M ineral 

Econom ics, 1981, Pages 41-42; US B u reau  of M ines In form ation  

C ircular, 8917, 1983, Page 13). The in te rn a l tran sp o rta tio n  m ode for the  

Los Pijiguaos opera tion  in V enezuela involves tra n sp o rta tio n  by a  

8-kilom etres conveyor belt from  the  p la tea u  w here it is  m ined  to the  

railhead , tran sp o rt by rail for a  d istance  of 40 k ilom etres from  the  

rail-head  to the  river, th en  by barge over a  d istance  of 450  k ilom etres on 

the Orinoco River w hich is navigable for only six m o n th s  of th e  year. The 

estim ated  cost of the  to ta l operation  is estim ated  a t  U S $9.00  p er tonne  

(discussion  w ith rep resen ta tive  of A m erican C om m ercial B arge Lines, 

1999).

The In terna tional B auxite A ssociation d a ta  (Table 3.4) a p p ea r to 

reflect to ta l cost (capital a n d  operating), for m o st of th e  coun tries



57

covered, b u t  only opera ting  co st for the  two opera tio n s in  A ustralia. 

Table 3 .5  w hich show s a c tu a l d a ta  from the financia l rep o rts  of the 

Berbice O perations in  G u y an a  over the  period 1975-2000, more 

accu ra te ly  rep resen ts  th e  p roduction  cost for m in ing  opera tions in 

G uyana.

Table 3 .3  U.S B u re a u  Of Mines, Estimated B auxite 

P roduction  Cost 

(1985 Prices US$/tonne)

C ountry1 Mine and Mill T ransportation  to Levy or Total Cost Local
Operating Cost P ort or Refinery SeveranceTax Port or Refinery

Australia 4.82 541 0.89 11.11
Brazil 8.62 9.17 1.00 18.79
France 8.15 5.49 0.00 15.04
Greece 7.65 1.27 0 8.92
Guinea 10.09 14.82 9.13 34.05
Guyana 30.89 7.03 0.07 37.98
India 7.51 9.23 0.42 17.15
Jamaica 4.58 1.59 14.50 20.68

According the the US Bureau of Mines, the cost shown for each country is the 
average for the mines operating in the country.

Source:
Apprasial of Minerals Availability for 34 Commodities, U.S Bureau of Mines, 
Bulletin 692, 1987.
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3 .1 .1 .3  A lum ina P roduction  C ost

The cost of converting  baux ite  to  a lu m in a  is the  m o st c ritica l e lem en t 

in  the  analysis of th e  com parative cost of baux ite  from  d ifferen t sou rces . 

The B ayer p rocess h a s , a s  its  basic  rationale  th e  ex trac tio n  of th e  

m axim um  ex tractab le  a lu m in a  from  p a rticu la r baux ite . T he efficiency 

w ith  w hich th is  cou ld  be achieved is de term ined  by a  n u m b e r  of fac to rs 

re la ted  to the  p ro cess  technology of the  refinery a n d  th e  m ineralogy, 

chem ical com position a n d  physical ch arac te ris tics  of th e  bau x ite .

D a ta  on a lu m in a  p roduction  cost com piled by th e  US B u re a u  of 

M ines, 1983 a n d  th e  In te rn a tio n a l B auxite A ssociation 1980, a n d  

confirm ed in d isc u ss io n s  w ith  Alcan, K aiser E ngineers, R eynolds a n d  

Alcoa, show  cap ita l c o st for refineries p rocessing  m ixed a n d  m o nohydra te  

b au x ites  a t  approx im ately  10 p e rcen t a n d  15 per c en t respectively  h ig h er 

th a n  th a t  for th o se  p rocessing  p u re  trihyd ra te  baux ites . T he d a ta  a lso  

show  operating  co s ts  betw een 10 a n d  20 p e r cen t h igher. M ost m o d em  

a lu m in a  refineries a re  designed  to u se  m ixed tr ih y d ra te  a n d  

m onohydrate  b au x ite s  w hich re su lts  in h igher cap ita l in v es tm en t while 

m any  of the  older refineries, designed for p u re  tr ih y d ra te  b au x ites , have 

been  modified to o pera te  a  two stage p rocess for m ixed b au x ites , also  

resu ltin g  in  h igher cap ita l an d  operating  cost.

The m ineralogical co n ten t of baux ite  is th e  m o st critical fac to r 

in fluencing  the  tech n ica l efficiency a n d  econom ics of a lu m in a  p ro d u c tio n  

an d  d ic ta tes p lan t a n d  p rocess design, d igestion tem p era tu re , o p era tin g  

p ressu re , caustic  so d a  concen tra tion  a n d  the  leng th  of th e  d igestion  

cycle. The p rincipal m in era ls  de term in ing  p rocess design  a re  th e  a lu m in a
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an d  silica m inera ls  a n d  the  form  in w hich th ey  occur. Refineries 

p rocessing  p u re  trihyd ra te  baux ites  u tilising  th e  A m erican Bayer 

p rocess, a re  of less com plicated design, a n d  requ ire  less cap ita l 

investm en t th a n  th e  m ore com plex p lan ts  p rocessing  m onohydrate  

baux ites  u tilising  the  E uropean  Bayer process or m ixed trihydra te  an d  

m onohydrate  b au x ites  u tilising  the  Modified B ayer p rocess. The h igher 

tem p era tu re , h igher p ressu re  a n d  h igher cau stic  soda  concen tra tion  

requ ired  for p rocessing  m ixed a n d  m onohydrate  b au x ites  re su lt in  h igher 

fuel a n d  cau stic  soda  consum ption , longer d igestion  cycles, lower 

a lu m in a  recovery, h igher volum es of w aste an d  co n seq u en t h igher w aste 

d isposal costs. The p rocessing  param ete rs  for refineries p rocessing  m ixed 

bau x ites  a re  often so sensitive th a t  even m inor in creases in the  

m onohydrate  co n ten t of the  feed above th a t  for w hich  th e  refinery w as 

designed , could  re su lt in  reactions th a t  severely reduce  productivity. The 

K aiser G ram ercy, L ouisiana refinery reported  a  10 per cen t loss of 

productiv ity  w ith  a  one percen tage po in t increase  in  the  m onohydrate 

co n ten t of the  baux ite  feed above th e  6 per cen t level for w hich the  

p ro cess w as designed. The effect of th is  on p roduction  cost is so 

significant th a t  th e  m anagem en t w as considering  b lending  bauxite  from 

th e ir Ja m a ic a  m ines w ith  a  p u re  trihyd ta te  baux ite  a t  a  25 per cen t 

h igher delivered price to off-set the  loss of productiv ity  (Private 

d iscu ss io n s  w ith  K aiser A lum inium  and  C hem icals, G ram ercy, 1999). 

The A lcan refinery in  Q uebec w hich is engineered for trihyd ra te  bauxite, 

se ts  a  rigid lim it of 3 per cen t on  the  m onohydrate  co n ten t of bauxite  

p rocessed  a t  the  refinery, while the  O rm et low tem p era tu re  refinery in 

B urnside , U nited S ta tes, finds it technically  an d  econom ically feasible to
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u se  a  trih y d ra te  baux ite  w ith 7 percen tage  po in ts  low er available A120 3 

an d  6 percen tage  p o in ts  h igher S i0 2, th a n  increase  th e  m o n ohydra te  

co n ten t of th e ir baux ite  feed by one percen tage poin t. T he form  in w hich  

S i0 2 occu rs in  baux ite  is also critical in  p rocess design. At low d igestion  

tem p era tu re s , only S i0 2 in  the  form  of kaolin ite  rea c ts  w ith  c a u s tic  soda, 

while a t  h igh  d igestion tem p era tu re s , S i0 2, bo th  in  th e  form s of kaolin ite  

an d  quartz , rea c t w ith  cau stic  soda. This re su lts  in  only S i0 2 c lassified  

a s  reactive being critical in  the  low tem p era tu re  p rocess w hile to ta l S i0 2 

is critical in  th e  h igh  tem p era tu re  process.

The chem ical com position  of baux ite  is th e  second  m ajor fac to r 

affecting p rocessing  cost, th e  critical chem ical e lem en ts be ing  A120 3 a n d  

reactive S i0 2 w hich com bine to determ ine  th e  percen tage  of ex trac tab le  

a lu m in a  from  a  p a rticu la r  baux ite . B aux ites w ith  h igh  available  A120 3 

a n d  low silica a re  generally  th e  m ost cost effective in  th e  d igestion  

p rocess since S i0 2 re a c ts  w ith  c au s tic  soda an d  com bines w ith  A120 3 to 

form  sod ium  a lu m in iu m , silicate w hich red u ces  th e  p ercen tage  of 

ex trac tab le  a lu m in a  from  th e  baux ite . High S i0 2 a n d  th e  p resence  of 

organic ca rb o n  in  baux ite  also requ ire  p re lim ina iy  tre a tm e n t while o th e r 

im purities su c h  a s  tita n ia , m agnesia , p h o sp h o ro u s, iron, a n d  th e  form  in  

w hich th ey  occur, cou ld  negatively affect p rocessing  efficiency a n d  

increase  p la n t m ain ten an ce  cost.

The p roductiv ity  of a lu m in a  refineries a n d  p rocessing  co sts  a re  

also  affected by th e  physical c h a rac te ris tic s  of b aux ite  th a t  affect 

grinding  cost, digestibility, filtratability  a n d  settling. D a ta  to  su p p o rt 

th ese  c h a rac te ris tic s  of baux ite  in  a lu m in a  refineries a re  n o t norm ally
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p u b lished  a n d  are  often refinery specific. Inform ation  ob tained  th ro u g h  

d iscu ss io n s  w ith th e  O rm et refinery in  B urnside , L ouisiana, however, 

ind icate  a  10-15 p e r cen t im provem ent in p la n t p roductiv ity  w ith G uyana 

an d  S u rinam e baux ite  com pared  w ith B razilian baux ite , hence th is  

com pany alw ays trie s  to u se  G uyana  or S u rinam e baux ite  or bauxite  

w ith  sim ilar se ttling  ch arac te ris tic s  in  the ir p rocess.

The chem ical a n d  m ineralogical com position a n d  physical p roperties 

of G uyana  baux ite , provide processing  cost advan tages over baux ite  from 

o th er so u rces bo th  in  te rm s of cap ita l an d  opera ting  co st w hich are  no t 

u su a lly  accorded  ad eq u a te  considera tion  in  evaluating  the  com parative 

cost of G uyana  baux ite  and  baux ite  from o th er sources. Table 3 .6  show s 

the  basic  p rocessing  p a ram ete rs  for a lu m in a  refineries u tilising  the  th ree  

v a rian ts  of th e  B ayer p rocess while Table 3 .7  show s raw  m ateria l and  

energy req u irem en ts  for a lu m in a  refineries u tilising  p u re  trihyd ra te  and  

m ixed baux ites.
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Table 3 .6  B ayer A lum ina R efineries, 

P rocessing  P aram eters.

Bauxite Type Bayer Process
Digestion
Temperature

(°C)

Operating 
Pressure 

( gr/cm a)

Caustic Soda 
Concentration 

(g/litre)

Digestion
Cycle
(minutes)

Process
Efficiency
(%)

Trihydrate Conventional
American

140-150 4000-4500 150-200 30 98.00

Mixed < 20% 
Monohydrate

Modified
American

180-200 6,000-8000 200-250 90.00 96.00

Monohydrate European 200-250 10000-15000 350-400 90.00 92.00

Source:
1. Bauxite, Alumina and Aluminium 1962, Overseas Geological 
Surveys, Mineral Resources Division.
2. World Bauxite Resources 1986 USGS, Professional Paper 1076B.
3. Internal Operating Data, Guyana Mining Enterprise.
4 Assessment of The Chemical and Metallurgical Properties of 
Guyanese Bauxites, Jamaica Bauxite Institute. 1998.
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Table 3 .7  Bayer A lum ina Refineries Raw M aterial 

And Energy R equirem ents

Bauxite Source Weipa Jamaica Type Guyana Type Darling
Range-Australia

Bauxite Type Mixed - Up to 
35% Boehmitre

Mixed-Up to 
20 % Boehmite

Gibbsite < 
1.5% Boehmite

Gibbsite <1% 
Bohemite

In p u ts
Bauxite (Tonnes) 2.2-2.4 2.4-2 .6 2 .0-2.1 3.2-3.4
Caustic Soda (NaOH) (Tonnes) 0.11-0.13 0.11-0.13 0.09-0.11 0 .10-0.11
Lime (CaO) (Tonnes) 0.03-0.05 0.02-0.05 0 .02-0 .05 0.03-0.05
Starch (Tonnes) 0.002 0.008-0.01 0.002 0.002 -0.009
Steam For Digestion (Tonnes) 3.6-4.0 3.6-4.0 3.4-3 .6 3.4-4.0
Fuel Oil For Calcination 0.13-0.16 0.13-0.16 0.13-0 .16 0.03- 0.16
(Tonnes)
Electricity (Kwh) 240.00 240.00 240 .00 240.00
E nergy R eq u irem en ts
(m illion b tu )
Steam 14.0-17.2 11.3-17.2 11.4-14.3 11.4-14.3
Calcination 4.0-5.7 4.0-5.7 4.0-5 ,7 4.0-6.7
Miscellaneous 1.1-2 ,3 1.1-2.3 1.1-2.3 1.1-2.3

Sources:

1. World Aluminium Industry, Volume 1 1981, Australian Mineral Economics.
2. International Bauxite Association, Quarterly Review, 1980.
3. Cost of Production For Bauxite, Alumina and Aluminium(1980-1983), 

International Bauxite Association 1984.
4. The Aluminium Industry, Pre-Investment Data, UNDP 1966..



66

3 .1 .1 .4  B auxite  Shipp ing  C ost

The c o st of sh ipp ing  baux ite  is a n  im p o rtan t e lem en t in  th e  

com petitiveness of baux ite  from  different so u rces a n d  is a  critical fac to r 

in  th e  location  of baux ite  a n d  a lu m in a  capacity  a n d  in  th e  d e te rm in a tio n  

of baux ite  trad e  flows. Since a  su b s ta n tia l p a r t  of G u y an a 's  m eta llu rg ica l 

baux ite  p roduction  w as exported in  com petition  w ith  exports from  

Jam a ica , H aiti an d  th e  D om inican R epublic in  th e  late  1950s and  1960s 

a n d  from  A ustra lia , G u inea  a n d  Brazil in th e  1970s, 1980s a n d  1990s, 

a n  evaluation  the  com parative cost of sh ipp ing  b au x ite  from th e se  

sou rces is necessa ry  to determ ine  its  im pact of on  G u y an a 's  

com petitiveness in  th e  m etallu rg ical baux ite  m arke t.

The two e lem ents of sh ipp ing  cost th a t  m u s t  be  considered  in  

com parative analysis  are: (1) th e  a c tu a l freight ra te  a n d  (2) th e  quality  of 

th e  baux ite  sh ipped. The freight ra te  is a  function  of cond itions in  th e  

m ark e t for bu lk -ca rrie rs , th e  size of sh ip m en ts , th e  sh ip p in g  d is tan ce , 

fuel oil prices, sh ip  loading  a n d  d ischarge  ra te s  a n d  ch arg es a t  th e  

loading a n d  d ischarge p o rts , while th e  quality  of th e  b au x ite  de te rm in es 

th e  q u an tity  th a t  m u s t  be sh ipped  for th e  p ro d u c tio n  of a  u n i t  of 

a lum ina .

The size of baux ite  sh ip m en ts  from  G u y an a  have b een  seriously  

lim ited by th e  d ep th  of its  baux ite  sh ipp ing  p o rts  th a t  lim its sh ip s  to  

loading to a  d ra u g h t of 6  m etres . T his h a s  p laced  th e  co u n try  a t  a  

com parative d isadvan tage  w ith  o th er baux ite  p roducing  co u n trie s  w here  

sh ip s  could  load to a  d ra u g h t of 12-15 m etres . A lcan e s tab lish ed  a  

tra n sh ip m e n t facility in  T rin idad  in 1942 w ith  a  n a tu ra l  d ra u g h t of 10
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m etres  to alleviate th is  problem , m aking  it possible for sh ip s th a t  loaded

7 .000 -10 ,000  to n n es  in  G uyana to load to 20 ,00 0 -3 0 ,0 0 0  tonnes. This, 

how ever only reduced  the  d isadvan tage , since add itional cost h a d  to be 

in cu rred  to sh ip  th e  top-off q u an tity  of baux ite  to T rin idad , a n d  for 

storage, m ain ten an ce  an d  opera tion  of th e  tra n sh ip m e n t facility. The 

d isadvan tage  increased  d u ring  th e  1960s, a s  m etallu rg ical bauxite  

sh ip m en ts  from  com petitive so u rces increased  to 35 ,000 -40 ,000  tonnes, 

a n d  fu rth er, in the  1970s, to 55 ,000-60 ,000  tonnes. T he increasing  cost 

of tra n sh ip m e n t in T rin idad  th a t  resu lted  from  lower th ro u g h p u t volum es 

a n d  h igher opera ting  costs  m ade  it feasible to d eep en  the  en trance  

ch an n e l to th e  D em erara  River in  G uyana  in  1988 to p e rm it sh ip s to load 

u p  to 30 ,000  Georgetown .This w as followed by th e  deepening  of the  

en tran ce  ch an n e l to the  Berbice river in  1996, to p e rm it sh ip m en ts  of

40 .0 0 0 -4 5 ,0 0 0  to n n es  from G uyana. While the  deepen ing  of the  e s tu a rie s  

of rivers in  G uyana  an d  the  tran s fe r  of tra n sh ip m e n t from Trinidad 

increased  th e  size of sh ip m en ts  a n d  reduced  tra n sh ip m e n t costs, it h a s  

still n o t com pletely rem oved th e  cost d isadvan tage  since  sh ip m en t sizes 

from  G uinea, Brazil an d  A ustra lia  are  55 ,000  to 65 ,000  tonnes.

Reliable d a ta  on baux ite  freight ra te s  in the  m id 1950s to 1960s are 

n o t available. D ata  com piled for th e  period 1985 by US B u reau  of Mines, 

(1983), a n d  G uybulk  Shipping, (1890-1985), a  jo in t-v en tu re  sh ipping  

com pany betw een G uyana  B auxite C om pany and  B u lkhand ling  Shipping 

of Norway, however, show  quoted  freight ra te s  for th a t  period (See Table 

3.8).



Table 3 .8  Q uoted B auxite F re igh t R ates, 1985-1995
(US$/Tonne)

Alumina Plant Location/ G uyana11 Jamaica Guinea Gove
Bauxite discharge Port Brazil Australia

1983 1990 1995 1995 1995 1995 1995
Corpus Christie-US Gulf 19.00 14.50 11.50 6.00 8.50 8.50 12.50
Port Alfred, Canada 20.00 16.50 12.00 8.50 8.50 8.00 14.00
Stade 25.00 19.45 13,75 15.00 10.00 7.50 14.00

Nikolayev, -Black Sea 28.50 24.00 19.00 17.50 14.00 10.00 16.00
Matanzas, Venezuela 8.50 9.00 6.50 5.00 8.50 8.50 15.00
Aughinish, Ireland 21.00 19.00 15.00 14.00 10.00 6.50 15.00
St Croix, Virgin Islands2 9.00 10.00 7.00 5.50 8.00 8.00 18.00

Includes amortization of capital dredging cost, maintenance dredging, cost of 
shuttling to the transshipment station and capital and operation cost for thr

Shipment sizes restricted to 35,000 tonnes by draught limitation at the port.

ources
1. Aluminium Availability, Market Economy Countries. USBM 1983, Information 

Circular 8917, 1983.
2. Freight Contracts, 1985-1995, Guybulk Shipping Limited, Bermuda and 

Bulkhandling Shipping Oslo, Norway.
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Since th e  p a ram ete rs  for calcu lating  freight ra te s  have rem ained  

u n ch an g ed , c u rre n t inform ation from in te rn a tio n a l sh ipp ing  sources 

(B ulkhandling  Shipping; Axion Shipping an d  M arine R esearch  Inc.) are 

u se d  in  th e  s tu d y  to estab lish  the  re la tionsh ip  betw een  bauxite  freight 

ra te s  from  G uyana, Jam aica , Brazil, G uinea a n d  Gove, A ustralia, to the  

m ajor im porting  ports. Table 3 .9  show s ca lcu la ted  freight ra te s  on 

baux ite  sh ip m en ts  from  G uyana, Brazil. Ja m a ica , G u in ea  and  A ustra lia  

to Port Alfred, C anada , C orpus C hristie , U nited S ta te s , a n d  Novorossiysk 

U kraine b ased  on  estab lished  sh ipping  p a ra m e te rs  an d  1999 cost 

variab les. The d a ta  a n d  the  calcu lations show  G u y an a  having a  freight 

d isadvan tage  on baux ite  sh ip m en ts  to the  m ajor im porting  po rts  except 

ag a in s t sh ip m en ts  from  A ustra lia  to Port Alfred a n d  C orpus Christie, 

w ith  the  g rea tes t difference being on sh ip m en ts  from  Ja m a ic a  to C orpus 

C hristie . B u t while there  is a  d isadvan tage  on fre igh t ra te s , the  o ther 

e lem ent of freight co st—the a lu m in a  co n ten t of the  b au x ite  sh ipped—th a t 

de te rm ines the  ratio  of sh ipped  baux ite  to the  p ro d u c tio n  to a lum ina  

could  e lim inate th is  d isadvantage. The m ain  e lem en ts  of th a t  cost th a t  

en te r  in to  th e  com parison  are  available a lu m in a  a n d  m oistu re  w ith, the  

sh ipp ing  cost of baux ite  per u n it  of a lu m in a  expressed  by the  form ula-

 F_
A(l-M)

W here:

F = F reigh t R ate for B auxite a s  sh ipped  ($/T onne)

A = Available A120 3 as  a  fraction of dried  equ iva len t of bauxite  
sh ipped.

M = M oisture a s  a  fraction of w et c rude  bauxite .



70

M etallurgical baux ite  sh ipped  from  G uyana  co n ta in s  average available 

a lu m in a  of 52 per cen t com pared  w ith 44 p e r cen t for bau x ite  from  

Jam aica ; G uyana  baux ite , a s  sh ipped , also  c o n ta in s  5 p e r  cen t free 

m o istu re  com pared  w ith  16 p e r cen t for Ja m a ic a  baux ite . A pplication of 

th is  fo rm ula  e s tab lish es  a  re la tionsh ip  of 1:1.34 betw een th e  sh ipp ing  

cost pe r u n it  of a lu m in a  for G uyana  an d  Ja m a ic a  baux ite  w h ich  red u ces  

Ja m a ic a 's  advan tage  to C orpus C hristie  from  U S $6.95 to  U S $5.06 p e r 

tonne  a n d  reverses th e  advan tage  on sh ip m en ts  to Port Alfred a n d  

N ovorossysk. C onsum ers in  th e  U nited  S ta te s  a lso  ind ica te  a  fu rth e r  1-2 

p e rcen t loss of th e  sh ipped  baux ite  w eight th ro u g h  the  rem oval of py rites  

an d  lim estone m ixed w ith  th e  baux ite  th a t  fu r th e r  re d u c e s  th e  fre igh t 

d isadvantage.
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3 .1 .1 .5  M etallurgical B auxite Pricing M echanism s

The a lu m in iu m  in d u stry  is am ong  the  w orld 's m o s t vertically  

in teg ra ted  in d u strie s ; a t  the  end  of th e  1960s, over 80  p e r  c e n t  of w orld 

baux ite  a n d  a lu m in a  an d  70 p er c en t of a lu m in iu m  w ere c o n su m ed  by 

the  p roducers. T he effect of th is  w as th a t  th e re  w as effectively little  

a rm s-len g th  dealings in  baux ite , a n d  consequen tly  no m a rk e t  d e te rm ined  

price for the  p ro d u c t. U nder th is  s tru c tu re , the  p rices q u o ted  for b au x ite  

were tra n s fe r  p rices  u sed  for in te rn a l accoun ting , c u s to m s a n d  tax a tio n  

p u rp o ses . The em ergence of a  th ird -p a rty  baux ite  m a rk e t in  the  1970s 

w hen  sign ifican t qu an titie s  of m etallu rg ical baux ite  a n d  a lu m in a  s ta r te d  

being trad ed  a n d  th e  m arketing  a rran g em en ts  u n d e r  w h ich  th e  p a r tn e rs  

in  th e  baux ite  conso rtia  se t p rices for th e ir m em b ers a n d  for th ird  

p a rtie s , led to  th e  developm ent of m ark e t-re la ted  b a u x ite  prices. The 

im perfections of th e  bauxite  m ark e t, how ever still r e s u l t  in  m an ag ed  

ra th e r  th a n  pu re ly  m arke t-de te rm ined  p rices n o t d irectly  re la ted  to  c o st 

of p roduction . T hese prices are , how ever norm ally  u se d  in  com parative  

co st analysis , h ence  a n  exam ination  of th e  pricing  m ec h an ism s for 

m etallu rg ical bau x ite  is necessa ry  to d em o n stra te  th e  ex te n t to w hich  

p rices could  d is to r t com parative co st analysis.

The m ore p reva len t pricing m ech an ism s have a  n u m b e r  of com m on 

p a ra m e te rs  a n d  variab les. The b a s is  of th e  p a ra m e te rs  a n d  app lica tion  of 

th e  variab les a re , however, so different, often com plicated , a n d  th e ir  

re su lts  so inde term ina te , th a t  it is difficult to u se  th e m  in  com parative  

cost ana ly sis  a n d  evaluation  of b aux ite  p ro jects. A dequate  considera tion  

is seldom  given to  m any of th e  com p o n en ts  of price, th e  tendency  being
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sim ply to u se  know n or estim ated  base  prices w hich  could vary 20-25 

p er cen t from  th e  effective prices, a n d  could significantly change the  

com petitive advan tage  of one baux ite  over ano ther.

A review of m etallurg ical baux ite  co n trac ts  reveal a  variety of price 

c lau ses, varying from stra ig h t indexation  to the  price of m etal, negotiated 

base  price w ith  p a rtia l indexation  to the  p rices of m eta l a n d /o r  a lum ina, 

negotiated  price w ith  no indexation, a n d  price indexed to m etal, a lum ina  

a n d  in p u ts  to th e  industry . The one c o n s ta n t in  all th e  existing pricing 

m ech an ism s is th e  application  of a  b ase  price w hich  inc ludes to ta l cost of 

p roduction , royalties, taxes a n d  levies an d  b o n u se s  a n d  penalties in 

resp ec t of th e  m ajor c o n s titu en ts  of the  baux ite , A120 3, S i0 2 an d  H20 ,  to 

e s tab lish  equivalence in  value of baux ites  w ith  different chem ical 

com position a n d  m oistu re  con ten t. The m ost p reva len t form ula involves 

a d ju s tm e n ts  to th e  e stab lished  base  price for A120 3, S i0 2 an d  H20 . The 

a d ju s tm en t for A120 3 reflecting the  value of the  a lu m in a  in the  bauxite  a t 

th e  refinery w here it is processed , th e  a d ju s tm en t for S i0 2 reflecting the 

consum ption  a n d  price of the  cau stic  soda  to th e  refinery, an d  th a t  for 

m o istu re  (H20) reflecting the  w eight of the  baux ite  rep resen ted  and  the  

add itional sh ipp ing  cost. B u t even th e  values a tta c h e d  to the  e lem ents in 

th is  form ula vary  significantly from  one co n trac t to a n o th e r to reflect 

refinery  specific conditions an d  bargain ing  s tre n g th  of the  negotiating 

parties . D etailed knowledge of the  various form ulae, pa ram ete rs  and  

variab les is therefore necessa ry  for any  m eaningful com parison  of the 

effective price of d ifferent bauxites.
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Table 3 .10 com pares th e  price of trad ed  b au x ite s  from  B erbice, 

G uyana, Port Kaizer, Ja m a ica , Gove, A ustra lia , Boke, G u in e a  a n d  

T rom betas, Brazil delivered to th e  Reynolds Sherw in refinery  a t  C orpus, 

C hristie , Texas, b a sed  on the  prevailing pricing  form ula.
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T his fo rm ula  is  often su b jec t to fu rth e r va ria tions fo r long-term  

c o n tra c ts  b ased  on  the  p rices of a lu m in a  a n d  a lu m in iu m  a n d  p rices of 

in p u ts  to th e  in d u stry . The MRN, T rom betas a n d  CBG, B oke co n so rtiu m , 

w hich acco u n t for 60 p er c en t of trad e d  m etallu rg ical b au x ite , app ly  

different form ulae an d  variab les for th ese  a d ju s tm e n ts  in  se ttin g  p rices 

for th e  p a rtn e rs  a n d  for sa les to th ird  parties . The CBG fo rm u la  u s e s  

a d ju s tm e n ts  only for the  p rices of a lu m in a  a n d  a lu m in iu m  w ith  th e  

Average A u stra lian  A lum ina E xport price a n d  th e  L ondon M etal 

E xchange a lu m in iu m  price a s  the  b a s is  for a d ju s tm e n ts  th a t  a re  app lied  

on a  rolling average for th e  th ree  q u a rte rs  p reced ing  th e  q u a r te r  in  w h ich  

th e  sh ip m en ts  a re  m ade. The CBG form ula  is  how ever extrem ely  

com plicated, w ith  a d ju s tm e n ts  for th e  price of a lu m in iu m , a lu m in a , 

gas-oil, B u n k er C fuel oil, wage ra te s  in  G uinea, a n d  th e  US In d u s tr ia l 

C om m odities price  index. It is  fu rth e r com plicated  by  th e  u se  o f two price  

ind ices for th e  a lu m in iu m  com ponen t a n d  th re e  for th e  a lu m in a  

com ponen t w ith  th e  algebraic  m ean  of th e  cost e lem en ts  a s  a  co m p o n en t 

of th e  form ula.

The foregoing analy sis  show s th a t  all th e  re lev an t d a ta  o n  b au x ite  a n d  

a lu m in a  p ro d u ctio n  costs  are  n o t u su a lly  availab le, a n d  even th e  

available d a ta  reveal considerab le  in co n s is ten c ies  in  p ro d u ctio n  co st 

repo rted  by d ifferent agencies. A m ore deta iled  ex am in a tio n  of th e  m ajo r 

econom ic fac to rs th a t  de te rm ine  the  final price of baux ite , how ever show s 

G uyana  to be com petitive w ith  th e  m ajo r su p p lie rs  of m eta llu rg ica l 

baux ite  to th e  U nited  S ta te s  an d  C a n ad a  w hich  a re  im porters  of th e  

la rg est volum es a n d  from th e  largest n u m b e r  of so u rces . The co u n try  h a s  

a  definite d isadvan tage  in  th e  a re a s  of m in ing  a n d  sh ipping . T h is is
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how ever considerab ly  coun te rba lanced  by low in v es tm en t an d  capita l 

cost for estab lish ing  new  a n d  expanding existing capacity . The quality  of 

th e  baux ite  w hich  is reflected in  th e  final price, i ts  tr ih y d ra te  m ineralogy 

th a t  red u ces  a lu m in a  p rocessing  cost an d  th e  filtration  a n d  settling  

c h a rac te ris tic s  of its  ore w hich improve p lan t efficiency, also reduce 

p rocessing  cost, an d  help  to reduce  the  overall co st d isadvan tage

3.1 .2  N on-Econom ic Facto rs

B auxite  m in ing  an d  a lu m in a  refinery pro jects norm ally  involve large, 

long-term  investm en ts by foreign m u lti-na tional co rpo ra tions w hose 

decisions on  tim ing, location, scale, financing a n d  m an ag em en t of su ch  

pro jec ts a re  influenced by a  n u m b er of factors w hich  a re  n o t purely 

econom ic a n d  a re  therefore classified a s  non-econom ic. T hese factors are 

evaluated  in  th e  s tu d y  a s  follows: (1) resource  endow m ent; (2) the  

stra teg ic  location  of resources; (3) the  political ph ilosophy  a n d  prevailing 

political c lim ate in  resource-endow ed coun tries; (4) th e  a lum in ium  

in d u stry  a n d  m ark e t s tru c tu re ; (5) the  global s tra teg ies of the  

m u lti-n a tio n a l co rpora tions w hich  have m ain ta in ed  a  h igh  degree of 

contro l over th e  in d u stry  th ro u g h o u t its ex istence; an d  (6) governm ent 

in terven tion .
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3.1 .2 .1  R esource E ndow m ent

The ex istence of large m ineral resou rces, w h e th e r c lassified  a s  

reserves or po ten tia l resou rces, is one of the  m o st p o te n t fac to rs 

in fluencing  large-scale  investm en t in  new  m ining  p ro jec ts . Dr. J o h n  

Tilton (1983), e s tab lished  a  coefficient of corre lation  of 9 5  p er cen t 

betw een th e  discovery of large baux ite  reso u rces a n d  th e  developm ent of 

m ajor p ro jec ts b ased  on those  resou rces, w ith  a n  ap p ro x im ate  ten -year 

lag, a n d  a  71 p er cen t coefficient of de te rm ina tion  betw een  th e  size of 

baux ite  reso u rces  an d  th e  size of p ro jec ts b ased  on  th o se  re so u rces . A 

recen t feasibility s tu d y  on th e  developm ent of a  b au x ite  p ro jec t in  

G uyana  (Alcoa, 1999), su p p o rts  the  hypo thesis  of th e  im p ac t of size of 

reso u rces on  th e  choice of p ro jec ts for developm ent. T h is s tu d y  evaluated  

pro jects b ased  on  bauxite  deposits  a t  Linden a n d  K w akw ani. The 

d em o n stra ted  Kw akwani reso u rces  con ta ined  m ore th a n  twice the  

q u an tity  of ore needed  for th e  p lan n ed  econom ic life of th e  pro ject, in  

add ition  to  su b s ta n tia l inferred  reso u rces  a n d  involved in v es tm en t a n d  

cost of ore delivered to a  p rocessing  facility, 17 p e rcen t a n d  8 pe r cent, 

respectively, lower those  for th e  L inden resou rces. The s tu d y , how ever 

cam e o u t in favour of th e  L inden deposits b ecau se  th e  larger 

d em o n stra ted  reso u rces an d  th e ir  g rea ter concen tra tion .

The developm ent of the  baux ite  in d u stry  in  G u y an a  h a s  been  

negatively affected over the  y ears  by th e  paucity  of in fo rm ation  an d  

u n d er-rep o rtin g  of its  baux ite  reso u rces. This h a s  b een  a ttr ib u te d  to a  

system  w here th e  only sou rce  of de tailed  in fo rm ation  on  baux ite  

reso u rces w as the  two opera ting  com panies, who rep o rted  only reserves
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com patible w ith th e ir veiy restrictive nom encla tu re  of reserves, the ir 

budgeted  exploration program m es, an d  their res tric tio n  of exploration to 

geographical a re a s  capable  of being exploited by th e ir  existing m ining 

technology. The pub lished  d a ta  on world baux ite  reso u rces  over the  

period 1950-1965 grossly u n d e rs ta ted  G uyana 's  b au x ite  resou rces, while 

a t  the  sam e tim e show ing large proven reserves a n d  po ten tia l resources 

for Ja m aica , relative to to ta l world resources, a n d  th en , c u rre n t and  

pro jected  w orld baux ite  dem and . The d a ta  also show ed large resources 

for A ustra lia  a n d  G uinea  an d  large po ten tial re so u rces  for Brazil and  

India. Pub lished  d a ta  on world bauxite  reserves a n d  po ten tia l resources 

(O verseas Geological Surveys, 1962), e stab lish ed  G uyana 's  proven 

reserves an d  po ten tia l resou rces in 1958 a t  only 80  million and  70 

m illion to n n es  respectively, ag a in st Ja m a ica 's  rese rv es an d  resou rces of 

550 m illion a n d  450 million tonnes, respectively, a n d  to ta l world reserves 

a n d  reso u rces a t  3 ,225  m illion tonnes a n d  6 ,0 0 0  m illion tonnes, 

respectively. P ub lished  d a ta  (US Geological Survey, 1965), also showed 

G uyana 's  reserves a t  the  sam e 80 m illion an d  p o ten tia l resou rces a t 250 

m illion to n n es , ag a in st Ja m a ica 's  600 million a n d  400  million tonnes 

a n d  world to ta l of 5 ,800 m illion an d  9 ,000 m illion to n n es  respectively. 

The size of th e  G uyana resources, m ade th em  u n a ttrac tiv e  for the  

location of large-scale, long-term  investm en t by the  in tegrated  

m u ltin a tio n a l co rporations, a t  a  tim e w hen the  d em an d  for a lum in ium  

a n d  baux ite  w ere projected  to increase  a t a lm ost 6 p e r cen t p e r annum , 

a n d  large reso u rces were being reported  in o th er p a r ts  of the  world.

Upon the  n a tiona lisa tion  of the  industry , in form ation  w as discovered 

th a t  show ed th e  coun try 's  reserves, classified a s  proven, probable an d
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possible, based , on analysis  of borehole sam ples, a t  500 m illion, a n d  

po ten tia l reso u rces  a n o th e r  500 m illion tonnes. T hese d iscoveries led to a  

revision of th e  d a ta  w hich s ta ted  the  co u n try 's  D em o n stra ted  in  s itu  

m ateria l, a s  519 m illion a n d  Identified in  s itu  m ateria l a s  1 ,018  m illion 

tonnes , respectively, in  only 11 deposits investigated . (US B u re a u  of 

M ines 1983, page 7), while th e  US Geological Survey, c o n s is te n t w ith  

th e ir new  classification  of baux ite  resou rces, show s re se rv es  of 700  

million a n d  sub-econom ic a n d  und iscovered  reso u rces  of 300  m illion 

to n n es  (US Geological Survey, 1986, page B38). Table 3 .11  show s th e  

d a ta  on w orld baux ite  reserves a n d  reso u rces in  th e  B u re a u  o f M ines a n d  

th e  Geological Survey stud ies .
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However, even th is  revised d a ta  do n o t adequate ly  reflect G u y an a 's  

resou rces, n o r adequate ly  com pare it w ith  the  re so u rce s  of o th e r 

resource-endow ed coun tries . All th e  q u an titie s  s ta te d  for G u y an a  a s  

reserves, o r d em o n stra ted  in  s itu  m ateria l, com prise m a te ria l w ith  

m in im um  50 p er c en t available A120 3 an d  a  c u t off p o in t o f 47  p e r cen t 

available A120 3, while those  for Ja m a ica , Brazil a n d  V enezuela , inc lude  

m ateria l w ith  40-50  p e r cen t a n d  those  for A ustra lia , 2 7 .5 -5 0  p e r cen t 

available A120 3. A lowering of th e  A120 3 cut-off po in t for classifying 

m ateria l a s  baux ite  in  Berbice, from  47 p e r cen t to 45  p e r  cen t, for 

in stan ce , re su lted  in  a n  increase  th e  reserves in  a  g roup  o f d ep o sits  

s tu d ied  by  Alcoa, by 11 p e r cen t (Alcoa 1999, page, 1 ), w hile still 

m a in ta in in g  th e  average of 50 p e r cen t available A120 3. T he sam e s tu d y  

also inc ludes the  read ily  accessible d em o n stra ted  I tu n i la te rite  reso u rces, 

no t, in  th e  p a s t, w ere n o t classified  a s  baux ite  even th o u g h  they  w ere 

m ined betw een 1961 a n d  1982 a n d  b lended  w ith  reg u la r b au x ite  a n d  

u sed  in  th e  L inden a lu m in a  refinery. O ne of these  d ep o sits  c o n tin u e  to 

be m ined  by A roaim a B auxite C om pany since 1993 for b len d in g  w ith  

regu la r b aux ite  to increase  Fe20 3 a n d  reduce  reactive S i0 2 c o n te n t of ore 

for export. T echnical s tu d ies  conducted  by Alcoa lab o ra to ries  in  

A ustra lia , also  confirm  these  deposits  a s  being com parab le  in  chem ical 

com position a n d  p rocessing  p roperties, to th e  W estern  A u stra lian  

reso u rces from  w hich  nearly  10 ,000 ,000  to n n es  of a lu m in a  is being 

p roduced  each  year, (private d iscu ss io n s  a n d  co rrespondence  w ith  Alcoa 

personnel, 1998). Inc lusion  of th ese  resou rces, ad d  3 0 0 ,0 0 0 ,0 0 0  to n n es  

to the  co u n try 's  reso u rces, while th e  po ten tia l for sim ilar m ate ria l is 

e s tim ated  a t  several billion tonnes.
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Table 3 .12  show s G uyana 's c u rre n t estim ated  b au x ite  resources 

includ ing  the  readily  accessible laterite  reserves co n tig u o u s w ith the  

Itun i baux ite  resou rces.

Table 3 .1 2  G uyana  B auxite A nd 

Laterite R esources

000 Tonnes
Location

Proven1 Probable3 Possible3 Total

Linden 266,000 72,000 43,000 381,000
Ituni-Bauxite 12,000 119,000 0 131000
Ituni Laterite 50,000 300,000. 0 300,000
Aroaima 10,000 10,000 0 0
Kwakwani 25,000 30,000. 130,000 185000
Canje 0 0 32,000 32,000
Corentyne 0 0 85,000 85,000
Total 363, 000 531,000 290,000 1,184,000
1 Proven Reserves- Deposits drilled to maximum 400 foot centres.
2 Probable Reserve Deposits drilled to 400-800 foot centres.______

Possible Reserves- Deposits drilled to 800-1600 foot centres.

Sourcs
1. Linden Mining Enterprise Report, Bauxite Resources, 1999.
2. Berbice Mining Enterprise Report, Bauxite Resources, 1999.
3. Alcoa Final Report 1999, Feasibility Study of Guyana 

Bauxite Mining Operations.
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3 .1 .2 .2  N ational Security  In te re s ts

The im portance  of a lum in ium  for the  p roduction  of a irc ra f t  d u rin g  

th e  Second W orld W ar led to th e  m eta l being designated  a  s tra te g ic  m eta l 

by the  U nited  S ta te s  G overnm ent, a n d  to th e  G o v ern m en t financing  

expansion  of baux ite  m ining a n d  co n stru c tio n  of a lu m in a  refineries a n d  

a lu m in iu m  sm elters  d u rin g  th e  W ar. W ith air-pow er e s ta b lish e d  a s  a  

critical com ponen t of th e  cou n try 's  fu tu re  m ilitary  stra tegy , th e  dw indling 

U nited  S ta te s  baux ite  reserves a n d  the  w ar-tim e experience  of th e  

vu lnerab ility  of baux ite  sh ip m en ts  from  G u y an a  a n d  S u rin a m e  to 

su b m arin e  activity, th e  N orth A m erican in d u s try , su p p o r te d  by th e  

U nited S ta te s  G overnm ent d irected  its  focus to th e  J a m a ic a  baux ite  

reserves. T hese reserves, estim ated  a t  only 5-10  m illion to n n e s  in 1943 

b u t w ith  ind icated  reso u rces  of 250  m illion to n n es , w ere view ed a s  a  

po ten tia l sou rce  of supp ly  for th e  in dustry . A ttem pts to  u tilise  Ja m a ic a  

ore d u rin g  th e  w ar were, how ever, ab an d o n ed , since  th e  existing  

refineries, designed  to  p rocess p u re  trih y d ra te  ore from  th e  U nited  

S ta tes, S u rin am e a n d  G uyana  could  n o t techn ically  p ro c e ss  the  m ixed 

m onohydrate  Ja m a ic a n  ore. In resp o n se  to th e  in te rn a tio n a l political 

c lim ate of th e  im m ediate post-w ar period, U nited  S ta te s  G overnm ent, 

e s tab lish ed  a lu m in iu m  a n d  m etallu rg ical baux ite  a s  com m odities for its  

stra teg ic  stockpiles a n d  prom oted  th e  Ja m a ic a  re so u rce s  w hich  w ere 

located 1,200 m iles from  its  a lu m in a  refineries a s  th e  s tra teg ica lly  sa fes t 

location for supp lies of baux ite  for its  refineries a n d  s tra teg ic  stockpiles 

an d  a lu m in a  for its  dom estic a lu m in iu m  sm elters . Even th o u g h  the  

a lu m in a  refineries a n d  a lu m in ium  sm elters  b u ilt by th e  G overnm ent 

d u ring  th e  w ar were sold to private en te rp rise  a t  th e  end  of th e  w ar, th e ir
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profitability w as g u a ran teed  by G overnm ent co n trac ts  for th e  p u rch ase  of 

a lum in ium  for th e  stockpile. The feasibility of new  b au x ite  a n d  a lum ina  

pro jects in Ja m a ic a  w as also guaran teed  th ro u g h  ad v an ces of M arshall 

Aid F unds, repayable by m ean s of deliveries of baux ite  a n d  a lum in ium  to 

the  stra teg ic  stockpile. The developm ents in  Ja m a ic a , therefore, took 

place, even though  su b s ta n tia l investm en t h a d  to be m ade  to modify the  

U nited S ta te s  a lu m in a  refineries, an d  new refineries b u ilt  in  Ja m a ica  and  

the  U nited S ta tes  to tre a t th e  different chem ical, m ineralogical, filtration 

an d  se ttling  ch arac te ris tic s  of the  Ja m a ic a  ore. N ational security  

considera tions w ere also p a ra m o u n t in  th e  developm ent of bauxite  

pro jects in  G uinea, G h an a  a n d  S ierra  Leone a n d  ex pansion  of p roduction  

in  F rance  an d  Greece by th e  B ritish , F rench , a n d  G erm an  a lum in ium  

p ro d u cers  to supp ly  W estern  E uropean  a lu m in a  refineries and  

a lum in ium  sm elters, in  preference to G uyana a n d  S u rinam e, located on 

the  opposite side of the  A tlantic Ocean. The Soviet U nion also em barked  

u p o n  a  sim ilar policy by providing finance a n d  g u a ra n tee d  m ark e ts  for 

baux ite  a n d  a lu m in a  p ro jects in Yugoslavia, H ungary , R om ania and  

G uinea, while J a p a n  provided finance, th rough  th e  m ed ium  of long-term  

co n trac ts , for th e  developm ent of bauxite  p roduction  in  M alaysia, 

Indonesia  and  A ustralia .

3 .1 .2 .3  Political Philosophy an d  the  Prevailing Political C lim ate

The b road  political philosophy of a  resource  endow ed coun try  is a  

m ajor considera tion  in  decisions on large scale investm en t in  th a t 

coun try , by m u ltina tional corporations, while the  prevailing political
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clim ate a t  a  p a rticu la r  po in t in  tim e, could  fu r th e r  in fluence  su c h  

decisions. The G u y an a  governm ent th a t  a ssu m e d  pow er in  1953 adop ted  

a  Socialist ph ilosophy  th a t  w as considered  u n fav o u rab le  to p riva te  

investm ent. The d ism issa l of th e  governm ent a n d  su sp e n s io n  of th e  

co n stitu tio n  in  th a t  y ea r led to  a  period of u n c e rta in ty  a n d  political 

instab ility  betw een 1953 an d  1964. This period  coincided w ith  the  period  

du rin g  w hich  world baux ite  p roduction  experienced its  h ig h e s t grow th  

ra te , a n d  du ring  w hich  the  location of a lu m in a  cap ac ity  sh ifted  

su b s tan tia lly  from  a lu m in iu m  producing  to baux ite  p ro d u c in g  co u n tries . 

The im p act of th e  co u n try ’s political in stab ility  w as s tre sse d  in  a n  

interview  w ith  th e  M anaging D irector of th e  A lcan su b s id ia iy  in  resp o n se  

to th e  U nited  N ation Technical A ssistance  T eam 's q u e s tio n  a b o u t th e  

sh o rt-te rm  a n d  long-term  policy for increasing  o r developing th e ir  

opera tion  in  G u y an a  (United N ations T echnical A ssistance  Team , 1964, 

page 271).

“Owing to the  c u rre n t political instab ility , foreign investo rs 

have to be veiy  c ircum spect. W hether a fte r the  forthcom ing  

G eneral E lection the  p re sen t governm ent will rem a in  in 

pow er or a n o th e r  will com e, it will certa in ly  have a  m arg inal 

m ajority  in  th e  legislative assem bly  a n d  th is  will h a rd ly  ease 

the  situa tion . The p re sen t u n re s t  in  th e  co u n try  a p p e a rs  to 

be ra th e r  a  rac ia l th a n  a  political issue . It is feared  th a t  it 

m ay lead to fu r th e r  up ris in g s o r s trik es  in  the  fu tu re  a p t  to 

d islocate  p ro d u ctio n  an d  to en d an g er com pany  p ro p erty  In 

view of th is  D em ba h a s  only a  sh o rt-te rm  policy w h ich  m ay 

be sum m ed  u p  a s  follows: (1) b e tte r  u tilisa tio n  of, and
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im provem ents in  p resen t productive capacities; (2) increase  

of calcined baux ite  p roduction; a n d  (3) lim ited  capita l 

expend itu re  in  the  years to come am oun ting  to $  9 .5  m illion 

B.W.I in  1964 on m ining m achinery  for the  developm ent of 

new  m ining  sites a t  K ara Kara, an d  following th is , for a  

period of five years, an  investm en t of ab o u t $5 m illion B.W.I 

an n u a lly  to include the  bridge acro ss the  D em erara  River, 

fu rth e r  developm ent of th e  C hris tian b u rg  a rea , th e  p u rch ase  

of a  new  bucket-w heel excavator, a n d  n u m e ro u s  o ther 

m in ing  equ ipm ent. T hese a m o u n ts  do n o t include 

rep lacem en ts or repairs. The com pany, for th e  tim e being, 

does n o t con tem plate  expanding  a lu m in a  p ro duction .”

The only investm en t m ade in  the  in d u stry  over th a t  period w as in the 

expansion  of refractory  baux ite  capacity  by D em ba a n d  the  construction  

of a n  a lu m in a  refinery designed to u tilise  the  large volum e of tailings 

generated  by the  increase  in  refractory  baux ite  p roduction . After ju s t  a  

brief period of change in  the  political clim ate, betw een 1965 an d  1970, 

the  cou n try 's  new  governm ent em barked  on a  policy of in tegrating  the 

in d u s try  in to  its  developm ent p lan  by try ing to secure  m ajority 

shareho ld ing  of D em ba in  1971. The failure of th is , resu lted  in the 

com pany being full acquired  by the  sta te , a n d  w ith  the  acquisition  of 

Reynolds G uyana  M ines a t  th e  end  of 1974, th e  en tire  in d u stry  fell u n d e r 

s ta te  control. This led to G uyana  being fu rth e r a liena ted  from  the 

developm ents in the  in d u stry  a n d  advanced  the  developm ent of the  Boke 

pro ject in  G uinea  a n d  later, th e  T rom betas pro ject in  Brazil a s  alternative
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so u rces of low m onohydrate  a n d  trihyd ra te  bau x ite  fo r th e  N orth  

A m erican refineries.

The im p act of political philosophy an d  th e  prevailing po litica l c lim ate  

is so pervasive th a t  even Ja m aica , w here the  m ajor developm en ts in  b o th  

baux ite  a n d  a lu m in a  p roduction  took place d u rin g  the  se co n d  h a lf of th e  

1950s a n d  th e  decade of th e  1960s, w as a lien a ted  from  fu r th e r  

developm ent d u rin g  th e  decades of the  1970s a n d  1 9 8 0 s  w hen  its  

governm ent adop ted  a  Socialist philosophy even th o u g h  it d id  n o t 

proceed  a s  far a s  G u y an a  to  s ta te  acquisition . In  th e  c a se  of G u inea , 

w hich  ad o p ted  a  Socialist philosophy an d  ac tually  n a tio n a lise d  th e  A lcan 

opera tion  in  th e  early  1960s, a  different e lem en t o f s tra teg ic  

considera tion  led  to th e  developm ent of th e  Boke b au x ite  p ro jec t by  a  

co nso rtium  of all th e  m ajo r W estern  a lum in ium  p ro d u ce rs , to  p reven t th e  

m assive S angared i deposits  falling u n d e r  the  contro l of th e  Soviet U nion. 

G uinea, how ever c o n tin u es  to be m ainly  a n  exporter o f b a u x ite  w ith  no 

add ition  to th e  650 ,0 0 0  to n n es  pe r y ear F rigua  refinery  e s tab lish ed  in  

the  early  1960s, a  period  over w hich a lu m in a  cap ac ity  doub led  in 

Ja m a ic a  a n d  trip led  in  S u rinam e, A ustra lia , E urope a n d  Brazil.

3 .1 .2 .4  T ran sn a tio n a l S tra tegy

An e stab lish ed  fea tu re  of th e  stra tegy  of tra n s n a tio n a l  m in ing  

co rpo ra tions is th e  acqu isition  of various form s of con tro l over m inera l 

reso u rces  n ecessa ry  for th e ir opera tions, in  v arious p a r ts  of the  world. 

This stra tegy  n o t only gives them  contro l over re so u rce s  b u t  facilita tes
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the  sp read ing  of political risk  over a  n u m b er of co u n tr ie s  and  business  

risk  over a  large n u m b er of operations.

W orld baux ite  resou rces, especially high grade resou rces, were 

considered  scarce  d u rin g  the  1950 's in the  contex t of th e  rap id  grow th of 

a lum in ium  p roduction  a n d  projections of fu tu re  b au x ite  dem and  This 

influenced the  tra n sn a tio n a l corporations to move rap id ly  to exercise 

control over baux ite  resou rces w herever they  were discovered, utilising 

the  stra tegy  of rap id ly  estab lish ing  bauxite  o p e ra tio n s th a t  accorded 

them  m ining  righ ts  over resou rces considerably  la rg e r th a n  they  could 

exploit for several decades.

T ran sn a tio n a l s tra tegy  could supersede  even political philosophy and  

political clim ate a s  a lluded  to earlie r in the s tu d y  w ith  th e  developm ent of 

the  Boke project. G uinea, u p o n  gaining independence  from France, 

openly adop ted  a  Socialist philosophy a n d  revoked the  bauxite 

concessions opera ted  by the  Alcan. Shortly after th e  revocation of the 

Alcan concession , H arvey A lum inium  of th e  U nited S ta te s , w hich w as 

despera te ly  in sea rch  of a  g u a ran teed  source of bau x ite  for its St. Croix, 

a lu m in a  refinery, a ssu m e d  the  m anagem en t of the  opera tion  on behalf of 

the  G uinea  G overnm ent. Harvey identified the  recen tly  discovered 

Sangared i deposits classified a s  the  w orld 's la rgest h igh-grade bauxite 

resource  for possib le fu tu re  developm ent b u t  did n o t have the  resources 

to u n d e rta k e  th e  investm en t in in fra s tru c tu re  needed for its 

developm ent. The Soviet U nion, w hich developed th e  Kindia bauxite 

m ining pro ject in a  jo in t ven tu re  w ith the G uinea governm ent for the 

supply  of baux ite  to its  expanding  a lum in ium  in d u stry , an n o u n ced  p lans
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to significantly  expand  th e ir opera tions w ith  th e  S an g ared i d e p o s it a s  a  

possible  target. W ith G u inea  openly Socialist a n d  becom ing  closely  allied 

w ith th e  Soviet Bloc, th e  W estern  a lum in ium  com pan ies c o u ld  n o t r isk  

having th e  S angared i reso u rces falling u n d e r  Soviet co n tro l. In s tead  of 

expand ing  p ro d u ctio n  in  Jam aica , w hich still p o ssessed  la rg e  proven a n d  

po ten tia l re so u rces  a n d  w here they  h a d  ju s t  m ade m ajo r in v es tm en ts , o r 

in G u y an a  a n d  S u rin am e w here p roduction  could  be e x p an d e d  w ith  

relatively low investm en t, they  opted to e s tab lish  th e  w orld 's firs t bau x ite  

m ining  co n so rtiu m  in  G uinea. This pro ject involved all th e  m a jo r  W estern  

a lum in ium  p ro d u ce rs  a n d  a  cap ita l in v estm en t of U S $ 4 0 0  m illion 

(U S$66.67 p e r to n n e  of a n n u a l capacity), com pared  w ith  U S$30 p e r 

tonne  for a  new  p ro jec t in  G uyana  a n d  less th a n  U S$25 p e r  tonne  for 

expansion  of ex isting  capacity .

3 .1 .2 .5  G overnm ent In tervention

G overnm ent in terven tion  is a n o th e r  sign ifican t fac to r in  th e  

developm ent of new  projects, the  expansion  of ex isting  p ro jec ts  a n d  th e  

m ain ten an ce  of m arg inal pro jects in  resource-endow ed  c o u n tries . The 

developm ent of th e  Los Pijiguaos baux ite  p ro jec t in  V enezuela  is  a  

dem o n stra tio n  of th e  im p act of governm ent in terven tion . T he governm ent 

of V enezuela, a s  p a r t  of its  p lan s  for th e  developm ent of its  v a s t 

hydro-electric pow er resou rces, em barked  on a  policy of e s tab lish in g  a n  

in teg ra ted  a lu m in iu m  industry , u tilising  th e  stra tegy  o f backw ard  

in teg ration  s ta rtin g  w ith  a lum in ium  sm elting  capacity . The second  p h a se  

of th is  developm ent w as th e  e s tab lish m en t of a n  a lu m in a  refinery to
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supp ly  th e  sm elters, w ith the  th ird  stage, the  developm ent of its  large 

relatively low grade baux ite  reso u rces to satisfy the  req u irem en ts  of the 

a lu m in a  refinery. The high cap ita l cost of the  baux ite  project, involving 

a n  in v estm en t of US$ 550 m illion (US$96.66 p e r a n n u a l tonne of 

capacity) an d  u n it  cap ita l cost of U S$14.60 per to n n e  of production, 

together w ith  the  difficult logistics and  high in te rn a l tra n sp o rt costs, 

m ade it uncom petitive w ith  baux ite  from G uyana, B razil an d  W est Africa. 

The governm ent, however, financed the  investm ent, a n d  la te r g ran ted  the 

sta te-ow ned  com pany th a t  u n d erto o k  the  project, a  w rite off of the 

investm en t to relieve it of the  capital cost an d  th e reb y  enhance  its 

com petitiveness to the  ex ten t th a t  it becam e a n  exporte r of bauxite.

The p lan n ed  developm ent of the  B akhu is baux ite  deposits  in  w estern  

S u rinam e, is a n o th e r exam ple of governm ent in terven tion . The C entral 

S u rinam e deposits  th a t  supp ly  th e  coun try 's  2 ,0 0 0 ,0 0 0  to n n es p er year 

a lu m in a  refinery are  expected to be depleted by 2008. Among the 

a lternative  sou rces of supp ly  evaluated , is the  large low grade B akhu is 

deposits in  W estern  S urinam e, for w hich the  estim ated  developm ent cost 

is U S$150 m illion, in addition  to a n  estim ated  cost of U S$50 million for 

the  m odification of the  refinery to tre a t the  different p roperties of the  ore. 

(inform ation from  d iscu ssio n s w ith  Billiton M aatschappii, Ju ly  1998). 

The high  cap ita l cost, together w ith the  m ining a n d  tra n sp o rt costs, 

w ould re su lt in the  cost of baux ite  delivered to the  refinery, being higher 

th a n  th a t  for baux ite  from a lternative  sources. The 1999 s tudy  by Alcoa, 

one of the  shareho lders  in th e  refinery, h a s  e stab lish ed  th a t  the 

req u irem en ts  of the  refinery could  be satisfied from  a n  expansion  of a 

baux ite  p ro jec t in G uyana a t a  to ta l capita l cost of U S$60 m illion, w ith
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opera ting  co st a n d  freight, 15-20 per cen t lower th a n  th o s e  for th e  

W estern  S u rinam e project. However, the  governm ent of S u rin a m e  h a s  

decided th a t  th e  developm ent of th e  dom estic reso u rces  sh o u ld  proceed , 

a n d  is p u rsu in g  the  p ro cu rem en t of th e  n ecessa ry  f in an c e  for th e  

inv estm en t from  b i-la te ra l lend ing  sou rces a n d  in te rn a tio n a l lend ing  

agencies, to u n d e rta k e  th e  developm ent.

3.2 C onclusion

The d a ta  a n d  inform ation  on cost of p roduction  of m eta llu rg ica l 

baux ite , confirm  G u y an a ’s co st d isadvan tage , in  sp ite  o f  its  low er 

inv estm en t a n d  cap ita l co st for bo th  new  capacity  a n d  for e x p an sio n  of 

ex isting  capacity . W hile th e  d a ta  do n o t fully re p re s e n t  cond itions 

existing  in th e  1950s a n d  1960s w hen  investm en t ceased  in  G u y an a  a n d  

the  co u n try  lo st its  ran k in g  a s  a  p ro d u cer of m etallu rg ical b au x ite , h igh  

p roduction  co st c a n n o t be d iscoun ted  a s  a  factor in  th is  developm ent. 

Reliable d a ta  on  a  n u m b er of th e  e lem ents of th e  co st of p ro d u c tio n  of 

a lu m in a , w hich  is th e  objective m easu re  of th e  com petitiveness of 

baux ite , a re  n o t readily  available. Even w hen  the  d a ta  a re  available a  

n u m b er of critical e lem en ts in  th e  cost of p roduction  of a lu m in a , a re  n o t 

norm ally  fully evaluated  by com panies in  th e ir  an a ly sis  o f the  c o s t of 

p roduction  of a lu m in a  from  baux ite  from  different so u rces . The s tu d y  

h a s  confirm ed, however, th a t  a lu m in a  p roduction  technology, com bined  

w ith  th e  chem istry , m ineralogy a n d  physical p ro p ertie s  of G u y an a  

baux ite , provide co st ad v an tag es th a t  could  su b s ta n tia lly  co u n te rb a lan c e  

an d  even elim inate  th e  d isadvan tage  of h igher baux ite  p ro d u c tio n  cost.
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The d a ta  on  freight ra te s  also confirm  higher freight ra te s  from G uyana, 

com pared  w ith  those  from  o ther sources. The s tu d y  h a s  d em onstra ted  

th a t  w hen th e  e lem ent of quality  of the  bauxite  sh ip p ed  is factored into 

overall sh ipp ing  cost, th e  freight d isadvantage is significantly  reduced , 

an d  in  som e cases , reversed.

The ana ly sis  also show s th a t  th e  non-econom ic fac to rs th a t  operated  

ag a in st inv estm en t in  G uyana du rin g  the  m o st c ritica l period of the  

developm ent of the  a lum in ium  in d u stry  played a  sign ifican t role in  the  

re luc tance  of th e  m u ltina tiona l corporations to invest in  the  in d u stry  in 

G uyana.
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C hap te r 4

COMPETITIVENESS IN REFRACTORY BAUXITE

4.1 The E m ergence of G uyana  Refractory B auxite

R efractory b aux ite  is a  p ro d u c t of th e  p o st-w ar era--com m erc ia l 

p roduction  s ta r tin g  a ro u n d  1947. The specific p ro p ertie s  of th e  p ro d u c t 

were described  in  C h ap te r 2. Table 4.1 show s e s tim a te d  w orld 

p roduction  of refracto ry  baux ite  for the  period 1950-2000 .
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T able 4 .1  E stim ated  World Refractory B auxite  

P roduction1 1955-1995 

(000 Tonnes)

Country/Y ear 1950 1955 1960 1970 1975 1980 1985 1990 1995 2000

Guyana 60 220 450 650 800 650 500 300 200 125
Suriname 0 0 0 50 40 40 0 0 0 0
United States 40 50 60 0 0 0 0 0 0 0
China * 0 0 0 100 150 300 450 625 750 750
Italy 0 0 0 0 25 25 30 25 20 15
Denmark 0 0 0 0 20 40 10 0 0 0
West Germany 0 0 0 10 10 20 0 0 0 0
Brazil 0 0 0 0 0 0 0 60 100 140
Total 100 270 510 800 1045 1075 990 1010 1110 1030
Guyana % of World 65.0 82 88 86 77 67 51 30 18 12
China % of World - 1 13 15 28 46 62.0 68 72

The data classifies only material with A1203 content in excess of 80%, as Refractoiybauxite 
Materials with A120 3 content of between 70 and 80%. produced in the United States after 
1970 and in China between 1975 and 1990 and described as refractory bauxite are not 
included.

Sources:
1. The Bauxite-Aluminium Industry of British Guiana 1964, UN Technical 

Assistance Team.
2. Economic Survey of Guyana 1968, Ministry of Economic Development, Guyana
3. Study of The North American Market for Refractory Bauxite 1972. William Hill.
4. Evaluation of The Markets for Calcined Bauxite in Western Europe and Japan 

1973, Arthur D Little.
5. Internal Statistical Information 1971-2000, Bauxite Industry Development 

Company.
6. China Minerals And Metals Corporation, Discussions, 1995.
7. Annual Statistical Information 1975-200, Nissho Iwai Coeporation, Japan.
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Fireclay a n d  kaolin  a n d  lim ited q u an titie s  of th e  s illim an ite  g roup  

m inera ls  h a d  prio r to  th e  Second W orld W ar c o n s titu te d  th e  la rg est 

single g roup  of refracto ry  raw  m ateria ls  for th e  m e ta ls , m inera ls , 

ceram ics a n d  chem ical p rocessing  in d u strie s . The h ig h  capacity  

u tilisa tion  of steel-m ak ing  equ ipm ent a n d  technologic in n o v a tio n s in  th e  

steel-m aking  p rocess a fte r the  w ar, however, dem an d ed  h ig h e r refracto ry  

perform ance a n d  led to a  dem and  for h igher A120 3 in  steel p la n t 

refractories. W ith th e  lim ited availability of th e  s illim an ite  g roup  

m ateria ls , a n d  th e ir  lim ited A120 3 con ten t, baux ite  w as iden tified  a s  th e  

only econom ically viable source of h igher A120 3 for th e  new  req u irem en ts . 

However, since h igh  a lu m in a  (A120 3), low iron  (Fe20 3). low silica  (S i02), 

low tita n ia  (Ti02) a n d  low levels of a lkali e lem ents, p o ta s s iu m  (K^O), a n d  

sod ium  (NagO) found in  bauxite  w ere critical for h igh  te m p e ra tu re  

perform ance, G uyana  w as identified a s  the  only sou rce  of a d eq u a te  

baux ite  reso u rces  w ith  th e  chem ical an d  m ineralogical p ro p e rtie s  th a t  

could be econom ically developed to satisfy  th e  specifications for th e  new  

high perfo rm ance app lications. T his led to G u y an a  re frac to ry  bau x ite , 

w ith the  b ra n d  n am e Refractory A lum ina S u p erca lc in ed  (RASC), 

becom ing th e  p rincipal high a lu m in a  m ateria l for th e  refrac to ries 

in d u s try  over th e  period  1950 to 1975. T his p ro d u c t w as u se d  a s  th e  

raw  m ateria l for th e  p roduction  of a lu m in a -b ased  refrac to ries w ith  A120 3 

co n ten t in  excess of 70  p e r cen t an d  for b lend ing  w ith  fireclay a n d  kao lin  

an d  th e  m id a lu m in a  m ateria ls  to im prove th e ir  a lu m in a  co n ten t, for 

lower A120 3 app lica tions.

W hile th e re  a re  rep o rts  of p roduction  of calcined  b au x ite  in  G u y an a  

for refractory  a n d  abrasive  app lica tions a s  early  a s  1938, a n d  sm all
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q u an titie s  ap p ea r in  sh ipm en t s ta tis tic s  d u ring  th e  w ar, p roduction  on a  

p e rm a n en t b a s is  s ta r te d  only in  1947 w hen a  k iln  ded icated  to the  

p roduction  of calcined  baux ite  w as installed . B o th  refractory  and  

abrasive g rades were initially p roduced, b u t  the  in c reas in g  dem and  for 

refractory  baux ite  a n d  its  h igher profitability, led to th e  capacity  being 

increasing ly  u tilised  for th a t p ro d u c t only. As the  d em an d  increased  

d u ring  th e  1950s, a ttem p ts  were m ade to develop o th er sou rces of 

supply . These efforts led to th e  p roduction  of sm all q u an titie s  in 

S u rinam e a n d  the  U nited S ta tes, b u t  the  reso u rces in  those  coun tries 

were in ad eq u a te  a n d  did no t satisfy  som e of the  specifications dem anded  

by the  consum ing  in d u strie s  for the  m ore critica l applications. 

P roduction  in G uyana, therefore, increased  rapidly, from  a ro u n d  100,000 

to n n es  in  1950 to 350 ,000  to n n es  by 1960 a n d  8 0 0 ,0 0 0  to n n es  in 1975, 

a n d  a s  early  a s  1960, over 50 percen t of the  b au x ite  m ined, w as 

converted  to refractory  bauxite. T his resu lted  in  G u y an a  accoun ting  for 

70-88  p er c en t of w orld p roduction  of refractory  bau x ite  betw een 1950 

an d  1975.

G uyana 's  rise  to the  position  of n ear m onopoly of the  refractory  

baux ite  m ark e t w as th e  d irect re su lt  of: (1) th e  increase  in  the  dem and  

for steel s tim u la ted  by increasing  in tensity  of u se  d u rin g  the  period of 

reco n stru c tio n  after th e  war, (2) the  increase  in th e  grow th of G ross 

D om estic P roduct (GDP) in th e  industria lised  a n d  newly developing 

coun tries , (3) technologic innovations in the  steel m ak ing  p rocess th a t 

dem anded  h igher perform ance refractories a n d  (4) G u y an a 's  endow m ent
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w ith a  u n iq u e  m ineral resou rce  th a t  could be econom ically  exploited to 

satisfy  th e  new  requ irem en ts .

4.1.1 Increase  in  M arket Econom y Steel C onsum ption  
a n d  P roduction

T ables 4 .2 , 4 .3  a n d  4 .4 , respectively, show  five-year average  a n n u a l 

steel consum ption , steel p roduction , an d  grow th ra te s  for c rude  steel, 

in ten sity  of u se  of steel, rea l GDP, an d  GDP p e r cap ita  for th e  W estern  

Econom y co u n tries  over th e  period 1950 to 2000.

The d a ta  in  Table 4 .2  show  steel consum ption  in  th e  M ark e t Econom y 

C oun tries increasing  from  a  five y ear average of 197 m illion  to n n es  in  

1950-1955 to 517  m illion to n n es  in  1971-1975, a n  average  increase  of 

27 .8  p er cen t in  each  period an d  3.9 per cen t p e r a n n u m  for the  en tire  

period. Table 4 .3  show s p roduction  increasing  from  166 m illion to n n es  to 

500 m illion to n n es  over th e  sam e period. This h igh  grow th ra te s  over th e  

period have been  a ttr ib u ta b le  to: (1) increase  in  in ten sity  of u se  of steel 

w hich  w as positive for th e  first th ree  five year periods; (2) su s ta in e d  h igh  

GDP grow th ra te s  in  th e  m ajo r consum ing  co u n tries  c rea ted  by post-w ar 

reco n stru c tio n  in  W estern  E urope a n d  Ja p a n ; (3) cap ita l in v es tm en t in  

in fra s tru c tu re , new  in d u s tria l facilities a n d  h o u sin g  in  bo th  th e  

in d u stria lised  a n d  in d u stria lis in g  coun tries; (4) in creased  p ro d u c tio n  of 

au tom obiles a n d  d u rab le  consum er goods in  N orth  A m erica, W estern  

E urope a n d  Ja p a n ; a n d  (5) general econom ic a n d  in d u s tr ia l developm ent 

in  a  n u m b er new  developing coun tries  in Asia a n d  Latin A m erica a n d  th e  

Middle E ast.
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T able  4 .2  M arket Econom y C ountries Steel C onsum ption

Five Year Averages 

(million Tonnes)

Region 1951-55 1956-60 1961-65 1966-70 1971-75
W Europe 50 77 114 123 146
Japan 6 19 35 52 71
Other Developed Lands 9 13 17 22 27
Africa 1 2 2 3 5
Asia 4 10 12 15 29
Latin America 5 9 14 15 25
United States 91 90 106 133 135
Total 166 220 300 362 438

Sources:
1. William Malenbaum, World Demand for Raw Materials in 1985 and 2000.
2. US. Bureau of Mines, Minerals Yearbook, 1955-1992.
3. Japan Iron and Steel Federation, Annual Statistical Review 1975-1990.
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T able  4 .3  M arket Econom y C oun tries 

C rude Steel P roduction  

Five Year Averages 

(Million Tonnes)

Major Producing 1951- 
C ountries 1955

1956-
1960

1961-
1965

1966-
1970

1971-
1975

1976-
1980

1981-
1985

1986-
1990

1991-
1995

1996-
2000

United States 94 92 102 123 120 116 83 85 88 98
Japan 8 15 34 72 105 107 101 104 102 96
Germany 17 29 34 42 46 43 39 39 40 43
United Kingdom 18 22 24 26 19 19 15 18 17 17
France 19 15 18 23 24 22 19 19 18 20
Italy 3 7 10 16 21 24 24 24 26 26
Spain 1 2 3 5 10 11 13 12 13 15
Belgium 8 6 8 16 20 17 14 11 11 11
Canada 3 5 7 10 13 15 14 14 14 16
South Korea 0 1 1 1 2 3 12 19 32 41
Brazil 1 2 3 5 7 12 7 23 25 26
Mexico 1 1 2 4 5 6 7 8 10 15
Australia 2 3 5 7 7 8 6 7 8 9
South Africa 2 2 3 5 6 8 9 9 9 8
Others 20 27 65 88 95 102 94 96 104 95
Total 197 229 285 443 500 513 457 488 517 536

Sources:
1. Minerals Yearbook, 1955-1992,. US. Bureau of Mines.
2. Annual Statistical Report, 1960-1990,American Iron and Steel Institute.
3. Annual Reports, 1975-1992, International Iron and Steel Institute.
4.Annual Statistical Review, 1975-1990, Japan Iron and Steel Federation.
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T ab le  4 .4  M arket Econom y C ountries 

Five Year Average G row th R ates 

(Percentage)

Period Crude Steel Crude Steel- GDP- GDP-Per
Demand In tensity  of Use Capita

1951-55 5 1.1 5 4
1956-60 3 1 4.0 3
1961-65 4 1 5 4
1966-70 2 0.5 4 3
1971-75 2 0 3 2
1976-80 2 -1 3 2

Sources:
1. World Demand For Raw Materials in !985 and 2000, 

Wilfred Malenbaum.
2. Annual Statistics 1976-1080, International Iron 

and Steel Institute.

4 .1 .2  Technologic Innovations in  th e  S teel-m aking Process

S teel-m aking  com prises a  n u m b e r of se p a ra te  an d  d is tin c t p rocesses, 

involving com plex therm o-chem ical a n d  therm o-dynam ic  reac tio n s. The 

overall p ro cess  h a s  und erg o n e  fu n d am en ta l technologic innovations and  

in crem en ta l changes in  fu rnace  co n stru c tio n  an d  opera ting  tech n iq u es 

since th e  w ar. The variety  of steel-m ak ing  techn iques, th e  wide range of 

c rude , sem i-fin ished  an d  fin ished  steel p ro d u cts , a n d  th e  different 

alloying a n d  refining p rocesses, m ake th e  con tem porary  steel in d u stry  

extrem ely com plex, a n d  m odem  steel m ills, th e  w orld 's la rg est a n d  m ost 

technically  com plex p roduction  facilities. R efractories a re  e ssen tia l a t 

every stage  of the  steel-m ak ing  p rocess an d  th e  volum e, specific 

co nsum ption  an d  types of refractories consum ed  are  considerab ly
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influenced  by th e  b asic  p rocess, the  fu n d a m e n ta l technologic 

innovations an d  th e  inc rem en ta l p ro cess  changes in  th e  in d u s try .

The p rocess involves four se p a ra te  stages th a t  cou ld  b e  u n d e rta k e n  in  

physically  sep ara ted  facilities o r in  one c o n tin u o u s  p ro cess  in  a n  

in teg ra ted  facility. The su b s ta n tia l savings in  co st for h ea tin g  an d  

reh ea tin g  an d  h an d lin g  have, however, re su lte d  in  m o s t of th e  w orld 's 

s teel being  p roduced  in  in teg ra ted  facilities, even  th o u g h  recen t 

s tru c tu ra l changes in  th e  in d u s try  have red u ced  th e  p ro p o rtio n  of steel 

p ro d u ced  in  su c h  facilities. The stages of th e  p ro c e ss  are: (1) th e  

conversion  of iron  ore to m etallic iron, (2) th e  conversion  of m etallic  iron 

to  steel, (3) the  cas tin g  of fin ished  steel in to  co n v en ien t sh a p e s  for 

fu r th e r  p rocessing  a n d  sh ap in g  a n d  (4) the  p ro d u c tio n  of fin ished  sh a p es  

for s tru c tu ra l a n d  in d u s tr ia l app lica tions a n d  th e  p ro d u c tio n  of final 

s tee l-based  p roducts .

4 .1 .2 .1  The C onversion of Iron Ore to M etallic Iron

The first stage of th e  steel-m ak ing  p rocess is th e  conversion  of iron 

ore to m etallic iron  by th e  elim ination  of oxygen a n d  chem ical im purities' 

from  th e  iron ore. This p rocess is u n d e rta k e n  e ith e r in  th e  b la s t fu rn ace  

or by d irec t reduction . In th e  b la s t fu rnace  p ro cess  a  ch arg e  com prised  

of iron  ore, coke or coal an d  lim estone or dolom ite, is  h e a te d  in  a  

refracto iy-lined  fu rn ace  fitted w ith  stoves a t th e  b o tto m  for h e a tin g  air, 

w hich  is blown in to  th e  fu rnace . The raw  m ateria l charge  e n te rs  th e  

fu rn ace  a t the  top while th e  b la s t of h o t air, a t  te m p e ra tu re s  in  excess of
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1,1000°C, en te rs  n e a r  the  bottom . The c o u n te r-cu rren t flow of the  rising 

h o t b la s t a n d  the  descending  charge ra ises the  fu rn ace  tem p era tu re  to 

over 1600°C a n d  m elts the  raw  m ateria l charge. C arbon  m onoxide 

p roduced  by the  com bination  of th e  carbon  in th e  coke an d  the  oxygen in 

the  a ir  b la s t a c ts  a s  a  reducing  agen t w hich drives o u t the  oxygen from 

the  iron  ore resu ltin g  in  m olten m etallic iron, w hile th e  lim estone 

com bines w ith  im purities in  the  iron ore to form  slag w hich  floats to the  

surface  an d  is d ra ined  off an d  d iscarded . The m olten  iron , called pig iron, 

is th e n  poured  in to  p ig -shaped  m oulds and  e ither solidified for u se  in the  

p roduction  of c a s t iron p ro d u c ts  or collected in  to rpedo-shaped  m etal 

tran sfe r cars, (torpedo cars), or ladles, for conversion  to steel. In the  

d irec t reduc tion  p rocess, coal or gas is u sed  a s  the  reducing  agen t to 

drive o u t the  oxygen from  the  iron ore in the  form  of w ater vapour an d  

carbon  dioxide, resu ltin g  in a  solid sponge-like m etallic  iron called d irect 

reduced  iron ( DRI), w hich is th en  converted to steel.

The fu n d am en ta l technologic developm ents a t  th is  stage of the  

p rocess th a t  have changed  the  m ix of refracto ries an d  refracto iy  

p rac tices in th e  in d u s try  are:

(1) The increase  in the  size of b las t-fu rnaces from  a ro u n d  1,500 tonnes 

per day  in  1950 to over 10,000 tonnes per day  by 1970.

(2) Increase  in  b la s t tem p era tu re s  from 850-1200oC  to 1500-1600oC; (3) 

p ressu riza tio n  of th e  a ir b la s t to increase tem p era tu re .

(4) Oxygen in jection in to  the  furnace to increase  the  m elting 

tem p era tu re .
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(5) Pre trea tm e n t p rocesses, su c h  desilication, d e su lp h u risa tio n  a n d  

dephospho risa tion  of the  m etal in  the  lad les a n d  to rpedo  c a rs .

The increase  in  b la s t  fu rnace  size resu lted  in  red u c tio n  of th e  n u m b er 

of b la s t fu rnaces, increased  volum es of raw  m ate ria ls  a n d  fin ished  

p ro d u ct hand led  by each  fu rnace , longer p roduction  cam p aig n s, a n d  

increase  in  the  capacity  of to rpedo  c a rs  a n d  lad les for th e  tra n s fe r  of h o t 

m etal. T hese ch an g es dem anded  g rea te r h o t s tren g th , corrosion, 

ab rasion , spalling a n d  th erm al shock  res is tan ce  in  re frac to ries  while th e  

increase  in  the  b la s t a n d  m elting  tem p era tu re s  an d  th e  re a g e n ts  u se d  for 

p re -trea tm e n t d em an d ed  h igher re frac to riness a n d  in c re ased  re s is tan ce  

to chem ical a n d  aggressive slag a tta c k  in th e  refrac to iy  lin ings of th e  h o t 

m etal tran s fe r  equ ipm ent. T hese developm ents led to th e  rep lacem en t of 

fireclay a n d  silica refracto ries by th e  m id a lu m in as  a n d  b au x ite  a t  th e  

b la s t fu rnace  stage.

4 .1 .2 .2  The C onversion of M etallic Iron  to Steel

The second  stage of th e  p rocess is the  conversion  of p ig-iron , or DRI, 

to steel, a n d  involves, basically , a  rem oval of excess ca rb o n  a n d  o th e r 

im purities from  th e  iron  to p roduce  steel w hich  is a  s tro n g e r an d  m ore 

m alleable m ateria l. The conversion  of m etallic iron to steel is u n d e rta k e n  

by a  n u m b e r of p rocesses; those  in  un iversa l u se  u n til  th e  end  of th e  

w ar, being  the  B essem er, an d  O p en -h ea rth  p rocesses. D uring  th e  

post-w ar period, th e  B essem er a n d  O p en -h ea rth  p ro cesses have been  

being rep laced  by th e  B asic Oxygen an d  E lectric Arc F u rn ace  p rocesses,



105

w hich, cu rren tly , acco u n t for over 95 per cen t of stee l p roduced  in the  

M arket Econom y countries. These fundam en ta l technologic changes have 

been  accom panied  by a  n u m b er of increm ental ch an g es in  the  process, 

in fu rnace  co nstruc tion  an d  operating  of the  steel-m ak ing  fu rnaces an d  

in th e  operating  p rac tices a t  all stages of th is  p a r t  of th e  process. In the  

Basic Oxygen p rocess, oxidization of the  carbon , silicon, m agnesium , 

o th er reactive e lem ents an d  res id u a l slag in the  pig iron , a re  elim inated 

by in ten se  h e a t generated  by blowing oxygen th ro u g h  a  lance in to  the  

m olten  pig iron, in  a  refracto iy  lined furnace. In the  E lectric Arc process, 

a  charge com prised  of steel sc rap , d irect reduced  iron , lim estone an d  a  

c a rb u rise r  are  m ixed in  a  shallow  refracto iy-lined  fu rnace  w ith a  

de tachab le  roof. H eat generated  by a n  electric arc  form ed betw een the  

charge a n d  electrodes descending  in to  the  fu rnace  th ro u g h  holes in  the  

roof m elts the  charge, oxidizes, the  reactive e lem ents, a n d  elim inate them  

as  slag. The E lectric Arc p rocess cu rren tly  a cco u n ts  for approxim ately 

35 p e rcen t of steel p roduced  in  the  M arket Econom y coun tries , an d  the 

p recision  w ith w hich  tem p era tu re s  could be controlled, an d  its  efficiency 

in  th e  u tilisa tio n  of alloying m ateria ls , have m ade it th e  principal process 

for th e  p roduction  of alloys, tool, s ta in less, an d  o th e r speciality steels. 

Table 4 .5  show s steel p roduction  by furnace type for th e  U nited S tates, 

J a p a n  a n d  G erm any.
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Table 4 .5  C rude S teel P roduction  

By F urnace  Type 

1950-2000

United States (%) Japan (%) Germany (%)

Year Open
Hearth

Basic
Oxygen

Electric
Arc

Open
Hearth

Basic
Oxygen

Electric
Arc

Open
Hearth

Basic
Oxygen/
Besseme

Electric
Arc

1950 99 1.0 1 81 4.0 1,6 76 24 1.0
1955 90.0 9 1,5 83.0 4 2 65.0 33 .0 2.0
1960 88 3 9 68 12 2.0 55 4 2 .0 3..0
1965 74 15 11 25 55 20.0 43 50 9
1970 37 48 15 4 76 17 26 6 4 .0 10
1975 19.0 62 19 1.0 83 20 24 6 4 .0 12..0
1980 12 60 28 0 73 25 2.0 80 .0 18.0
1985 7 59 34 0 na na 0 78 .0 22
1990 4 59 37 0 69 31 0 76. 0 24.0

1,995 2.0 39.3 60 0 32 68 0 76 24

Sources
1. Technology and Steel Industry Competitiveness, 1980.

U.S. Office of Technology Assessment.
2. Annual Statistical Reports , 1974.1983, 1990,.American Irom and Steel Institute.
3. Steel Statistics 2000, International Iron and Steel Institute.
4. Steel Statistics 1993,.Japan Iron and Steel Association.
5. Evaluation of The Markets For Calcined Bauxite In Western 

Europe and Japan, 1973., Arthur D.Little.
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The fu n d am en ta l technologic innovations a t  the  steel-m ak ing  stage th a t  

have affected the  consum ption  of refractories are:

(1) The a lm o st to ta l rep lacem ent of the  O pen H earth  p ro cess  by the  Basic 

Oxygen process, which, w ith  its  h igher m elting  tem pera tu res, 

in creased  tu rb u len ce  an d  chem ical reac tions, required  h igher 

refrac to riness a n d  resistance  to corrosion an d  chem ical a ttac k  in  the  

ladles.

(2) The increase  in  th e  proportion  of steel p roduced  by  the  Electric Arc 

p rocess, w hich requ ires rem oval of the  roof for pouring  and  

recharg ing  an d  sub jec ts  th e  roof refractories to  in tense  therm al 

shock , increased  the  dem and  for refracto iy  m a te ria ls  w ith high 

refrac to riness a n d  high res is tan ce  to therm al shock .

(3) The prac tice  of ladle m etallurgy, u n d e r  w hich  m o st of the  steel 

refin ing an d  alloying p rocesses a re  u n d e rta k e n  in  th e  ladles, h a s  led 

to lad les being converted to m in ia tu re  fu rnaces, a n d  consequently  

requ iring  refractories capable  of w ith stand ing  in creased  physical, 

m echan ica l a n d  chem ical reactions.

(4) The a lm o st to ta l rep lacem en t of refractories by w a te r cooling in  the  

roof of E lectric Arc fu rnaces.
e

4 .1 .2 .3  The C onversion of M olten Steel to Sem i-fin ished S hapes

The th ird  stage of the  p rocess is casting , w here th e  steel from the 

previous stage is form ed into su itab le  sh a p es—ingots, s lab s  or b a rs—th a t 

could be p ressed , rolled or ex truded  in to  fin ished sh a p es . Ingot casting,
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w as th e  m o st com m on form  of castin g  prio r to 1960. T h is p rocess 

involved pou ring  of m olten  steel in to  c a s t iron  or sa n d  m o u ld s  in  w hich  

th e  steel solidifies; th e  m ou lds are  th e n  s tripped  a n d  th e  in g o ts  lowered 

in to  pit-like fu rn aces called soaking  p its, w here they  a re  h e a te d  to a  

un iform  tem p era tu re  before being rolled to form  th e  in te rm ed ia te  sh ap es . 

The fu n d am en ta l technologic change  a t  th e  cas tin g  s tag e  is th e  

rep lacem en t of ingo t-casting  by th e  co n tin u o u s castin g  p ro cess , in w hich  

m olten  steel is poured  in to  a  refrac to iy  lined ch am b er called  a  tu n d ish , 

fitted w ith a n  oscillating w ater-cooled copper m ould  a n d  a  cooling 

c h am b er con ta in ing  w ater sp rays. The casting  form s w ith in  th e  m ould , 

w here it cools a n d  solidifies a s  it d escen d s th ro u g h  th e  w a te r  sp ray s a n d  

em erges from  the  c a s te r  a s  a  solid c o n tin u o u s b a n d  of steel w h ich  is  th e n  

c u t  in to  len g th s to p roduce  th e  sem i-fin ished  sh ap es . C o n tin u o u s  cas tin g  

cu rren tly  a cco u n ts  for approxim ately  90% of th e  steel c a s t  in  th e  

W estern  Econom y producing  co u n tries , since by e lim ina ting  th e  m ou ld  

stripp ing , soak ing  p it a n d  p rim ary  rolling s tages a sso c ia ted  w ith  ingot 

casting , it re su lts  in  h igher quality , h igher y ields, a n d  sav ings in  cap ita l, 

energy, refracto ries a n d  han d lin g  costs . The m ain  fea tu res  of th e  p ro cess  

th a t  im p act on  refracto ries are: (1) th e  longer residence  tim e of su p e r  

h ea ted  m olten  steel in  th e  charg ing  ladles, w hich  com pletely  elim inated^ 

low an d  m id -a lum ina  refracto ries in  lad les a n d  (2) th e  erosive effect of 

th e  co n tin u o u s  rap id  flow of large volum es of tu rb u le n t  m olten  steel 

th ro u g h  th e  castin g  equ ipm ent, w hich  dem anded  th e  p ro p erties  of h igh  

refrac to riness, a n d  h igh  res is tan ce  to corrosion a n d  chem ical a tta c k  in  

th e  refractories.
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4 .1 .2 .4  The M anufacture  Of F in ished  Steel S hapes

The final stage is rolling, forging a n d  ex tru s io n , w here the  

sem i-fin ished  sh ap es , p roduced  a t the casting  s tag e , a re  sub ject to 

fu rth e r p rocessing  in  rolling, forging or ex tru sion  m ills  to produce flat 

rolled p roducts , rails , b a rs , w ire-rod, pipe or tu b in g  a n d  s tru c tu ra l 

sh ap es  for the  m an u fac tu re  of finished steel p ro d u c ts . Rolling involves 

the  p roduction  of fin ished steel by subjecting  h o t o r cold ingots to 

co n tin u o u s rolling th ro u g h  heavy rollers u n til th e  c o rre c t th ick n ess  h a s  

been  achieved, while u n d e r  forging, the  sem i fin ish ed  sh ap es are 

re -h ea ted  a n d  ham m ered  by steam , co m p ressed  a ir or 

electro -m echanical ham m ers, or p ressed  by h y d rau lic  or m echanical 

p resse s  w ith  a  die to contro l the  shape. E x trusion  involves shap ing  by 

the  u se  of a  m ach ine  driven ram  th a t sh ap es  m eta l confined w ithin  a 

tu b u la r  con ta in e r by p u sh in g  it th rough  a  die open ing  a t  the  opposite 

end  of th e  con ta iner. Im provem ents in th e  tec h n iq u e s  in all these  

p rocesses have resu lted  in  the  u se  of h igher perfo rm ance refractories.

4.2  The Fall in D em and for Refractory B auxite

R efractoiy  baux ite  h ad  a  sh o rt p roduct life cycle. D a ta  on dem and  

prior to 1970 are  n o t available b u t  m arket in fo rm ation  from  d iscussions 

w ith co n su m ers in  all th e  m ajor consum ing  co u n tries , ind icate  th a t  over 

the  period 1965 to 1970, a n n u a l dem and  for refracto iy  bauxite  

o u tstrip p ed  supply  by approxim ately  200 ,000  to n n es , w ith  G uyana and  

S urinam e, th e  only co u n tries  p roducing  a  technically  accep tab le  p roduct, 

u n ab le  to satisfy  the  dem and . D em and betw een 1970 a n d  1979 rem ained
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consisten tly  betw een 1.0 million a n d  1.2 m illion to n n es , w ith  d em an d  

still exceeding supply , in  sp ite  of increased  p roduction  in  G u y an a , th e  

u se  of c e rta in  g rades of C hinese baux ite , an d  sm all-scale  p ro d u c tio n  in  

G erm any, D enm ark  a n d  Italy b ased  on  ore from  G uyana, S u rin am e  a n d  

C hina. The s itu a tio n  how ever changed  d ram atically  a fte r 1979 w ith  

a n n u a l d em an d  in  1980 falling to 9 00 ,000  to n n es  a n d  to  a n  excess of 

supp ly  over d em an d  for th e  first tim e since 1965 a n d  d e te rio ra ted  fu r th e r  

betw een 1980 a n d  1983, w ith  dem and  falling to a ro u n d  7 0 0 ,0 0 0  to n n e s  

in 1983.

This steep  decline in  dem and  led to a  rap id  re s tru c tu r in g  of th e  

refractory  baux ite  m arke t. C hinese baux ite  w hich en te red  th e  m a rk e t in  

the  m id 1970s, h a d  ju s t  s ta r te d  gain ing  m ark e t accep tan ce , an d , w ith  

pro jections of a  co n tin u in g  increase  in  dem and , a n d  declin ing  p ro d u c tio n  

in  G uyana, th e  C hinese au th o ritie s  p rom oted  th e  p ro d u c tio n  of refracto ry  

baux ite  a t  th e  village a n d  regional levels. Faced w ith  a n  increase  in  

supp ly  a n d  a  fall in  w orld dem and , th e  C hinese, in  1982, in s titu te d  a  25  

per cen t price red u c tio n  to increase  sales volum es. T he su b s titu tio n  

effect of th is  price reduc tion , together w ith the  overall fall in  d em an d  for 

refracto iy  baux ite , h a d  a n  im m ediate  im pact on  th e  m ark e t. Sales from  

G uyana  fell from  6 50 ,000  to n n es  in  1980 to 3 00 ,000  to n n e s  in 1983 

while S u rinam e a n d  th e  E u ropean  p ro d u cers  u tilising  im ported  baux ite , 

were forced to d isco n tin u e  p roduction . While d em an d  im proved a fte r 

1984, it never re tu rn e d  to th e  p re  1980 levels, a n d  in  the  new  

com petitive environm ent, G uyana 's  m ark e t sh a re  w hich  h a d  a lready  

fallen from  76 p er cen t in  1975 to 66  per cen t in 1980, fell to 50 pe r c en t 

in 1985 a n d  30 pe r c en t in  1990. The dem and  for G uyana  baux ite  a t  th e
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lower level con tinued  to be strong, b u t de te rio ra tion  of the  coun try 's  

p roduction  capability  m ade it u n ab le  to satisfy  the  d em an d  This created  

th e  oppo rtun ity  for the  en try  of Brazil into th e  m ark e t a n d  to G uyana 's 

sh a re  falling to 17 per cen t in 1995 an d  12 p er cen t in  2000. The decline 

in  w orld d em an d  for refracto iy  baux ite  after 1980 h a s  been  a ttrib u tab le  

to a  com bination  of dem and  a n d  supply  factors w hich  need  to be 

d iscu ssed  in  detail, to  evaluate  th e ir im pact on  the  overall m ark e t an d  on 

G uyana 's  sh a re  of the  m arket.

4 .2 .1  D em and F ac to rs

The p rincipal dem and  factors are  identified as: (1) stagnation  an d  

decline in  M arket Econom y co u n tries  steel p roduction , (2) reduc tion  in 

the  specific consum ption  of refractories in steel-m aking , (3) re s tru c tu rin g  

of th e  steel in dustry , (4) technologic changes in  steel-m ak ing  a n d  (5) 

im provem ents in  the  m an u fac tu re  of refracto iy  p ro d u c ts

4 .2 .1 .1  S tagnation  a n d  Decline In W estern Econom y S teel P roduction

Refractory baux ite  is u sed  in a  large n u m b er of m etallurg ical and  

chem ical p rocesses; the  ca ta ly st for its  developm ent an d  growth, 

however, w as the  econom ic an d  technologic developm ents in  the  

post-w ar steel in d u stry  in  th e  M arket Econom y steel producing  

coun tries . The steel in d u stry  in  these  coun tries, co n su m es m ore th a n  60 

p e rcen t of all categories of refractories, 75 p er cen t of all m id, high and
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ex tra  h igh  a lu m in a  refractories an d  80  p er cen t of all re fra c to iy  b au x ite  

b ased  refractories. D evelopm ents in  th e  in d u s try  a re  u s e d  by th e  

p ro d u ce rs  of refracto iy  raw  m ate ria ls  a n d  refracto iy  p ro d u c ts  a s  th e  

ba rom ete r of dem and  for refracto ries in  general a n d  h ig h  a lu m in a  

refracto iy  m ateria ls  in  p articu la r.

Table 4 .6  show s W estern  Econom y a n n u a l c ru d e  steel p ro d u c tio n  for 

the  period  1970-1985. The d a ta  show  steel p roduction  m oving th ro u g h  

cycles of h igh  grow th, s tagnation , slow grow th, a n d  decline, followed by 

slow grow th over th e  period. The q u ad ru p lin g  of oil p rice s  betw een 

1973-1994, b ro u g h t a  h a lt  to the  h igh  post-w ar econom ic grow th  ra te  in  

the  M arket Econom y co u n tries  w ith  th e  rea l GDP grow th for th e  OECD 

m em bers of th e  group declining from  5.7 p er c en t in  1973 to -0 .3  p e r 

cen t in  1975. This decline h a d  a  d irec t effect on  steel p ro d u c tio n  for th e  

co u n tries  of th e  group  th a t  fell 14 p e r cen t betw een 1973 a n d  1975. After 

a  b rief recoveiy  betw een 1976 a n d  1978, th e  doubling  of oil p rices in  

1979, again  resu lted  in  a  decline in  OECD m em bers ' rea l GDP grow th 

from  4 .5  per c en t in  1978 to -0 .6  pe r cen t in 1982, a n d  2 .6  p e r c en t in  

1983. The decline in  GDP grow th w as accom pan ied  by a  decline in  th e  

in tensity  of u se  of steel th a t  fell 3 .7  p e r cen t per a n n u m  over th e  period. 

T hrough  im provem ents in the  quality  a n d  tech n iq u es for u s in g  steel, th e  

dow nsizing of au tom obiles, ch an g es in  the  s tru c tu re  of GDP a n d  

su b s titu tio n  of steel by o th er m ate ria ls  su c h  a s  a lu m in iu m  a n d  p las tic s  

(National Econom ic D evelopm ent Office, 1986, page 2). The d irec t effect 

of th ese  developm ents w as a n  overall fall in  W estern  E conom y steel 

p roduction  of 18 p e rcen t betw een 1978 an d  1983. The decline w as,
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how ever, greater, in  th e  coun tries th a t  were the  la rg e s t co nsum ers of

refrac to iy  bauxite:

(1) P roduction  in  the  U nited  S ta te s  fell 52 per cen t, from  137 million 

to n n es  in  1973 to  66  m illion to nnes in 1982, a n d  re tu rn e d  to only 80 

m illion to n n es  in  1985.

(2) P roduction  in  the  U nited  Kingdom fell 52 p er cen t, from  27 million 

to n n es  in  1973 to 13 m illion to n n es in  1982, a n d  re tu rn e d  to only 16 

m illion to n n es  in  1985.

(3) P roduction  in  W est G erm any fell 32 per cent, from  5 3  m illion tonnes 

in  1974 to 36 m illion to n n es  in  1983, an d  re tu rn e d  to 40 million 

to n n es  in  1985.

(4) P roduction  in  J a p a n  fell 18 per cen t from 119 m illion  to n n es  in  1978 

to 97  m illion to n n es in  1983 a n d  re tu rn ed  to  103 m illion tonnes in 

1985.
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The developm ents in  th ese  coun tries , w hich c o n su m e d  53 p er cen t 

of G u y an a 's  baux ite  p roduction , com bined w ith  th e  su b s titu tio n  of 

G u y an a  refracto ry  baux ite  w hich  C hinese baux ite  a n d  lower a lu m in a  

refracto ry  m ateria ls , re su lted  in  sa les falling from  6 0 0 ,0 0 0  to n n es  in 

1980 to 3 2 5 .0 0 0  to n n es in  1983 a n d  never re tu rn in g  to  th e  600 ,000  

to n n es  level since th a t  tim e. Table 4 .7  show s th e  d is tr ib u tio n  of 

G u y an a  refracto ry  baux ite  sa les over the  period 1975-1985 .
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Table 4 .7  G uyana  R efractory B auxite  Sales 

M ajor C onsum ing  C oun tries, 1975-1985

(000 Tonnes)

Countries 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985
North America 189 190 171,0 168 137 166 110 47.2. 72 106 102
Japan 56 42..5 63 34 45 40 43 67 33 52 68
West Germany 64 79 53 53 39 54 55 43 49 56 55
France 59 41 49.0 53 38 34 37.0 28 29 44 45
United Kingdom 113 116 112 52 54 46 49 29 33 50.0 42
Italy 40 38 35 38 27 38 20 24 18 35 38.0
Spain 14 18 19 13 16.00 23 12 15.8 6.8 4 5
Mexico 35 34.2 25 38 45 39 24 14 14 24 22
World Total 784 743 705.0 588 552 603,2 497 371 325 470 447

Source:
Bauxite Industry Development Company, Statistical Reports, 1972-1986



117

4 .2 .1 .2  R eduction  in  Specific C onsum ption  of R efractories

A lthough refracto ries acco u n t for less th a n  5 p er cen t of the  cost of 

p roduction  of steel, (d iscussions w ith R H ubble, US Steel Research, 

1982), the  red u c tio n  of specific consum ption  of refracto ries a t  all stages 

of the  p rocess h a s  been  a  pre-occupation  of the  steel in d u s try  since the 

m iddle of the  1960s. The largest reduction  in specific consum ption  of 

refractories a t  th e  steel-m aking w as caused  by th e  rep lacem en t of the  

O pen H earth  p rocess by the  Basic Oxygen p rocesses. This change led to 

a  reduction  from  30-35 kilogram s per tonne of steel to less th a n  5 

kilogram s per tonne , while the  in troduction  of the  E lectric Arc Furnace  

resu lted  in  a  fu r th e r  20 p er cen t reduction  (Laming, 1982, page 11). The 

increase  in in te rn a tio n a l com petition following th e  recession  in the  

in d u stry  in 1975 in tensified  the  effort to reduce  specific refractories 

consum ption  in  all th e  steel producing  coun tries w hile the  process w as 

accelerated  by technologic innovations an d  opera ting  p rac tices in the  

in dustry , im provem ents in  the  quality  of refracto ries a n d  im provem ents 

in  refractory  in sta lla tio n  techn iques in  the  in d u stry . Refractory bauxite  

initially benefited  from th ese  developm ents, b u t  th e  increase  in the  

p roduction  of h igher quality  synthetic  a lu m in as, m agnesia, silicon 

carb ide a n d  zirconia, soon led to its  rep lacem en t in  the  con tinuous 

casting  p rocess, while the  perfection of the  u se  of w ater cooling in the  

roof of electric a rc  fu rnaces com pletely replaced  b aux ite  by the  end of the  

1980s. The com bined  effect of these  developm ents w as a  reduction  in the 

specific co nsum ption  of refractories a s  show n in  Table 4 .8  for the  

Ja p a n e se  steel in d u stry  w hich is rep resen ta tive  of developm ents in the  

in d u stry  for th e  coun tries of the  group. The d a ta  show  specific
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consum ption  of refracto ries falling from  28.1 k ilogram s p e r  tonne  in  

1965 to 11.5 k ilogram s per tonne  in  1990.

T ab le  4 .8  J a p a n e se  Steel In d u stry , Specific 

R efractories C onsum ption

Year Refractories Consumption (kg/Tonne
Shaped Unshaped Total

1,965 25 3 28
1970 21 3 24
1975 14 7 21
1980 10 5 15
1985 7 6 14
1990 6 6.0 12

Sources
1. Annual Statistics,.Refractory Society of Japan,
2. Evaluation of the Market for Calcined Bauxite 

in Europe and Japan, 1993. Arthur D. Little.
3. Paper presented at 9th International Industrial Minerals 

Congress 1986, K Yoshida, Nissho Iwai Corporation, Japan.
4. Internal Statistics, 1995-2000, Nissho Iwai Corporation, Japan.

4 .2 .1 .3  Steel In d u s try  R estru c tu rin g

The decline in  steel consum ption , w hich  s ta r te d  w ith  the  1975 

recession  a n d  acc en tu a te d  by th a t  of 1981-1983 , led  to a m ajo r 

re s tru c tu rin g  of th e  steel in d u s try  in all th e  M arket E conom y coun tries . 

A fea tu re  of th is  re s tru c tu r in g  w as th e  c losure  of old steel-m aking  

capacity  a n d  a  sh ift in  p roduction  from  in teg ra ted  to n o n -in teg ra ted  

facilities. Since th e  n o n -in teg ra ted  facilities u tilise  exclusively the  electric  

arc  fu rnace  p rocess, th e  re su lt of th is  developm ent h a s  b een  a n  increase
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in the  percentage of steel p roduced  by th is  process. T he consequence of 

th is  w as a  reduction  in  th e  dem and  for pig iron a n d  in b la s t furnace 

production , since the  electric a rc  fu rnace u se s  m ainly  sc rap  a n d  DRI as 

raw  m ateria ls . The to ta l rep lacem ent of refractory  b rick s  by w ater cooling 

in  th e  roof of the  large high, a n d  u ltra -h igh  pow er electric  a rc  furnaces 

in sta lled  in the  non -in teg ra ted  p lan ts , resu lted  in  a  fu r th e r  reduction  of 

the  specific consum ption  of refractories an d  in  th e  consum ption  of 

G uyana  refractory  bauxite  b ased  b ricks for w hich th is  w as th e  largest 

application.

4 .2 .1 .4  Im provem ents in R efractories M anufactu ring  Technology

R efractories m an u fac tu rin g  technology u n d e rw en t m ajor changes 

betw een 1960 a n d  1990. Prior to 1960, the  p roduction  of refractories w as 

a  relatively low technology process involving a  narrow  range of 

s tan d ard ised  p ro d u c ts  b ased  on  processes controlled  a lm ost entirely by 

th e  types a n d  quality  of th e  available raw  m ateria ls . The changes in 

steel-m aking  technology, a n d  dem ands by the  in d u s try  for im proved 

refractory  perform ance, led to a  change in th e  varie ty  of refractory 

p ro d u cts , a n d  to the  m an u fa c tu re rs  being forced to im prove their 

p rocessing  tech n iq u es a n d  produce a  w ider range of high technology 

p ro d u cts . The m ajor developm ents in refractories technology th a t  have 

affected raw  m ateria l u sage  in th e ir m an u fac tu re  are: (1) increase  in the  

p roduction  a n d  consum ption  of m onolithic refractories; (2) chem ical 

bonding  of refractory  b ricks an d  (3) the  developm ent of com posite 

refractory  raw  m ateria ls  a n d  refractory  products.
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The developm ent of u n sh a p e d  or m onolith ic  refracto ries in  th e  form  of 

p lastics , castab le s , m ouldab les, cem en ts  a n d  ram m ing  a n d  g u n n in g  

m ixes a s  rep lacem en ts  for b ricks re su lte d  in  savings b o th  in  th e  c o st of 

refractories, the  co st of dow n-tim e on  eq u ip m en t a n d  th e  c o s t of la b o u r 

for th e  in sta lla tion . The m ethods of app lica tion  of m onolith ic  refracto ries 

in  th e  form  of m asses  w hich are  fired in  service, also e lim ina te  th e  c o s t of 

form ing a n d  firing a n d  increase  th e  service life of re frac to ry  lin ings by 

m aking  it feasible for lin ings to  be rep a ired  several tim es while th e  

equ ip m en t is  still in  service. The developm ent of com plete  m onolith ic  

lin ings in  fu rn aces  a n d  ladles h a s  fu r th e r  in creased  th e  service life of 

refractory  lin ings by e lim inating  jo in ts  th a t  a re  vu lnerab le  to slag a n d  

chem ical a ttack . The developm ent of m onolith ics h a s  re su lte d  in  a  

significant reduc tion  in  the  p roduction  of b ricks, a n d  over th e  period  

1960 to 1985, the  percen tage  of m onolith ics in  th e  steel in d u s try  h a s  

increased  from  u n d e r  15 p e rcen t to nearly  50 p er c en t in  th e  U nited  

S ta tes  a n d  from  u n d e r  10% to a ro u n d  35  p e rcen t in  J a p a n .  The la te r  

developm ent of low, u ltra-low  a n d  n o -cem en t c a s ta b le s  h a s  m ade it 

possib le for m onolith ic refractories to be u se d  in  s tee l-m ak ing  fu rn aces  

an d  in  app lica tions w here the  calcium  c o n te n t of th e  cem en t in  the  m ix 

initially res tric ted  th e ir  perform ance.

U ntil th e  end  of th e  1960s, ceram ic bonding, involving b lend ing  of th e  

basic  refracto iy  m ateria l w ith  o th e r oxides to form  a  ceram ic  bond  u p o n  

firing w as th e  s ta n d a rd  m ethod  for th e  p roduction  of re frac to iy  b ricks. 

The in tro d u c tio n  of ta r  im pregnation  a n d  chem ical bond ing  m ade it 

possible for b ricks to be p roduced  w ith o u t firing a n d  to be p roduced  from  

a lm ost p u re  oxides, w ithou t the  add ition  of bond ing  m ate ria ls , w h ich
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reduce  the  oxide co n ten t of the  brick. Chem ical bond ing  also facilitated 

the  p roduction  of com posite refractories th a t  optim ise the  desirable 

p roperties of different refractory  m ateria ls, a n d  h a s  resu lted  in  the  

availability of a  range of new  high perform ance refracto ry  m ateria ls  and  

refractory  p ro d u c ts  su ch  a s  a lum ina-chrom e, a lum ina-zircon , 

a lum ina-g raph ite , m agnesia-a lum ina  spinels, m agnesite-g raph ite , 

z ircon-graphite  a n d  m agnesia-zircon, th a t  are increasing ly  being u se d  in 

app lica tions in  th e  steel a n d  o ther in d u strie s  an d  are  rep lacing  refractory 

baux ite  b ased  a n d  o th er refracto iy  m aterials.

4 .2 .2  Supply  F ac to rs

The m ajor supp ly  factors th a t  affected refractory  baux ite  were (1) 

increased  p roduction  of m id an d  ex tra-h igh  a lu m in a  refractory  m ateria ls ,

(2) the  developm ent of C hinese bauxite  an d  (3) th e  rep lacem en t of 

refracto iy  baux ite  by n o n -a lu m in a  an d  com posite refractory  m ateria ls .

4 .2 .2 .1  The D evelopm ent of Mid an d  Extra-H igh A lum ina 

R efractory Raw M aterials

Prior to th e  early  1970s th e  only source of h igh  a lu m in a  refracto iy  

m ateria ls  in th e  m id -a lum ina  category (50-70 p er cen t A120 3), w as the 

n a tu ra lly  occurring  sillim anite group m ateria ls, sillim anite, an d a lu site  

an d  kyanite. The lim ited availability of these  m ateria ls  an d  th e  high cost
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of beneficiation, confined th e ir co nsum ption  to only c ritica l in d u s tria l 

app lica tions w here th e ir  u n iq u e  m ullite  s tru c tu re  w as requ ired . The 

unavailab ility  of th ese  m ateria ls  to sa tisfy  the  in c rease  in  d em an d  for 

h igher a lu m in a  in  steel p la n t refracto ries led to  th e  ex tensive u se  of 

G uyana  refractory  baux ite  for b lending  w ith  kaolin  a n d  fireclay, for the  

p roduction  of refracto ries w ith  A120 3 c o n te n t of 50 -70  p e r  cen t. The 

con tinu ing  increase  in  dem and  for th ese  m ateria ls , n o t only  for th e ir 

refracto riness, b u t  for th e ir h o t s tren g th  u n d e r  load a n d  volum e stab ility  

in h e re n t in  th e ir m ullite  s tru c tu re , led to in c reased  p ro d u c tio n  of 

a n d a lu s ite  in  S o u th  Africa a n d  F rance, th e  developm ent of hom ogenised  

a n d  non-hom ogen ised  baux ite  a n d  kao lin  b ased  m a te ria ls  w ith th e  

ap p ro p ria te  A120 3 con ten t, in  th e  U nited S ta te s , a n d  p ro d u c tio n  of lower 

A120 3 baux ite  b ased  m ateria ls  in  Brazil. The p e rs is te n t u navailab ility  of 

refrac to iy  baux ite , a n d  the  m ore th a n  trip ling  of i ts  p rice  d u rin g  the  

decade of th e  1970s, s tim u la ted  p roduction  of th ese  m a te ria ls  especially  

those  in  th e  50-60  p e r cen t A120 3 category. By 1980 a n d a lu s ite  a n d  the  

M ulcoa range m ate ria ls  in  th e  U nited S ta te s  h a d  a lm o s t com pletely 

e lim inated  the  u se  of refracto iy  baux ite  for im proving th e  A120 3 co n ten t of 

kao lin  a n d  clay. T hese m ateria ls  also  rep laced  refrac to ry  bau x ite  in  a  

n u m b e r of fu rnace  app lica tions, a n d  in  h o t m etal tra n s fe r  c a rs  an d  steel 

ladles.

The increased  co nsum ption  of m onolith ic refrac to ries du rin g  the  

decade of the  1970s also  s tim u la ted  th e  u se  of h igh  a lu m in a  refracto ries 

a n d  increased  the  consu m p tio n  of refrac to iy  baux ite . The requ irem en t 

for hom ogeneity  a n d  high  p u rity  in m onolith ic re frac to ries , a n d  the  

m ovem ent tow ard  c lean  steel in  th e  1980s, w hich req u ired  m in im al S i0 2
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absorp tion  from  ladle an d  con tinuous casting  tu n d ish  refractories, 

however, p rom oted  the  rep lacem ent of bauxite  by syn thetic  a lum ina  

p ro d u c ts—brow n a n d  w hite fused  a lum ina, s in te red  an d  tab u la r 

a lu m in a—in th e  m an u fac tu re  of m onolithic refractories. The 40 per cen t 

reduction  in th e  price of brow n fused  a lum ina  from  C hina, fu rth e r m ade 

it possible for th is  m ateria l, w ith its h igher A120 3 con ten t, a n d  higher 

pu rity  an d  density , to be b lended w ith lower A120 3 m ateria ls  for the 

production  of refractory  p ro d u c ts  in the  80-90 per c en t A120 3 categories.

Table 4 .9  show s the  increase  in p roduction  of m id an d  synthetic 

ex tra-h igh  a lu m in a  refracto iy  raw  m ateria ls for se lected  years betw een 

1955 a n d  2000.
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T ab le  4 .9  Mid a n d  E xtra-H igh A lum ina M aterials 

E stim ated  P roduction  

1955-2000

Product (000 mt) 1955 1965 1970 1975 1980 1985 1990 1995 2 ,000

Mid - Alumina (50-70% Al^O,
Kyanite 40 110 165 130 180 140 115 125 125
Sillimanite 10 20 50 25 30 15 25 25 30
Andalusite 20 40 45 90 225 240 220 275 240
Mulcoa and (60 &70) - - 0 125 180 225 200 200 200
ucal - - 0 0 25 15 15 15 0
Brazil (50&60%) - 0 0 0 25 30 30 40
Total Mid-Alumina 70 170 260 372 665 660 610 620 630

Extra -high Alumina ( 93-99% A W
Brown Fused Alumina 20 40 50 100 150 175 180 180 200
White Fused Alumina 10 10 20 40 50 75 70 70 70
Calcined Alumina 10 30 50 75 75 100 125 100 120
Sintered Alumina 5 25 50 50, 50 75 75 100 80
Tabular Alumina 10 30 40 40 50 40 75 60 60
Syntethic Mullite 40 75 100 50 80 100 125 120 120
Total - Extra High 95 210 310 355 455 565 625 630 620

Sources:

1 Japan Firebrick Association- Annual Statistics.

2 US Refractories Association- Statistics.

3 Discussions with major producers fused aluminium oxide, Washington Mills and Exolon 
E.S.K, U.S.A and Treibacher, Austria.

4 Discussions with major producers of sintered alumina, Alcoa, Kaiser Aluminium and

5 Private Discussions with the major producer of the Mulcoa group of materials, C.E 
Minerals, U.S.A.
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4 .2 .2 .2  The D evelopm ent of New Sources of Refractory B auxite

The increasing  dem and  for refractory b aux ite  in th e  1970s, 

pro jections for increasing  dem and  in the  1980s, a n d  th e  chronic shortage 

of G uyana  refractory  bauxite  d u ring  the  1970s, led to  th e  en try  of C hina 

in to  th e  m ark e t tow ard the  m iddle of the  1970s a n d  to efforts to produce 

refracto iy  baux ite  in Brazil tow ard  the  m iddle of th e  1980s.

High a lu m in a  refractory  m ateria ls  from C hina, varying in  A1203 

co n ten t from  50 per cen t to over 85 per cent, an d  variously  classified as 

baux ite , a lum inous shale , calcined diaspore, a n d  calcined  clay, have 

been  in  u se  by the  refractories in d u stry  in E urope a n d  J a p a n  since the 

early  1970's. The u n c e rta in  nom encla tu re  of th ese  m ateria ls , an d  the  

paucity  of d a ta  a n d  inform ation  on production , expo rts  a n d  im ports, 

how ever m ade it difficult to determ ine w hich of th em  could  be technically  

classified a s  refractory  bauxite. While the  m ajor chem ical c o n s titu en ts  — 

A120 3, S i0 2 a n d  Fe20 3—in C hinese p roducts  classified  a s  refracto iy  

baux ite  are  sim ilar to G uyana  refractory  bauxite; th e  im purities, TiG2 is, 

how ever 40-60  pe r cen t h igher, an d  the  critical alkali e lem ents, 

P o tassium  Oxide (KgO) an d  Sodium  Oxide (NagO), 6 -10  tim es higher. The 

m ineralogical s tru c tu re  of C hinese bauxite  is a lso  different, being 

d iaspore  com pared  w ith gibbsite in  G uyana baux ite . The high  level of 

im purities, especially the  a lkalis reduce the  refrac to riness, h o t s treng th  

a n d  chem ical res is tan ce  p roperties of C hinese b aux ite  a n d  initially 

confined its  u se  to app lica tions ou tside  the  steel in d u s try  a n d  to less 

dem anding  steel in d u s tiy  app lications. The m ineralogical s tru c tu re  th a t 

re su lts  in  sh rinkage  w ith  increasing  tem p era tu re  also  m ake C hinese
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b aux ite  inheren tly  inferior to G uyana  bau x ite  in  ap p lica tio n s in  the  steel 

in d u s tiy  w here therm al expansion  is critical. The m ajo r deficiencies of 

C hinese baux ite  th a t  delayed its  accep tan ce  by th e  W este rn  Econom y 

refractories p ro d u cers  were: (1) in co n s is te n t ca lc ination  w h ich  re su lte d  

in  variab le  density , (2) in ad eq u ate  quality  contro l w h ich  re su lted  in  

variab le  chem istry  a n d  (3) ru d im en ta ry  p roduction  tech n iq u es  th a t  

re su lted  in  large lum p size th a t  cou ld  n o t be c ru sh e d  by th e  available 

eq u ipm en t a t  th e  co nsum ers ' p lan ts . T hese deficiencies, toge ther w ith  

the  m ark e tin g  a rran g em en ts  for th e  p ro d u c t u n til th e  m id  1970s, w here  

sa les w ere conducted  th ro u g h  a  b idd ing  p rocess a t  th e  C an ton  Fair, 

re su lted  in  difficulty in  its  en try  in to  th e  m ark e ts  of th e  m ajo r consum ing  

coun tries . The p e rs is ten t shortage  of G u y an a  b au x ite  a n d  the  s teep  

increase  in  price following th e  first ro u n d  of oil price in c re a ses  in  th e  

early  1970s, resu lted  in  som e of th e  E u ro p ean , a n d  th e  J a p a n e s e  trad in g  

com panies u n d e rta k in g  selective buy ing  to g u a ran tee  A120 3 con ten t, 

reduce  the  variability  in  chem istry  a n d  degree of calc ination , a n d  th e  

in sta lling  c ru sh in g  an d  sizing capacity  a t  th e  p o rts  to red u ce  lum p  size. 

T his led to g rea te r m ark e t accep tance , a n d  by 1980, th e  h ig h e r g rades of 

the  C hinese baux ite  w ere being u se d  w idely in  E urope, a n d  J a p a n  even 

th ough , in  m any  cases, they  h ad  to be b lended  w ith  o th e r  m ate ria ls  to 

m ake th em  su itab le  for th e  m ore dem an d in g  app lica tions. The 30  p er 

cen t increase  in  the  price of G uyana  b aux ite  after 1979, c au se d  by the  

steep  increase  in  oil price in  th a t  year, led to fu rth e r  in c reases  in  th e  

consu m p tio n  of C hinese bauxite . The large price d ifferential, m ade  it 

econom ical for th e  p ro d u c t to be b lended  w ith  th e  h igher p riced  

refractory  baux ite , syn thetic  m ullite , fu sed  a n d  s in te red  a lu m in a  a n d
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chrom ium  oxide to over its chem ical and  s tru c tu ra l deficiencies. The 

decline in  dem and  for refractory  bauxite  du rin g  th e  recession  of the  

1980s induced  the  C hinese to im plem ented a  25 per c e n t price reduction  

on the  price of refractory  bauxite  in  a  a ttem p t to m a in ta in  th e ir sa les 

volume. T his fu rth e r increased  the  price differential be tw een  C hinese and  

G uyana baux ite  m ak ing  it econom ical for the  c o n su m ers  to increase  

consum ption  of the  m ateria l an d  providing a  fu rth e r incentive for th em  to 

u n d e rtak e  resea rch  to u tilise  it in  o ther steel in d u s tiy  app lica tions. L ater 

im provem ents in  th e  selection of raw  m ateria l a n d  in  processing, 

includ ing  investm en t in  ro tary  k ilns, be tter o rgan isa tion  of the  in d u s try  

a t  the  regional level, a n d  im plem entation  of quality  con tro l m ea su re s  to 

en su re  consistency  of quality, resu lted  in  the  m ateria l becom ing 

generally accep ted , a n d  by 1985 accoun ted  for nearly  50  percen t of world 

consum ption .

Table 4 .10  show s estim ated  sa les of C hinese refrac to iy  baux ite  by 

m ajor consum ing  a re a s  over the  period 1975-1985.
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T ab le  4 .1 0  C hinese R efractory B auxite  Sales 

M ajor Sales A reas 

(000 Tonnes)

Countries 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

North America 14 25 - - 24 116 177 95 65 111 175
Japan n.a n.a n.a 65 71 74 69 55 65 68 64
Germany 16 24 26 30 24 76 59 45 56 65 67
France 15 2 14 22 19 31 19 21 27 27 30
United Kingdom 14 11 14 11 17 23 15 35 38 40 43
Italy 30 24 19 29 25 23 16 23 26 35 31
Spain n.a n.a n.a n.a n.a n.a 10 12 17 23 28
Sources:
1 Nissho Iwai -Sales Statistics, 1975-1985
2 Japan Firebrick Association, 1975-1983.
3 US Bureau of Mines, Minerals Yearbook, 1978-1985.
4 Discussions with consumers in United Kingdom, Germany 

and Italy, 1980-1985.

Even w ith  th e  lower d em an d  for G uyana  b au x ite  in  th e  1980s, th e  

de terio ra ted  condition  of th e  p roduction  facilities m ade it  in capab le  of 

satisfying th e  m a rk e t d em an d  for its  p ro d u cts . T he co n tin u in g  dem and  

for a  gibbsitic baux ite  by the  refrac to iy  m a n u fa c tu rin g  and  steel 

in d u strie s , a n d  th e ir  w illingness to pay  a  p rem ium , in d u ce d  Brazil to 

e n te r th e  m ark e t in  1990, w ith a  p ro d u c t of sim ilar m ineralogical 

s tru c tu re  to G u y an a  baux ite , an d  chem ical com position  a s  show n in 

Table 2 .6 . T his m ateria l h a s  been  accep ted  by  the  in d u s tiy  a s  a  

su b s titu te  for G uyana  baux ite  in  a  large n u m b e r of stee l in d u stry  

applications, a n d  h a s  rep laced  nearly  50 per c en t of G u y a n a 's  m ark e t 

sh a re  betw een 1990 a n d  2000. Table 4 .1 , above, show s th e  im pact of
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C hinese a n d  B razilian refracto iy  bauxite  on th e  m ark e t betw een 1980 

a n d  2000.

4 .2 .2 .3  Increased  P roduction  of Non A lum ina R efractory M aterials

N on-alum ina refracto iy  m ateria ls , have alw ays co n stitu ted  a  

significant p a r t  of th e  refractories mix, those in  com m on u se  in th e  steel 

an d  o th er in d u s tr ie s  being: (1) th e  basic group com prised  of n a tu ra l 

m agnesite  (Mg30 4) a n d  syn thetic  m agnesia  (MgO), dolom ite, an d  chrom ite 

(CrO), an d  (2) the  non-basic  m ateria ls , n a tu ra l zircon, syn thetic  zirconia, 

silicon carb ide, carbon  an d  graphite. The basic  m ate ria ls  are  essen tia l to 

basic  steel-m aking  p rocesses, w here they  are  u se d  in  th e  lining of basic 

oxygen a n d  electric a rc  steel-m aking  furnaces. They could , however, a t 

th e  app rop ria te  price, com pete w ith  the  a lum ino  silicate refractories in 

o th er app lica tions in  th e  process.

The h igh  dem and  for the  h igher quality  basic  refracto ries for the  lining 

of O pen H earth  fu rn aces re su lted  in a  shortage  in  supply  and  

co n seq u en t h igh  prices for th ese  m ateria ls u n til th e  m id 1970s. This 

stim u la ted  investm en t in the  U nited  S ta tes, E urope a n d  J a p a n , for the 

p roduction  of syn thetic  m agnesia  from  n a tu ra l m agnesite  an d  sea-w ater. 

S im ultaneously  w ith these  developm ents, the  m assive rep lacem en t of the 

O pen H earth  fu rnace  by the  B asic Oxygen an d  E lectric a rc  fu rnaces, and  

the  reduc tion  in the  specific consum ption  of refractories in  these  

fu rnaces, resu lted  in  a n  over-supply  of m agnesite  an d  m agnesia  a n d  to a  

fall in  th e ir price. This m ade it feasible for These m ateria ls , therefore
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becom e com petitive w ith  high  a lu m in a  for lad les an d  m eta l tra n s fe r  c a rs  

app lica tions, an d , b ecau se  of th e ir h igher re frac to rin ess  a n d  re s is tan c e  

to chem ical a ttack , they  were technically  su p e rio r to  h ig h  a lu m in a  in  

m any  of th e  new  ladle app lica tions, a n d  rep laced  refrac to ry  baux ite  in  

p rocessing  a n d  c o n tin u o u s casting  lad les a n d  tu n d ish es . In v es tm en t by 

A ustra lian  a n d  J a p a n e se  investo rs in  th e  increased  cap ac ity  for th e  

p roduction  of zircon sa n d  an d  syn the tic  zirconia in  A ustra lia , a lso  

increased  th e  supp ly  a n d  reduced  th e  price of th ese  m a te ria ls , m ak ing  

them  com petitive w ith refracto iy  baux ite  in  th e  lining of stee l ladles.

4 .2 .3  C om petitiveness of G uyana  Refractory B auxite

The rap id  decline in  the  dem and  for G uyana  re frac to iy  baux ite  a n d  

loss of m ark e t sh a re , were in fluenced by its  com petitiveness w ith  

C hinese refracto ry  baux ite , th e  two e lem en ts of com petitiveness of 

p a rticu la r  significance being cost of p roduction  a n d  pricing.

4 .2 .3 .1  Refractory B auxite  P roduction  C ost

It is  extrem ely difficult to u n d e rta k e  a  m ean ingfu l com parison  of co st 

of p ro d u ctio n  betw een G uyana  a n d  C hinese refrac to iy  b au x ite , since th e  

s tru c tu re  of th e  two in d u s tr ie s  an d  th e  p ro d u ctio n  p ro cess  are  vastly  

different a n d  d a ta  on  opera ting  p a ra m e te rs  a n d  e lem en ts of cost a re  n o t 

available for th e  C hinese in d u stiy .



131

R efractoiy baux ite  p roduction  in  G uyana is highly cap ita l in tensive a t 

all stages of th e  p rocess. At the  m ining stagelarge cap ita l investm en t is 

needed for equ ipm en t su ch  a s  large walking d rag lines a n d  b u ck e t w heel 

excavator system s for stripping  overburden  of 60 to 80  m etres, w ith  an  

overburden  to c rude  ore ratio  of a round  5.5 :1 , a n d  a  crude ore to 

fin ished p ro d u c t ra tio  of 4:1. S u b s tan tia l in v estm en t is needed  for 

equ ipm en t for h au lage  of the  large volume of ore, a n d  a t  the  p rocessing  

stage for w ash ing  a n d  screen ing  an d  ro ta iy  k ilns for calcination . The 

m ajor e lem ents of opera ting  cost a re  fuel oil an d  electricity  for the  m ining 

equ ipm ent, diesel fuel for the  tran sp o rta tio n  equ ipm en t, electricity  for 

th e  c ru sh ing , w ash ing  an d  screen ing  operation, electricity  an d  fuel oil for 

the  operation  of th e  kilns, refractories m ain tenance , opera ting  supplies, 

lab o u r a n d  adm in istra tion . Table 4.11 show s estim ated  p roduction  cost 

based  on  L inm ine's s ta n d a rd  costing  practices
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T able  4 .1 1  G uyana R efractory B aux ite  

E stim ated  P roduction  C ost1 

(Linmine, 2000)

Operating Parameters Production Cost (US$/Tonne)
Production (tonnes) 200,000 Stripping 21.85
Stripping Ratio-(bcm/Tonne) 5.75 Mining 17.00
Conversion Ratio-Ore/Product (%) 25 Trammimg 6.00
Fuel Oil (bbl/Tonne) 1.30 Fuel Oil 23.40
Fuel Oil Price ( US$/bbl) 18.00 Repairs and Maintenance 10.00
Stripping Unit Cost (bcm) 0.95 Operating Supplies 5.50
Mining Unit Cost (Tonne) 4.25 Labour 5.00
Tramming Unit Cost (Tonne)) 1.5 Power 12.50
i Capital 12.50

Administration 1.50
Exporting .50
Total 115.75

1 Estimated from information from Linden Mining Enterprise

Source:
Calculations undertaken by the author based on data provided by Linden Mining 
Entereprise
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The occurrence of th e  bauxite  deposits, th e  s tru c tu re  of the C hinese 

refracto iy  baux ite  in d u s try  an d  the  dom estic c u ltu re , m ake it nearly  

im possible to ob ta in  reliable d a ta  an d  inform ation th a t  could be u se d  to 

estim ate  p roduction  cost:

(1) The C hinese baux ite  deposits occur a s  rock  o u tcro p s w ith negligible 

overburden. M inim al investm en t is therefore needed  for stripp ing  

overburden  while m ining  involves essen tia lly  b las tin g  a n d  rem oval of 

the  ore.

(2) The in d u s tiy  is com prised  of sm all prim itive opera tions w ith little 

capita l investm en t a t  any  stage of the  p rocess; m edium -sized 

operations, w ith  little cap ita l investm en t a t  th e  m ining  stage an d  

som e cap ita l investm en t a t  the  processing  stage; relatively large 

technically  efficient opera tions involving cap ita l investm en t a t  the  

processing  a n d  ro ta iy  k iln  opera tions requ iring  su b s ta n tia l 

investm en t a t  the  p rocessing  stage.

(3) The p roduction  p rocess u tilises a  m ix of shaft, ro u n d  an d  ro ta iy  kilns, 

all of w hich have different opera ting  cost p a ra m e te rs  a n d  variables.

(4) The opera tions p roduce  a  m ix of p ro d u cts  com prised  of refracto iy  

bauxite , abrasive bauxite , w hich is u su a lly  off-grade refracto iy  

baux itehy  a n d  lower A120 3 m ateria ls  classified a s  cham ottes, shale 

and  clay.

(5) The cost of m ajor in p u ts  to th e  in d u stiy , su c h  a s  fuel and  labour, are 

n o t sub jec t to econom ic ra te s . Coal for ca lc ination  is supplied  in
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relatively c ru d e  form  from  local q u a rrie s , a n d  lab o u r provided by 

w orkers on a  com m unal basis.

(6) No credible d a ta  o r reliable inform ation  on an y  of th e se  in p u ts , a re  

available or could  any  be ob ta ined  from  th e  m an a g em en t of th e  

opera tions or officials a t  the  M inistry  w ith  responsib ility  for th e  

in d u stry  w ho a re  generally  re lu c ta n t to d isc u ss  m a tte rs  re la ted  to 

cost of production .

B ut, w here th e  c o n su m ers  of refracto iy  b aux ite  a re  concerned , co st of 

p roduction  from  m in ing  to po in t of export sh ip m en t is never considered  

in th e ir evaluation  of th e  com parative cost of refracto ry  baux ite  from  

different sources, especially  since price, in  w h a t is  effectively a  

duopolistic  m ark e t, is n o t norm ally  re la ted  to co st of p roduction . The 

custom ers ' m ea su re  of com parative co st is th e  price th ey  pay  for 

m ateria ls  delivered to th e ir  p lan t, p lu s  co sts  th a t  m ay be  in cu rred  in  

p reparing  th em  for final p rocessing . D iscu ssio n s w ith  c o n su m ers  of 

refracto iy  baux ite  a n d  techn ica l p e rso n n e l in  th e  re frac to ries  in d u stry , 

world-wide, betw een 1980 a n d  1990, revealed a  n u m b e r of add itional 

costs assoc ia ted  w ith  th e  final p rep a ra tio n  of C hinese  b au x ite  w hich w ere 

n o t applicable to G uyana  bauxite . T hese inc luded  p re lim in a iy  c ru sh in g  

to reduce  lum p  size before in -p lan t p rocessing , dry ing  to rem ove excess 

m o istu re  w hich  is norm ally  p re sen t in  C hinese b au x ite , a n d  th e  need  for 

the  add ition  of h igh  cost syn thetic  refrac to iy  m ate ria ls  a n d  oxides, for 

correcting  chem ical a n d  m ineralogical deficiencies in  th e  m ateria l.
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Table 4 .12  show s th e  com parative cost of p roduction  of sim ilar final 

p ro d u c ts  based  on G uyana  a n d  Chinese baux ite , estim ated  by 

refractories p roducers in  the  U nited S ta tes (National R efractories and
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T able  4 .1 2  R efractory B ased  B auxite  P ro d u c ts

C om parative B auxite  C ost 

1985-1990

Cost Elem ents

United S tates- U nited Kingdom Jap an
Chinese 

Round Kiln
Guyana

RASC
Chinese

Round
Kiln

Guyana
RASC

Chinese 
Round K iln

Guyana
RASC

US$mt c .i.f US$mt 
U.S Gulf f.o.b barge

US$ m t 
cif-

US$mt
c.i.f

US$mt f.o.b 
China.

US$mt f.o.b 
Guyana

Bauxite 102.00 155.00 95,00 160.00 75.00 140.00
Freight 0.00 0.00 0.00 0 10.00 45.00
Fuel Oil Adjustment 0.00 9 0.00 9.25 Î 0.00 9
Discharge 4.20 0,00 5.00 5.00 1 5.00 5.00
Unloading and Trucking 8.00 8.00 12.00 12.00 i 5.00 5.00
Drying 8.00 0.00 10.00 0.00 * 15.00 0.00
Preliminary Crushing 13 0.00 8.50 0.00 15.00 0.00
Crushing losses 5.50 0.00 7.00 0.00 0.00 0,00
Additives 10.001 0.00 20.002 0..00 25 ,003 0.00
Total 151 172.25 157.50 186 150.00 204.25
D ifference^ 14 1 2 3 18.3 36.6
1 Chinese bauxite blended with fused A l,0, to reduce TiO, content.
1 Chinese bauxite blended with Cr00 to induce residual expansion.
3 Chinese bauxite blended with RASC to reduce and alkali content

Sources:
1 National Refractories and Minerals Inc., United States, Private 

D iscussions-1987.
2 D.S.F Refractories, United Kingdom, Private Discussions 

1987
3 Kurosaki Refractories, Japan, Private Discussions 1989

A nother d im ension  of th e  analy sis  of com parative  c o st of refractory  

m ateria ls  th a t  is norm ally  overlooked in  com parative  c o st analy sis , is 

cost-perfo rm ance, w hich  is th e  m easu re  u se d  by th e  final c o n su m ers  of 

refrac to iy  p ro d u c ts  in m ak ing  techno-econom ic cho ices am ong
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refractories m ade from  com peting raw  m ateria ls. T his m easu re  com pares 

th e  cost of d ifferent refractory  p ro d u cts  w ith th e ir  service life in a  

p a rticu la r app lica tion  a n d  considers, no t only cost of the  refractory 

p ro d u c t itself, b u t  th e  cost of dow n-tim e on equ ipm ent, the  cost of 

in sta lla tion  a n d  rep a irs  arising  from  refractory failure, a n d  even possible 

loss of p ro d u c t resu ltin g  from su c h  failure. However, th is  is an  extrem ely 

difficult m easu re  since factors o th er th a n  the  basic  raw  m aterial, su c h  as 

o th e r m ateria ls  in  the  blend , the  p repara tion  of th e  raw  m ateria ls , the  

bonding  m ateria ls  a n d  th e  m an u fac tu rin g  tech n iq u es, could affect the  

service life of a  refractory  p roduct. It is, however, th e  m easu re  m ost 

widely u se d  by the  steel in d u s tiy  a s  th e  b asis  of com parison  of th e  cost 

of refractory  p ro d u c ts  m ade from  C hinese a n d  G uyana bauxite. 

D iscussions w ith  N orth W estern  Steel in M iddleton, Ohio, (1991), 

revealed a  33 .3  per cen t longer life for a  G uyana  baux ite  based  brick 

com pared  w ith  a  C hinese bauxite  based  b rick  in  th e ir  steel ladles. The 

co st of the  G uyana  baux ite  based  b rick  w as, how ever 50 pe r cen t h igher 

th a n  th a t  of th e  C hinese bauxite  b a sed  brick, hence  th e  la tte r  w as m ore 

co st effective in  th e ir operation  even w hen th e  add itional in sta lla tion  

costs  were added .

C onsideration  of all th ese  factors show  the  difficulty of u sin g  cost of 

p roduction  of th e  raw  m ateria l in com paring com petitiveness of G uyana 

a n d  C hinese bauxite . The add itional p re-p rocessing  cost, especially the 

co st of additives, could  com pletely cancel the  advan tage  of low C hinese 

price, while a t  th e  refracto iy  app lication  stage, lower service life a n d  the  

assoc ia ted  co sts  could have a  sim ilar effect.
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4 .2 .3 .2  The Pricing of G uyana  Refractory B auxite

The pricing  of G u y an a  refractory  baux ite  w as a  sign ifican t factor in  

the  decline in  sa les  a n d  co n seq u en t p roduction  volum e of th is  p roduct. 

The shortage  of G uyana  baux ite  du rin g  th e  en tire  decade of the  1970s 

an d  th e  unavailab ility  of viable su b s titu te s  re su lte d  in  a lm o st zero price 

e lasticity  of d em an d  for th e  p roduct. U nder th e se  m ark e t cond itions, 

G uyana  w as able, n o t only to p a ss  on all its  co st in c re ase s  to cu sto m ers  

in th e  form of h igher p rices, b u t  to u se  its  m onopolistic  position  to 

increase  prices to ab so rb  increased  costs  a ris ing  from  its  low er scale of 

o pera tions an d  o th e r inefficiencies.

The e lem ent of co st th a t  h a d  th e  g rea tes t im p ac t on  th e  price of 

refractory  b aux ite  w as th e  price of oil. The p ro d u c tio n  of G u y an a  

refracto iy  b aux ite  is highly energy in tensive, specific co n su m p tio n  in  all 

stages of the  p ro cess  estim ated  a t  2 .5  b a rre ls  B u n k e r C fuel an d  0 .25  

b arre l diesel fuel p e r to n n e  of p roduct. C hanges in  th e  price of oil 

therefore have a  significant d irec t im pact on  th e  co st of p roduction . The 

p roduction  p rocess u tilise s  B u n k er C fuel for the  p ro d u c tio n  of electricity  

for m ining, c ru sh in g  a n d  screening , an d  calcination , a n d  d iesel fuel for 

m ining  an d  tra n sp o rta tio n  equ ipm ent. The average in c reases  in  the  price 

of B u n k er C fuel from  a ro u n d  U S$3.00 p er b a rre l in  1972 to  U S$22.00  

per barre l in  1979 an d  diesel fuel from  U S$5.00 to U S $30.00  over th e  

sam e period, therefore, re su lted  in  a n  overall in crease  in  co st of 

p roduction  of approxim ately  U S$55.00 per tonne. The in d u s tiy  w as able, 

th ro u g h  the  app lica tion  of a  bu ilt-in  fuel esca la tion  c lau se  in all its  

co n trac ts , to p a s s  on th e  to ta l increase  to the  cu sto m ers . In  add ition  to
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the  increase in d irect p roduction  cost, the general world-wide inflationary 

conditions created  by the  increase  in oil prices resu lted  in increases in 

the  price of equ ipm ent an d  spares , in in te rest ra te s , an d  freight ra tes 

w hich are  also sensitive to fuel prices. The com pany w as able to pass  all 

th ese  increases on to custom ers in the  form of a n n u a l price increases.

G uyana 's to ta l dependence on im ported oil for its  p roduction , placed 

its  p roduct a t  a  com petitive d isadvantage vis-à-vis m ost of the  com peting 

m ateria ls a t  the  time. High a lu m in a  m ateria ls p roduced  in  the  United 

S ta tes  are  less suscep tib le  to oil prices since they  u se  n a tu ra l gas, the 

price of w hich is generally lower, an d  sub ject to less volatility th a n  th a t 

of oil. Production  of C hinese bauxite  h a s  a  lower energy co n ten t a t the 

m ining stage, an d  less fuel intensive a t  the  calcination  stage th rough  its 

m ineralogy w hich re su lts  in loss of ignition 50 per cen t th a t  of G uyana 

bauxite. The price of fuel for calcination  is also low being provided by 

cheap  locally produced  coal. A ndalusite , a lthough  requ iring  beneficiation 

involving energy in tensive h igh-density  m edia separa tion , needs no fuel 

for calcination  since its  m ineralogy and  crystalline s tru c tu re  m ake 

calcination  u nnecessa ry . The com petitive m ateria ls  were also less 

affected by th e  increase in  freight ra te s  since m ost of th e  U nited S ta tes 

p roduced  m ateria ls were consum ed  in  the dom estic m ark e t an d  C hinese 

baux ite  w as sh ipped  m ainly  in na tional flag carriers , im m une from 

m ark e t forces, an d  tran sp o rtin g  baux ite  a t m arg inal ra te s , a s  back -hau l 

cargo on sh ip s tran sp o rtin g  C hinese im ported p roducts .

G uyana w as also able, in  the  volatile cu rrency  m ark e t of the  late 

1970s and  early  1980s, to exploit its m onopolistic position  to im pose a
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pricing m echan ism  involving a  com posite cu rrency  u n it  (CCU) com prised  

of a  b a sk e t of cu rrencies to m ain ta in  its foreign exchange e a rn in g s  from 

paym en ts effected in different currencies. The CCU w as com prised  of the  

US Dollar, the  P ound  Sterling, the D eutsche M ark, a n d  the  S w iss F ranc  

and  h a d  a s  its b ase  the  su m  of U S$1.00 an d  the  equ ivalen t o f U S$1,00 

of each  of the  o th er cu rrencies a s  of 1 J a n u a ry  1976. All refractory  

bauxite  prices w ere fixed in  CCU w ith the  price pa id  in  th e  various 

cu rrencies being those  reflected by the ir value in re la tion  to th e  CCU on 

the due  paym en t date .

The com bined effect of th ese  m easu res  w as a n  average 100 percen t 

increase  in price of refractory  bauxite  in  the  various m a rk e ts  betw een 

1975 an d  1980 w ith  increases of a lm ost 150 p e rcen t a t  v a rio u s  periods 

in m ark e t a re a s  w here cu rrency  values were heavily dep recia ted . This 

steep increase  in  th e  price of G uyana refractory  b aux ite  to g e th er w ith th e  

chronic sh o rt supp ly  betw een 1972 an d  1980 led to concerted  efforts by 

the  refractories p roducers to find su b s titu te  m ateria ls , bo th  a lu m in a  a n d  

non-a lum ina , an d  also im proved the  econom ic feasibility o f p roducing  

the sillim anite group an d  syn thetic  high a lu m in a  m ate ria ls . T hese 

developm ents, together w ith th e  reduction  in  C hinese bau x ite  p rices after 

1981, resu lted  in  a  p e rm an en t change in  G u y an a’s d o m in a n t m ark e t 

position a n d  con tribu ted  in  a  significant w ay to th e  decline in  abso lu te  

sa les betw een 1980 an d  1985.

Table 4 .13 show s prices for G uyana a n d  C hinese refrac to ry  baux ite  

over the  period 1976-1985.
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4.3  C onclusion

The foregoing analy sis  confirm s the  im pact of econom ic a n d  

technologic developm ents in  the  steel in d u stry  of th e  W estern  Econom y 

coun tries, on the  em ergence of refractory baux ite  a s  a  critical raw  

m ateria l for high perform ance refractories for th e  in d u stry . G uyana 's  

endow m ent w ith large reserves of a  resource th a t  sa tisfied  th e  techn ical 

an d  econom ic requ irem en ts  of th e  steel in d u stry  for th is  p ro d u c t led to 

the  rap id  developm ent of refractory  bauxite  a s  its  m ajo r p ro d u ct, and  to 

the  coun try  accoun ting  for over 80 per cen t of w orld p ro d u ctio n  betw een 

1950 a n d  1980.

The d ram atic  econom ic developm ents of the  decade of th e  1970s a n d  

early  1980s cau sed  by th e  increase  in  oil prices led  to a  s teep  decline in  

steel p roduction  in  th e  m ajor refractory  bauxite  co n su m in g  coun tries. 

This resu lted  in  a  fall in  th e  dem and  for th e  p ro d u c t a n d  to a
i

re s tru c tu rin g  of the  in d u s try  th a t  led to a  fu rth e r  decline in  dem and. 

This w as com pounded  by technologic developm ents in  th e  steel in d u stry  

th a t  reduced  the  consum ption  of refractories an d  ad d ed  to th e  reduction  

in dem and  for all refractory  m ateria ls an d  for refracto ry  bauxite  in  

particu la r.

The increase  in  oil p rices in the  decade of th e  1970s also  h ad  a n  

im pact on cost of p roduction  of G uyana refractory  baux ite  th a t  is very 

fuel in tensive com pared  w ith  the  su b s titu te  p ro d u c ts . The s teep  increase  

in the  price of G uyana  refractory  bauxite, in  th e  in d u stry 's  a ttem p t to 

recover increased  cost a n d  to p ro tec t its  revenue in  the  volatile cu rrency  

m ark e t of the  period, p rom oted  th e  developm ent a  m ajor new  source of
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refractory  bauxite  an d  o ther su b s titu te  m ateria ls. T hese developm ents 

changed  the  m ark e t dynam ics for the  p roduct, leading  to falling prices 

a n d  to a  fall in G uyana 's  m arke t share  from over 80 per cen t in the 

decade of the  1970s, to 50 per cen t by the  m iddle of th e  nex t decade. 

G uyana 's m ark e t position deterio rated  fu rther after 1985, a s  lower sales 

volum e and  lower prices reduced  its  p roduction  capability , and  by 2000, 

its  m ark e t share  h ad  fallen to 12 p er cent.
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C hap ter 5 

STATE OWNERSHIP OF THE GUYANA

BAUXITE INDUSTRY

5.1 S ta te  A quisition of the  B auxite In d u stry

Prior to 1971, th e  G uyana bauxite  in d u stry  w as 100 p e r c en t ow ned 

by two of th e  m ajor tran sn a tio n a l co rpora tions in th e  a lum in ium  

in d u stry  — Alcan owning D em erara  B auxite C om pany (Demba) a n d  

Reynolds M etals, Reynolds G uyana M ines. In Ju ly  1971, th e  G overnm ent 

of G uyana acqu ired  the  a sse ts  of the  D em ba, w hich  acco u n ted  for 70 

percen t of the  coun try 's  bauxite  p roduction , a n d  inco rpo ra ted  a  new  

com pany, G uyana B auxite Com pany (Guybau), to own th e  a sse ts  a n d  

m anage the  operation , and  in J a n u a ry  1975 acqu ired  th e  a sse ts  of 

Reynolds G uyana  M ines, an d  incorpora ted  Berbice M ining E n terp rise  

(Bermine), to own the  a sse ts  of th a t  operation.

The unavailab ility  of com peten t adm in istra tive  a n d  techn ical 

personnel to m anage Berm ine, w hich w as form erly m anaged  a s  a  

d ep artm en t of Reynolds M etals in the  U nited S ta tes , led to th e  com pany 

being placed  u n d e r  the  m anagem en t of G uybau , a n d  for a  period of two 

years, th e  two com panies, while m ain ta in ing  se p a ra te  corporate 

identities, were fully in teg rated  adm inistratively . In 1976, th e  H ead Office 

Division of G uybau, w as incorporated  a s  a  sep ara te  com pany , B auxite 

In d u stry  D evelopm ent C om pany (BIDCO), to function  a s  a  holding 

com pany for G uybau  an d  Berm ine, a n d  assigned  responsib ility  for
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developm ent for the  two subsid iaries, in addition to its  original functions 

of m arketing , shipping, custom s, com m unications, an d  legal affairs. In 

1978, G uybau  an d  Berm ine were m erged to form one com pany, G uyana 

Mining E n terp rise  (Guymine) th a t  acquired the  com bined a sse ts  and  

m anaged  the  two operations a s  its  Linden an d  Berbice O perations.

The decline in m etallurgical baux ite  p roduction  after 1978 (see Table 

1.3) followed by the  decline in production  an d  sa les an d  price of 

refractory bauxite  after 1980 (see Tables 4.8 an d  4.14) a n d  the  closure of 

the  a lu m in a  refinery in 1982 led to the  in d u stry  engaging a  nu m b er of 

c o n su ltan ts  to identify the  reaso n s for its declining perform ance an d  to 

recom m end m easu res  for its  rehabilita tion  (see C hap ter 1, pages 11-12). 

These stud ies, in general, identified in heren t high cost of production  as 

an  underly ing  factor b u t concluded th a t  th is  w as acerbated  by 

inefficiency arising  from inadequate  m ain tenance  an d  rep lacem ent of 

p lan t an d  equipm ent, and  ineffective m anagem en t assoc iated  w ith 

sta te-ow nersh ip . They therefore recom m ended su b s ta n tia l capital 

investm ent for the  rehab ilita tion  of the  p lan t an d  m ining equipm ent, and  

various form s of foreign p rivate-en terp rise  involvem ent in the 

m anagem en t to resto re  efficiency.

The inability  of the  in d u stry  to obtain  finance from norm al financing 

sources, m ade G overnm ent in tervention  necessary . This resu lted  in the 

G overnm ent ob tain ing  finance th ro u g h  the E u ropean  C om m unity  Special 

F inance Facility (SYSMIN) Lome 2 Fund , co-financed by the  E uropean  

D evelopm ent B ank  (EDB), The W orld B ank (IBRD) a n d  the  Industria l 

D evelopm ent Agency (IDA). Among the  conditions s tipu la ted  for the  loan
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were (1) re s tru c tu rin g  of th e  in d u stry  to facilitate th e  L inden  O peration  

concen tra ting  on th e  production  of refractory  baux ite  w h ich  w as 

considered  critical to the  E u ropean  C om m unity a n d  N orth  A m erican 

steel in d u strie s , an d  (2) the  Linden O perations be m anaged  b y  a  foreign 

m anagem en t con tracto r, w ith the  objective of re tu rn in g  th e  en tity  to 

profitability in p repara tion  for privatisation . In  keeping w ith  th ese  

conditions the  in d u stry  w as re s tru c tu red  in 1992. G uym ine w as 

dissolved an d  its  Linden an d  Berbice O perations in co rp o ra ted  a s  

separa te  com panies, Linden M ining E n terp rise  (Linmine) a n d  Berbice 

M ining E n terp rise  (Bermine), respectively. Linm ine w as p laced  u n d e r  th e  

m anagem en t of a  foreign con tracto r, M ineral E ng ineers o f A ustra lia  

(Minproc), while B erm ine con tinued  u n d e r local m anagem en t.

While th e  decline in  p roduction  volum es an d  financial perfo rm ance  of 

the  in d u s try  coincided w ith  the  period of s ta te  ow nersh ip  a n d  fea tu res  of 

its m anagem en t strongly su p p o rt the  s ta te  ow nersh ip  parad ig m  of 

b u reau cra tic  an d  inefficient m anagem en t th a t  eventually  re su lte d  in  

d im in ished  perform ance (Radetski, 1985, Page 41), th is  s tu d y  h a s , 

identified a  n u m b er of factors, u n re la ted  to s ta te -ow nersh ip , th a t  d irectly  

con tribu ted  to the  in d u stry 's  loss of com petitiveness in  th e  m ark e ts  for 

its m ajor p ro d u c ts  (C hapters 3 an d  4). The s tudy  identified  a  n u m b e r of 

specific fea tu res assoc ia ted  w ith  sta te-ow nersh ip  th a t  negatively  affected 

the in d u stry 's  perform ance a n d  m ade a  significant co n trib u tio n  to its  

decline. The s tudy  w ould evaluate  the  im pact of th ese  fea tu res , s ta rtin g  

w ith an  exam ination  of the  m otivations for sta te -ow nersh ip , since m any  

of these  fea tu res, h a d  th e ir genesis in the  ra tionale  for sta te -ow nersh ip .
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5.2 The M otivation for S tate-O w nership

The econom ic lite ra tu re  cites the  m otivations for sta te-ow nersh ip  of 

in d u strie s  a s  ideological, econom ic, or political. (Radetzki, 1985, pages 

8-16; K irkpatrick, Lee an d  Nixson pages 156-163). The ow nership of 

in d u strie s  and  m ajor services in Socialist s ta tes , is a n  in trinsic  feature 

of th e ir ideology, hence there  is no need for specific m otivations for 

sta te-ow nersh ip  of in d u strie s  in such  sta tes. In s ta te s  w ith  free m arket 

system s, however, the  m otivations for sta te-ow nersh ip  are norm ally 

econom ic or political.

The econom ic m otivations have, a s  their foundation  m arke t failure, 

bo th  sta tic  an d  dynam ic, an d  externalities an d  linkages th a t  m ake s ta te  

in tervention  necessa ry  for optim ization of welfare to th e  society. S tatic 

m ark e t failure occu rs w hen the  free m arket, left to its  own, m ay develop 

im perfections th a t  re su lt in less th a n  optim al levels of society welfare. 

D ynam ic m arke t failure occurs w hen private en te rp rise  is constra ined  in 

u n d ertak in g  the  investm ent necessary  for the  provision of vital 

in fra s tru c tu re  a n d  essen tia l services, or for th e  developm ent of 

industrie s , or the  exploitation of n a tu ra l resources, considered  critical to 

na tional developm ent. Econom ic ex ternalities ex ist w hen the  

consum ption  or p roduction  decisions of private en te rp rise  are no t 

co incident w ith op tim um  society welfare, while linkages are  im portan t in 

a re a s  of econom ic activity w here lim ited in te rac tion  betw een different 

secto rs m ake public  investm ent necessary , for in d u s tria l growth and  

optim isation  of benefits to the  society.
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The political m otivations are  often com binations of ideology a n d  

econom ics a n d  focus on concepts su ch  as  political em ancipation . In the  

case of newly in d ep en d en t s ta te s , the  sovereignty of s ta te s  over 

ow nership an d  contro l of th e ir n a tu ra l reso u rces a n d  con tro l over 

economic activities are  considered so vital to n a tio n a l econom ic 

developm ent th a t  decision-m aking  on those  activ ities c a n n o t be left 

entirely to private en terp rise .

The political h isto ry  of G uyana over th e  period  of lim ited 

self-governm ent in  1953 to full independence in  1966 h a s  a lready  been  

traced  in  th is  s tu d y  (C hapter 3, Sec 3.1.2.3). The soc ialist o rien ted  

governm ent w hich assu m ed  power in 1953, identified th e  baux ite  

in d u stry  for governm ent in tervention  entirely  from  a n  ideological 

s tandpo in t. Even th o u g h  the  governm ent w as rep laced  after only th ree  

m on ths in  office by a  nom inated  governing body th e  fear of governm ent 

in tervention  rem ained , and  w ith  the  re tu rn  of th e  socia list orien ted  

governm ent in 1967 the  ideological position  w ith  regard  to th e  in d u stry  

rem ained for the  rem ainder of the  colonial period, w hich  ended  in 1966. 

However, the  only a ttem p t a t  in tervention  w as th e  e s tab lish m en t of a  

com m ittee in  1962 to investigate an  econom ic pricing  m odel for baux ite  

for pu rp o ses of taxation . The repo rt of th e  com m ittee, w hich  

recom m ended indexation  of the  price of b aux ite  to th e  price of 

a lum in ium  ingot, w as seen  by the  com pan ies a s  a n  a ttem p t a t  

governm ent in terven tion  an d  w as u se d  by them , together w ith the  

u n stab le  political clim ate, to lim it investm en t in  th e  in d u s try  du ring  a  

period w hen the  sam e com panies, on th e ir own, or in  conso rtia  

a rrangem en ts  w ith o th e r com panies in  the  in d u stry , w ere m ak ing  m ajor
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investm en ts in baux ite  a n d  a lu m in a  capacity in Ja m a ica , Surinam e, 

A ustra lia , Brazil, an d  in  baux ite  production, in Haiti, th e  D om inican 

Republic, an d  W est Africa. The recom m endations of th e  com m ittee were 

endorsed  by the  1964 U nited N ations Technical A ssistance Team  an d  the 

1968 G uyana D evelopm ent C orporation study, bo th  of w hich  poin ted  to 

th e  failure of the  tran sn a tio n a l corporations to invest in  the  in dustry  

w hich h a d  the  po ten tial for full vertical in tegration in  the  a lum in ium  

in dustry , and  recom m ended various form s of G overnm ent in tervention  to 

prom ote its  developm ent. Table 5.1 show s d a ta  provided by the  G uyana 

D evelopm ent C orporation s tu d y  on the  industry 's  con tribu tion  to the 

econom y in term s of G ross D om estic P roduct and  G overnm ent revenue 

over th e  period 1958-1967.
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A ttem pts by the  governm ent to induce the  com panies to expand their 

operations m et w ith  little success, Reynolds, citing h igher production 

costs th a n  those in  Jam aica , an d  both  Alcan an d  Reynolds, high political 

risk  for m ajor investm ent, even w ith the  p rospect of a  change of 

governm ent an d  a n  end  to political instab ility  following the  pending 1964 

elections.

A new  political party  a ssu m ed  power in the  coun try  following the 

elections of 1964, an d  im m ediately en te red  into negotiations w ith the 

com panies for im plem entation  of the  tax  proposals recom m ended by the 

1962 com m ittee. A greem ents were concluded in 1965 w ith bo th  Alcan 

an d  Reynolds, providing tax  a n d  fiscal incentives a n d  concessions on 

leases an d  exclusive exploration perm its a s  in d u cem en ts  for investm ent 

in the  industry . (S hahabuddeen , 1981, pages 141-144). These 

concessions resu lted  only in investm ent in  refractory  bauxite, Reynolds 

investing in new  capacity  for th is  p ro d u c t an d  Alcan investing in 

add itional capacity. N either com pany m ade any  a ttem p t to satisfy the 

governm ent's goal of expansion  w ith in  the  a lum in ium  industry , 

especially forward in tegration  in to  a lum in ium  sm elting, w ith its potential 

for developing the  coun try 's  v ast hydro-pow er resou rces, and  providing 

linkages w ith the developm ent of in d u strie s  in the  re s t  of the economy.

In keeping w ith the  prevailing wave of na tionalism  in form er colonial 

s ta te s , an d  its  b road  socialist political orien tation , th e  new governm ent 

em braced  the  concept of cen tra l p lann ing  of the  econom y as  the  policy 

for econom ic developm ent. U nder the  existing econom ic s tru c tu re , where 

the  baux ite  industry , the  largest foreign exchange earn er, and  the  second
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largest em ployer of labou r a n d  con tribu to r to GDP, rem a in ed  totally  

u n d e r foreign contro l an d  its  p lann ing  in teg rated  in to  the  in te rn a tio n a l 

p lans of its  ow ners, it w as difficult to u n d e rtak e  m ean ing fu l econom ic 

p lann ing  w ith th a t  in d u stry  totally ou tside  the  dom estic  p lann ing  

m echanism . The governm ent therefore se t o u t to e s tab lish  a  ra tio n a le  for 

im plem enting m ea su re s  to im pose som e degree of con tro l over the  

p lann ing  in the  industry . Since the  in d u stry  w as to tally  export orien ted , 

the  purely  econom ic a rg u m en t of sta tic  m ark e t failure w as n o t relevant 

Dynam ic m arke t failure could, however be justified  w here  in v es tm en t in 

the  coun try 's  p rim ary  n a tu ra l resource  w as n o t being u n d e rta k e n  in  the  

a reas  of expansion  of m etallurg ical baux ite  a n d  a lu m in a  p roduction , a n d  

forward in tegration  in to  a lum in ium  sm elting. The governm en t therefore 

advanced the  dynam ic m ark e t failure a rg u m en t along w ith  th e  political 

a rgum en t of ow nership  an d  control of a  critical n a tu ra l  reso u rce  to 

justify  d irect partic ipa tion  in  th e  in d u stry  to en su re  th a t  its  p lan s  were 

co n sis ten t w ith th e  coun try 's  econom ic developm ent p lan s . To achieve 

th is, th e  governm ent en tered  in to  negotiations w ith A lcan for acqu isition  

of a  m ajority  sh are  in its  subsid iary , D em ba.

Alcan did no t object to the  concept of m ajority  sh areh o ld in g  by the  

governm ent, b u t a t  the  opening  of th e  nego tia tions estab lish ed  a  

d istinction  betw een ow nership  an d  control. They po in ted  o u t th a t  while 

Alcan w as conceding m ajority  ow nership  of the  new  jo in t entity , they  

m u s t re ta in  m anagem en t control over the  operation  a n d  have veto 

powers over critical a re a s  of policy. (S hahabudeen , 1981, Page 171). This
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position led to the  break-dow n of the  negotiations over two fundam enta l 

issues:

(1) M anagem ent of the  new  en tity  on w hich Alcan in sisted  on the  right 

to appo in t the  to ta l m anagem en t team , while the  G overnm ent 

iknsisted  on a  jo in t m anagem en t team  com prised  of executives 

appoin ted  by the  two p a rtn e rs .

(2) M edium  and  long-term  p lann ing  for the industry . In th is  a rea , Alcan 

tried  to prescribe expansion  of refractory bauxite  p roduction  as the 

stra tegy  for m edium -term  investm en t w ith them  having  a  veto on the  

direction of long-term  expansion. The G overnm ent's position  w as th a t 

the  b asis  for expansion  shou ld  be viability of pro jects determ ined  by 

feasibility s tud ies  u n d e rta k en  by the  partners.

Failure to reach  agreem ent on th ese  issues led to a  decision by the 

G overnm ent to acquire  the  to ta l a sse ts  of th e  com pany, w ith 

com pensation  being the  only issue  for negotiation.

T hecom pensation  negotiations were long and  in ten se  (S hahabuddeen , 

1981, pages 245-275). The G overnm ent had , in its  proposal to Alcan, se t 

o u t com pensation  based  on w ritten-dow n book value of the  a sse ts  for 

p u rp o ses of taxation , a s  a  non-negotiable condition, b u t conceded to 

a rg u m en ts  advanced by Alcan th a t  th is  w as no t a  tru e  rep resen ta tion  of 

the  value of the  a sse ts . All the  conventional m ethods of a s se t valuation, 

fu tu re  earn ings, m arke t price, rep lacem ent cost, an d  book value were 

exam ined in an  a ttem p t to arrive a t a n  acceptable level of com pensation. 

B ut, in recognition of the  problem s of m ethods for verification of the
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value, ranging  from  independen t valuation  to a rb itra tio n , th e  p arties  

agreed on a  negotiated  value w hich com bined e lem en ts of all th e  

conventional m ethods. On th e  question  of paym ent, ag reem en t w as 

reached  on a  period betw een th a t  corresponding w ith  the  u se fu l life of 

the  a sse ts , p roposed  by Alcan, an d  the  G overnm ent's p roposed  period 

th a t  did n o t m ake paym ent onerous for the  com pany. U pon reach ing  

agreem ent on com pensation , the  G overnm ent a ssu m e d  con tro l of the  

operation  on 15 Ju ly  1971. W ith the  acquisition  of D em ba by th e  s ta te , 

Reynolds M etals, th e  ow ners of the  sm aller Reynolds B erbice M ines, saw  

sta te  acquisition  a s  inevitable, an d  agreed to en te r in to  nego tia tions w ith  

the  G overnm ent for the  acquisition  of the ir a sse ts , w ith  co m p en sa tio n  a s  

the  only negotiable issue. Since th is  com pany 's in v es tm en t w as 

guaran teed  by OPIC, the  negotiations on va lua tion  w ere co n d u cted  

betw een the  G overnm ent and  OPIC, and , u p o n  reach in g  full ag reem ent, 

the  G overnm ent a ssu m ed  ow nership  of the  a sse ts  on  1 J a n u a ry  1975. 

Therefore, the  en tire  in d u stry  fell u n d e r sta te -ow nersh ip  a n d  contro l 

u n til 1990 w hen a  new  50:50 jo in t ven tu re  p ro jec t betw een  th e  

G overnm ent an d  Reynolds In te rn a tio n a l (RII) w as estab lish ed , w ith  

Reynolds a ssu m in g  full m anagem en t a n d  effective con tro l of the  

operation.

5.3 The Im pact of S ta te-ow nersh ip  on the  In d u stry

It w as show n earlier in th is  s tudy  th a t  a  n u m b e r of exogenous 

econom ic, technologic an d  m ark e t forces directly affected th e  volum e of 

p roduction  an d  G uyana 's  m ark e t sh a re  for its  m ajo r p ro d u c ts . In 

addition  to th ese  forces, s ta te  ow nership , th ro u g h  a liena tion  of the
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in d u stry  from  the  m ainstream  of the  world a lum in ium  industry , and  

in troduction  of a n  ineffective m anagem ent s tru c tu re , negatively affected 

its  perform ance. The principal fea tu res directly a ttrib u tab le  to 

sta te-ow nersh ip , to be evaluated  are (1) loss of econom ies of vertical 

in tegration  w ith in  the  a lum in ium  industry ; (2) loss of efficiency resu lting  

from the  o rgan isational an d  m anagem ent s tru c tu re  of the  industry ; (3) 

absence  of clear definition of objectives for the  industry ; (4) lack of 

m anagem en t accountab ility  and  (5) loss of m anageria l an d  technical 

skills.

5.3.1 Loss of Econom ies of Vertical In tegration

Prior to its  acquisition  by the  sta te , the  industry  w as fully in tegrated 

into the  world baux ite-a lum ina-a lum in ium  in d u s try  th rough  the 

ow nership  of the  two com panies by Alcan an d  Reynolds, respectively, the 

second an d  th ird  largest world in teg rated  a lum in ium  producers. D uring 

the  negotiations for the  acquisition  of D em ba, Alcan advanced 

argum en ts , supported  by da ta , to show the  ex ten t to w hich the 

com pany 's viability w as dependen t on the  linkages w ith  the  Alcan system  

in the  a re a s  of m arketing , shipping, pu rchasing , m anagem ent, technical 

suppo rt, an d  financing. (S hahabudeen , 1981, page 181).

U nder th e  existing in d u stry  s tru c tu re , D em ba's to ta l m etallurgical 

bauxite  p roduction  w as consum ed  in  A lcan's Q uebec a lu m in a  refinery, 

while its  to ta l a lum ina  p roduction  w as consum ed  in Alcan owned 

a lum in ium  sm elters in C an ad a  a n d  associate  sm elters  in Norway. The
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com pany 's refractory  baux ite  production , w hich w as n o t co n su m ed  by 

the  a lum in ium  in dustry , w as sold in ternationally  th ro u g h  th e  Alcan 

world wide m arke ting  system . In  the  case of Reynolds B erbice M ines, the  

to tal m etallurgical baux ite  p roduction  w as consum ed  in  R eynolds C orpus 

C hristie an d  H urricane  C reek a lu m in a  refineries in  th e  U nited  S ta te s  an d  

its chem ical an d  refractory  baux ite  sold an d  d is tr ib u ted  th ro u g h  the  

Reynolds in te rn a tio n a l m arke ting  system . These a rra n g e m e n ts  provided 

guaran teed  m ark e ts  for the  in d u stry 's  m ain  p ro d u c ts  a n d  rem oved the  

need for the  operating  com panies to m ain ta in  expensive overseas 

m arketing  o rgan isa tions a n d  incu rring  h igh  m ark e tin g  c o s ts  for th e ir 

ou tpu t.

In the  a re a  of sh ipping , th e  to ta l logistics for D em ba's p ro d u c ts  were 

in tegrated  in to  the  A lcan sh ipp ing  system  w ith sh ip s  ow ned o r u n d e r  

long-term  c h arte r  by the  Alcan sh ipping  subsid ia ry  S aguenay  Shipping. 

Saguenay u n d erto o k  sh u ttlin g  of bauxite  from G u y an a  to th e  A lcan 

tran sh ip m en t facility in  T rin idad  an d  loading bo ttom  cargoes in  G uyana 

an d  topping  off a t  the  tra n sh ip m en t sta tion  to in crease  th e  size of 

sh ipm en ts to C anada. The com pany 's a lu m in a  sh ip m en ts  to C an ad a  a n d  

Norway benefited from  increased  sh ipm en t size th ro u g h  sh ip s  loading to 

the  lim ited d ra u g h t in  G uyana, an d  topping  off w ith  a lu m in a  a t  A lcan's 

a lum ina  sh ipp ing  term ina l in  Jam aica . The com pany 's refracto ry  baux ite  

sh ipm en ts to N orth A m erica a n d  E urope were also sh ip p ed  a s  b ack -h au l 

cargoes on Saguenay  sh ip s  providing liner services to th ese  a reas , 

thereby  allowing the  com pany to achieve m ore favourable freight ra tes .
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The m ajor in p u ts  to the  com pany 's operations were also in tegrated 

into the  p u rch asin g  co n trac ts  of the Alcan group an d  therefore 

partic ipa ted  in the  econom ies of large scale p u rch asin g  enjoyed by the 

group. This w as of p a rticu la r significance in the  p u rch a se  of fuel oil, 

caustic  soda, item s of m achinery  an d  equipm ent a n d  spare  parts . The 

sh ipm en t of these  in p u ts  w as also in tegrated  into the  Alcan shipping 

system . The Alcan sh ips sh u ttlin g  bauxite  to T rin idad  were specially 

equipped to carry  oil a s  re tu rn  cargo. M achinery a n d  equipm ent and  

sp a res  im ported from N orth Am erica and  E urope were tran sp o rted  in 

sh ip s of the  Saguenay liner service, while caustic  soda  for the  a lum ina  

refinery w as com bined in sh ip m en ts  on Alcan ch arte red  sh ip s  w hich first 

d ischarged  a t the  Alcan d ischarge term inal in Ja m a ic a  before proceeding 

to G uyana, w ith its  lim ited d rau g h t, a s  the final p o rt of d ischarge.

D em ba benefited from the  Alcan Technical an d  E ngineering Services 

for its  bauxite  m ining an d  processing  an d  for its  a lu m in a  refinery 

operations. These services included  the  c o n s tan t involvem ent of Alcan 

techn ical personnel in the  G uyana  operations to provide supervision, 

tra in in g  an d  techn ical advice to the  local personnel, an d  th e  secondm ent 

of p ersonnel from th e  G uyana opera tions to the  Alcan facilities in C anada  

for tra in in g  an d  acquiring  experience. The Alcan L aboratories in C anada  

also provided resea rch  a n d  developm ent services for Dem ba, w ith 

personnel from th a t  facility u n d ertak in g  tra in ing  of personnel for the  

G uyana  operations.

While D em ba, over the  years, h ad  estab lished  its  own com petent 

m anagem en t team  who were fam iliar w ith local conditions, the  full
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streng th  of the  Alcan in te rnational m anagem en t o rg an isa tio n  w as 

available to the  com pany to deal w ith specific m an ag em en t problem s. 

Top level A lcan m anagem en t personnel becam e involved in  a re a s  su ch  a s  

long-term  p lanning , financial p lann ing  an d  pro ject m an ag em en t, while 

personnel from  the  G uyana  opera tions acquired  valuab le  experience from  

working along w ith A lcan m anagem en t personnel bo th  in  G u y a n a  an d  in 

their C anad ian  a n d  Ja m a ic a  operations.

In addition  to the  d irect linkages w ith the  p a re n t com pan ies, the  

subsid ia ries benefited from ex ternal econom ies of scale th ro u g h  the  

in ter-com pany re la tionsh ip s th a t  existed betw een th e ir  p a re n t com panies 

and  o ther m ajors in  the  a lum in ium  industry . T hese in c lu d ed  p ro d u ct 

exchange ag reem en ts u n d e r w hich the  com pan ies su p p ly  p ro d u c ts  

against each  o th e r 's  co n trac ts  to reduce freight co sts , sw apping 

a rrangem en ts  to sm ooth  supply  an d  dem and  flu c tu a tio n s , a n d  jo in t 

shipping a rran g em en ts  for bo th  p ro d u cts  an d  in p u ts  to th e  in d u stry .

The acqu isition  of the  two en tities by the  s ta te  re su lte d  in the  

com panies becom ing vertically d isin tegrated  from  th e  sy s tem s of th e  

form er p a re n t com panies an d  G uyana being a lien a ted  from  the  

m ain stream  of the  world baux ite -a lum ina-a lum in ium  in d u stry . Betw een 

1971 a n d  1990, G uyana  becam e the  only baux ite  p ro ducing  country , 

outside the  E as te rn  Bloc th a t  h a d  no linkages w ith th e  sy stem s of th e  six 

m ajor in te rn a tio n a l a lum in ium  com panies. The in d u stry , therefore, lo st 

the  g u a ran teed  m ark e ts  for its  m etallurg ical baux ite  a n d  a lu m in a  even 

though  the  prevailing sh o rt to m edium  term  sta te  of th e  m a rk e t for those  

p ro d u cts  reduced  th e  im pact of th is  lo ss—Alcan itself co n tin u in g  to buy  a
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su b s ta n tia l p a rt of the  m etallurgical bauxite  for a  period of ten  years 

after na tionaliza tion—an d  new  custom ers readily found for the 

rem ainder. The com pany w as also able to find lucrative new  m arke ts for 

its  a lu m in a  in the  Soviet Union, U nited Kingdom, G erm any an d  Brazil. In 

the  case  of refractory bauxite, w hich w as no t consum ed  by the  p a ren t 

com panies, the  position w as completely different. The industry 's  

m onopoly of the  m arke t for th is  product, an d  the  excess of supply  over 

dem and  for the  10 years following the  first s ta te  acquisition  m ade it easy 

for the  to ta l p roduction  to be sold a t  h igher prices th a n  those obtained 

before acquisition  by the  state . However, the  in d u stry  lost the  benefits of 

the  econom ies of m arketing  w ith in  the  in tegrated  Alcan an d  Reynolds 

system s an d  h ad  to find m ark e ts  for its  p roducts an d  estab lish  a  

dom estic m arketing  an d  sh ipp ing  organisation  together w ith the 

appo in tm en t of agen ts for the  in te rnational m arketing  of its  p roducts.

The com panies also lost the  econom ies of large-scale pu rchasing  

enjoyed by the  groups to w hich they  originally belonged and , therefore, 

paid  h igher prices for the ir m ajor inpu ts . G uybau, for in stance , from its 

inception, h ad  to pay a  10 per cen t p rem ium  on the  price of fuel oil, a  50 

per cen t increase  on the  cost of sh ipping  it from T rinidad, an d  a n , 

increase  of 25 p ercen t on the  price of caustic  soda  for its  a lum ina  

refinery. (G uybau p u rch ase  a n d  freight co n trac ts  1971-1973). The 

com pany, th rough  its  inability to u tilise  the  Alcan-owned tran sh ip m en t 

facility in  T rinidad a n d  the  S aguenay  liner sh ips, initially h ad  to reso rt to 

the  u se  of sm all sh ip s for its refractory  bauxite  sa les w hich increased  its 

sh ipp ing  cost by 30-40  per cen t on sales to Europe. The com pany w as 

able la te r to negotiate an  ag reem en t w ith Alcan for the  u se  of the
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Trinidad facility, b u t  found  th a t  the  reduction  of th e  th ro u g h p u t 

resu lting  from  Alcan changing  its  bauxite  supply  sou rces, in creased  its  

hand ling  costs  by 20-25  per cent.

The m ost significant im pact of loss of vertical in teg ra tio n  w as in  

financing. U nder the  Alcan system , the  to tal group  finances were 

m anaged  by the  Alcan subsid iary , A lcan F iduciaries, w hich  m anaged  the  

allocation of fu n d s for p ro jects to th e  operating  subsid ia ries. B ecause of 

the  size of its  in te rna l resou rces a n d  estab lished  c red itw orth iness, A lcan 

w a able to secu re  finance for investm en t a t  the  low est m a rk e t ra te s . 

While D em ba h ad  to com pete w ith  o ther com panies in  th e  group  for 

finance for project developm ent, su c h  financing w as read ily  available 

once the  pro jects w ere approved w ith the  com pany  enjoying the  

favourable in te res t ra te s . As a  com pany outside  th e  A lcan system , the  

new  com pany lost the  benefits of th e  Alcan financial pool a n d  the  A lcan 

cred itw orth iness and  therefore h a d  to raise  finance on  th e  s tre n g th  of th e  

viability of its  p ro jects an d  on its  financial perform ance, often  needing  

governm ent g u a ran tee s  for its loans. The in d u s try  h a d  no  problem  

raising  finance for the  expansion  of refractory baux ite  capacity  w ith  a  

dem onstra ted  high ra te  of re tu rn , b u t  even th is  w as ob ta in ed  a t  a  ra te  of 

in te res t two percen tage p o in ts  h igher th a n  Alcan w ould have paid . I t w as 

also able to secure  financing  from  foreign s ta te  sp o n so red  financing  

agencies, like the  N etherlands E xport C redit G u aran tee  O rgan isa tion  for 

the  im provem ent of its  bauxite  loading ports, a n d  from  th e  E u ro p ean  

U nion an d  o th er In te rn a tio n a l lend ing  agencies for re su sc ita tio n  of the  

opera tions after its decline following the  h a rs h  econom ic cond itions of 

the  early 1980s. It w as, however, u nab le  to secu re  financing  for
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investm ent in the  expansion  of its m etallurgical baux ite  and  alum ina 

operations and  for the  rep lacem ent of critical item s of m ining equipm ent 

to improve its m ining capability. The in d u stry 's  inability  to secure 

finance for m odification of the  a lum ina  refineiy to im prove the  quality of 

the  p ro d u ct to m eet new m ark e t requ irem ents, led to its  perm anen t 

closure since 1982. Also, its  inability to secure  finance for projects to 

reduce p roduction  cost of refractory  bauxite an d  diversify its refractory 

bauxite  p roduct s tream  con tribu ted  to the  deterio ration  an d  eventual 

loss of its  position in  the  refractory  bauxite m arket.

The loss of the  Alcan Technical and  Engineering, services, the  Alcan 

m anagem en t services, and  the  resea rch  and  developm ent services, m ade 

it n ecessary  for the  com pany to engage the  services of high cost 

consu lting  o rgan isations to provide these  services an d  to it having to 

estab lish  an d  staff its  own resea rch  and  developm ent facilities.

5 .3 .2  Ineffective O rganisation  a n d  M anagem ent S tru c tu re

A fundam en ta l feature  of sta te-ow nersh ip  is th e  prerogative of the 

governm ent, a s  rep resen ta tive  of the  shareho lders , to appo in t the 

m em bers of the  board  of d irectors of th e  com pany. The degree of 

governm ent involvem ent in appo in tm en t of the  sen ior m anagem en t and  

in the  day-to day  m anagem en t of the  com panies could , however, vary 

according to the  role of the  in d u stry  in the  na tional econom y and  the 

inclinations of the  political d irectorate . The effect of th is , in  the  context of 

G uyana, h a s  been  a  p reponderance  of political appo in tees on the  board
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and , over the  p a s t ten  years, increasing  governm ent involvem ent in  the  

appo in tm en t of m anagem en t, an d  in day-to-day o p era tio n s of the  

com panies in  the  in dustry .

Upon the  acqu isition  of Dem ba, the  governm ent appo in ted  a  

com pletely non-executive board  w ith the Chief Executive Officer a n d  

Chief F inance Officer of the  com pany a s  the  only executive m em bers. 

While a  n u m b er of indiv iduals from the private b u s in e ss  sector w ere 

appoin ted  to the  board , they  were m ainly ind iv iduals sym pathe tic  to th e  

governing party  an d  n o t selected on their ability to co n trib u te  to policy 

form ulation an d  to deliberations on m ajor com pany  issues. The 

governm ent also delegated very lim ited policy-m aking a u th o rity  to th e  

board. The C hairm an  of the  board  w as appo in ted  by th e  governm ent a n d  

w as accoun tab le  to th e  M inister w ith responsib ility  for th e  in d u s try  a n d  

n o t to the  board . He functioned, initially, in  a  q u asi executive position , 

holding the  position of h ead  of the  com pany 's h ead  office a n d  charged  

w ith  executive responsib ility  for m arke ting  a n d  sh ipp ing , 

com m unications, public  re la tions an d  legal affairs, w hile a t  the  sam e 

tim e holding the  su b stan tiv e  position  of Chief E xecutive Officer of 

an o th e r s ta te  agency. The real locus of au th o rity  in  th e  o rg an isa tio n  w as 

therefore vested in  the  Chief Executive Officer, who w as appo in ted  by th e  

G overnm ent an d  n o t th e  board .

In  drafting  th e  o rgan isational s tru c tu re  an d  appo in ting  top  

m anagem en t personnel, the  G overnm ent violated a  fu n d am en ta l 

principle of effective m anagem en t—failure to e s tab lish  a  clear a n d  

identifiable line of au th o rity  ru n n in g  th rough  the  o rgan isation . The C hief
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Executive Officer h ad  an  am biguous reporting re la tionsh ip , de ju re , 

reporting  to the  C hairm an  of the  board , b u t de facto having a  parallel 

reporting  re la tionsh ip  w ith the  C hairm an, to th e  M inister, and  

accoun tab le  to the  M inister an d  n o t to the  C hairm an. Shortly after the 

acquisition , the  position  of C hairm an  of the  board w as converted to th a t 

of a  full-tim e executive. This, however, did no t change the au thority , 

accountab ility  rela tionsh ip  betw een him  and  the Chief Executive Officer.

Following the  acquisition  of Reynolds G uyana M ines an d  the 

incorporation  of Berm ine a s  a  separa te  com pany, the  H ead Office division 

of G uybau  w as incorporated  a s  separa te  com pany, B auxite Industry  

D evelopm ent Com pany (BIDCO), to function as  a  holding com pany, for 

the  two separa te  en tities in  the  industry  a n d  w as assigned  

responsib ilities a s  outlined  earlier in  the  study  (see section 5.1), w ith the 

C hairm an  a s  its full-tim e Chief Executive Officer. U nder the  new 

s tru c tu re , the  subsid iary , B erm ine, however, h a d  its  own board  of 

d irectors w ith a n  independen t non-executive chairm en  appo in ted  by the 

G overnm ent, an d  de ju re , subo rd ina te  to the  C hairm an  of the  Board of 

BIDCO, b u t de facto, m ain ta in ing  a  d irect reporting  re la tionsh ip  w ith the 

M inister.

The m erger of the  two com panies in  1977 to form  Guym ine, fu rther 

s treng thened  the  position of the  Chief Executive Officer of the  form er 

G uybau  who assu m ed  the  role of C hairm an  and  Chief Executive Officer 

of the  m erged com pany. While still, de ju re , reporting  to the  C hairm an  of 

the  holding com pany, the  ch a irm an  of the  subsid ia iy , de facto, 

m ain ta ined  the  d irect reporting  re la tionsh ip  w ith the  M inister. This
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am biguous m anagem en t s tru c tu re  persisted  th ro u g h o u t th e  en tire  period 

of sta te-ow nersh ip , de terio rating  after 1986 to the  po in t w here the  C hief 

Executive Officer of th e  subsid ia ry  an d  th e  C ha irm an  of th e  hold ing  

com pany, reported  separa tely  to the  M inister on c rita l a sp e c ts  of the  

in d u stry ’s operations. W ith the  re s tru c tu rin g  of the  in d u s try  in 1992, 

involving the  d isso lu tion  of G uym ine an d  the  inco rpora tion  of Linm ine 

and  Herm ine, the  com position of th e  boards becam e m ore politicised a n d  

the  au th o rity  re la tionsh ip s less clearly defined. The m em b ersh ip  of th e  

boards w as com prised totally  of p e rso n s affiliated to political p a rtie s  an d  

trade  un io n s, except for the  ex officio m em bers. U nder th is  new  

s tru c tu re , th e  ch a irm an sh ip  of the  board  of the  ho ld ing  com pany, 

BIDCO, w as converted to a  non-executive position  w ith  th e  form er 

ch a irm an  designated  a s  Chief Executive Officer an d  th e  b o a rd  assigned  

certa in  res id u ary  pow ers over the  boards of the  subsid ia ries. The de facto 

position, em erged a s  one in  w hich the  boards of th e  su b s id ia rie s  

a ssu m ed  g rea ter involvem ent in the  day-to day  o p e ra tio n s  of the  

com panies, w ith  the ir chairm en  a n d  even individual m em b ers  reporting  

d irect to the  M inister on  issu e s  of com pany policy a n d  o p era tions .

The chaotic  top m anagem en t s tru c tu re , w ith u n c le a r  p lacem en t of 

responsibility , au th o rity  an d  accoun tab ility  th a t  pe rs is ted  in  th e  in d u s try  

for 30 years  h a s  been  a  m ajor con tribu to ry  factor to its  decline. The 

absence  of a  clear locus of decision m aking in the  o rgan isa tion  m ade 

policy form ulation  a n d  im plem entation , a n d  p lann ing  in  th e  in d u stry , 

nearly  im possible, a n d  resu lted  in slow im plem enta tion  of decisions a n d  

to long an d  indeterm inate  d iscu ssio n s on the  so lu tion  to p rob lem s th a t  

needed qu ick  decisive action. The g rea ter involvem ent of th e  M inister in
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the  day-to day m anagem ent of the  in d u stry  also led to purely 

m anagem en t decisions often having to aw ait cab inet decision for 

im plem entation  consequently  to the  cessation  of decision m aking by the 

m anagem ent.

5 .3 .3  U nclear Definition of Objectives

The industry , consisten t w ith s ta te  en terp rise  world wide, suffered 

from  failure by the  G overnm ent to estab lish  clear definitive objectives for 

the  industry , often "sim ultaneously  em bracing m ultip le and  som etim es 

conflicting objectives" (Radetzki, 1985, page 38). This accorded 

m anagem en t a lm ost un lim ited  discretion in se tting  and  in terpreting  

in d u s try  objectives. While broadly  em bracing the  objective of profitability, 

the  very concept of profitability w as d ilu ted an d  no t viewed in term s of 

quantifiab le  re tu rn  on investm en t or capital em ployed, b u t in te rm s of 

qualitative benefits to the  com m unity  in w hich the  en terp rise  w as located 

or to the  society in general, w ith  no a ttem p t being m ade to quantify  even 

those  benefits in  cases w here they  were quantifiable. In th is  context, 

w hen  the  in d u stry 's  ra te  of re tu rn  on capital em ployed s ta rted  falling 

below conventional com m ercially acceptable levels, it w as easy for the 

m anagem en t to prom ote the  qualitative social benefits in v indication of 

its  perform ance.
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5.3 .4  Inadequate  A ccountability

The am biguous o rgan isation  s tru c tu re  resu lted  in  difficulties in  th e  

p lacem en t of responsib ility  an d  accountab ility  for perfo rm ance  in  th e  

industry . U nder the  private en terp rise  system , in sp ite  of th e  d ilu tion  of 

ow nership  an d  the  increasing  contro l of m anagem en t over th e  opera tions 

of com panies, the  shareho lders are  still seen  a s  hav ing  th e  u ltim ate  

power of sanction  over the  m anagem ent. In the  case  of th e  in d u s try —a 

charac te ristic  of sta te-ow ned  o rgan isa tions—th e  id en tity  of the  

shareho lders is never clearly defined (Radetzki, 1985, pages 38-30), th e  

tendency  in G uyana being to conveniently  u se  th e  te rm  "shareholder", 

w hen referring to the  governm ent, a n d  "shareho lders” w hen  referring  to 

the  populace. In n e ith e r case  is it a  clearly identifiable g roup , w hich  

m akes it difficult to identify th e  sanction ing  body.

The board  of d irectors who were appo in ted  by th e  governm ent in  its  

capacity  a s  shareho lder w as, th ro u g h o u t the  en tire  period of 

sta te-ow nersh ip , com prised  of ind iv iduals w ith  lim ited  b u s in e ss  

experience an d  were never in a  position to properly evaluate  th e  lim ited 

inform ation provided by the  m anagem ent. The board  w as a lso  delegated  

lim ited au th o rity  over norm al board  functions su ch  a s  policy fo rm ula tion  

an d  decision-m aking  on issu e s  su c h  a s  expansion  or con trac tion  of 

p roduction , p lan t c losures, a n d  the  appo in tm en t a n d  d ism issa l of sen io r 

m anagem en t personnel. It w as, therefore im possible to  ho ld  th e  b o a rd  

accoun tab le  for the  in d u stry 's  perform ance.

At the  top executive m an ag em en t level, th e  ab sence  of a  c lear line of 

au tho rity , m ade it im possible to a tta c h  accoun tab ility  to any  one
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individual, hence, since the en tire  top m anagem en t could no t be 

sanctioned  for poor in d u stry  perform ance, sanctions were generally no t 

applied. The m anagem en t of the  in d u stry  w as therefore never m otivated 

to strive for the  h ighest level of perform ance, since accountability  could 

n o t be a ttach ed  to any  group or even to any  individual.

5 .3 .5  Loss of Skills

The loss of skills a t  m anagerial, technical, an d  operative levels w as an  

a re a  in w hich the  in d u stry  suffered g rea test du ring  the  period of 

sta te-ow nersh ip . While th is  phenom enon can n o t be blam ed entirely on 

sta te -ow nersh ip  b u t w as rela ted  to the  general econom ic and  political 

clim ate in the  coun try  during  the  period, public policy con tribu ted  in a  

significant way to the  exodus of skills from the industry . Soon after the  

acquisition  of the  in d u stry  by the  s ta te , the  G overnm ent em barked on a  

policy of s ta te  acquisition  of the  o ther m ajor in d u strie s , and , by the  end 

of the  decade, the  s ta te , th rough  its  control of the  civil and  public 

services an d  its  ow nership  of m ost of the  m ajor in d u stria l en terp rises, 

becam e the largest em ployer in  the  country . The oil crisis of the  1970s 

h a d  a  devasta ting  effect u p o n  the  coun try 's  econom y leading to high 

inflation, loss of foreign exchange earn ings, devaluation  of the  currency, 

an d  the  im position  of contro ls on im ports an d  foreign exchange. The 

G overnm ent, in a n  a ttem p t to control the  high ra te  of inflation, in s titu ted  

con tro ls on w ages an d  im plem ented a  policy of s tan d ard isa tio n  of w ages 

a n d  em olum ents in the  s ta te  controlled sector. T his led to a  rap id  

lowering of the  s ta n d a rd  of living in  the  baux ite  com m unities, w hich
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prior to s ta te  acquisition , operated  as econom ic enclaves w ith  th e  

em olum ents of sen ior an d  techn ical m anagers a n d  skilled personnel, 

th ree  tim es and  two tim es, respectively, those of the ir c o u n te rp a r ts  in  the  

public service an d  o th er secto rs of the  economy. The effect of th ese  

developm ents w as a n  exodus, first of m anagem ent, a n d  la te r  of skilled 

technical personnel w ho were capable of finding em ploym ent in  foreign 

countries. As the  s itu a tio n  de terio ra ted  after the  second oil c ris is  an d  th e  

world recession  th a t  followed betw een 1981 an d  1983, th e  h igh  inflation 

ra tes  th a t  charac te rised  the  period an d  the  consequen t rise  in  th e  cost of 

living, there  w as a  fu rth e r  exodus of skills from the  in d u stry . Betw een 

1975 a n d  1985 it h a d  lo st nearly  the  whole of its  top m an ag em en t a n d  a  

significant portion of its  technical, m iddle m anagem en t, a n d  tra in ed  

skilled personnel.

5.4 C hange in G overnm ent Policy on S ta te  O w nership

The decline in the  co u n try 's  econom y, an d  in th e  bau x ite  an d  o th e r 

state-ow ned in d u strie s , together w ith  p ressu re  from  in te rn a tio n a l lend ing  

agencies an d  the  general decline of the  Socialist ph ilosophy, led to th e  

G overnm ent, after 1985, revising its  policy on s ta te  ow nersh ip . U nder th e  

new policy, the  baux ite  in d u s try  w as open to all levels of private  

ow nership  and  contro l rang ing  from m anagem en t by foreign private  

con trac to rs to full ow nersh ip  a n d  control of en tities  in th e  in d u stry . T his 

change in  policy re su lted  in  th e  re tu rn  of Reynolds M etals to  th e  

industry , in a  jo in t v en tu re  w ith  th e  G overnm ent referred  tc  earlier in  th e  

study. O ther com panies in  the  b au x ite -a lu m in a-a lu m in iu m  in d u s try  also
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expressed  in te re s t in  the  developm ent of new projects an d  undertook  

per-feasibility a n d  feasibility stud ies on possible new  m ining projects and  

the  rehab ilita tion  of the  a lum ina  refinery. None of these  projects, 

however, m aterialised.

A cen tra l fea tu re  of the  change in G overnm ent policy w as the 

d ivestm ent the  existing state-ow ned entities in th e  bauxite  industry  

w hich it sough t to im plem ent u n d e r a  fram ew ork of re-capitalisa tion  

u n d e r  w hich the  governm ent w ould con tinue  a s  a  40 per cen t 

shareho lder in the  divested entities. All the  a ttem p ts  a t  d ivestm ent of the 

en tities have, so far, been unsuccessfu l. The rea so n s  for the  failure of 

th ese  a ttem p ts  have no t been fully analysed. It appears , however, th a t 

the  stra tegy  of p resen ting  the  en tities for p rivatisa tion  u n d e r public 

tender, is n o t co n sis ten t w ith the  m odus operand! of the  m ultinational 

corporations, w hose preference is to approach  su c h  negotiations on a 

b i-la teral basis. The G overnm ent's app roach  to th e  d ivestm ent of the 

in d u stry , also ap p ea rs  to be co n sis ten t w ith the  developm ent of sm all 

scale pro jects w ith a  low probability  of being econom ically viable:

(1) Linm ine h a s  control over 800 million tonnes of baux ite  resou rces th a t 

could  be u se d  for bo th  the  developm ent of a  large-scale m etallurgical 

a n d  a lu m in a  operation  in  addition  to the p roduction  of refractory 

baux ite  a n d  o ther grades of non-m etallu rg ical bauxite. The 

G overnm ent, however prom oted th e  d ivestm ent of the  entity  a s  a  

p roducer of refractory baux ite  a t  a  tim e of con traction  of the 

refractory  baux ite  m arket, falling prices, an d  w idespread  bank rup tcy  

a n d  re-o rgan isation  of the  in te rna tiona l refractories industry . This
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stra tegy  h ad  the  effect of restric ting  the  field of p rospective investo rs 

to com panies in the  refractories a n d  refractory  raw  m ateria ls  

in dustry , a  field com prised essen tia lly  of sm all a n d  m ed ium  sized 

com panies lacking the  financial reso u rces to acquire th e  a s s e ts  of the  

en tity  an d  secu re  the  cap ita l n ecessa ry  for its  re su sc ita tio n  an d  

expansion .

(2) No a ttem p t w as m ade to p u rsu e  the  findings of a  feasibility  s tu d y  

u n d e rta k e n  by Alcoa (Alcoa, 1999) th a t  estab lished  th e  econom ic 

feasibility of large-scale baux ite  m ining pro jects bo th  in  B erbice an d  

Linden, involving cap ita l investm en t lower th a n  th a t  for developing 

sim ilar capacity  in  any o th er baux ite  p roducing  coun try . The 

invitation  for b ids for B erm ine in  2000  p resen ted  th e  com pany  a s  a  

sm all diversified bauxite  p roducer a n d  consequen tly  a ttra c te d  

in te res t only from  A roaim a B auxite Com pany, th e  jo in t-v en tu re  

com pany betw een the  G overnm ent a n d  Reynolds. A roaim a B auxite 

C om pany 's in te res t appeared  to be acqu isition  of th e  com pany 's 

baux ite  resou rces hence th e ir b u s in e ss  p lan  involved only a  m erger 

of the  two com panies an d  ra tionaliza tion  of th e ir o p e ra tio n s w ith no 

p lan s  for expansion .

(3) Tim ing is a  critical factor in decisions by th e  tra n sn a tio n a l 

co rpora tions on m ajor new  investm en ts or acqu isitions. The tim ing  

of th e  a ttem p t to  divest th e  en tities in  G uyana  w as in ap p ro p ria te  in  

the  u n se ttled  s ta te  of the  a lum in ium  in d u stry , w hich  a t  th a t  tim e, 

w as in the  p rocess of undergo ing  the  m o st com prehensive 

re s tru c tu rin g  in its  h istory. The in d u s try  is still in  the  p rocess of
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rationalising  capacity  an d  production  levels, supply  sources, 

m arketing  an d  m anagem ent to accom m odate its  new  s tru c tu re  and  

ow nership. In the  c u rren t depressed  s ta te  of the  industry , it is highly 

im probable th a t  any  of the  m ajors in  the  in d u stry  w ould be prepared  

to com m it to a  m ajor investm ent, especially in a n  en tity  experiencing 

difficulties a n d  needing large in p u ts  of capital.

(4) S ta tem en ts  em anating  from the  G overnm ent have led to u n certa in ty  

in the  m inds of prospective foreign investors a b o u t its  com m itm ent to 

the  industry . These s ta tem en ts  create  the im pression , th a t  the 

G overnm ent is resigned to the  failure of p ro jects in the  industry , 

th ro u g h  its  perceived in h eren t uncom petitiveness in  the  m etallurgical 

baux ite  an d  a lu m in a  m arkets.

(5) A ttem pts to privatise Linm ine a s  a  d isin teg rated  entity  h a s  also 

c rea ted  the  im pression  th a t  a  new  investor w ould be faced w ith 

m onopolies for the  supply  of vital services su c h  as power and  

m ain tenance  or m ay have to u n d e rtak e  add itional investm ent to 

re -estab lish  su c h  services.

(6) The proposed privatisation  m odel u n d e r  w hich th e  governm ent p lans 

to re ta in  a  su b s ta n tia l sh a re  in the  new  en tities  m ay have been 

influenced by the  m odel in itia ted  by Reynolds for the  50-50 

jo in t-ven tu re  A roaim a project soon after the  new  policy on ow nership 

w as im plem ented  late in the  decade of the  1980s. While prospective 

tran sn a tio n a l investors have n o t com pletely rejected  a  form ula with 

G overnm ent involvem ent, they  are re lu c ta n t to accep t a  m odel where
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the  level of th a t  involvem ent is  im posed on th em  a n d  leave th em  

u n c e rta in  of the  degree of control they w ould have over th e  entity.

The d ivestm ent of th e  sta te-ow ned  com panies is un like ly  in  th e  

c u rre n t s ta te  of the  a lum in ium  a n d  refractories in d u strie s . The s itu a tio n  

in the  a lum in ium  in d u stry  how ever could change after 2 005  w hen th e  

cu rre n t ra tionalisa tion  of the  in d u s try  is com plete an d  its  econom ic s ta te  

improved. The s itu a tio n  w ith  th e  refractories in d u s try  is som ew hat 

different since the  in h e re n t s tru c tu re  of th is  in d u stry  is n o t conducive to 

the  u n d ertak in g  of large overseas investm ents. The G overnm ent, 

therefore, m ay need to com pletely re -a ssess  its  position on  d ivestm en t of 

the  in d u stry  an d  u n d e rta k e  the  investm ent necessary  to m ain ta in  th e  

existing levels of p roduction  u n til there  is a  change in  th e  investm en t 

environm ent in the  a lum in ium  industry .

5.5 C onclusion

S ta te  ow nership  of th e  G uyana  bauxite  in d u s try  s ta r te d  in  1971. The 

probability  of s ta te  in terven tion , w hich em erged d u rin g  th e  political 

cam paign for the  1953 elections an d  fear of acqu isition  by the  s ta te , 

however, con tinued  over the  en tire  period 1953-1970  w hen th e  

a lum in ium  in d u stry  w as experiencing its m ost rap id  grow th a n d  sh ifting  

the  locus of a lu m in a  p roduction  from  alum in ium  p roducing  to b aux ite  

p roducing  coun tries. T his developm ent con tribu ted  to th e  diversion of 

investm ent in the  in d u s try  aw ay from G uyana. The u n s ta b le  political 

env ironm ent in the  co u n try  betw een 1961 an d  1964 a n d  fears of 

con tinu ing  instab ility  a fte r the  1964 elections also c rea ted  a  h igh r isk



173

investm ent environm ent while sta te -acqu isition  of th e  in dustry  betw een 

1971 an d  1975 led to a  com plete cessation  of foreign investm en t betw een 

1971 a n d  1990.

The decline of the  in d u stry  w hich s ta rted  in th e  early 1980s and  

con tinued  th rough  the  decade of the  1990s, can  be a ttrib u ted  to a 

n u m b er of indigenous and  exogenous econom ic factors th a t  reduced its 

efficiency an d  com petitiveness. S ta te  ow nership, however, in troduced  

fea tu res th a t  negatively affected the  in d u stry 's  perform ance and  

accelerated  its  decline. The separa tion  of the  in d u stry  from  the vertically 

in teg rated  s tru c tu re  of the  a lum in ium  in d u stry  rem oved the  benefits of 

the  linkages in the  a reas  of m arketing, sh ipping , purchasing , 

m anagem ent, technical an d  engineering services, research  and  

developm ent, an d  finance. The in d u stry  w as able to overcom e the effects 

of som e of these  losses th rough  favourable m ark e ts  for m etallurgical 

bauxite  an d  a lu m in a  and  its m onopoly of th e  refractory  bauxite  m arke t 

an d  ea rn  a  relatively high ra te  of re tu rn  on its  investm en t during  the  first 

10 years u n d e r  sta te-ow nersh ip . The effect of loss of the linkages, 

especially in the  a reas  of m ark e ts  an d  finance, w as, however, realised in 

the  1980s w hen it tried  to re -en te r the  m etallurgical baux ite  m arket, to 

secure  finance for the  m odification of its a lu m in a  refinery, and  to develop 

new p ro d u c ts  to re ta in  its position in the  refractory baux ite  m arket.

The m anagem en t s tru c tu re  im posed u n d e r sta te-ow nersh ip , by failing 

to estab lish  clear lines of responsibility , au th o rity  a n d  accountability , 

m ade it difficult to im plem ent decisions critical to the  in d u stry 's  survival. 

Failure to clearly define objectives an d  estab lish  quantifiab le  goals
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fu rth er resu lted  in  difficulties of m easu ring  perform ance a n d  apply ing  

sanctions to m anagem en t for the  non-ach ievem ent of ta rge ts . The 

in troduction  of m easu res  to s tan d ard ise  w ages in sta te-ow ned  in d u s tr ie s  

an d  public sector en terp rises , also affected th e  in d u stry 's  perfo rm ance by 

causing  a  loss of m anagerial, techn ical a n d  skilled personnel, th a t  

resu lted  in  d im in ished  perform ance, an d  eventually  to  inefficiency th a t  

resu lted  in  a  fall in  p roduction  levels an d  increase  in  p roduction  cost.

The change in  G overnm ent policy on ow nership  of th e  in d u s try  th a t  

initially a ttrac ted  new  investm en t in  th e  in d u stry  failed to gain  

m om entum . The G overnm ent failed to clearly define its  policy on the  role 

of private en terp rise  in the  econom y in general a n d  th e  in d u s try  in  

particu lar. It also failed to es tab lish  th e  legal an d  in s titu tio n a l fram ew ork 

to im plem ent its  policy of private ow nership . The d ivestm en t m odel 

adopted  by the  G overnm ent, an d  the  tim ing of th e  d ivestm en t 

program m e, also con tribu ted  to th e  failure of a ttem p ts  to p rivatise  th e  

state-ow ned en tities in  the  industry .
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C hap ter 6

FUTURE PROSPECTS FOR THE INDUSTRY

6.1 The P roduct Mix of the  G uyana B auxite In d u stry

The un iq u e  chem ical and  m ineralogical p roperties of the  G uyana 

bauxite  deposits resu lted  in the  coun try 's  bauxite  industry , a t a  very 

early stage in its  developm ent adoptim g a  diversified p roduct m ix th a t 

d ifferentiated it from the in d u stry  in o ther bauxite  p roducing  countries. 

The coun try  rose to the  position of the  w orld 's second largest bauxite 

p roducer during  the  decade of the  1940s w ith m etallurg ical bauxite  for 

the  a lum in ium  in d u stry  a s  its m ajor product. Early in the  sam e decade, 

chem ical bauxite, an d  la ter in the  decade refractory  an d  abrasive 

bauxite , were added  to the  p ro d u c t stream , and , by the  end  of the 

decade of the  1950s, bauxite  for non-m etallurg ical applications had  

rep laced  m etallurgical bauxite  a s  the  m ajor portion of the  in d u stry 's  

o u tpu t.

While a lum in ium  provided th e  b asis  for the  rap id  grow th of the  world 

bauxite  in d u stry  after 1950, expansion  of the  G uyana  in d u stry  w as 

based  on the  increase  in p roduction  of refractory  bauxite, which, 

together w ith m etallurgical bauxite , a lum ina  and  chem ical bauxite, 

allowed the  in d u stry  to m ain ta in  a  reasonable  degree of growth an d  high 

profitability betw een 1960 an d  1980. The decline in the  in d u stry 's  growth 

and  profitability, however, s ta rted  in the  early 1980s w ith  the 

p rogram m ed reduction  of m etallurgical bauxite, th e  closure of the 

a lu m in a  refinery in  1982, th e  steep  decline in refractory  bauxite
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production  after 1982, a n d  a  decline in  chem ical b au x ite  p roduction  

du ring  the  second h a lf of the  1980s. As s ta ted  earlier in  th e  study , the  

decline in  p roduction  of all th e  in d u stry 's  p roducts  is often  a ttr ib u ta b le  

to loss of com petitiveness in the  various m arke ts a n d  h a s  led to the  

th es is  th a t  the  geological s tru c tu re  of the  bauxite  re so u rces , a n d  the  

severe restric tions on sh ipping , w ould increasing ly  affect its 

com petitiveness a n d  lead to its  inevitable dem ise.

The hypo thesis of th is  s tu d y  does no t su p p o rt th is  th es is , hence , the  

s tudy  evaluates the  fu tu re  p ro spects  for the  in d u stry  in  th e  con tex t of (1) 

the  coun try 's  large h igh-grade baux ite  resources; (2) th e  pro jec ted  grow th 

in dem and  for a lum in ium  an d  a lu m in a  b ased  p ro d u cts ; (3) s tru c tu ra l 

changes in progress in  the  a lum in ium  in d u stry  an d  c o n seq u e n t changes 

in th e  m ark e t for a lu m in a  an d  m etallurgical bauxite; (4) developm ents in 

the  m ark e t for refractory  baux ite  an d  o th er high a lu m in a  refractory  

m ateria ls; (5) developm ents in  the  m arke t for abrasive baux ite ; an d  (6) 

governm ent policy on sta te -ow nersh ip  an d  involvem ent in  th e  in dustry .

6.1.1 B auxite R esources

G uyana  po ssesses  large, high grade, baux ite  re so u rces  w hich have 

been  unexplo ited  over the  years  especially for th e  p roduction  of 

m etallurg ical bauxite. As s ta ted  earlier in  th e  study , w hile only a sm all 

p roportion  of the  coun try 's  reso u rces are  classified a s  m etallurg ical 

bauxite, the  to ta l reso u rces are  technically  a n d  econom ically su itab le  for 

the  p roduction  of a lu m in a  an d  shou ld  be considered  a s  baux ite  for the
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alum in ium  industry . However, a  n um ber of fea tu res  of the  resources 

could im prove th e ir com petitiveness an d  m ake them  attractive for 

exploitation for the  a lum in ium  in d u stry  over the  nex t two decades while 

the ir chem ical a n d  m ineralogical p roperties could be exploited to improve 

the ir com petitiveness in the  refractories and  abrasive industries . These 

fea tu res are: (1) the  size of the  resources, (2) the  quality  of th e  ore, (3) the 

accessibility  of the  deposits, and  (4) low investm en t cost.

6 .1 .2  Size of R esources

Table 3 .12 show s G uyana 's  identified bauxite  resou rces th a t  could be 

considered  for im m ediate exploitation to be in excess of 1,100 million 

tonnes. The size of a  coun try 's  m ineral reso u rces is a n  im portan t 

d e te rm in an t of th e  p rospects  for the ir exploitation a n d  the  size of projects 

th a t  are  likely to be developed a ro u n d  them  as been  d em onstra ted  by the  

large baux ite  pro jects developed in Jam aica , A ustralia , G uinea and  

Brazil. (Tilton, 1983). The u n d e r-s ta tem en t of G uyana 's  bauxite 

resou rces over the  years, a s  d iscu ssed  earlier in th is  s tu d y  (Chapter, 

Section 3.1.2.1), h a s  been  a  factor th a t  m ay have con tribu ted  to their 

u n d e r  developm ent since all the  m ajor bauxite  pro jects developed since 

1950 have occurred  in coun tries w ith resou rces th a t  could su s ta in  very 

large pro jects for several cen tu ries an d  in deposits th a t  could m ain tain  

large-scale p roduction  over several decades.

B auxite resou rces in G uyana are classified a s  Proven, Probable and  

Possible, w hich broadly correspond  w ith the  su b -g roups Econom ic and



178

M arginally Econom ic of the  Identified R esources category u n d e r  the  US 

Geological Survey R esource C lassification (US Geological Professional 

Paper 1076 B, W orld B auxite R esources, 1986). According to th is  

classification, the  resou rces are  large enough  to provide th e  b a s is  for a  

large-scale in d u stry  producing  a  full range of baux ite-based  p ro d u c ts  for 

a  long period of tim e. The th ick  overburden  cover of th e  identified 

resou rces w ould be a  con tinu ing  d isadvantage for th e  p ro d u ctio n  of 

m etallurgical bauxite  in com petition w ith  the  v a s t low overburden  

deposits of G uinea, A ustra lia  an d  Brazil. A m ore critical exam ination  of 

the  reso u rces show  large sections of th e  deposits hav ing  overburden  to 

ore ra tio s below 10:1, considered  a s  the  econom ic lim it for s tripp ing  w ith  

existing stripp ing  technology, the  physical p roperties of th e  overbu rden , 

the  geographical location of the  deposits , the  quality  of th e  ore a n d  

c u rre n t bauxite  prices. The inclusion  in the  resou rces of th e  a lu m in o u s 

laterite  deposits w hich are  free of overburden  could elim inate  the  h igh  

cost of stripp ing  if these  deposits a re  u sed  a s  feed for a lu m in a  

production . They could  also be m ined an d  b lended w ith  reg u la r baux ite  

to increase  the  Fe20 3 co n ten t of the  feed a n d  reduce th e  average s tripp ing  

ratio  an d  the  overall stripp ing  cost.

6 .1 .3  Ore Q uality

The very s trin g en t specifications applied  in  G uyana  for classifying ore 

a s  bauxite  have resu lted  in all ore included  in the  identified reso u rces 

being baux ite  w ith m in im um  50 per cen t available A120 3 a n d  m ax im um  

5 per cen t reactive S i0 2 The effect of th is  h a s  been  th a t  th e  G uyana
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production  of a lum ina , (US B ureau  of Mines, A lum inium  Availability, 

1983). The average available a lum ina  is h igher th a n  th a t  of som e of the  

G uinea deposits an d  m ost of the  Brazil, n o rth -ea s t A ustralia, and  

Ja m a ica  deposits w hich com prise a lm ost 80 p e rcen t of world export 

bauxite. It is also  considerably  h igher th a n  th a t  of the  W estern  A ustralia, 

Jam aica , Ind ian , an d  V enezuelan deposits th a t  acco u n t for over 40 

p ercen t of world a lu m in a  production . The G uyana reso u rces are also of 

pu re  trihyd ra te  m ineralogy (less th a n  1.5 per cen t m onohydrate), an d  are 

com patible w ith  all the  v a rian ts  of the  Bayer process, a n d  su itab le  for 

blending w ith high  m onohydrate  baux ites to im prove processing 

efficiency an d  reduce  processing  cost. The low Fe2G3 low S i0 2 and  low 

levels of im purities also m ake them  su itab le  for all o ther applications for 

bauxite. The bauxitic  clays assoc iated  w ith the  resou rces an d  curren tly  

d iscarded  a s  overburden  have been  identified a s  being technically 

su itab le  for the  p roduction  of a  full range of h igh  a lu m in a  m ullite-based  

refractory  p ro d u c ts  for w hich c u rre n t dem and  is s trong  an d  supply 

lim ited.

M etallurgical bauxite  acco u n ts  for nearly  95 per cen t of world bauxite  

p roduction  an d  co n stitu tes  the  only feasible p ro spec t for large scale i 

p roduction  an d  grow th over the  nex t two decades. The u tilisa tion  of the  

resou rces for th e  p roduction  of m etallurgical baux ite  an d  a lum ina  

should , therefore, be the  base  for the  fu tu re  developm ent of the  industry , 

providing the  critical scale econom ies necessary  for its  com petitiveness 

and  for en h an c in g  th e  com petitiveness of the  o th er p roducts .
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6 .1 .4  Accessibility

All the  Identified baux ite  an d  laterite  resou rces in G u y an a  a re  located 

betw een 60 a n d  100 m iles of the  ocean  a n d  accessib le  by th e  existing 

road  an d  river system s. The L inden deposits are  all lo ca ted  w ith in  5 

m iles of the  D em erara  river w here sh ip s  could load bo ttom  cargoes to a  

d rau g h t of 19 feet a n d  20 ,000  tonne barges could be u se d  for tra n sp o rt 

over a  d is tance  of 65 m iles to a  tra n sh ip m en t facility a t  th e  m o u th  of the  

river w hich h a s  a lready  been  dredged to a  d ra u g h t of 32 feet could  be 

dredged to 42 feet to perm it 60 ,00 -65 ,000  tonne  sh ip m en ts . The 

Kwakwani a n d  Canje deposits are  located betw een 5 a n d  15 m iles of the  

Berbice river w hich, w ith m inim al dredging, could perm it o re to ve 

tran sp o rted  by 10,000 tonne barges over a  d istance  of 140 m iles to a  

tra n sh ip m en t sta tion  a t  the  e s tu a ry  of th e  Berbice River w hich  h a s  been  

dredged to a  d rau g h t of 35 feet an d  could to 42 feet be fu r th e r  dredged to 

accom m odate P anm ax size sh ips. Ore from  the  Itu n i dep o sits  could be 

tran sp o rte d  by rail for a  d istance  of 40 m iles to L inden on  th e  D em erara  

river or by tru ck  or rail over a  d istance  of 15 m iles to th e  Berbice river 

a n d  tran sp o rte d  by barge to the  app rop ria te  tra n sh ip m e n t facility. The 

C orentyne deposits located 40 m iles u p  the  C orentyne river could be 

tran sp o rte d  in 15 ,000-ton  barges to th e  tra n sh ip m e n t s ta tio n  a t  the  

m o u th  of the  Berbice river. All th ese  in te rn a l tra n s p o r t  d is tan ces 

com pare favourably w ith  those for th e  large Boke, G uinea, an d  Los 

Pijiguaos V enezuela pro jects already  d iscu ssed  in  section  3 .1 .1 .2  of the  

study. The relatively sh o rt in te rn a l tra n sp o rt d is tan ces  a n d  th e  low cost 

tran sp o rta tio n  m odes provide G uyana  w ith  a n  advan tage  over 

com petitive sources of export bauxite . W ith add itional dredging of the
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en trance  ch an n e ls  to bo th  the  Berbice an d  D em erara  river to 

accom m odate P anm ax  sh ips of 60 ,000  to 65 ,000  to n n es  capacity  could 

m ake it com petitive on ocean freight w ith sh ip m en ts  from  all the other 

bauxite  exporting coun tries.

6 .1 .5  Investm en t C ost

The favourable location of th e  G uyana bauxite  deposits , m ost of which 

are located close to a re a s  w ith basic  in frastru c tu re , th e  topography of the 

te rra in  for the  co nstruc tion  of m ine roads, an d  th e  d is tan ces from the 

m ines to the  loading port re su lt in a  considerab le  reduction  of 

investm ent for th e ir developm ent, bo th  in  te rm s of capital and  

developm ent period. These fea tu res  con tribu ted  in  a  significant way to 

the  capita l investm en t an d  u n it  capita l cost for th e  new  Reynolds jo in t 

ven tu re  project being  am ong the  lowest for the  m ajor bauxite  projects 

developed since 1970 (See Table 3.1).

The existence of su b s ta n tia l idle capacity  a t  two of the  existing 

locations in  G uyana  w ould also re su lt in low investm en t for expansion  of 

m etallurgical baux ite  production . This h a s  been  confirm ed by the  Alcoa 

s tudy  (Alcoa 1999) w hich show s th e  cost of expanding  m ining capacity  a t 

L inden from the  existing level of 600 ,000  tonnes to 5 million tonnes, a t 

US$57 m illion a n d  in  Berbice from the c u rre n t 750 ,000  tonnes to 5 

m illion to n n es  a t  U S$48 million. W ith estim ated  add itional cost of US$20 

million in  each  case  for the  in sta lla tion  of add itional p rocessing  capacity 

an d  im proved loading facilities, the  to ta l cost for expansion  a t each  of
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these  facilities w ould be ab o u t 60 per cen t th a t  of the  expansion  

curren tly  in  p rogress a t  T rom betas, Brazil ( see Table 3.2).

6.2 The D em and for B auxite for the  A lum inium  an d  
A lum ina-B ased In d u stries

The dem and  for m etallurg ical bauxite  is derived from  th e  d em an d  for 

a lum ina  w hich, in  tu rn , is derived prim arily  from  the  d em an d  for p rim ary  

a lum in ium  an d  m arginally  for o ther a lu m in a-b ased  p ro d u c ts  su c h  a s  

a lum in ium  su lp h a te  a n d  fluorides, refractories, ab rasives a n d  ceram ics. 

The p roduction  of p rim ary  a lum in ium , however, co n su m es su c h  a  large 

proportion of m etallurg ical bauxite  an d  a lu m in a  th a t  it is generally  u se d  

a s  the  b asis  for projecting the ir dem and. A lum inium  is a lso  a  globally 

traded  m etal, hence world dem and  an d  supp ly  need  to be eva lua ted  in  

projecting developm ents in  the  in d u stry  while the  location  of new  

production  capacity  could  have a  significant im pact on  th e  sou rces of 

a lu m in a  a n d  bauxite.

6.2.1 The D em and for A lum inium .

A lum inium  is the  only m etal for w hich th e  in ten sity  of u se  h a s  been  

increasing  since 1975. It h a s  also exhibited the  h ig h es t grow th ra te  of all 

the  in d u stria l m etals over the  period 1952 to 1996 (See T ables 6.1 a n d  

6 .2 ).
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Table 6 .1  Intensity-O f-U se, Prim ary A lum inium  

Five Year Averages, 1951-2000 

(Tonnes per billion $GDP/1971 Prices)

Region 1951-55 1961-65 1971-75 1965 1 2000 1

West 1,565 2283 3056 3300 3,500

Japan 866 2258 4863 560 6,000

Other 1,287 1803 2876 3200 3,500

U.S.S.R 1,363 2106 2413 2450 2,500

Africa 37 163 559 600 900
Latin 369 879 1656 1900 2,300

China 44 1033 1630 1,950 2350
U.S.A 2174 3002 3911 4400 4,900

Total 1478. 2239 3,093 339 3730.
1 Projected

Source:
World Demand For Raw Materials in 1985 and 2000, Malenbaum 1978
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Table 6 .2  M etal C onsum ption  G row th R ates 

1950-1992

@

@
Period Aluminium Copper Zinc Lead Silicon. Nickel Magnesim Steel

1952-62 10.0 4 5 6 3 7 14 5

1963-73 10 5 6 4 2 8 7 6

1974-84 2 1 1 1 -1,2 2 1.0 0

1982-92 3 2 1 0 0 0 1,00 0

Source:

Australian Mineral Economics, The World Aluminium Industry. 1993

Table 6.3 show s estim ated  world dem and  for p rim ary  a lu m in iu m  for 

1985 an d  2000 based  on the  projected in tensity  of u se  a n d  GDP grow th 

in th e  M alenbaum  study.
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Table 6 .3  W orld D em and For Prim ary A lum inium  

Five-Year Averages 

(000 tonnes)

Region 1951-55 1961-65 1971-78 1985 2000

West Europe 609 1,381 2,862 4,637 7,791

Japan 38 228 254 2,414 4,874

Other Developed Countries 94 200 528 890 1,565

U.S.S.R 286 805 1490 2252 3,868

Africa 1 7 40 65 160

Asia 11 92 294 453 884

Latin America 25 98 333 599 1,217

China 3 86 234 431 827

United States 1,211 2,321 4,388 7.410 9,073

Total World 2,351 5,535 12,249 20,590 36,516

Source:

World Demand for Raw Materials in 1995 and 2000.Malenbaum 1978,
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While a c tu a l w orld p rim ary  a lum in ium  dem and  in  2000  w as 50 per 

cen t lower th a n  th e  q uan tity  projected in the  M alenbaum  stu d y , Table

6.4 show ing pro jections the  ten  year period 1995-2005  by A ustra lian  

M ineral E conom ics (AME, A lum inium , 1993), u tilis ing  co n su m p tio n  

m odels based  on en d -u se  secto r analysis for the  m eta l a n d  in ten sity  of 

u se  on a  coun try  a n d  regional basis , show s th a t  th e  p ro jec tions for th e  

first five years  of th e  period have been broadly  achieved.
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The grow th ra te  projected in  the  AME study  were largely achieved 

betw een 1995 a n d  2000, b u t  w ith  the  steep  fall in  p ro d u ctio n  in  2001, 

an d  the  projected decline in th e  m ajor consum ing  sec to rs  th e  in d u s try  

view is th a t  th e  projected in d u stry  m edium  to long-term  a n n u a l grow th 

ra te , w ould be 2-3 per cent. (Sturgell, 2002 ). Using th e  m ed ian  grow th 

ra te  of 2 .5  per cen t per a n n u m , an d  consum ption  of 24 m illion to n n es  in  

2000, projected w orld a lu m in iu m  dem and  a n d  p roduction  for th e  period 

2000-2010  w ould be a s  show n in  Table 6.5.
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6.2 .3  The D em and for A lum ina

W ith the  technically  e stab lished  a lum ina:a lum in ium  ra tio  of 1.95:1 

and  production  of 24 .0  m illion to n n es  a lum in ium  in  2000, approx im ately  

47  million tonnes o r 95  p e rcen t of world a lu m in a  p ro d u ctio n  of 49 .3  

million tonnes were u tilised  in  th e  production  of a lum in ium . The dem and  

for the  non -a lum in ium  app lica tions is projected to increase  a t  a n  a n n u a l 

ra te  of approxim ately  1.5 per cen t over the  nex t decade w ith  a lu m in a  

trihydra te  for the  p roduction  of a lum in ium  su lp h a te  being th e  largest 

a re a  of growth. (D iscussions w ith  executives of Alcoa, O rm et, G eneral 

Chem ical an d  H olland Chemical). Table 6 .5 , above, show s estim ated  

dem and for a lum ina  for the  period 2000-2010  b ased  on th e  pro jected  

growth ra te  of a lu m in iu m  p roduction  an d  th a t  for th e  m ino r a lu m in a  

applications.

6 .2 .4  The Supply of A lum ina

Until 1998, 90 p e r cen t of W estern  W orld a lu m in a  capacity  w as 

controlled by the  six m ajor in teg rated  p roducers in  th e  in d u s try , Alcoa, 

Alcan, Reynolds, A lusu isse, Kaiser, an d  Pechiney in  fully ow ned or 

consortia  refineries am ong them selves a n d  sm aller a lu m in iu m  

producers. M ost of th e  a lu m in a  produced  in  th ese  refineries w as 

consum ed  by the  m ajo rs a n d  th e ir conso rtia  p a rtn e rs  w ith  sm all 

quan titie s sold to th ird  parties . Except for sh o rt periods of im balance  

betw een supply  a n d  dem and , the  m ajors e n su red  th a t  a lu m in a  

production  capacity  w as ad eq u a te  to satisfy  th e ir  dem and , th a t  of the
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th ird  party  a lum in ium  p roducers, and  dem and for th e  m inor industry  

applications, based  on a n  operating  ra te  of approxim ately  90 per cent. 

The s tru c tu ra l change in  the  in d u stry  over the  p a s t four years h a s  

resu lted  in  approxim ately 25 percen t of W estern W orld capacity  falling 

ou tside  the  ow nership  an d  control of the  m ajor a lum in ium  producers 

an d  owned by com panies th a t  m ay n o t have the techn ical com petence or 

the  desire or resou rces to invest in brownfield or greenfield expansion. 

This could re su lt in  a  d ram atic  change in the  m ark e t dynam ics for 

a lum ina. The im pact of C h ina  a s  a  m ajor p roducer of a lum in ium  an d  a  

possible long-term  th ird -p arty  m ark e t for a lum ina  is an o th e r factor th a t  

could affect the  m arket. However, the  in d u stry  view a t  th is  tim e is th a t  

the  large in tegrated  a lum in ium  p roducers would, on th e ir own, or in 

conso rtia  a rrangem en ts  am ong them selves and  the  sm aller a lum ina  and  

a lum in ium  consum ers, u n d e rta k e  the necessary  investm en t to guaran tee  

adequa te  capacity  over the  nex t 10 y e a rs .( King, M arch 2002 ).

W orld a lu m in a  capacity  increased  from 27 m illion to n n es  in  1975 to 

40 million tonnes in  1985 w ith greenfield capacity  accoun ting  for a lm ost 

the  to ta l increase. Betw een 1975 a n d  2000 only ab o u t 50 p er cen t of the  

n e t increase  in capacity  of 23 m illion tonnes w as supp lied  by greenfield 

refineries w ith the  rem ainder con tribu ted  by productiv ity  increases an d  

brownfield expansion. C u rren t in d u stry  p lans for capacity  expansion  

betw een 2000 a n d  2005 involve only two greenfield refineries of 2.4 

m illion tonnes capacity  w ith  productivity  increases an d  brownfield 

expansion , som e of w hich a re  already  in progress accoun ting  for the  

rem ainder. While fu rth er productiv ity  im provem ents an d  brownfield 

expansion  are feasible in existing refineries, problem s of m anagem ent,
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efficiency losses, env ironm ental regu lations a n d  h igh  u n it  in v estm en t 

cost, ind icate  th a t  th is  form of expansion  is app roach ing  its  techn ica l 

and  econom ic lim its, hence greenfield expansion  w ould be e sse n tia l for a  

su b s ta n tia l p a r t  of the  increase  in  capacity  betw een 2005  a n d  2015. The 

ow nership  an d  location of the  new  greenfield capacity  w ould  influence 

the  source of baux ite  an d  w ould depend on the  com parative in v estm en t 

and  operating  cost a n d  the  investm en t env ironm ent in  b au x ite  p roducing  

countries.

The em p h asis  for the  fu tu re  of the  G uyana  industry , sh o u ld , therefore 

be the  p roduction  of a lu m in a  w hich ad d s value to th e  reso u rces  a n d  

reduces u n i t  sh ipp ing  cost a n d  for w hich the  co u n try 's  Identified a n d  

readily accessible reso u rces could  su s ta in  capacity  equ iva len t to  th a t  of 

the  U nited S ta tes  for over 90 years. The Alcoa s tu d y  referred  to earlie r in  

the  s tu d y  show s investm en t co st for a  p ro ject p roducing  2 .5  m illion 

tonnes baux ite  per y ear (the feed requ irem en t for a  1.2 m illion to n n es  

per year a lu m in a  refinery), b ased  on the  L inden or K w akw ani reso u rces 

a t U S$31.2 and  31 .6  m illion, respectively a n d  to ta l co st of ore delivered 

to a  refinery a t  L inden or Kwakwani of U S$10.31 a n d  U S$10.21 

respectively. (Alcoa 1999, pages 1 an d  4). The inv estm en t co st for su c h  a  

project com pares favourably w ith  th a t  for p ro jec ts of s im ila r size in  any  

o ther baux ite  p roducing  coun try  (See T ables 3.1 an d  3.2), w hile the  co st 

of ore per ton  of a lu m in a  of U S$22.50 is lower th a n  th e  U S $26.00  s ta te d  

by Reynolds for the  W orsely refinery in  A ustra lia  (Reynolds 1999 Page) 

considered  a s  the  low est w orld 's lowest co st baux ite  delivered to an  

a lum ina  refinery. The investm en t for a  refinery in G u y an a  shou ld  also  

com pare favourably w ith  th a t  for any  o th er refinery, since it w ould be
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processing  a  pu re  trihydra te  w ith  available A120 3 an d  reactive S i0 2 of 50 

an d  4 .5  per cen t respectively. G uyana could be a  viable location for new 

greenfield capacity  over the  n ex t 10 years. However, the  investm ent 

environm ent w ould be the  m ost critical factor to su ch  a  developm ent.

6 .2 .5  The D em and for M etallurgical Bauxite

Projected dem and  for a lu m in a  for the  period 2000-2010  based  on 

projections for a lum in ium  p roduction  and  for the  m inor non-alum in ium  

applications h a s  been  show n in  Table 6.5. The re la tionsh ip  betw een 

a lu m in a  p roduction  a n d  baux ite  dem and is m ore difficult to estab lish  

th a n  th a t  betw een a lu m in a  a n d  a lum in ium  since the  A1203 con ten t of 

bauxite  for the  p roduction  of a lu m in a  varies from 1.95:1 for the  h ighest 

grades of bauxite  from G uinea, and  G uyana, to 3.8:1 for the  lowest 

grades in  the  D arling ranges in A ustralia. The d a ta  on world bauxite  

p roduction  also, do n o t d is tingu ish  betw een bauxite  for the  production  of 

a lum ina  and  th a t  for o ther applications, m aking  it difficult to accurately  

determ ine the  p roportion  of w orld bauxite  p roduction  consum ed  by the 

a lum in ium  industry . The available inform ation on consum ption  of 

bauxite  for the  p roduction  of refractories, ab rasives, a lum in ium  

chem icals an d  cem ent an d  o th er m inor app lications (d iscussions with 

p roducers of refractory, abrasive an d  chem ical grade bauxite) indicate a  

m axim um  of 7 million tonnes per year for these  applications suggesting 

130 million to n n es u sed  for th e  production  of a lu m in a  and  a  ratio  of 

2.6:1. A ssum ing the  m ain tenance  of th is  ratio , world dem and  for
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m etallurgical bauxite  over the  period 2000-2010 w ould be a s  show n in 

Table 6.5

The d a ta  suggests a n  increase  in  the  dem and for m etallu rg ical baux ite  

from  130 m illion to n n es  in 2000 to 166 m illion to n n es  in  2010, an  

increase  of 36 .0  to n n es  o r 3 .6  million tonnes per year.

6 .2 .6  The Supply of M etallurgical Bauxite

The supp ly  of m etallu rg ical bauxite  to satisfy  th e  p ro jec ted  a lu m in a  

p roduction  over the  period 2001-2010 , is a  function  of w orld baux ite  

resources, the  location of existing an d  new world a lu m in a  capacity  a n d  

the  com parative delivered prices of bauxite  to refineries d ep en d en t on 

im ported  bauxite. W orld a lu m in a  capacity  is increasing ly  being  located in 

coun tries w ith baux ite  resou rces, only 14.0 m illion to n n es  of 56 m illion 

tonnes of world capacity  in 2000, located in  n o n -b au x ite  p roducing  

coun tries. While p roductiv ity  increases in refineries d ep en d en t on 

im ported  baux ite  could  be expected over the  n ex t decade, d iscu ssio n s  

w ith refineries in N orth A m erica an d  E urope ind icate  no  p lan s  for 

Brownfield or Greenfield expansion  over the  nex t decade; the  only 

p lanned  Brownfield expansions in  bauxite  im porting  c o u n trie s  being in  

R ussia  a n d  U kraine. The p rospec ts  for increased  baux ite  expo rts  over th e  

n ex t decade a re  therefore n o t attractive . T here a re , however, good 

p rospects  for changes in  the  c u rre n t export flows th a t  cou ld  increase  th e  

dem and  for G uyana m etallu rg ical baux ite  including:
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(1) Increasing  m onohydrate  co n ten t of G uinea and  Ja m a ic a  bauxite, two 

m ajor sources of export baux ite  to the U nited S ta tes  w hich is already 

leading to com panies p lann ing  to im port trihyd ra te  baux ites for 

blending.

(2) Refineries in  the  form er E aste rn  Bloc coun tries w hich u tilised 

dom estic bauxite  an d  o ther a lum ina  bearing  m inerals, su b stitu tin g  

high grade im ported bauxite , w ith G uyana identified a s  a  prospective 

source for su ch  bauxite.

(3) The p lanned  expansion  of a lu m in a  capacity  in  Brazil w hich would 

abso rb  increasing  qu an titie s  of dom estic bauxite  thereby  creating  a  

m ark e t vacuum  th a t  could be filled by G uyana.

(4) Lower investm ent cost for expansion  of p roduction  in G uyana 

com pared  w ith o th er p roducing  countries.

(5) O perating costs com parable to those in  the  o ther bauxite  producing 

countries.

(6) The feasibility of reducing  sh ipping  costs w ith  relatively sm all 

investm ent in  im proving th e  p o rt facilities.

6 .3  S tru c tu ra l C hanges in  the  A lum inium  In d u stry

The a lum in ium  industry , w hich  is one of the  w orld 's m ost vertically 

in teg rated  in d u stries , is cu rren tly  undergoing  s tru c tu ra l an d  ow nership 

changes th a t  w ould re su lt in rationalization  of p roduction  an d  changes 

in the  m ark e t s tru c tu re  an d  in  th e  m arke t flows for baux ite  and  alum ina.
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Until 1997, six conglom erates—Alcoa, Alcan, Reynolds, A lusu isse , K aiser 

and  Pechiney—th ro u g h  ou trigh t ow nership  or various form s of conso rtia  

an d  share-ho ld ing  agreem ents controlled  approxim ately  50 percen t, 60  

percen t an d  90 percen t, respectively, of W estern  W orld a lum in ium , 

a lum ina, an d  m etallurg ical bauxite  production . A n u m b e r of ch an g es in 

the  ow nersh ip  a n d  control of capacity  a t  all s tages of th e  in d u stry , 

especially a t  th e  a lu m in a  and  baux ite  stages, over the  p a s t  fou r y ears, 

have d ram atically  changed  the  s tru c tu re  of the  in d u stry . The 

developm ents s ta rtin g  in  1998 being:

(1) The sale of A lcan's 1.5 m illion to n n es  p e r y ear A ughin ish , Ireland , 

a lu m in a  refinery to Glencore In te rn a tio n a l of Sw itzerland. G lencore, 

for a  b rief period betw een 1986 an d  1991 h a d  a  100 p e rcen t 

ow nersh ip  of the  650 ,000  to n n es  p er year S t Croix refinery  w hich w as 

sold to Alcoa and , a t  the  tim e of th e  p u rch a se  from  Alcan, he ld  only a  

45%  sh a re  in  the  800 ,000  to n n es  per y ear E u ra lu m in a  refinery in 

Sard in ia , Italy. The p u rch ase , in  2001, of the  1.3 m illion to n n es  p e r 

year A lcan E w arton  an d  Kirkvine a lu m in a  refineries by G lencore, 

together w ith  the  earlier acqu isition  of A ughin ish , h a s  re su lted  in 

th a t  com pany a ssu m in g  the  position  of the  W estern  W orld 's fo u rth  

largest a lu m in a  p roducer w ith  ow nersh ip  of 3.2 m illion to n n es  per 

year a lu m in a  capacity .

(2) In 1999 Alcan, the  second largest a lum in ium  p roducer, a ttem p ted  to 

acquire A lusu isse  an d  Pechiney, the  fou rth  a n d  fifth la rg est 

p roducers. This acquisition  th a t  w ould have m ade A lcan the  w orld 's 

largest a lum in ium  producer. The initiative ended  w ith  th e  acqu isition
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of only A lusuisse an d  in Alcan assum ing  control of all its bauxite  

resou rces, a n d  bauxite , a lu m in a  an d  a lum in ium  opera tions including 

its  2.2 m illion tonnes per year Gove a lum ina  refinery an d  6.5 million 

to n n es per year bauxite  m ining operation.

(3) In 1999, Alcoa, the  largest a lum in ium  producer, in  response  to the  

Alcan initiative, acquired  Reynolds M etals, the  th ird  largest p roducer 

an d  took control of its  bauxite  resources, bauxite  m ining operations, 

an d  a lum in ium  sm elters. The conditions for the  m erger im posed by 

the  U nited S ta tes  Ju s tic e  D epartm en t forced Alcoa to relinqu ish  

control of all Reynolds holdings in a lu m in a  refineries in  the  U nited 

S ta tes, A ustra lia  an d  G erm any.

(4) The Ju s tic e  D epartm en t conditions for the  Alcoa acquisition , resu lted  

in  a  m ajor change in the  ow nership  s tru c tu re  of world a lum ina  

capacity . (1) a  com pletely new  entity, BPU-Reynolds, form ed by 

form er Reynolds a n d  Alcoa executives, acquired  the  1.6 million 

to n n es  per year Reynolds, C orpus C hristie  a lum ina  refinery in  the  

U nited S ta tes, (2) Billiton w hich owned 45 per cen t of the  2.1 m illion 

to n n es  per year Surinam e a lu m in a  refinery in p a rtn e rsh ip  w ith Alcoa, 

an d  30 per cen t of the  3.3 m illion tonnes per year W orsley refinery in 

A ustralia , acqu ired  Reynolds 56 per cen t share  of the  W orsely 

refinery increasing  its  sha re  to 86 per cen t, m aking  it the w orld 's 

th ird  largest a lu m in a  p roducer w ith ow nership  of 4 .2  million tonnes 

per year capacity. (3) in 2001 Dadco A lum ina an d  Chem icals, a  

com pletely new  e n tra n t to th e  a lum in ium  industry , acquired  the  

form er Reynolds 50 percen t sh a re  in th e  800 ,000  tonnes per year
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Stade, G erm any, refinery an d  in  2002, Hydro A lum inium  of Norway, 

th ro u g h  its acqu isition  of VAW of G erm any, acqu ired  VAW's 50 p e r 

cen t share  in the  refinery.

(5) Alcoa, w hich acqu ired  th e  St. Croix Virgin Is lan d s 6 5 0 ,0 0 0  to n n es  p e r 

year capacity  refinery from  G lencore in  1995, opera ted  i t  for ju s t  two 

y ears  before an n o u n c in g  its  p e rm a n en t closure.

These developm ents rem oved 8 .0  m illion to n n es  p e r y ea r or 20  

percen t of W estern  W orld a lu m in a  capacity  from th e  in teg ra ted  system  of 

the  m ajor a lum in ium  p ro d u cers  a n d  resu lted  in  a  re -a rran g em en t of 

the ir baux ite  holdings. W ith th e  re linqu ishm en t of ow nersh ip  of th e  

C orpus C hristie refinery in  th e  U nited S ta tes, its  sh a re  of th e  S tade in  

G erm any, the  c losure of th e  S t Croix refinery, a n d  th e  acqu isition  of 

Reynolds share  in  the  MRN, Brazil, bauxite  project, Alcoa found  itse lf 

w ith excess bauxite  supp ly  a n d  sold its  50 per cen t sh a re  of th e  A roaim a 

bauxite  project in  G uyana  to the  G uyana  G overnm ent. T h is effect of th is  

developm ent, together w ith  th e  re linqu ishm en t of th e  R eynolds sh are  in 

the  B oddington baux ite  opera tions assoc ia ted  w ith th e  W orsley refinery, 

and  A lcan's ow nership  of th e  baux ite  m ining opera tions a sso c ia ted  w ith  

the  Kirkvine an d  E w arton  refineries, w as the  tra n s fe r  of 15.0 m illion 

tonnes or 11 p ercen t of w orld m etallurg ical baux ite  p ro d u c tio n  capacity  

from the  control of the  in teg ra ted  sector. The change  in  ow nersh ip  of 

a lu m in a  capacity  a n d  som e of the  changes in baux ite  capac ity  create  a
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m ajor free m ark e t for m etallurgical bauxite  th a t  could be satisfied from 

independen t sources su ch  as  G uyana.

6 .4 D evelopm ents in  The Refractory Raw M aterials Industry

Even though  G uyana h a s  alum ino  silicate resou rces th a t  could 

produce refractory m ateria ls sp ann ing  the  en tire  m id, high, and  

extra-h igh  a lum ina  spectrum , over the  p a s t 50 y ears  it h a s  produced 

only refractory bauxite  in  the  86-90  per cen t A12G3 category. The m arket 

for refractory  raw  m ateria ls h a s  declined over the  p a s t 20 years w ith the 

dem and  for refractory  bauxite  sta tic  over th a t  period. There h as , however 

been  a  change in the  s tru c tu re  of dem and for the  a lu m in a  based  

refractory  m ateria ls. While the  low price of C hinese bauxite  w as a  

con tribu to ry  factor to the  loss of com petitiveness of G uyana bauxite, th is  

s tudy  h a s  a lready show n th a t  th e  developm ent of h igher priced, high, 

an d  syn thetic  a lu m in a  m ateria ls w as a  significant factor in the  decline of 

consum ption  of G uyana refractory  bauxite. C hanges in steel-m aking 

technology an d  refractory  p rac tices also led to a  change in the  s tru c tu re  

of dem and  for high a lum ina  refractory  m ateria ls w ith refractory  bauxite 

being rep laced  by the  hom ogenised h igh-alum ina, an d  syn thetic  a lum ina  

m ateria ls.

G uyana, over the  years, failed to modify the  p roperties of its  refractory 

bauxite  to m eet new  in d u stry  requ irem en ts a n d  to develop lower 

a lum ina-h igh  m ullite p roducts w hich were replacing  refractory  bauxite 

an d  could be produced  from raw  m ateria ls cu rren tly  m ined in 

con junction  w ith its  refractory  bauxite  a n d  d iscarded  w ith the
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overburden. An in te rn a l in d u stry  s tudy  to determ ine th e  in d u s try 's  

p roduct m ix for the  decade of the  1980s (G uybau, Project T eam , 1978), 

projected a  decline in  the  grow th ra te  for refractory  baux ite  a n d  

recom m ended p roduction  of m id a lum ina , high m ullite  m ate ria ls  to 

increase  p roduction  volum es an d  m ain ta in  the  in d u stry 's  sh a re  of th e  

b roader h igh  a lu m in a  refractory m ateria ls  m arket. The s tra teg y  for th e  

fu tu re  of th e  in d u stry  in  the  refractory  raw  m ateria ls  m a rk e t sho u ld  

therefore, involve a  sh ift from the  p roduction  of the  existing  p ro d u c t to a  

diversified range of h igh a lum ina  refractory  raw  m ate ria ls  u tilis ing  th e  

sam e raw  m ateria l a n d  technology base. The p ro d u c t s tre am  shou ld  

include (1) refractory  bauxite  (RASC) a s  cu rren tly  produced ; (2) 

hom ogenised refractory  bauxite; (3) hom ogenised m id -a lum ina, h igh  

m ullite refractory  m ateria ls; an d  (4) hom ogenised ex tra -h igh  a lu m in a  

refractory  m ateria ls . A requ irem en t for th e  p roduction  of th is  p ro d u c t 

stream  is th a t  in sta lla tion  of equ ipm en t for hom ogenisation  of the  raw  

m ateria ls. The advantage is th a t  once insta lled , the  sam e equ ip m en t 

would be su itab le  for the  p roduction  of the  full range  of hom ogenised  

p roducts . The sam e hand ling  a n d  k iln  facilities w ould be u se d  for all th e  

p roducts .

6.4.1 Refractory B auxite (RASC)

G uyana refractory  bauxite  (RASC) h a s  rem ained  u n c h an g e d  since it 

w as developed in  the  decade of the  1940s, in  spite  of th e  refracto ries a n d  

steel in d u s try  requ irem en ts for a  p ro d u c t w ith  physical an d  

m ineralogical p roperties th a t  increased  its  versatility , a n d  im proved
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perform ance in a  n u m b er of applications. This resu lted  in the  p roduct 

losing m ark e t sh a re  in these  app lications to o ther a lu m in a  based  and  to 

n o n -a lu m in a  refractory  m aterials. The properties of the  existing product, 

especially th a t  of re -h ea t expansion , is still highly desired by the  

industry . Hence it shou ld  rem ain  a s  a  p a rt of the  new  p roduct mix.

6 .4 .2  Hom ogenised Refractory B auxite

Refractory baux ite  (RASC) a s  cu rren tly  produced , is variable in 

m ineralogical com position an d  relatively low in density  an d  high in 

porosity. While these  properties m ake it ideal for certa in  refractory 

applications, m arke ting  s tud ies  u n d e rta k en  by th e  in d u stry  during  the  

late  1970s identified a  growing dem and  for a  refractory  m ateria l w ith the 

chem ical com position of RASC b u t w ith h igher density  lower porosity  an d  

a  h igher m ullitization. Laboratory te s ts  u n d e rta k e n  by the  industry  

confirm ed th a t  these  p roperties could be induced  in  the  m ateria l by the 

hom ogenisation  of the  ore before calcination. The increasing  dem and  for 

p ro d u c ts  w ith th ese  properties, evidenced by the  increasing  consum ption  

of fused  a lum in ium  oxide a s  a  b lend to produce the  h igher density  and  

lower porosity, led to the  1978 s tu d y  recom m ending the  inclusion  of 

hom ogenised refractory  bauxite  in the  p ro d u ct mix. This p roduct should  

be included  in the  in d u stry 's  fu tu re  p roduct mix.
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6.4 .3  Hom ogenised M id-Alum ina Refractory M aterials

The m id -a lum ina refractory  m ateria ls , w ith  A120 3 of 50 -70  p e rcen t 

su ch  as  th e  sillim anite group an d  the  hom ogenised baux itic-c lay  a n d  

kao lin -based  m ateria ls p roduced  in  the  so u th  e a s te rn  p a r t  of th e  U nited 

S ta te s  a n d  Brazil s ta r te d  replacing  refractory  baux ite  in  th e  steel 

in d u stry  in  th e  m id 1970s. While th e  A120 3 co n ten t of th ese  m a te ria ls  is 

lower th a n  th a t  in  refractory  bauxite , th e ir h igher m ullite  c o n te n t re su lt 

in  im proved volum e stability , h o t s treng th , a n d  re s is tan ce  to corrosion , 

ab rasion , a n d  chem ical a ttack . The dem and  for th ese  m a te ria ls  h a s  

con tinued  to increase  for app lica tions a t  all s tages of th e  steel-m ak ing  

process a n d  is being su p p re ssed  only by th e ir lim ited su p p ly  a n d  h igh  

price.

It w as recognised since the  early 1960s th a t  th e  baux itic  clays 

assoc ia ted  w ith the  G uyana  refractory  baux ite  d ep o sits  con ta in  

com binations of A120 3 a n d  S i0 2 a n d  low levels of im puritie s th a t  m ake 

them  su itab le  for the  p roduction  of the  full range  of the  m id -a lum ina- 

high-m ullite  m ateria ls. Pilot p lan t-sca le  te s ts  u n d e rta k e n  by th e  D em ba 

in  the  late  1960s, u tilising  b lends of bauxitic  clays a n d  d u s t  from 

refractory  baux ite  p roduction , confirm ed the  su itab ility  of th e se  m ateria ls  

for the  p roduction  of a  m ateria l w ith  a n  A120 3 co n ten t of 70 -72  percen t. 

Laboratory  s tud ies  u n d e rta k e n  a t  th e  U niversity of Leeds, D ep artm en t of 

M ining a n d  M ineral Sciences. (G arrett, 1974) d em o n s tra ted  th a t  th ese  

m ateria ls  could be p rocessed  to p roduce  m id -a lum ina  h igh  m ullite  

m ateria ls  w ith p roperties sim ilar to the  sillim anite group  an d  so u th  

ea s te rn  U nited S ta tes m ateria ls . A p lan t scale te s t  u n d e rta k e n  on these
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m ateria ls  by G uybau  in 1978 also confirm ed th e  chem ical and  

m ineralogical su itab ility  of the  m ateria ls  for the  p roduction  of a  full range 

of m id -a lum ina  refractory  m ateria ls  with hom ogenisation  of the raw  

m ateria l before calcination  necessary  for the  developm ent of the m ullite 

properties. C ost s tud ies  also revealed low cost of p roduction  for these 

p ro d u cts  since the  raw  m ateria ls for the ir p roduction  w ere by-products of 

the  refractory  bauxite  stream . M arket s tud ies for th ese  products also 

revealed a  less com petitive m ark e t th a n  th a t  for refractory  bauxite since 

the  u n su itab ility  of the  m ineralogical com position of C hinese bauxite 

u n su itab le  for the ir production , th u s  rem oving th e  elem ent of low 

C hinese price com petition. No fu rth e r work w as done on  the  developm ent 

of these  p ro d u c ts  even in the  light of increasing  dem and  and  the 

expansion  of p roduction  of an d a lu site  in S ou th  Africa an d  France and  

M ulcoa a n d  sim ilar m ateria ls in  th e  United S ta tes. They should , however 

be an  in tegral p a rt of the  in d u stry 's  fu tu re  p ro d u c t mix.

6 .4 .4  Synthetic  A lum ina Refractory M aterials

Technological developm ents in  the  steel a n d  refractory  p roducts 

in d u strie s  have led to a n  increasing  dem and  for h igher a lum ina  and  

h igher pu rity  a lu m in a  based  refractories a n d  to th e  developm ent of 

syn thetic  a lu m in a  refractory  p ro d u c ts  based  on brow n fused a lum ina  

m ade from  abrasive bauxite  a n d  white fused , s in te red  and  tab u la r 

a lum ina  m ade from B ayer process alum ina.
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The in d u stry  u n d ertook  successfu l resea rch  a n d  developm ent w ork in  

the  m id 1980s on the  p roduction  of a  hom ogenised m ateria l w ith  A120 3 

co n ten t of 92-93  per cen t p roduced  from  beneficiated ta ilings from  th e  

refractory  baux ite  s tream  an d  selectively m ined low S i0 2 refractory  

baux ite  ore to com pete w ith  fused  a lum ina . A s tu d y  of the  m ark e t for th is  

p ro d u c t u n d e rta k e n  by G uym ine in  1987 (The M arket fir G uycor '93) 

confirm ed the  techn ical a n d  cost com petitiveness of th is  m ateria l w ith  

brow n fused  a lu m in a  in  m ost in d u s try  applications. T his m ateria l 

should , therefore, be a n  in tegral p a rt of th e  fu tu re  refractory  p ro d u c t m ix 

since it could  be produced  w ith  raw  m ateria ls  from  the  sam e p roduction  

stream  an d  u tilises basically  the  sam e equ ipm en t a n d  p rocess 

technology.

6 .5  Abrasive G rade B auxite

G uyana 's  h igh  cost of p roduction , the  declining d em an d  a n d  

dep ressed  p rices for abrasive bauxite , a n d  the  lower re tu rn s  from  th is  

p ro d u ct com pared  w ith refractory  baux ite  w ith  w hich  it com petes for 

production  capacity , reduced  the  coun try  to the  position  of a n  

in te rm itten t p roducer of th is  p ro d u c t even th o u g h  it h a s  th e  w orld 's 

la rgest reserves of su itab le  raw  m ateria l for its  p roduction . In add ition , 

the  fall in  dem and  for refractory  baux ite  h a s  released  p roduction  

capacity  th a t  could  be rehab ilita ted  a t  relatively low to convert G u y an a  to 

a  m ajor p ro d u ce r of abrasive bauxite.
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6.5.1 The D em and for Abrasive B auxite

The dem and  for abrasive bauxite  is derived from the level of 

p roduction  of brow n-fused a lum ina  and  p roppan ts . The dem and for 

brow n-fused a lu m in a  h a s  fallen from  the levels of the  1970s and  h as  

been  relatively sta tic  since the  m id 1980s. The dem and  is n o t expected to 

increase  over the  next decade (D iscussions w ith  m ajor p roducers 

1995-2002). P roduction  over the  p a s t ten  years h a s  fluc tuated  betw een 

800 ,000  an d  1 .000,000 tonnes per year in  accordance w ith  the  level of 

in d u stria l activity and  sales of raw  m ateria l and  processed  grain  from the 

US [Defence Logistics Agency] Stockpile world p roduction  of B row n-fused 

a lu m in a  an d  consum ption  of abrasive bauxite  in  2000, based  on a  

conversion factor of .85, a re  show n Table 6.6.
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Table 6 .6  W orld Brow n Fused  A lum ina 

Production  an d  A brasive B auxite 

C onsum ption  

( Tonnes)

Region Consum ption (Tonnes)
Brown Fused Abrasive Bauxite 

Alumina Demand
North America 150,000 170,000
Western Europe 125,000 150,000
Eastern Europe 200,000 235,000
China 300,000 350,000
South America 80,000 95,000
Total 855,000 1,000,000

Sources:
1. Tribacher Scheimetal, Villach, Austria.
2. Norton Proppants, Little Rock Arkansas.
3 Washington Mills, Niagara Falls, New York
4. Exolon ESK, Tonowanda, New York.

The m ajor developm ent in  the  p roduction  of brow n fused  a lu m in a  

over th e  p a s t 15 y ears  is the  sh ift in  the  locus of p ro d u ctio n  from  N orth 

A m erica a n d  E urope to C hina  w hose prices are 40 -50  p er cen t lower 

th a n  those  for the  o ther regions. This developm ent h a s  resu lted  in  a  

change in the  sou rces of supp ly  for ab rasive bau x ite , since the  to ta l 

C hinese p roduction  is based  on  dom estic raw  m ateria ls .

The dem and  for p ro p p an ts  h a s  increased  by a lm o st 50 p er cen t over 

the  p a s t  10 years an d  is expected to con tinue  in c reas in g  a t  a n  a n n u a l 

ra te  of approxim ately  5 per cen t over th e  nex t 10 years . The d em an d  for
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prem ium  grade ceram ic p ro p p an ts  m ade from abrasive bauxite  h as 

doubled over the  sam e period (discussions w ith rep resen ta tives of Carbo 

Ceram ics an d  Norton Proppants). The reasons advanced  for th e  increase 

being: (1) the  increasing  tren d  in  the  oil and  gas in d u s trie s  to u tilise  high 

p ressu re  fluid injection to increase  recovery from reservoirs; (2) the need 

for a  m ateria l capable of w ith stand ing  the high com pressive streng th  of 

the  rocks in the  deeper wells; (3) the  requ irem ent for a  m ateria l w ith the 

capability  of re ta in ing  volum e stability  u n d e r the  h igh  tem pera tu res a t 

dep th s in excess of 3 ,000 feet an d  (4) the  need for a  m ateria l w ith the 

capability  of surviving the  highly corrosive env ironm ent a t the  greater 

dep ths.

6 .5 .2  The Supply Of Abrasive B auxite

The stringen t specifications for abrasive baux ite  th a t  confine its 

p roduction  to a  sm all n u m b er of bauxite  producing  co u n tries  h a s  already 

been  d iscussed  in  th is  s tudy  (section 2.2.4). The m ajor supply  sources, 

since 1982, w hen S urinam e the  largest p roducer, d iscontinued  

production , have been  A ustra lia , G uinea, C h ina  a n d  recently  Brazil, 

w hich consum es its to ta l production . C h ina  in  2000  accoun ted  for 

approxim ately  50 per cen t of world p roduction  w hich an  estim ated  60 

per cen t u sed  for dom estic brow n fused a lu m in a  p roduction  and  the 

rem ainder exported. Table 6 .7  show s estim ated  world production  of 

abrasive bauxite  in  2000.
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Table 6 .7  W orld Abrasive B auxite 

Production

(Tonnes)

Country Quantity
United States 50,000
Australia 150,000
Guinea 100,000
China 500,000
Brazil 100,000
Eastern Europe 2500,000
Total 1,100,000

Sources:
1. Discussions with Alcoa Aluminium and Chemicals,

Pittsburgh.
2 Discussions with Tribacher Scheimetal, Villach,

Austria.
3. Discussions with Norton Proppants, Little Rock 

Arkansas.
4. Discussions with representatives of Curimbaba, Brazil

The supp ly  of abrasive bauxite  changed  significantly over th e  p a s t two

years:

(1) G uinea, w hich p roduces m ateria l w ith th e  low est S i0 2 c o n te n t needed  

for b lend ing  w ith the  high S i0 2 m ateria l from A ustra lia , reduced  

p roduction  by 50 percen t in 2001 a n d  com pletely d iscon tinued  

p roduction  a t  the  end  of the  year citing a s  the  rea so n  th e  difficulty of 

selectively m ining su itab le  raw  m aterial.

(2) Norton P roduction  in the  U nited S ta tes, w hich p roduced  abrasive 

baux ite  for its  own p ro p p an ts  m an u fac tu re  from  res id u a l bauxite
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deposits in  A rkansas, h a s  been  forced to reduce  a n d  th en  eventually 

to cease p roduction  because  of the  exhaustion  of the  existing raw  

m ateria l resou rces an d  the  high cost of con tinu ing  p roduction  with 

im ported raw  m ateria ls.

W ith the  cessa tion  of p roduction  in G uinea, there  is a  requ irem ent in 

the  m arke t for a  m ateria l w ith properties close to the  G uinea product. 

The p roperties of the  G uyana m ateria l are close to th a t  from G uinea, 

hence G uyana  is viewed by the  custom ers a s  the  b e s t prospective source 

for the  rep lacem ent of G uinea. The m anufac tu re  of p ro p p an ts  dem ands a  

m ateria l w ith  p roperties w hich are found only in  abrasive bauxite  from 

gibbsitic bauxite . W ith the  d ep artu re  of G uinea, a n d  th e  depletion of the 

U nited S ta te s  resou rces, the  only baux ites th a t  a re  considered  technicall 

su itab le  are  those  from W eipa, A ustralia , S o u th -eas te rn  Brazil and  

G uyana.T hese changes in  the  m arke t m ake it feasible for G uyana, which 

h a s  adequate  raw  m ateria l resou rces an d  idle p roduction  capacity, to 

re-en ter th e  abrasive bauxite  m arke t w ith th is  p ro d u c t becom ing an  

p e rm an en t com ponen t of the  in d u stry 's  m edium  to long-term  product 

mix.

6 .1 .3  Definition of G overnm ent Policy

The fu tu re  p rospects  for the  industry , w ith th e  proposed  p roduct mix, 

requ ires su b s ta n tia l capita l investm en t especially  for the  increase in 

m etallurgical baux ite  p roduction  an d  the  e s tab lish m en t of a lum ina  

refining capacity . Foreign investm en t is the  only feasible source of capital
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for su ch  developm ent w ith the  m ajor in teg ra ted  com pan ies in  the  

industry , th e  m ost likely investors. A clear definition of G overnm ent 

policy on th e  role of private investm en t in th e  in d u s try  is a  p rerequ isite  

to a ttrac tin g  su ch  investm ent. While the  G overnm ent h a s  since 1985 

an n o u n ced  a  policy of p rivatisation  of the  sta te -ow ned  baux ite  

en te rp rises  a n d  full private ow nership  of new  developm ents in  the  

industry , the  u n su ccessfu l a ttem p ts  a t p rivatisa tion  su g g est th a t  a  m ere 

declara tion  of a  change of policy w ith regard  to ow nersh ip  is  n o t a  

sufficient condition  for a ttrac tin g  the  large-scale, long-term  investm en t, 

needed for its  fu tu re  developm ent. A m ore com prehensive change an d  

clearer definition of governm ent policy on ow nersh ip  of in d u s try  in 

general, an d  the  bauxite  in d u stry  in particu la r, together w ith  evidence of 

a  com m itm ent to the  in d u stry , active prom otion of its  developm ent, a n d  

even financing of the  in fra s tru c tu re  facilities n ecessa ry  for th e  p roposed  

fu tu re  developm ents are  necessary  to a ttra c t  foreign investm ent. The 

G overnm ent m u s t also convince prospective foreign investo rs th a t  the  

prevailing political env ironm ent is conducive to th e  safety  of th e ir  

investm ent.

A n u m b er of developm ents over the  p a s t te n  y ears  (See Section 5 .4  of 

th is  study) have led to concerns ab o u t G overnm ent's policy on private 

ow nership  of industry , its  policy on privatisa tion  of th e  baux ite  in d u stry , 

its com m itm ent to the  in dustry , an d  its ability to m a in ta in  a  safe political 

env ironm ent for foreign investm ent.

The developm ent of m etallurg ical baux ite  a n d  a lu m in a  w ould be 

virtually  im possible w ithou t involvem ent of the  in teg ra ted  a lum in ium
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p roducers an d  probably  the  second-round  opera to rs a n d  in ternational 

trad e rs  who are becom ing increasingly  involved in the  bauxite, a lum ina, 

a n d  a lum in ium  m arkets. The no rm al practice in the  in d u stry  is for the 

initiative for the  estab lish m en t of the  necessary  conso rtia  arrangem en ts 

to be tak en  by a t  least one of the  m ajor com panies. In the  context of the 

new  s tru c tu re  of the  in d u stry  a n d  the  in te rnational com petition for such  

pro jects it m ay be necessary  for the  governm ent to u n d ertak e  the 

n ecessary  feasibility an d  investm en t stud ies an d  actively se t o u t to 

prom ote an d  organise the  conso rtia  for the developm ent of the  projects.

The developm ent of the  refractory  and  abrasive bauxite  sectors m ay 

requ ire  a  different app roach  since the  fragm ented s tru c tu re  of the 

refractory  raw  m ateria ls an d  refractory p ro d u cts  in d u strie s  would 

preclude large-scale investm ent from  entities in  these  industries. Neither 

h a s  the  abrasives in d u stry  show n any  in te res t in foreign investm en t in 

th e  p roduction  of raw  m ateria ls. Therefore, it m ay be necessary  for the 

G overnm ent to adop t the  leading  role in securing  finance for the 

developm ent of th is  sector, even being p repared  to provide g u aran tees  for 

su ch  investm ent.

A developm ent th a t  is critical to the  fu tu re  of th e  in d u stry  is the 

rem oval of th e  sh ipping  co n s tra in ts  th a t con tinue  to im pose a  severe 

penalty  on the  coun try 's  bauxite  sh ipm ents. The large-scale p roduction  

of m etallurgical bauxite  an d  a lu m in a  would require  com petitive shipping 

costs  th a t  could  only be achieved by increasing  the  size of sh ipm en ts 

closer to th a t  from  the  o th er exporting countries. This could be achieved 

over a  very sh o rt period of tim e by u n d ertak in g  th e  necessa ry  investm ent
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in the  fu rth e r deepening  of the  en trance  to one of th e  rivers, an d  the  

e stab lish m en t of a n  efficient bu lk -m ateria ls  han d lin g  facility to  facilitate 

the  rap id  loading of vessels. Technical a n d  econom ic feasibility  s tu d ies  

confirm ing the  viability of su ch  a  project have a lready  been  u n d e rta k e n . 

Since su c h  a  pro ject could be considered  as a  developm ent of the  

coun try 's  in fra s tru c tu re  an d  qualify for in te rn a tio n a l in s titu tio n a l 

financing, the  governm ent's w illingness to u n d e rta k e  its  financing  an d  

developm ent cou ld  be seen  a s  a  declaration  of its  com m itm en t to the  

in d u stry  a n d  a c t a s  an  incentive to foreign private in v es tm en t a t  the  

p roduction  stages.
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C hap ter 7 

CONCLUSION

G uyana 's rap id  rise to the  position of the w orld 's second largest 

p roducer of baux ite  in the  decade of the  1940s w as th e  d irect resu lt of its 

endow m ent w ith relatively large deposits of h igh  grade bauxite, 

com patible w ith the  technology u tilised  by th e  N orth Am erican 

a lum in ium  in d u stry  for th e  p roduction  of a lum ina  a n d  the  increase  in 

dem and  for a lum in ium  for the  production  of a ircraft du ring  the  Second 

W orld War. However, the  coun try  lost its p rom inen t position a s  a  

supp lier of baux ite  to the  a lum in ium  in d u stry  over th e  nex t four decades, 

w hen a lum in ium  becam e estab lished  a s  a n  in d u stria l m etal and  world 

production  increased  a t  a n  average a n n u a l ra te  of 6 .8  per cent. By the 

decade of the  1990s, G uyana h ad  becom e an  insign ifican t supp lier to the 

industry .

The un ique  chem ical a n d  m ineralogical p roperties of its  bauxite  

resou rces m ade it feasible for the  coun try  to con tinue  a s  a  bauxite 

p roducer w ith the  production  of refractory bauxite, dem and  for w hich 

s tim u la ted  by p o st w ar econom ic an d  technological developm ents in the 

steel in d u strie s  of the  M arket Econom y C ountries betw een 1950 and  

1075. This developm ent propelled G uyana to the  position  of the  world's 

largest p roducer of refractory  bauxite  w ith a  m ark e t sh a re  of over 80 per 

cen t during  the  decade of the  1970s. The co u n try  lost its  dom inan t 

position in the  refractory  bauxite  m arke t du ring  the  decade of the  1980s
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and  by the  end of th e  decade of the  1990s its  m ark e t sh a re  h a d  fallen to 

only 12 p er cent.

S tud ies of the  industry , u n d e rta k en  in  the  decade of th e  1960s, 

a ttr ib u ted  the  loss of sh are  of the  m etallurg ical baux ite  m a rk e t to  loss of 

com petitiveness th ro u g h  high m ining and  sh ipp ing  co s ts  com pared  w ith  

those in o ther baux ite  endow ed countries. S tud ies in  th e  decade of the  

1980s a ttr ib u ted  th e  decline in p roduction  an d  loss of sh a re  in th e  

refractory bauxite  m ark e t to in h e ren t high p roduction  cost, in ad eq u a te  

investm en t in m ain ten an ce  an d  rep lacem ent of equ ipm en t, a n d  

inefficient m anagem en t assoc ia ted  w ith s ta te  ow nership .

The hypo thesis of th is  s tu d y  is th a t  while the  re a so n s  for th e  decline 

advanced in the  earlie r s tu d ies  are  relevant, they  do n o t provide a n  

adequate  exp lanation  of the  developm ents in  the  in d u s try  since the  

decade of the  1950s no r are  they  an  ind icato r of th e  p ro sp ec ts  for its  

fu tu re  developm ent. The th es is  of loss of com petitiveness in the  

m etallurgical baux ite  m ark e t th rough  h igh  m ining a n d  sh ipp ing  costs  

fails to evaluate a  n u m b er of critical e lem ents of c o st of p roduction  of 

bauxite  an d  a lu m in a  th a t  influence the  com petitiveness of baux ite  from  

different sources, a n d  fails to a sse ss  th e  im pact of a  n u m b er of 

non-econom ic fac to rs on investm ent decisions in  th e  a lum in ium  

industry , of w hich baux ite  p roduction  is a  com ponent. The parad igm  of 

inefficiency assoc ia ted  w ith sta te -ow nersh ip  a s  th e  rea so n  for loss of 

com petitiveness in  the  refractory  baux ite  m ark e t also  does n o t 

adequate ly  analyse  a  n u m b er of exogenous econom ic, technological, a n d  

m ark e t factors th a t  im pinged on the  dem and  for a n d  supp ly  of refractory
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raw  m ateria ls  in  general and  refractory  bauxite  in particu lar. Therefore, 

the  s tu d y  se ts  a s  its objective the  u n d ertak in g  of a  com prehensive 

analysis of the  econom ic, technological, m arke t an d  non-econom ic 

factors th a t  influenced the  developm ent of the  G uyana  bauxite  in dustry  

over th e  p a s t 50 years  both  in the  a reas  of m etallurg ical and  refractory 

bauxite.

To achieve th is  objective, th e  study  evaluated  the  significance of a  

n u m b er of elem ents of cost an d  pricing in  the  evaluation  of the 

com petitiveness of bauxite  from different sources, su ch  a s  (1) the  quality  

of the  bauxite; (2) capital investm en t an d  cost; (3) operating  an d  to tal 

cost; (3) a lum ina  production  cost; (4) sh ipping  cost; a n d  (5) th e  pricing 

m echan ism s for m etallurgical bauxite. The s tudy  also evaluated  the 

im pact of non-econom ic factors su ch  as: (1) resou rce  endow m ent; (2) 

political philosophy an d  the  prevailing political clim ate; (3) investm en t 

stra teg ies of m u ltina tional corporations; (4) public policy on investm ent 

an d  ow nership  of industry ; (5) na tiona l security  in te re s ts  on investm ent 

an d  location of capacity; a n d  (6) governm ent involvem ent in the 

developm ent of m ineral resou rces an d  on the  location and  tim ing of 

investm en t in the  bauxite  an d  a lu m in a  sectors of the  industry . The s tu d y , 

concluded  th a t  while the  p roduction  of bauxite  in  G uyana suffered 

in h e re n t d isadvan tages in m ining  an d  shipping, inclusion  of the  o ther 

e lem ents of cost in  the  com parative analysis show s a  significant 

reduc tion  of the  d isadvantage in som e a reas  an d  a  com plete reversal in 

o thers. It also concluded th a t  the  non-econom ic factors played a
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significant role in  th e  diversion of investm en t in th e  in d u s try  from 

G uyana, to o ther bauxite-endow ed countries.

The s tu d y  also analysed  the  factors th a t  s tim u la ted  th e  dem and  for 

refractory bauxite  a n d  con tribu ted  to G uyana 's  d o m in an t position  in  the  

supply  of th is  p ro d u c t an d  found th a t  m acro econom ic developm ents in  

the  M arket Econom y coun tries after the  Second W orld W ar th a t  

increased  the  dem and  for steel, together w ith  technologic developm ents 

in the  steel-m aking p rocess, were responsib le  for the  in c rease  in  dem and  

for refractory  baux ite  w hich, for 25 years, G uyana  w as th e  only viable 

supplier. The analy sis  identified (1) changes in  th e  m acro  econom ic 

variables in  the  M arket Econom y countries; (2) technologic developm ents 

in  the  steel-m aking process; (3) s tru c tu ra l changes in  th e  steel industry ;

(4) developm ent of a lternative  sou rces of refractory  baux ite ; a n d  (5) 

developm ent of su b s titu te s  for refractory  baux ite  a s  being  responsib le  for 

a  d ram atic  change in  the  dynam ics of the  refractory  raw  m ateria ls  

m ark e t th a t  reduced  the  dem and  for refractory  baux ite  in  general an d  

G uyana refractory  baux ite  in p articu lar.

The im pact of the  superim position  of s ta te -ow nersh ip  on  th e  in d u s try  

w as also analysed. The s tu d y  exam ined the  m otivations for s ta te  

ow nership  an d  evaluated  th e  effect of specific e lem en ts of 

sta te-ow nersh ip  on th e  industry ; (1) loss of econom ies of vertical 

in tegration  w ithin the  a lum in ium  industry ; (2) loss of efficiency resu ltin g  

from the  o rgan isational an d  m anagem en t s tru c tu re ; (3) failure to 

estab lish  clearly defined in d u s try  objectives; (4) ab sence  of m an ag em en t 

accountability ; a n d  (5) loss of m anagerial an d  techn ica l skills, to the
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industry . It also exam ined changes in public policy on s ta te  ow nership  of 

th e  in d u stry  and  analysed  the  con tribu to ry  factors to th e  failure of recen t 

a ttem p ts  to divest the  in d u stry  a n d  reduce the  level of s ta te  ow nership.

The s tudy  th en  a sse ssed  th e  fu tu re  p rospects for th e  in d u stry  and  

concluded th a t  it could be re-estab lished  a s  a  com petitive and  viable 

baux ite  p roducer w ith a  diversified p roduct m ix com prised of 

m etallurg ical bauxite, a lum ina, a  range of refractory  m ateria ls  spann ing  

the  en tire  high a lu m in a  spectrum , an d  abrasive bauxite . The b asis  of its 

fu tu re  p rospects, in  the  a lum in ium  industry , is its  large high grade 

baux ite  resou rces, the  projected growth of dem and  for a lum in ium  and  

o th er a lu m in a  based  p roducts , s tru c tu ra l changes in  p rogress in  the 

a lum in ium  in d u stry  an d  co nsequen t changes in the  m ark e t for a lum ina  

an d  m etallurgical bauxite. The b asis  for the  p roduction  of a  com plete 

range of high a lum ina  an d  syn thetic  a lum ina  p ro d u cts , its  large bauxitic 

clay deposits assoc iated  w ith th e  bauxite  resou rces, a n d  changes in  the 

s tru c tu re  of dem and  for a lu m in a  based  refractory  m aterials. The 

increasing  dem and  for abrasive bauxite  for p ro p p an ts  in  oil an d  gas 

extraction , changes in  the  sou rces of supply  of abrasive bauxite, the 

availability of su itab le  raw  m ateria l and  the  existence of idle processing  

capacity , create  new p rospects for the  large-scale p roduction  of abrasive 

bauxite.

The s tu d y  identified a  n u m b er of changes in  public policy as 

p rerequ isites for the  fu tu re  developm ent of the  industry . The critical 

a re a s  identified are  a  clear definition of public policy on the  role of 

private investm en t an d  ow nersh ip  and  control of en tities in  the  industry ,,



218

the e s tab lish m en t of the  appropria te  legal an d  in s titu tio n a l fram ew ork 

for th e  im plem enta tion  of the  investm en t policy, active p rom otion  of th e  

developm ent of the  in d u stry  by th e  G overnm ent, th e  e s tab lish m en t of 

clearly defined incentives for investm en t in  the  in d u stry , a  com m itm en t 

by th e  G overnm ent to facilitate the  e s tab lish m en t of in fra s tru c tu re  

critical to the  viability of pro jects in the  industry , a n d  m a in ten an ce  of a  

stab le  political an d  safe social env ironm ent to reduce  to a  m in im um , th e  

e lem ent of political a n d  social risk.
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