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(i )

FOREI'IORD

Th'is working paper is the second in a series on a'lternative mineral

processing technologies in the Third t{orld prepared within the framework

of the blorld Employment Prograrune.

The major objective of the study is to present an exhaustive analysis

of the Jamaican bauxite/alumina industry, identifying tjre technological

adaptations that have taken place as well as the scope for further adapt-

ations which will lead to increased employment. More specifically, the

following issues are explored:

i ) the importance of the bauxite/alumina industry to the Jamaican economy,

as well as the place of Jamaica in the world aluminium industry;
ii) the techniques of production used in Jamaica to mine bauxite and

convert it to alumina with spec'ial reference to the importance of
energy cost and availability;

iii) employment generat'ion and the impact of scale of

'fi

\

operations on unit
lcosts;

iv) opportunities for expansion of the local industry and increased

nat'ional control via regional and international cooperation in joint
ventures; and

v) possibilities to increase local linkages and foster greater knowledge

of the industry- through the creation of specialist institutions.

The study finds that although the bauxite/alumina industry accounts

for a very small percentage of employment in Jamaica, it is of vital
importance to the economy due to its earning of foreign exchange and its
contribution to Government revenue. At the same time, the absence of
indigenous energy resources has increasingly made the Jamaican industry
less competitive compared to those of countries which have both the mineral

and energgy resources (e.g. Australia and Brazil). Additionally, the United

States, traditionally the largest market for the Jamaican industry, has

been losing its'importance as a producer of aluminium, due in part to higher

energy costs
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(ii )

The menu of available mining and refining technologies is well known'

and the trend is;towards larger and more capital-'intensive ones. However

findings of the study suggest that the options for technological adapt-

ations may be limited within the Jamaican industry, where the grrowth

potent'ial is also meagre. The scope for expansion of the industry seems,

however, greater if reg'ional and international collaboration'can take

place. This will permit "marriage" of complementary natural resourcesf

for mutual benefit :

As regards increased linkages within the local industry, the study

identifies financing as the major obstacle to the production of caustic 
,

soda (an input) or the construction of a sheet-rolling mill. Finally, the

study identifies concrete benefits which have been derived from the

establishment of institutions such'as the Jama'ica Bauxite Institute (JBI)

which had the specific objective of increasing local knowledge of the overall
aluminium industry regarding both technological and economic aspects. This

has enabled Jamaica:to bargain on a more equal basis with the multinational
.enterpri ses.

The major implications of. the study for policy-makers and future
researchers are:

i) the increased i*rergy cost has lim'ited the options for energy-deficient

countries.in the exploitation of natural resources;

ii ) the chance of further development of the local industry may lie in
increasing econonic and technological know'ledge which will help

implement regional collaboration projects and improve the industry's
ability to bargain with multinationals; and

iii) the implementation of regiona'l projects can be hindered by a variety
, :,

of obstacles Fanging from the d'ifficulty of obtaining financing to
the uncertainty of polit'ical factors.

I
t
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TECHNOLOGY ADAPTATION AND EMPLOYMENT IN THE BAUXITE/ALUMINA
INDUSTRY OF JAFIAICA *

CIIAPT.ER 1

IIITROOUCTIO$I

*---.- - -.. -- - ---r-;---.r .-

1.1. 0roanization of Studv:
The study comprises seven chaptere. In this, ths Introduction,

the context of the study is estabLished. First, rds prtssont the

definitions of tttechnologyrt and tttechnology adaptationrt ulhich determine

the arBas chosen for analysis.. The chapter analyaea tha importance of

the bauxite/alumina industry and the impact of incraasing energy priceg

on the Jamaican economy. There is aleo a brief discuEsion of the

l.evel of unemployment ruhich ob,taing in the trountry.

Chapter II estabtishes tha'roLB of Jamaica in the rrrorld

aluminium industry. Data and analyeie are provided on the grourth and

decline of the Jamaican component of the indus.try over ite thirty-

year axistence. In Chapter III, thare is a detailed rEvieu, of thE main

techniquEs of production used in the uorl.d induetry for processing and

smeJ.ting of alumina. In order to provide a tot"l profiJ.e for the

industry, a similar discussion of varl,ouE mining techniquee is presented

in an Appendix.

Chapter IU discusses thE techniques usEd in bauxite mining

and processing in Samaica and then considers the general iEsua of EcaLe

in the industry. Next it analysee epecifically employment and income

generation, sizE of operation and production costs for the Jamaican

industry.

In Chapter U, the question sf.the option for the devEJ.opment

and expansion of the industry through iricreased regional and inter-

national cooperation is considered. The importance of this option must

be seen in the J.ight'of the countryts deficiency in factors sueh as

eneDgy and a large domeEtic market. ChaptEr UI considers another option

for expanding the local industry - that of increasing J.ocal linkages

th;ii *,inTi io irre va@i
which made data available for the study. Special thanks are due to the
Jamaica Bauxite Institute. They also thank Mr"s. Kathleen Miles who
typed varlgls ,vefgions of this repgrt.
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both backurard and forrrrard. FinalLy, Chapter UII discuEses the

impact ulhich the creation of locaI institutions has had on the

--Fl -industry to date.

1.2 DPfini!,ion. and Orientation

Given ruhat seems to ba an infinite number of interpretations to

the rrlord trtechnologyrtr it is usefuL to begin by establishing as clearly

as possible the meaning impj.ied in this study. Girvan (lgZg) provides a

definitigl rrrhich captures the eqsence of that rrlhich ure rrrish the uord

to convey. It is
I'TechnoJ.ogy ... (i") the knotrrledge, skillsr methods and
procedures associated uith the production and uti1isation of
goods and services in a given society.rt Girvan (lglg, F.1)

The discus'sion in Girvan proceeds to make the criticaL dis-

tinction betu,een the .gg&$Iggg! of technology, and technology itself r

The embodiment of technology is materiaLised in'designs, speeifications,

formulations, operating instructions, machinery, equipment, buiJ.dings,

systems and other tangible forms. Houever, thelacquisition of the.-
embodimEnt of. a technol.ogy in the form of plants, equipment and prooBSS

formulation is not equivalent to possessing the teehnology needed to

repair and maintain the facilities or to modify systems to suit, and

respond to particular IocaI conditions.

In the specific EBnse of the bauxite/aLumj.na industry, the

embodiment of tha industryrs technology can be easily acquired by any

country in the form of physical entities such as mining equipment and

alumina plants. Houever, for a eountry to be able to cLaim to have

mastered the technoLogy of the aluminium industry the requirements are

much more extenEive. In addition, it entails acquisition of detailed

knorrlledge of the rrrorld induetry, of the major factors rrlhich change the

nature of demand fsr aluminium and the factors affecting investment

decisions.
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1,3 lmpogtance of Bauxite/ALumina Industry to Samaic,an Eeonomy

.., Jamaicars economy is structurally dependent on external trada.

The mbjor sectors of the Bconomy (E.g.'manufacturing) are either

dependent on imported .raur materials or are geared to produce for external

marke*e ,(e.g-. bauxitey'alumina, sugar, bananas). Given the economyrs

tt- dependence on ,importsr'the sectors uhigh earn foreign exchange hold

Rosit,i,on3 of parti.cular importance. This importance is increased by

the nbu chronic deficit.on balance of trade. SBe TabLe 1.1.

TABLE 1.1 : .itrmaice: lYlerchandiee Trade - 1978-8{ (US$m)

: Balance
Yedr': . Exporte Importe Visible Trade

1,978

1979

1 980

1 981

738.1

914.?

95g.3

979,4

864.?

1 002.8
-126.6
-1 88.1

1172,6 i -213.3
146?.2 : -496.8

I. Sourcei Economic gnd Sogial Suruev, v,arious 'editions
I

Tha impqrtance of the bauxite/aiumina industry can be derived

from a disaggregation of the total value of exports by SITC. Table 1.2

shou,s ihat Crude IrlatEriaLs (Bauxiter/Alumina) accountEd for over ?CII|

of the value of vioible exports for the r?9-81 periodl reaching as
...

high ae 7A.6% in 1 981 . The next moEt important category u,as food

(sugar, bananas ete.) but in 1981, the value of bauxite/alumina uas

ou6r eight timeE-that of fosd. In fact, the combination of bauxite/

alumina and the food exports aceounted for B5S or over of total exports

in each of the three years. This saxv€,s to iLlustrate the reLative

insignificance of the manufacturing sector as an export BatnBD for the

JamAlCan eCOnOmy.



TABLE 1.2: Jamaica: ExportE,bv SITC CFteoorlee ('t9?9-81 )

19?9 1 980 198rt

SITC CateqorieE US$m * us$m * us$m *

0 Food

1 BeverageB and Tobacco

2 Crude ltlaterials
( B-auxite/ALumina )

3. MineraL Fuels

4 Animal and Vegetab1E
0i1E & Fats

5 ChemicalE

6 Manufactured Goods

? lvlachinEDy

I filisc. Manufacturae

9 Misc. CommoditieE

19.4 gg.2 10.3

3.3 29.4 3.1

?1 ,6 736.1 ?6.e

4,2 1g.t 2.O

92,'4 9.6

32.? 3.4

762,2 ?8"6

1 6.9 '1,-?

1 5.9

14i8

1 3.1

,22.2

1.6

1.5

1.3

2.3

109.,5

26.7

585.3

34"8

0.3

.1 6.0

1 5.0

11iB

17.2

0.2

1.0
2.O

1.4

211

0.1

15.0

14.g

25,.1

20.0

'0.5

1rG

1.5.

2.6

2.1 .

' Bi 4*1.,.{1.O0.*O"
i

959.3 100.0 9?A.4 100.0

SourcE: DerivEd from Economic and Social Survev - ueriouE edl.tiona

The bauxite/alumina l,ndugtDy..la of l.mportanee to the f,amaLcan

Bconomy in areaE other than belng the moEt important foreign exohange

earner. It is a significant eontrLbutor to the financing of Govarnment

operations. Thie iE effected by meane of annual transfers to Centrel

Government from the CapitEl Deuclopment Fund (COf) rrrhich uas eatabllshEd

in 1 9? 4 ta invEEt the eerntngc from the thEn neuly-introduced bauxite

levy. Althdugh the uee of thle mon€y for recurrent e*periCttusee vlolatee

the rationale for the Eetabliehmant'6f theigOqj'the fact'i,s'thct thesE

tr.transfeDstt accounted ?itt 22f,, 16.?fr and 19;'5, of thE Governmenita

rauenuo f,or the fJ.aErdl years tWO/a,Ar: 1980/91 and 1981/82, reepectively.
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The industry is not a significant employer of Labour, The

total Labour force uras approximately 6r800 trlhen the industry ulas at

peak pcoduction. HouevEr, the fortunes of other sectors, urith greater

impact on empJ.oymcnt; ar€ irifluencEd to a great extent by the state of

the industry, as a result of their need for imported rau materials.

1.4 Enerov and the Jamaican Economv

LJe have made reference to the dependence of the Jamaican Bconomy

on imports. NouhelE is thie dependence moDE apparent than uith regard

to energy uheee over 989 o? the countryts eommercial anergy requiremantE

are imported. 'Thie dependencs on lmported Bnergy is not only tha result

of absence of local re$ourcBs but also to the fact that during the era

of cheap oi1 supplles, conaumption climbad rapidlyl rising from 6.184

million barrels in.oil equivalent (rqaoe) rn t951, to 19.859 tYlBoE in 19?3.

Arthur (fgaO) provldes a usefuL discussion of the impact of the
i

oiI price increases on the energy intensivE techniques uhich characterise
i

.i
domestic- production. Jamaiea, like most other BherQ!-deficient countries,

adjusted to tha u,ave of .price increasEs by a pDocess of receesion.

Over t'hei 19?4-Ag period, there rrlas continuous decline in real output.

This decline can be directly related to a compRBssion of petroleum

consumption irom a peak'' of nearly zCI trlB0E in 19?3 to 15.3? fvlB0E in 198U.

1.4r1

,. RiEing oil pricea havE retarded the grouth of the Jamaican

aconomy by re-quiring en increasing proportion of export earninge to be

te diversionspent on purohaeing energy. Convereely, it has implied tt

of foreign exchange t6souroea auay from being allocated for the importa-

tion of invEstment goods. The.Bnergy crisis has compounded the countryts
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rB combination of debt and oil paymBntsforeign debt situation and the combination r

accounts for nearly a half of the countryts foreign exchange cash

expenditure in 1g?gr 58.8f in 1980 and 58.5f, in 1981. It iE of

significance that tha expenditurB on non-oi1 imports actual.ly dacreaEed

in current doll,ars bEtu,een 19?9 and 1981. This impJ.ies an av6n more

seriousreduetioninthErea11eue]..ofimportsovertheperiod.

Cash Exoenditure - 1g7g-81
( us) $m.

19?9 1 980 1981

*$*s *

Debts and Lines of Credit

oiL*

Non-0i1 Importe

Uther Payments 124.3 12.O

314.2 30.4 504.1 37.0

255.0 24,4 2g3.1 21.5

35?.2 34.1 398.1 29.2
I| "'

115.'9 11 .1 168. 6 12.3

335.2 32.3

1?6.1 17 .O

401.4 38.7

i
xexcl,udEs purchaegE by bauxlter/alumina pompaniee

l
t

Source: Bank of Jamaica Statistics.

1. 5 Jamaicar s Unemoloyment Situation

No selious diecuEEion of the main eocio-economic characteris-

tics of Samaica can avol,d consideration of thE iseue of tha Level of

unemployment. Hence foreign-exehange earning and employment-creating

capabilities are perhaps thE turo moet important factore by rrlhich

investment decieions a:e evaluated. In termE of investments by the

State itseLfr the conEideration ie not EolEly in terms of the specific

investment decision bEing analysed. AlEo of importanee ie the

comparison uith another project'(or projects) the implementation of

rrrhieh uoul.d be precluded if the one being prBsently contemplated is
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apProved. As urill be seen in chapter v e such a compaDison ulas a

constant obstacle, but obviously not the only one, to a final commit-

ment to a major investment in a nFU alumina pIant.

In Table 1.4, the unemployment picturE for the period 19?6-1981

is displayBd. It shorrrs that betu,een 1976 and 1981, the level of uh-

employment has increased from 22.4fi to roughly 26fi in 1981. Houever,

ulhat is of greater significance is that the absolute number of un-

employed has.increased from 19?r800 to 2621500 in tha same period.

T'his implies that nst onLy is the backlog of unemployed untouched but

not enough jobs are belng created annuaJ.ly to take care of neul entrants

to the labour foree.

TAELE X.4; Samaica: Level of Unemployment 19?6-A1

Y ear
Total Labour

force
Unemployed l

Labour forc'e fiot
Total tr[J00 persons t000 persons

19? 6

1977

1e18

1979

1 980

1981

883.5

910.0

939.0

953.6

991.2

1014.9

197,8 i

220.2

230. 5

264.7

2?O.8

262.5

22.4
24.2

24.5

2l.a
2?.3
25.9

. The fulL extent of the problem is not understood until gne

looks at the data on the main streams of emigration. Table 1.5
provides the details. It shous that over the nine year period"1912-

1980, a total, of over 190r000 Jamaicane emigrated to the U.5.A.1
Canada and the U.K. Although this emigration must have implied the

loss of some skilled members of the labour force, it al.so meant that
others rrrho ulould have contributed to the pool of the unemployad also
migrated. HencB, uere it not for migration, the present level of
unemployment uould have been greater.



-9-

t
t

8l

I
ol

EI

d
3l
lf,.r,

EI

:l
.EI

ol

EI

6
o
J1
3
o
]n

$
@
\o

AI

cn
ro
\cl

rq
N

Or
@
@

to
st

6l
@

6

tc,
trt
ro

t!

co
1Il

C'
GI

cn
trt

u,
sl

@.cn

N

cn
!(,

@

Ct

SFO\
t\los
@F\El
t- los

$ rit r:r!o
tr (\l t\
ol !,)

mco\oro r.ll rll
Gl(Drs
cn' tcl

rg\(f cr\ Nu)(\l6
GG'

rt.ElF

\o6l@clocnct sl
-agr l\ t-

roF{+t\ cn
ct $l !r,

-i
Cfle

orot\cfocn$(\lrq
a

NF

rqlqlst\o rcl t\
cn r{l qo

.Ggrots

t\(\loNcnlilstoro
iaa

rc) !D

.o
o$..nc:<.(u.

3(J=

o
co
crr

O.|
t\
cn

@
t\
Oi

t\
t\
cn

ul
t\
ol

l.nt\
o\

$
F
or

r{t
t\
gr

Nr\
cn

t-
o
.rt
+,
6c
..{
+,
o
o
c)



- 10-

EHAPTER II

lAlvtAICAr.S pL3CE IN THE lroRLD ALUlvtINIUtyl INDUSTRy

2.1 IntToduction

For over thirty years Jamaica has had an important place in the

urorLd aluminium industry. The countryts role in the industry began

shortly after the end of trJorld Uar II. It resulted to a large extent

from its identification aE an alteinative or supplementary source of

ore for the North American refineries and smelters, bEeausE of the

sinking and haraesment during the ular of bauxite ships plying betrrleen

the GuianaE (the traditional eupplierE) and the U.S. Davie (tgaO, 1981)

provides a detailed analysis of the factors surrounding the development

of the industry in Jamaica.

The grourth of Jamaicats importance in the uorldrE aluminium
.;

is inextricably tied to the emergBnce of No.rth,America, particularly

the U.S.A.1 as a major producer and consumar of,primary al.uminium.

The impact of tdorld Uar II on the grouth of the North American industry

can be seen by the fact that in 1 939, North AmErica accounted for

about 35/ of ruorld pnimary aluminium production. By 1943, this figure

had increased to 66fr of rrlorld production. LJestetn Eurbpers share,

by contraet, had fallan from 6CI% of rrrorld production in 1938 ba 237

in 1943.

The stimulus to the groruth of the North American induetry'did

not end uith the urar. In the immediate post-u,ar period, the induEtrial,

capacity of eeveral Europaan countries had been so devastated that

they u,Bre unable to producB enough to meet their requirements. AE a

conaequence, they had to reJ.y on North America to supplement local.
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production. For example, Ln 194?, uhile production in thE U.K. amounted

Lo 29r4t)CI tonnes, coneumption of crude aluminium u,aa 161 ,000 tonnoe.

The deficit ulas made up largely by Lmpbrts from Canada.

2.1.1 The Role of the TNCre

The grouth of the Jamaican industry muEt be analysed ulthin

the contExt of the involvemont of the major aluminium TNCe. They

firet entered Jamaica in the early 1950e. There are preaently five

TNCs operating in the Jamaican tnduetry, includi.ng four of the six

major aLuminium TNCs. KaiEer and ReynoJ.de export dried bauxite,

ALCAN ships only alumina, ptoceosed at itE tuo plante, located at

Errlarton and'Kirkvl,ne, uhile ALE0A aleo ships aluminarpDocesged at its

Halse HaJ,J. plant. The fifth company, ALPART is a coneortium of Kaiser,

Reynolds and Anaconda and exporte alumina. i
I

A sixth TNE, Revera, bullt an alumine plant and started 
i

production in 19?1 but ceaEEd activities in t'gZS,aE a reEult of a

combination of factorE, the chief of rrrhich ulas the unaconomic sizE of

the plant. Tab1e 2.1 provides summary information on the companieE

ln operation in 36maica.
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2.2 Exoansion of trlorld A!.uminium Induetrv. 1950-1980

The stable grouth and expanslon of the marklt economl.eE of

North America and tleatern Europe in the 1 950E and 1 960a gcneeated

rapid expansion of ths rrrorld elqmlnlum induetry. The availabtllty,

durlng thie per!.od, iif capital resources at lorrl intereet rateE and

cheap enBrgy eupplieer urae a poeitive factor for the induetry rrrhlch ie

highly capital-S.ntEneive arld one of the largeat per unlt conBumotE of

electrical energy.

At the beginning .of the 19E0e' prLmary aluminium productl.on in

the markst. economLea (North Ameelca, trleEtern Europe, Africa and Japan)

stood at 1r269r?O0 tonnee and gtau to 315511100 by 1960 + 8fr averrgd

annual increaEe o? 18fi. In the eentrall,y-plannsd economlsal the rapid

rate of eeonomic davelopment after 1 945 aIEo brought ebout an even moDB

dramatic percentage incraaes Ln'production of ihe metal. In 1950
i

production stood at 2011000 tonnea aqd moved by 1960 to 9111450, an

average annuaL increasE of SSt(.

TabLes 2.2 and 2.3 provide data on rrlorld primaey alumLnLum
i

production for the period 195tI-80. The data shorrr that prinrary

aluminium produ'ction incrEaced. at, a rapid rata 'tn tha 1950e an-d. 1950E

and at much reduced rEte ln the'1,9?.0e. Thle, neduction Ln the rste of

expansion of the industry ues eommon to both tlaatern and Eaatern bloc

countrieE.
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hJorld Aluminium, Production -. 1 950-80

|.
Ii' (000 tonnes) ' -1 950 1 960 1 9?0 1 980

1. fiarket EconomiEs

2. PLanned EconomieE

3. Total. trjorld

11269.? 31551 ,0 Br069.7

281.O

1 ,47O.7

g1'1 .4 21246.1

4r462.4 1 0r31 5.9

2r7?8.5

3r2g5.g

161864.4

Source: MetaL Statistics. 1980.

TABLE 2.3: Average AnnuaL Grorrrth Rates in tdorld Primary
Aluminium Production. 1950s. 60s and ?0s

1 950s 1 950e 1 970s

1r

2.

3.

lYlarket Economies

Planned Economiee

Total trlorld

1aft

3514

20r,

1sfr

1 4.6fi

13.1fi

5.gfi

4.6fr

5.6%

2.3 klerld Bauxite PToductign: 1955-80

Teb Le 2.4 provide$ data on lrlorld and 3amaican bauxite production

for the period 1 955-80.
I

TABLE 2.4t Bauxite Production 1 955-1 980:
Samaica and tJorLd

1 955 1,960 1970 197 4

1000 tonnes

-

19.?5 1 980

Jamaica

trjorLd

2r6gg , 5r835 12rO1O

17 1984 27 1620 66r?97

151166

83, 935

11,580

77 rO45

11 ,g?A

91 ,.338

Source: Itletal Statistics, various issues and
Jamaicars Bauxite Production.JBI Fact SheetE on
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The table shorrts that bauxite produetion in Jamaica incteased by an

annual average rate o? 23i^ in the period 1955-60 compared to 10.?$ 
I

in urorLd production. In thE period ''1960-?0 Samaicars production increaead

by an annual avBragB ratE of 1O.sfi trrhilst rrrorld production increased by

12%. In the decade of the 1 9?0s uorld production continued to expand

but at a greatly reducad rate averaging about S#fi per annumo Un the

other hand Jamaicars annual producti.on DosB by an annual average rate

of ?.1% up to 1g?4 but regiEterEd absolute declinee thareafter to end

up uith a zero grouth for the decade.

In Table 2.5, data are provided on uorld and Jamaican bauxite

production for the period 19?0-1981. It shorrrs that Jamaicars production

peaked in 1974 at 15.2 million tonneE and suffered a EeuBDe decline in

1g?5, reflecting the effects of the impact of the 19?4-?5 recEssion

in thE market economies. The falt in demand for bauxite is shor',n in
l'I

the decline in rrlorld production from 83.9 milLion tonnes in 19?4 to
I

?? million tonnee in 19?5. Tab1e 2.5 shorrrs too that Jemaicars share
i

of trorld production declined from a htgh af 21fi in 1g7O to rough Ly 13fr

in the 1979-81 period.

TABLE 2.5: Bauxite Production 19?0-81

-

Jg$qica and lJor1d

601162
661797
70,806
741866
83,935
7? 1845
80r492
a5)224
84,369
88 r 009
91,338
a? r?96

12rO1B
12r44O
121539
131646
15r156
11,380
1O1296
11 1434
11 ,?36
1 1 ,505
11 ,978
1 1 ,606

r00B tonnae

-

21 .A
19.6
17.7
1 9.2
18.1
14.9
12.A
13.4
13.9
1 3.1
1 3.1
13.2

Year trjorld Jamaica % of llorld

1978
1 971
19?2
1973
19? 4
19?5
1976
1 977
1978
1979
1 98n
1981
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2.4 Alumina Production 1966g197A

0ver the fifteen yBar period 1966-1978, rrlorld atrumina production

increased from 14.8 million tons to 30.8 milLion tons. During the

same period, Jamaicafs production increased from 0.8 million tons to

2.1 mi,Llion tons, aeflecting both an incrBaee in bauxi.te production

and an increase in refining ca.pacity, as is indicated in Table 2.1.

TabLe 2.6 providee details on JamaicarE share of urorld pq,oduction for

the period. ThE countryre share of aLumina production reaehed its
peak ti.n 1974 (lO.lfi) corrBsponding to the greateet year of bauxite

and alumi.ng output.

TAQLE 2.6: Alumina Production. 1966-19?B: f,?maica and tdorld
(tooo tons)

Year trjorld Jamaica 96 of trJorld

1966

1 968

197A

1972

197 4

1g?6

19?7

1978

14 r7A4
1 7r306

28, 683

23 1601

28,553

26, 855

30, 053

30 r 845

804

923

1 1689

21136

2r8?1

1 1627

2r046

2 1142

5.4
5.3
8.2
9.1

1 0.1

6.1

6.8
6.9

Source: Tranenational Corporation in the Bauxite/
Aluminium .Industrvr UNCTC.
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2.4.2 Jamaican Alumina Exports

Tabl.e 2.7 shouE that the USA, Ganada and hleatern Europe aDe

the major markets for Jamaican alumina accounting for 94fi tn 1g7O,

az% in 19?4, 891a in 19?8, 82fi in 1980 and B8F in 1981 . tdithin thiE

grouping lJeEtern Europets sharE has increased from 34fi Ln 19?0 to

4?.5% in 1974, to 54.5F in 1980, and declinsd to 44.?$ Ln 1982.

Canadats share declined from 1?fr Ln 19?O to 6fi in 19?4 and rEmainEd at

that levei. up to 1 980. It increased to 36F in 1 981 then decLinEd to

2516 Ln 1982. The USA market accountEd for 44fr of Jamaj.cars alumina
4

shipments in 1 9?0 but declined to 338 by 1974 and further declined to

21% by 1980, increasEd to 27fi Ln 1981 but decLined la '12.5fi, the lourest

l.eveI , by 1982.

These figurea cJ.earIy indicate that in; abeoLute termE Jamaicata
i

bauxite and alumina exponts to USA and hlestern, Europe have faLlen from

the peak leveLs o? 1974. Houevet.p the greatesp decline has takan place

in the U.5.A. market. lrJeetern Europe ie thE largeet market rrrith Canada

second. The Latin AmEri.can markEt has shoun a steady increasa during

o thE GovErnment contract uith thethe late 19?0s, largely due to the Governmer

VenezueLan State Company UENALUII. Table 2.8 provideE data on the

grorrlth of primary aluminium coneumption in Samaicare major markets

for bauxitE and alumina.
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Jamaica: Alumina Shipments (000 metrie tons)

19?O 19?4 1978 1 980 1981

U.S.A.

% increase (dEcrease )

Canada

% increase (decrease)

Latin America

% increase (decrEase)

trJestern Europe

% increase (dEcrease)

Afriea
F increase (dearease)

Eastern Europe

fi increase (decrease)

748

285

576

510

(so1

2AO

57

8B

120

1r011

(t a;

a7

(27)

62

(os1

79

19

953

27

1?8

(sz 1

40

56?

1 ,353
135

119

51

203

968

495

(1e)

157

(+a1

56

(so1

11286

2?

186

114

179

189

693

40

422

169

171

2Ds

915

(zg)

315

69

32

(ez1

1.?13 2.946 2.139 2.559 2.549

SourcB: Jamaica Bauxite InstitutE

TABLE 2.B:

3,4gg .5 1129 4 r978 4 r473u. s. A.

% increase (decrease)

Eanada

S increase (decrease)

lJestern Europe

E increase (deerease)

Latin America

f increase (decrease)

Eastern Europe

% increase (decrease)

3r390 3r553 3r853

5B

487 603

23 24

2r763 3r3O2. 3r309

32190

229

21686

201

2rA92

4?

358

63

30

396

97

(s) (10)

539 292

(s ) (t t+t

Sources @1980.
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The data in Tablea 2,? and 2.8 clearly demonatrate that in the

period 19?O-EqbJestern Europe, Latin AmErica and EaEtern Euroi:e have

shoun .the fastest grorlth rates for primary aluminium coneumption and
-,

that these regions also repreEent the areas of reLativE groulth for".

Jamaicals alumina exports.

The factors leading to the decline of the Samaican industry
.

in the post 1 9?4 period are aeveral. The main one iE the declining

S.mportance of the U.S. market rrrhich ie by far thE most important for

the Jamaican induetry. HorrlevBr, there are other factore including

(i) Expansion of, bauxite and alumina production in Guinea,

Auetralia, Brazil as a reeult of dacisione: by the major trans-

national corporatl.ons to diversify the soutce of thair

supplies of these commoditiee;

(i1) Lack of indigenous Bnergy DBBouDces in Jamaica;

(iii) The impact of the Samaican Bauxite Levy rel.ativE to the

taxation poJ.icies of other bauxite-produeing. countriee.

2.5.1 Declinino Importanca of USA ltlarket

At the Etart of the 19?0e the USA produced 3.60? million metric

tonE of aluminium. or 35/ of ruorld production; by the End of thE

decade it produced 4.653 *ittion matric tons or 29{^ of rrrorld production.

During the same period, lJeatern Europe increased its share of uorl,d

production from just und arc 20fi to 23*. In termE of coneumption, the U.S.

share of the uorld total declined from 35F in 1g?O to 2gfi ln 1980. The

relative decline in the U.S. aluminium industry is reflected in thE

stagnation of the market for bauxitE. Betueen 1974 and 1 9801 there
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uras a reduction of imports from a1l. countries, except Guiana (nigh

quality bauxite) and BraziL. Table 2.9 provides the data.

T49LE 2.9: US Imports of Bauxite by Country ('CfOO short tons)

Year

Country 1970 1974 19?8 1980-

Australia
Brazil

263 82 21

856

Dominican Republio 11019 11333 692 623

Guinea 56? 1 r8?0 31706 41531

Guyana 355 839 462 645

Harii 691 656 648 4gB

Suriname 31274 31256 21 489 1,509

Jamaica 8,403 8,698 7 11O6 6r?73

Total 14.572 16.734 15.124 15.435

Source: US Bureau of Mines

As ,"guriu'tn" decJ.ine of US consumpt5.on, a number of factors
have been identif.iad as being responsible for th'e declining position

of the USA in t$a production and consumpt5.on of aLuminium. These

factors are:

a) the Energy Erisis of the 19?0s;

b) the maturity of the USA economy and the more .rapid economie

expansion in lrlestern Europe' Japan and USSR;

c) the location of integrated bauxite, alumina and smelter

faciLities in Australia and BraziL
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2.5. 1. r ,]
The oil price ehocke of 19?3 and 19?9 poead severe difficultiee

for thE US economy becauae of the increasing reliance on imported

oil. Furthermore moet large-scale U.5. hydro-porder, aoutrces are

al.ready deuatroped and t,he Scope for neu, grou,th is extrEmeLy limited.

' HBnce, the once remarkably cheap Bnergy supplies from the Bonneville

Pou,er Administratlon and the TennesEee Ualley Authority have become

vBry expensive. Thie tight eupplyr/dEmand Bnergy poeition ie likely

to continue to exErt upuard pressurea on Energy coeta u,hilst thE

, environmental probJ.eme eeEociated uith tha development of nucLear

LI continue to depraea supply.B nergy u,]..

2.5.1.2 wlaturity of US Boonomy and rapid expaneion of
lJ. Eurooe. Jagan and Eaetern EuroBean Economiee

I

In the 19?0a tFre US economy expanded at a mueh ELouer rate

than thE economiee of Japanr'bl. Europe, ahd gletern Europe. Table 2.10
i

, provides data on the grorrlth rateE. of GNP per capita.

TABLE 2.1Oa

-
Country Group 1955-?0 1970-80

United States 2.O 2.1
ld. Europe 4.1 ,2.4

Japan g.2 4.2
E. Europe 5.8 2.A

trJorld 5.1 1.g

Source: .

Grou,th of . GNP oer Gaoi.ta for
Selected Reoions

*
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The difference in grorrlth rates are partly due to higher
: level of development of the US economy vis-a-vis tdestern Europe etc. i

i and therefore the reduced scope for further expansion.

2.5.1.3 Location of integrated bauxite, alumina and aluminium
smel.ter faciLities ln Brazil and Australia

As a consBquence of the Bnergy crisis described in 2.5,1.1

above and the resulting tightness of energy supply/demand bal.ance in

the U.5., increased efforts, in the 19?0s, urer? focussed on deveJ.oping

integrated facilities in bauxils-producing countries uith adequate

supplies of energy. In particuLar the coal and natural gas f,esources

of Australia and the hydroelectric potential of Brazil. have made these

ttrlo countries into attracti.ve Locations for neu facilitieE. In the

periodr Australia recorded 50F in its alumj.niuni production urhile

Brazil recorded a spectacular 4OOfi increase ulith further large scale

expansions under implementati.on and planned for the near future.
i

2.5.2 Exoansion of production, in AustraLia. B'razil and Guinea

The rapid deveJ.opment of the industry in these thrae countries

is perhaps the singJ.e most important factor responsible for the

decline of the Jamaican induetry. In the 1950s the large transnational

corporations rrrhich undertook the major investments in the industry

opted for a broadening of their supply sources a.nd production

locations based on the a<istence of rapidly expanding markets for

finished products in Europe and Japan and also the availabiJ.ity of

large supplies of coaL and natural gas in Australia, and in the case

of Guinea the availability of high grade bauxite. Table 2.11 shours thE

groulth of the bauxite industry in these countries.
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TABLE 2.11: Bauxite,Production in SeleqtEd OeuntrieE :19?0-80

( to08 tsnnea)

Australia 9'256 14'437 19r995 24;O84 241293 27 r178
Guinea 2r4gT 2,600 ?r 600 111316 111648 131311

65 858 998 1,131 4,152Brazil 510 , 
,r, ,r1rg?BJamaica 121010 1?1569 15' 166 101296 11t

trJorld. 601162 70r806 83r935 8Or4gZ 841369 91'338

The data shour the rapld expansion of productlon in Auetralia

tuith an increase of roughJ.y 200S, and over 4}CIfi in Eulnea and ?0076 in

Brazil in the period 19?0-8U, 'Uh'braae total' lrJorld productLsn incieaEed

by only 55fi in the eamE period.

2.5.3 Lack of Indi.oenous Eneroy Resources

Jamaicats energy neede.are met by theiimportetion' of fual
:

oil from Uenezuala and Trinidad 6nd Tobago. The ieland is 9?S
1.

dependent on lmported oil as th€ sourcs of EneDgy aE it poBBEsBBs
.'.

no suppi.iee of its ouJn. Sma.Ll hydro-porrler schemes and deveJ.opment

of identifiEd peat rasoulc68 BEa. the only poseible aourceE of

lndigenous energy suppliEs:ln th-e f,uturE.

The further Bxpansion of thE bauxite and aLumina industry ie

serlously impaired by'the lack of energy rseourceB as Bnergy costs
\

nou represent the rnost signifieant cost item in tha pfbduction of

arumtna rn Jamaica, increaging by 144fi..bet$een 19?4 and 1981.

Table 2.12 indicatEE the magnitudE sf this problEm ulhich has become

morB significant in recent times.



TABLE 2. 1 2:

-24-

Tonn

Year ,, ( US$ )

197 4

197 6

19?A

1979

1980

1 981

34.4
34. B

37.1

50. 7

7 4.4
83.9

The options open to Jamaica are, in reality quite limited.

ThEre is the possibility of progressiveJ.y reducing dapendence on

imported oil. Estimates prepared by the Governmentts Energy Division

project that if an all-out effort is mader the share of pourer generated

from. oil could be reduced from the pres ent 925 to 55f in the year 2000.

Hourever, the bulk of the substitution urould be iaccounted for by coal
..

rrlhich uould also be imported. At best, Local eneDgy souDces (peat,
i

hydro, bagasse) deveJ.oped to the fullest capacity rrlouid onLy account for
I

approximateJ.y'15% of totAl demand by the year 2r000. Furthermore,

pouer supplied from hydro and bagasse rrrould be subjact to seasonal

fl uctuations .

It is c1ear, therefore, that the Samaican bauxiter/alumina industry

rrrill be dependent on imported fuela BVBn in the medium to long term.

The realistic choice is betureen continued use of oil and eonversion

of generating units for usa of coal. One company has carried out

extensive analysis of the costE associated uith conversion of its

generating unite and ooal iE by far the more economic choice. Houevern

the major problem to be solved is the financing of capital costs of

conversion.

f
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There is, houaverl ohB remaining araa ln uhich savings on

Bnergy coets can be made in the bauxite/aluminium induetry. Thip ie in

increasing the efficiency of energy utilization. If ue focus on the

three alumina companies, the average fuel oil usagB per tonne of

al.umina uag 3.32 barrel.s in 1980r rrlith a Dange of 2.53 to 4.53 barrels.

The avarage improved to 3.1? p"" 'ionne in 1981'as a rEeult of

cons'ervation effor!s. fne LtatetE Energy Division hae set the companies

a long-term target of 2 barrEla pei tonne but the companies feel that

2.5 barrels per tonne is a mora realistie objEctivE.

2.5.4 Jamaican Bauxite Levy relative to Taxation Policies
of other Bauxite Producinq CountriEE

The bauxite production levy imposed by the Jamaican GovernmEnt

in 19?4 resulted in a signlficant increase in government revenues from

the indus-try aE uEll aE thE foreign exchange eanninge. 0ther major

bauxlte producer countriee alEo introdueed neur, tax meaautas including

export taxes, aa in the case of Brazil and Guinea, rrrithhotding taxes

on dividendE and intereet payments and royalties ae in Australj.a and

production levy in thE case of Guyana.

By the late 19?0E it uaE generalJ.y agreed that the Jamaican levy

represented the highest tax ratE on bauxi.te among IBA eountries.

Although the higher Jamaican levy ie partially offeet by certain claar,:

advantagee in the form of the lourer mining costsl and louer transpocta-

tion coets to the North American market, it ie claar that it aecounted

in some measuRe for the reduced attraction of f,amaica aa a source of

bauxite and alumina.

In the 19?9 negotiations betueen the Government of Jamaica and

the TNCE operating locally1 an agDaement uas reached uhich reduced the

base rate of the 1evy, in relation to minimum productlon IevElE.
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CHAPTER III
. THE PRODUCTION TECHNIQUES USED IN

THE ALUIYIINIUIYI INDUSTRY

5.1 Introduction

-

The techniques utilized in the aLuminium industry ate related

to: (i) bauxite mining, traneportation and handling; (ii) bauxite

processing into alumina b'y the Bayer procBSSt (iii) the reduction

of alurnina into primary aluminium,by the Ha1l-Heroult ptocess;

(iv) the alloying and shaping of the primary aLuminium into various

forms - i.B. semi;fabrication; and (v) fabrication of a.luminium into

vatious'end uses, 'such as beverage cans, pote and pans, roofing and

siding materials for building, etc.
:

Integral to thE rrrhole production procesa are various inputs,

such as: naturally-occurring aluminous aouDca materials, ma5.nly

bauxite; caustic soda for extracting alumina flom Uauxite; BneDgy

at ali. stages but principally at the smelting stage; carbon and

aluminium fluoride in the smelting pro6ess; and various aLLoying

materials, such as magneeium and silicon.

In the follor,ring sections of this ch6pter, ue discuss the

techniques used in the major stages, from bauxite processing through

to semi-fabrication in the uorLd industry. For completeneEs a

discussion of the techniques used j.n mining operations is presenteci

in an Appendix.
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3.2 Alumina Proceesinq

The basic procese by ulhich alumina iE extraoted from bauxite rrlae

invented by Dr. KarL Josef Bayerl and patented by him in 1888.

lJhile Eetrving aB a manufacturing chemiEt in RuEEia he fi.Ied

trrro patents for the production of alumina. The first of thEse (teag;

f hydrate of alumina bydescribed a process for the precipitation o

eeeding from an aLuminate-lye - a departure from the Deville-Pechinay

carbon dioxide precipitatlon procEsE. The second of Bayerre patents

(teSal claimed a process for digeeting bauxite rrrith the aLuminate-l,ye

concentrated fnom the previous cyele rather than extracting al.umina

by the DevilLe-Pechiney calcination of bauxite trlith sodium carbonate.

TheEe tuo discovEries conetltute the Bayer process used to this

day for 95F of the rrrorld production of alumina.

The process (shorrrn schEmatically in Fig. 3.1 ) lE eEEentially

as f oLlorrls 3

1. Bauxj.te is digeetEd rrlith cauEtic soda Eolution under ptBaBUDa.

2. The alumina iE extracted in the form of Eo1uble eodium

aLuminate rrlhich LEavEs bEhind moEt of the impuritiest

largely iron oxide titania and silica as insolubIE residuee.

3. The clear filtered sodium alumlnate soluble ie dilutede

cooled and a teeedr of alumina trihydrate is added. The

sodium aLuminate solution hydrolyees on the eurfacE of

the seed'to formr crystalline trihydrate.

4. The trihydrate is finally filtered. off and calcined to

anhydroue alumina.
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There are basic variations houlever to the Bayer technology.

These urere determined historicalLy by a variBty of factore. The main

onBB are tha mj.neralogy of the bauxitE being procesEed and energy

conservation. LatEr the principal determinants have been bauxite

mineralogy, enBlgy conservation'and desired physical characteristics

of the product aLumina by varioue smEltBlE.

Trrlo. major variants of the technology emerged reepectively in

Europe and in North America. In Europe, the alumlna minEraS.ogy uas

dominated by the more difficultly soluble tmonohydratEr boahmj.te and

diaspore (Uotn tuith chemical formula A1CI.0H). SecondLyr evEn in pre-

UPEC days energy u,as nBver cheap.
a

alumina mj.neralogy lrae

dominated by the.moDe eaeily soluble ttrihydratet gibbsite (nf(Off)S)

and by the fact that there rrrae laEE incentive ifor conEervation .ae

eneDgy lJas very cheap.-

ThesE condi.tions led to Europeans using: (") rS.gorous

conditione (to solubilize the monohydrate) ulith tamperaturaE in

order of ca. Z0O-Z5OoC; (U) cauEtic concentrationE (expreseed

i n the order of 200-300 e,/1; (c) pteseure of 30-50 kg/cmS; and

(a) long tretentiont (in the digester system) timeg.

digestion

the

as Nar0)

Americans, on the other hand, used thE follouring parimeters:

(") digestion temperature of 140-145oC; (b) caustic concEntration

(expressed as Nar0) of 12O-1aO g/U (c) pressuDe of ca. 4 kq/m?; and

( a) short retention timEs

The net effactE of the above variations aDB3

1. High productivity in EuropBan plants - 100-1't0 kgrlm3 and

?0-80 t g/^3 at tha digeEtion and precipitation stagee,

rBSpectivelyl vB. 60-65 Xg/^s and 50 kg/*S, rsspectively, at
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the same Lulo stages in the American plants. (productivity
?

expressed as kg/m" is defined as the number of kg of alumina

precipitated per cubic metre of cLear precipitatlon or

digestion liquors. )

2. Precipitation liquor concentrati.ons of 140-160 g/1 Nar0r and

seed content of 400-500 g/1 A1Z0S in European plants vs.

100- tfi g/t and 100-l5O g/.L, respectively, in American pLants.

3. The production of fUortn American pJ.ants of the so-caLled

rsandyr alumina vs. the so-cal1ed rflouryt aLumina by European

plants. (The ma;or di.fferences betureen the turo are 5.n respect

of their particle size distribution particularly those under

44. microns; and the 4-alumina content. This is indicated in

TabIe 3.1.

TABLE 3.1: .

Phvsical Parameters Floury - Sandy

L.O.r. O.sfr i '/g-1.2fiD:D
Specific Surface Area 5 - 1o n'/g i 40 - 45 n'/g
dAl^B- 60 - ?CIfi 20 - \Ofi

ZJ

Bulk Density 0.95 - 1.0 t/^3 0.88 t/^3
Angle of Repose 4o - 45o 2a - 32o

+100 mEeh o.1% 2 - afi

-325'mesh 50-55f ' 6-1ofi

xThere is not mueh difference in respect of
the chemical specification.

4. Louer :energy consumption per unit of alumina produced

by European plants.
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' Tu,o major davelopments uill havE an impact on future techno-

logical choi.ces. First is that of the 19?3-0PEC actlon on enargy :
t 

, ,,,

pr,iceg uhich is forcing al.l operato{e to reduce anergy eoneumR.tion.

Saeor1distheusEoftheso-ca11ed'tdIyscrubbj.ngtenviFonmentEJ.

( fl.uoriOe) 'control syetem in all modErn smelters urhich requires the

more sandy-type alumina. AE indicated in a recent report, ftillEt (tggZ) t ,

alumina plante eurrEntLy ueing theEe dlfferent cyclee .ui11.,,,haue to make 
;

-i

,necBesaryadjustmentEtoaffaetacomPromiEebEtrrleEntheobJec,tivee

of reducing energy conBumpti,on and rueeting the epecifications of

s andy-type alunIlna.

As ls obvious from our dleouseion, apart from bauxiter th.e

maJor tmatgriaLEr for aLumlna proeessing a[B cauotic soda and'enBrgy.

Fig. 3.2 gives Bome indlcative figure of material requlnemente,

except energy. In cespect of enatgy, the average plant requirea
,:

about 16 GJ (2.4 barrele) fot every tonne of alumina puoduced.,i
3.3 Aluminiium Smeltinc: The Hall-HdrouLt Ptocees

The firEt eight dEcades of the nineteenth csrtury had eeani 
,:

(l) the antlcipation of the diecovery of aluminium; (Z) the actual
:"

discovery; (3) ite produciion ln .relatlveJ.y purs EtatE by chemical

and electro-chemical mpana; (+) the fsrmulation sf, the laulE o'f

electrolysia; anO (S) the deveJ.opment and suceeeEful appllcation of "'

the dynamo. (See Davis 1980). Thasq uera important precureors to the
' 'i I

development of the electrolytt ptocess for the reduction of alumina

r Charles martin Hall and the Frenchman Paul Tousgantby the American CharleE fiarti

Heroult in the samB year (tgaO).

The invention by HalJ. Ls described by Carr (lglZ). It iE said that

his objectj.ve uras to flnd a liquid rrrithout uater to diesolve aluminium

: , 
I,
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oxide. 0n February 10, 1886 he pasBsd an BlBctric cutrent through

the rtrolten alumina dissolved in cryolite but found no algminiuo in'

the crucible. He soon determined that the fault rrrae in the elay

cEueible he used and aE a consequence replaced it rrrith a graphite

cqucj.ble. 0n February 23e 1886, the carbon crucible u,as j.netalled and

after the direct electric current uraa passed for Eeveral houlsr he

faund rrshining buttonE of aluminiumn

Except for small di.fferencee in thE el.ectrol.yte compoeition

and furnace design, Heroultrs inventlon uraE for aU lntente and purpoaea

similar to HaIlte. In a epeeeh to the lvletallurgical Congraee during

the Urorldts Fair in 1900 Heroult had thie to say of hle lnvention:
nMy practical knorrrledge of chEmietry uraE at that timE of a l
studant of tuenty-three. 0f special knorrrledge I had so good
aa nona at aLl. Under these circumstancea it ie needlEEs

' to say that after I.had tak,on out my firet patent I sought
the oounsEl, and Encouragement of those men ulho u,ecB then
coneidered authorities on thie subJect. Pectiiney r,rho I
firat approached explained to mE that ialumini.um u,ae a metal
of restricted ueefuineeE 'at most it mlght bB ueed for opera-
glassEs; and rrlhether I uanted to eell ithE kilogramme for
10 or 1tt0 france I uould not be ablE to diepoEe of one kl.lo-
gramme more. It uras otherui.ae in the'case of aLuminium
bronze of ulhich considerable quantities u,ere handled
'commgrcially.. .. .. ... .ll

FortunatsJ.y FechinBy!9 pegBlCIi€m u,as to be provad utong.

The firm uhich bore his namg deql.lned to purchaEe the Heroult patenl.

(The inventor founded the Schueizerieche lvletaLlurgieche GeeellEchaft

rrrhich combined uith the German fLrm Allgemaine ElaktsLzltat (Aee 1

to form the Societe Anonyme pour Ltlnduetrie dE ltAlusr-i.nlum (ntne) -
the future Alueuieee, )

About 1894r the SociEte IndustriElle de I I Aluminium u,as formed

to produce aluminiun uaing tha HaIl patent in a.plant at 5t. fllichEl

de fiaurienne in Franc6. Pechiney ulho had continued to uEE the by noul

expensive Deville prooess uaa finally convinced.of the efficacy of the
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electrolytic process and his firm Compagnie de Produits Chimiques

dtALai's et de la,"Camaigue,(Alais) took over the St. Ilichel plant.

Colnpagnie'Alais uaE to later monopolise the industry in France and

become the great Aluminium Pechiney.

0ver in North Amerj.ca, Hall and a'group of Pittsburgh capital-

ists, no'tabLy AndrEur and Riehard MelLon (of bank5.ng and oi1 fama)

formed the Pittsburgh Reduction Company, the future ALcoa. The pDoeBss

invented by lfaltr and HerpuLt (fite Bayerrs) remains IBS|SBLU, the sam€

ong used by various smelters all over the rrrorld. A recent book on

the industry by Beik et al (tgeZ) daEcri.bes the modern smelting variants

of the Hal1-Heroult procesB.

The separation of alumina from oxygen is accomplished by high-

temperature electrolysis. The electrolyte is a moLten bath of

alumina and cryotitB (a sodium aLuminium fluoride). The reduction

c-ells or pots uhich contain the bath are 3 - 4.5m (f0-t5 ft.) rrride,

6 - 12n (20-40 ft.) long and 1 - 1.3m (3-4 ft.) deep, Iined urith carbon

and electrlcally connected in a series of 100 to 24O ceJ,J.s called a
i

potline. High amperage Lotrl voltage direct current iE paesed through

the cryoLi'tE bath - by'means of carbon anodee suspended in each pot -

tb the bottom of the pot uhich acts as a cathode. ThE electrical

energy decompoaee thE dissolved:aLumina. The molten aluminium goas

to the bottom of 'the pot, ulhile the oxygen:combines urith.the carbon

anode and is releaaed as carbon dioxide. The layer of molten

al.uminium rrrhich coqerE the carbon lining at the bottom of tha pot

becbmes the cathodB. ':

. ':.
BecausE of bhe continuous consumption'of the carbon anode

iluring cell operation,'every' primary aluminium facility muet have an

asEociated ahode preparation pIant. The anode rau, materials aDB hard

s. l
r

iii
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pitch and petroleum coke ctushed and clasEified j.nto fractions uith

particle sizes ranging f rom 0 .2 to 15 mm and blended in caref r.llly

controlled proportions. The mixture 5.s preheated to 93 - 193oC

(200-300oF) to soften the pitch and to achieve uniformity of mix

and density. The mix is called thE g$Egg.!g.

There are trrro standard induetrial anode replacement proceesEas

The Sodeberg and The Pre-baked.

In the Sodeberq method, anode paste or briquettes of coke

and pitch are continuously fed into a 1 - 1.6m (3-5 ft.) rectangular

shei.I verticaLly suspended above the pot. Heat from the molten bath

and heat resul.ting from the eLectrical resistance urithin the carbon

cause the anode to solidify into a continuoue monolithic mass that

extends from the electrolyte surface to a level about 50cm (20 tns.)

above the bath. As tha earbon ie conEumed in the cell reaction,

steel-supponting pins are replaced fr.rrther up tha lEngth of tire anode
i

to allou the descent of moDe carbon into thE molten bath.
i

In the pre-baked anode method the pastE ie formed into anode

blocks in a hydraulic pDBSs and baked by a heating cyele at a maximum

temperature of 1093oC (ZOOOof) over a period of about 15 days. ThE

blocks vary in size from one plant to anothEr. One plant, for axample,

uses blocks that are 50cm (20 ins.) uride, ?9 em (31 ins.) long and

30.Sem (12 ine.) high and rrreigh about 181kg (a00 Ibe.). The blockE

aae suspended in the moLten bath by Etee1 studs or cods ulhich eonduct

the current to the carbon. They arE raLsBd or lorrrered separately to

maintain proper position in the bath and are replaced individually ae

they are consumBd.
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ThE moltBn bath or electrolyte may be as deep as 35cm (1+ ins.)

but the anode is uEually Scm (2 ins.) from tha pad of molten aluminium.

The alumina content of the bath ranges from 3F Lo 1}fi, trthEn the

content drops to about 2S, the cell deveJ.ops a high resistivity.

At this point additional alumina is added through the top of the cell.

Heat generated b_y the electrieal current maintains the cryolite bath

in mol.ten condition.

Every day or tuo the molten alumini.um is removed from the

bottom of the ce1J. by a vacuum siphon technS.que. Thermally-insulated

cast-iron pots uith air-tight LidE and dournulard sloping spoute are

used to drau out the molten metal rrrhich is thEn ready for casting or

al1oying, After the rolten aluminium is extracted from the carbon

pots it must be put i.nto a form that can be uEed by fabricators and

other end users. Atuminium can be shipped in its molten form in

insul.ated Ladles directly to a usolrs plant. I:t can be caEt into
;

ingots of varying sizes and shapcts oD it can be alloyed urith other

metals and then cast into shapes.

A great variety of aluminium alIoys can be prepared. The

primary metal j.s usually sold in a relatively limited number of

shapes - the most common ones being extrusion ingot (Offfet), un-

alJ.oyed ingot, sheet ingot and forging stock. (See Fig. 3.3.)

Indicative figuree of the matErj.als requiced for the smelting

process are indicated in Fig. 3.2. Energy requirement is highly
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Uo':rrnon Shapes of Prir:rary Froducts

Unalioyed ingol
Manu{anured in a wide range of sizs.
Purhy ranges lrom 98% to 99.9%. th€d
by wire Iabricators, impact extrudet:"
billet manufactur$rs, loundries maii1g their own
alloys, secondary smelters, and chenrical
companies. lngot with a purity of 99-99% or
higher is known as super purhy iogrrt.

Extrusion billet
Cylindrical and either solid or holloru.
Its outside diameter may vary from 3 to
33 in Standard length runs lrom 26 to 72 in. but
this may vary, depending on the reqirements ol
the press in which rt will be extrudd. Billet is
otten alloyed. Notable alloys ars l IU),3003.
4543, 6061, 6063. 6463. and sore 5;000 series

Bich alloy ingot
Contains [rom less than 1% to as ruch
as 50% ol the alloying elements derfoed
to be combined whh aluminum. Ttre high mehing
point of many pure alloying elemeds causes them
to go into solution slowly when being combincd
wilh aluminum. Addition of this ingot, or
'hardener,- makes it eesier to add dloys to
unalloyed aluminum. lt also allon's tor closer

control over the amounl otalloying rutal used.

Sheet ingot
Largest ol the ingot producls. lt is
available in a range of cross-sectioal
dimensions, and in weqhts up to liur

Common alloys
Commol si:os or purity

50b 99.5% purity

6-inrd
7-indrnaers

6063

Principal usars

lndependent extruders hav.

ing casl houses to produce

their own billet

lndepandent exlruders

Foundries and independent

billet producers

lndependent sheet groducers

Forgers with largepresses

Automobile industry

a

Steel industry

alloys.

50 rb 3A-2370
38-23r2

I

:

i
,l

)

r r00
s003
I 145

tons. lts flat shape makes h readily avilablc for rolling.

Forging alloy ingot
ernlratiy supitiei in cviindrical trru,
I to 2 in in diameter and I to 4 ft long.
However, it is also available in squa:
and rectangular shapes. Most smd forgings are

made from rolled or extruded stoct- bry! toryings

Casting alloy ingot
Available in a variety ol sizes. Sonr
uses allow lor large quantities of scro, others do
not. Therelore, this shape comes as both primary

and secondary ingot.

Hot metal
Sometimes, molten aluminum is stilped
directly from the smelter to a

customer's plant in insulated ladler

Shot and notch bar
Common deoxidizing products uscd h
steel production. Use per ton of slrd
ranges from a few ounces to 4 lb.
Largest users are stainless sleel rd high-carbon

sheet producers.

A356-355 Foundries

l2135h
l2148h

l3 io

30h

5,00&r0
I 5III} b
Cruritlt

7r-hJrot.
3- srd t lb

notdlbar

7075
6061
2014

99.096

to
99.99%

f,ry}
Source : B erk et' al. ( t SeZ; .
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significant and is a major determinant in respect of smBlter location.

An average plant may require some 15.5 tYlU,lH per tonne of aLumina. In

other urords, a plant of capacity 200r000 tonnes rrlould require some

300 lYltrJ of energy to provide the nocessaty pouret.

3.4 Semi-fabri.cation

According to the book Berk et al USAZ) ttfabricationrt (rrlhich

rrle prefer to term ttBemi-fabricationr) can be divided into five basic

operationa::'(''t) easting; (Z) rolling;, (s) forging, (4) drauring;

and (5) extr'uding. Each uill be briefly described:

3.4.1 Castinq

. This is the only semi-fabricating process that requj.reE the

aluminium to be in a liquid state. Beeause of thid, casters sometimes

buy molten aluminium rather than ingot, uhich they urould have to

re-smtslt. In the casting process the liquid aluminium is forced or
l

poured into a moId. The metal iE al.loured to harden and is then

hEat-treated and aged. The fabricated product resulting from the
i

procass is a caeting.

3.4.2 Rollino

' The Largest ingots used in the induetry are made for rolling

ioto plate sheet and foil. This rolling ingot (or sheet ingot) is

reetangular (fig. 3.3). It is scalped to create a smooth surface,

then heated and r0n through a hot rolLing mi1l. By bringing the rolle

closer together and moving the ingot bEtrrreen them, the thj.ckness is

reduced and the length is increased. The resulting plate need not ba

further ro11ed after the hot miII. If sheet is desired further

reductions can ba obtained by passing the plates through cold-rolLing

miIl's. 'The sheet may be annealed prior to the final cold ro11in9.

After cold-rol1ingr heat-treatable sheet and plate are heated and
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quBnched. Stretching pJ.ate and aging both sheat anO ilatB arB the

final ateps. To become foil the sheet must go from cold rolJ.ing to '

further reducing milLs anneallng surfaca and than even mora reducing. 
.

3.4,3 Foroinq

Thia ie done by trrlo procassao:' harnmering or trn a focaing press.

In tha hammer ptoce6s, forging stock is heated to a hot-rdorking

temperature and then placed on a block urhich holds a die containing ,..

half the product to be forged. A aecond die urhich ie in the hanimer

end str.ikes the stationaty bLock. The procese is repeated until th.e

metal conforms to the ehape of thE tuo dlEe. In the forglng-prB8a

,process, the metal tsfrich hee been heatad to proper temperaturg is

squeezed into the ehape of the die under eontinuous pres$ure f'rom a

mechanical or hydrauj,ic pDBBs. After the forging comes out of the dier

it is heat-treated and,,ag6d (f fg, 3.3).

3,4.4 Drauino

This pDocees iE u'eed for mEtetng rod, barr uire and dratrln tube.

In making rod and bar, ingot movss through a bLooming rnill. and j.E then

scalped to give it a smooth surface. The ingot is rdheated and reduced

in size by rolling. From the qolJ.ing mill thE metaL moves to thd dnau

' beneh rshich contains a serles of dies. Eaoh diE is thE eame ehape but

each ie smaller ln diameter than the previoue one, Tha metEll ie draun

douln to proper rod or bar size at the drau bench. ThE material ie then

heat-treated, etraightenEd and aged. LJira follorrre a Eimilar proeBBa

but firEt is rolled to a much smaller diametEr. Aftar rolJ,ingr tha

metal is coile'd and. anneal'Ed before being draurn into ui.rs in a trrire-

drauing machlne. hlhen" the uiue'ha9 bean draun it may be Etranded into

electrical conductor. Draun tube iE initially extruded and thofl

annealed before going to the drau bEnch. After being drarrln to the

I

I

i

['

i

i

f*
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proper tolerance, it is heat-treated, stretchEd and agad.

3"14.5 Extrudinq'

TFr.is procpss can be used for making shapes, tubing, rod and

bar "(Fig. 3.3). In thia procese extrusion bi1Let (a round form of

bilLet,) is heated and placed in an extrusion press. In the press

thE heatEd billet ie forced under great pressure through a dierand

comes out in apptoximately t-he same shape as the dia opaning. Heat

trsating, stretchingr contour rolling and aging folloru the extrusion

steps.
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CHAPTER IV
i:--

:RtrtRtcn's' gRuxtTe .Lum.INA iltoustny: pn0ouctroN tEcr-rlrt0qesr
EMPLOYTVIENT AND INCOFIE GENERATION; SCALE AND PRODUCTION COSTS

In this Chapter ule conEider the techniques used ln Jamaica!E

bauxitE mining and processing oparatione. Next rre discuse the

question oi scala in the rrlorld aluminium industry then ue examine

the impact of the Jamaican lnd:ustty on employment and income genEra-

tion and finally an analyEis of,eFele of operations and production

eosts is presented.

tde consider the techniques uEed in the Jamaican industry

under tulo headings: (a) bauxite and (U) alumina.

4.2 Bauxite

Jamaican bauxiteE ere aasoclated rrlith thE Tentiary trlhite '
,i

LimestoneFormationuhichoccupieE'about55softhEie1andlsIand
i
!

surfacE. The fact of thls aEeociation has led s6me uorkere to concludE

that the bauxiteE are derived from the trace quantitieE of impurities

in the limestone. 0ther uorkers, including a former dietinguiEhed

head of the Jamaican Geologlcal Surveye Department, U, A. Zansr have

doubted that such large volumEs of material could have come from

residues in tha Iimestone, and have euggested instead thEt thE Eouree

materiale derived from older cretaceoua and pre-cretaceous rocks urhich

uere transported into the IlmeEtone vl.a cavern eyetemE and karet

sireamE, and then ureathEred on the limeEtone.

Source materiale apant, it iB generally agreed that the

environment of formation favouted bauxitization. Firetly, thE

temperitures 
'dFT3 

,ebovE 20oC. Second1y, the rainfaLl uas aBasonal,
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and thirdly, the limestone is porous, enabling good drainage.

FolLotrring the discovery of huge quantities of bauxite depoaitsr.in the

1940's, commercial. bauxite production u,as started in 1952ruhen the.

first load uas shipped by Reynolds Jamaica Mines.

The bauxite deposj.ts vary in area and depth (tfre tatter varies

from 5 metres to 50 metres) and have relatively little or no ovaD-

burden. Phy-sically the ore is soft to moderateJ.y hardl earthy in

appearancB, highly permeablE and porus.': LJhile their properties u,ould

ssem to indieate an easily mineable mat'erial, uith increasing depth

the ore becomes highLy consolidated and requires digging forces in
.oo
excess of 3skg/Cm' (s00 fUs/Lns') of bucket trridth. Roberts (1980) points

out that a consequence of this consolidation is an in Eitu density

uariation betureen 1453 and 1696 kg/cu. mEtre (ZqSO-2A35 lbs/c.yd). The

form of the deposits varies from a. blanket-type, formation to elongated

glades, sauceD-shaped deposits to infilled depiessions in limestonB.
I

The report also points out that the selection of the type of
:

excavator equipment is largely determined by the nature of the oecur-

xence of the bauxite - shape; ateal. extent and depth. Long narrout

deposits dictate the use of dragline; rrlider deposits aaa amenable to

pou,er (face) shoveL mining J.arge1y as a consequence of the manoBUVD-

ability of the hauL units uithin the pits during the mining of lotuer

benches. Houlevet, the clean-up rrlork has to be effectively done by

draglines. The abovB Bxcavator application criteria uerE largely uhat

i.ng the initiaL mining yeaDs. The mainoperated in the industry durj

excavator equipment comprised pouen (face) shovel.s and draglines.

An hydraulic loader as a mining tool uas introduced in the

second half of the 1960s. Initially, the unit - a CatEfPlllar 988,
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rubber-tyred loader equippad rrrith a S|-cubic yard bucket - rrrae utilized

mainly for blending purpoBes. An earlLer unit, the CEterPillar 950

equipped uith a 2| cubic yard m ulti-puDpoEe bucket, had proven the

capability of the front-end loader in similar operating conditione.

It rrras recognised at this stagE that the loader uould not haue

the ability to ruork in eitu (bant<) material. ConsequentJ.y, there ulas

a pairing of the excavator uith a bulldozer of sufficient capacity

to match Lhe capacity of the excavator. '

The nature of the bauxite lends itaelf to being effectively

ripped utilizing a bulldozer equipped rrrith a multL-Ehanked ripper.

The combination iE one of the bulldozer ripping an.d puching up bauxite

io the front-end loader and the loader reclaiming the material off

highulay-type trucks. The standard front-End loader lacked thE rEach

of haul trucks 28-gS ton capacity to uhich they rrlould havE been

assigned rrlithout risking damage to the lip of the b,ody by the bucket

of the loader during truck-Loading manoeuvrBB. Loading rrras eignifi-

cantly improved by incorporating 2-ft long extension arme.

Dur5.ng thE :1950e, blending of louer grade ora u,aa emphasized.

The conventional face (cab1e) shovela and draglinee had inereaEed in

size; selectivity in mining the ore facE ulas to some extent reEtricted

by the relatiue trimmobilityrt of the machines uhen compared to the

uheeled loader. During the 19?Ue the hydrauLic excavator (hydraulic

ary of equipment used during the dEcadeE, deEcnibed by

Roberts (tgeo) is inoicated (faute 4.1).



TABLE 4.1:

-

Excavator

-
Faee Shovels

'Erag1 j.nes

Face Shovels
Draglines
Front-end Loaderg

Face Shovels
Draglines
Front-end Loaders
Hydraulic Back Hoee

A summaiy of major

in the EIll&EE (tgtt).

TABLE 4.2i

-

E OTVIPANY
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Equipment Chanoes in Jamaican lvlininq I ndustrv
1950s - 1970s

Decade Capaci tv
1950s

2*- 4
th- 4

cubic yard
llr

1960s

1970s
il
It
lt
lt

excavating and haulage equipment uas

They uerE as follorrls:

2*-53 -se
5+

2L-6
3 -8qI

6 -12

ll
fi
lt

il
il
ll

ll
lt
It
It

given

i

flla.ior Excavatinc and Haula oe Eouioment
in Jamaica fvlininq 0perations

IYIAJOR EXCAUATING
EOU IPIYIENT

; TIIAJOR HAULAEE
i EQUIPIYIENT

Kaiser

R eynolds

Alpart

ALcoa

4
3

2
3
2
1

?
2
1

1

2
1

2

P&H 1400 DE Shovei.s
BLH 2400 B Draglines

P&H Shovels
lYlarion 111 lYl ShovelE
fiarlon 111 lYl DragJ.ines
C."t. 992 A Loader

P&H Shovels (s-Va)
Koehring Back-hoes (6-yO)
lllanitorrrac Dragline (0-VO)

Bucyrus Erie 8B B Shove1
P&H 955 A ShovelE
Bucynus Elie Dragline

(a-s yo)
tat. 988 Loaders

Et{J REport (lstt1

B Ktd Dart Trucks ( 4Z-ton)
16 Euclid R 50 Trucks (SO-ton)

21 Cat. 769 B Trucks (aO-ton)
1 0verland Conveyor

( t, ooo tph)

18 Euc1id R 50 Trucks (SO-ton)

? UJabco Haulpak Trucks (S0-ton)
'7 0shkosh Trueks (sz;ton)
2 fiack Trucks (S0-ton)

Source:

Figs. 4.1 & 4.2 shord diagramatical.ly the mining and overland

transport system for one of the major Jamaican mines - that of ReynoS.ds.
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\

Ptg. 4.1: Flowsheet ot llinirig Operations -
Revnol.ds Jamarca $ines
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Source: .Enoineerino and llininq Journal
- rninino (tgtt)
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T:.g.4.2: Re-vnolds Jamai.ca !1ines Overiand Transport

Source:
0oer ini'no (lgll)
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4.3 A.Lumina

The Jamaican induetry urae devEloped by North American prodrcerg.

Consequentlye they sought to appty the American variant of tha Bayer

technoJ.ogy. Ae reported by &ha,thEn Director of the Geological Survey

Department, U.A. Zane, the test in Alcoats East St. Louis alumina

plant of the trial. ehipment of 21500 tonE of Jamctcan'bauxite'proved

unsuccessfuL. Probleme arose becauE€ of the,monohydrate, (boehmlte)

and the coLloidal iron minerala'Bg charaetErigtic of "Samaican bauxite.

The trrlo baeic problem aDBaE creFted by theaa cheractEsiettcg are in

the areae of digeation and clarlfication (see Flg. 3.4 for identifica-

tion of these ar€aa in the Bayer procese)

In respect of digeetLon, the American Bayer prooeBsr aB u,B

describEd earliEr, ueEe lour tamperatutea and preseurE uhich are rrlhotJ.y

adequate for the esEEntiaLly trihydrate bauxite ther used in the USA

(from the USA itsELf and from tha.Guianas). Houleuer, uith the relative-
I
:

Iy smaIl (compared to European bauxite) boehmite contente in Caribbaan

or6s, truo problems aroEe:

1) Extractl,on rdas inefficlent aE only the gibbeite (trihydrate)

component uas soLub.ili'aad. ;

2) The boehmite (monohydrats) uhen pregant in concentrations above

Zfr.aetE aE a teeedr and precipitates out ,aome extractEd

Bnon knourn aB rtreverEionn; thereby reducing' gibbeite b)f a phenom

BvBn further the extraetion efflcieney.

0ne approaeh lnitiated by Aleoa'uas a dual digeetion system:-

(a) digeEtion et 145oC using e trretentiontr time of approximate!.y

30 minutes to achievE gibbsite sxtraction (and deeilication); and

(b) follorrl this lou-tempera-turE digEstion step urith a Ehort high

temperature digestion at ca. 2gOoC to Extract boEhmltE. SEe Perry (fgOg).
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0ther methods incLude one digestion temperature of 230- 2600C

to,extrac't-b'pth gibbsite and boehmi.te and a so-called tsueeteningr

p rocess uhere trihydrata ore is added to the process foLlouling

digestion. The former is currentLy being used by Alumina Partners of

Jamaica (nfpart) and the latter system by both Kaiser and Reynolds at

their US pJ.antE usiffg Boke and Brazil bauxitesl rgspBctively, to
t sueeten! Jamai.cafl o[Br

The second major problem area to uhich, technology had to be

adapted, to^procBse Jamaican bauxite is that of clarificatign. The

extfeme finEnesE of Jamaican bauxite compared to thoEE in the USA,

the Guianas and Europa, u,as one of the features uhi-ch mada it necessary

to modi.fy the then knoun technology to enable proper cLarification.

A report by Reynolds clearJ.y identified the problem:

rt..... The red mud uas found to be in the form of a fi.ne
sLime uhich settled very sloully or not at all. Considerable
experimentation had to be undertaken urith various additives
such as starch to determine uhat should be done to aecelerate
the -aettLing rate of the mud. The redl mud ulae also found to
be carrying aulay'uith it valuable proeessing chemicals rrlhich
could be recovored by rrrashing the mud. To make this chamical
rBcovery procees economical methods had to bE developed for
compacting the mud. Special mud-raking equipment had to be
devel.oped for the settling tanks. .. . . . . The overflotu liquor

.,. from the mud:settling openation had to be filtered to remove
any red mud particJ.es. They ulere so fine houBver that they
cJ.ogged the filter cloth very quickly. ....il See Davis (tggt).

Since those early days, a lot has been done to effect clarifi-

cation in Jamaican bauxite. Techniques introduced inoluded: (a) thE

number of urashing stages; (h) control of the concentrations of the

iron mineral*goethite. vis-a-vis the better settling haematite;

(c) the use of natural (starches) and/or eynthetie flocculant. The

settling of Jamaican rttred mudrr still remains in our vieu:,the most

chaJlenging:.of the pcoblems faeed in processing bauxite into al.umina.

1,..
'

I'

i.
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4 , 4 llu d Disoo sal :

The characteristics of Jamaican bauxites (fineness of mude

and volume of mud vis-a-vi.E the.'amo,unt of bauxite procsssad) and the

6nvilonment'Eur,rounding. the :alumina pJ.ants greatly lnf3,uence the

systems used in mud disposal.

Currently there are three gen.Bral 'typee in use or about to be

u'Eed3 (1) pfre''disposal sf the mud ln unEealed limesto'ne bEeine near

the aLumina plants; (Z) disposal in artificj.ally-eea{gd i.mpoundments;

anO (S) dry stacking. Each of" thae€ ie diEcueeed briefly:

4,4,1 DieooeaL in unsealed LimestonE BaainE,

This mEthod ie used by three of thE four alumina pJ.ante

operating in Jamaica, viz: Alcan (tulo pJ.ants)i.'and Alpart. This

rpthodology involves tha pumpi-ngi- of the effluent to the naturally-r:l
occurr,i.ng baei.ns.. tlhile this teehnlque is relativ-ely inexpeneive,

t
Ithere are several disadvantagee includlng thej contaml.ngtion (rrlhlch hae

'i
in fact occurred) of the grounduater due to s'eepage of the liquid
phase thcough the subetrate rocka.

4.4.2 Dieoosal in Artificial Ponda

This is the eystem uEed in Jamaica by ALcoa, trrhoee plant is

located on the pJ.ains and ufiEre aignificant acreage iE auailable

nearby. GeneraLly this method ie expenEive ae in the caa6 of Alcoa

some 40 hectares have to be impounded Bvery five years. The

diEadvantage of the methsd aE practieed in Jamaica ie that
,-.

for a country uith limited arable land area eo much land is permanently

sterilized. For exampJ.e, the area used by A1coa hitherto ulas usEd for

l
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4.4.3 Dry wlud Stackinq

mud is not dry rrrhen it is deposited or stacked. Be

that as it, mayr en i.nteresting development uhieh has

I occurred in Jamal.ca is that of Alcants DIy llud Stacking Teclnoloqy. '

ChandlEr ( f ggZ) dascribes the method as follours:

,' 
?:,:H"l;n.:o:";1:";l ::r;":"1?.olli::"';.;"_r:i"l""t;:nn
dieposal 818.6. This ie done by deep thiokeners (decanters).

: 2' 
]H""H:',3H"ii:i"::"::l: il:o:0":::rilff;1,;'1f,:'i3il,,n
of unthickenad slurry to points around the circumference
of a tiaditio,nal tftaillng pondtr uhich advantages aDB said
to be:

1. The height and cost of dykes surrounding a given ueight
of dieposed mud less.

2' il",:1":Fr"l"llir"lll'ii :lri::r:":; ?ll"1:,::t"l:ll.
of th1 circumferencB from uhere it can be easily

i

i. tlhen the disposaL area is fulll or ite use is dis-
coniinuEd for any other Deasoni it can bE eovered urithi topsoiJ. and returrted to usa as agricuLtural land.

The technology rrrhich Alcan is in the procesE of implementing

is being uatched uith great interest,as it represents an attempt to

adopt technology to suit the characteristics of Jamaican muds and

rathEr restrictEd environment fon disposal of such muds.

the Alriminium Tndrrstrv4.5 Sca1e in the ALr-iminium Industry

The minrmum economrc plant sizes are dependent on a number of

factors includingl (a) l.ocation, (b) infra-structure; (c) transport;

(a) capital costs; (r) enelgy costs; (f) the cost and quality of

rau material inputs; and (g) the extent to urhich the plant is domestic

or export oriented.
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A combination of the first three factors for axample, often

implies a minimum Level of investment in basic physical. infraslructure.

There are therefore scaLe aconomies to. be reaped from expaneion of the

processing or smeJ.ting p1ant, sinco there may be no further need for

investment in infrastructure. Such consideratione have combined urith

others to lead to the present etate uhere the first three stages of

aluminium manufacturing: bauxite mining, alumina proceasing and

aluminium smelting are moving to J.arger-sized operations. LIE discuss

each of these briefly.

4.5.1 Bauxite Mines

In respect of bauxite mining, the fol.louring data for some mines

in four of the principal producing areas, viz: Austral.ia, Guinea,

Samaica and B:azil, are indicativet'

TABLE 4.3i- iizes of $cme flla.ior lauxite fitines

Cquntrv Name of flline Siae (Per Annum)
iAustralia Lleipa ca.l 10 million tonnes

Govenl5rrri

Guinea Boke n9rfl

Brazil Trombetas n 5.5 rtt r (currantLy)

samaica -;:;;i;:Tffi3i:, 
,, 4.0 ,, ,i

Jamaica-Reynolds
Bauxite Partners tt .2.9 tr r

There are smaller dconomic mines of"course. For axample, thE ALcoa

mine in Clarendon, Jamaica, has a current capacity of about 1.5 million

tonnes per annum. But this smalL size'is cbmpensated by the close

proximity to the alumina plant uhich prooessBs the bauxite.
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4.5.2 Alumina Plants

In a recent'paper Perry and Ruseell (tgAe) dreu attention to
the fact of the ehanging of alumina plant capaeity ve. time. Fig . 4.3

shoue a plot of thLs relationship by the authors. Some speeific

The trrlo firEt alurnina plants in Jamaica urere built by.'Alcan

(in 1952 and 1959, respectively). Both uere designed for maximum

capacity of 5501000 tonnes per annum Baeh. Both plants have since

reached this capacity and they have a combinEd rrroik force of approxi-

mateJ.y 2r 4OO.

The next genEration of alumina plants in Jamaica (mid to late

1960s ) rrrere as f o11ou,e s

(") Aleoa: initial capacity 550r080 tonnes pBr annum and capabJ.e

of being expanded to 1r650r000 tonnes p€r annumi permanent

uorkforce uas approximately 950. l

,:
(U) Alpdrt.: initial capacity of ?00r000 ton.nes per annumi later

r

expanded to 1r100r000 tonnas per annum jand capable of being
further eXpanded to ca. 1r800r000 tonnes peD annum; initial
permanErit uorkforce of 1 

' 
9U0 but subsequently reduced to

about 1,650.

(") Revere: initial capacity of 200r000 tonnes por annum capable

of being expanded to 800r000 tonnes per annum; permanent

uorkforce of approximataly 600.

(tt should be noted that one redson urhy'the Revere operations

collapsed uas its smal1 initial capacity ofr,200rtlO0 tonnes.)

The davelopmente in the Australian alumina'industry illustrate

even more emphatical.ly the trend to bigger alumina plants. In 1960

the only aLumi,na refinery in AuEtralia uas at BelI B.y, Tasmanial

rr:ith production of 30rB0B tonnes annualJ.y. This capacity uas Later

doubled but the refinery u,as cl.osed dorun in 1973. In 1963 Al-coa of

Australia began alumina production at Krrlinana, lJestern Australia,
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Fig. 4.33 Aluoina Plant Capacit]' vs. Time

Perry & RusEelL (1982)

Source: Tne Journal of tne GeoLoeical Societv of
Jauaica Proceedingp.?f Bauxite S:mposir:m V

June I982
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rrlith an initial rated capacity of 210r 800 tonnes per annum rrrhich

u,as expanded in stages to a design capacity of 1.4 million tonnes per

annum by the end o f 1g?O.

refinery in G:I'adstone, QueEnsland, had an initial capacity of 609,000

tonnes per annun (eeZ) and L,as expandEd in stages to a design

capaclty of 2.0 miLLion tonnes per annum by 19?3 and has actual.Iy

operated at a rate' of 2.4 million tonnes per an-num and is nour being

expanded by an additional 300r000 tonnes per annum. fl refinery ura6

construsted at Gover Northern Territory, by Alusuisse and Australian

interests in 19?2. The design capacity uras initialLy 500,000 tonneE

per annum but tlas Bxpanded over time to a current 1.2 miLlion tonnes

Pet annum.

Alcoa of AustraLj.a commissioned its second refinery in 19?2

at Pinjarra, ly'estern Auetralia, rrrith an initiai] production capacity

of about 400r000 tonnes per annum. Rapid expansion and improvement of
,:

exS.sting equipment and technology have 1ed to ia current design capacity
;of ca. 2.5 million tonnes per annum. Alcoa of Australia constructed

a third alumina plant at ldagerup, uestern Australia, rrlith an initial

capacity of 500,000 tonnes per annum capable of being inereased to.

2 million tonnes per annum. Anothen alumina refinery uras constructed

i n trJestern Australia by a conEortium led by Reynolds lvletals Company.
:

The initia1 design capaei.ty of this plant is 1 million tonnes per annum

but it is capable of being expanded to 2 mi.llion tonnes pBD, annum.

0ther neur alumina plants illustrating this trend to larger

capacity plants (initiaL or uLtimate) are:

Aughinish, Ireland
Endasa, Spain

I nteralumina,

800,000 mtpa

... 900,000 il

... 1roo0ro00 rrVenezuela
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4.5.3 Aluminium Smelters

ThE eize and scale of ,aluminium smel.ters have also seen

dramati.e uprrlard movements. ldhereas moEt of the earl.y plante in

Europe (some of urhich are still in operation) had capacitiee of under

50r000 tonnes per annum, capacitieE curRBntly planned (uhether by'

expansion of exieting capacity or the building of neu ones) for a

minimum size of 150r000 tonnes per annum and in Some cases close to

300r0U0 tonnes per annum. Some examples of this trend tourard larger-

eized plants, urhich became apparent from the lata 1960rs, ara aa

f ollorrls:

TABLE 4.4:

-

AIcoa

Alcan

Kaiser

Reynolds

Sizes of _Selected SmeIterE

Evansville, Indiana
llassana, Neu York

Tennessee

Rockdaldr Texag

ldenatehes, Ulashington

Arvidar Quebec

Kitimatl B.C.

Grand Baie, Quebec

Chalmette, LouiElana
Mead, Uashington

Listerhill, Alabama

Longvj.eur, lJashington

Baie Comeau, Quebec

;

253e 008 mta

205r 000 rt

200, 00tt fl

31CI,000 il

200,000 ll

432,000 rt

268, 000 rt

171,000 ll

235,000 il

200,000 ll

183,000 rt

19U, UoU rt

1591000 " (to be expanded
to 2?2r0t]0 mta)



TABLE 4.4 (Contd.)

National Southruire

Noranda

AIumax

Eas tal co

I ntal co

lYlartin wlarietta

Anaconda

Uenalum

ALuminium Bahrain (nLen)

Indonesia A1um. Company

Aluminia Expanol

ASU

Norsk Hydro

Pechiney

Pechiney

Gl adstone

Alcoa Australia

- 56-

Hauesviller Kentucky

Neu llladrid, fiass.

lrlt. HoJ.lyr S.C.

Frederick , [Yld.

The Ca11es, Ore.

Sebreel Kentucky

Columbia Fal1s (Ptont.)

UEnezueLa

Bahrain

Indonesia

Spain

Noruay

Norrrray

Holland

Quebec

Queensland

Pt. Henry, Uictoria

1 63 r 000 mta

204, 00u

179r000

160r000

254,000

167r000

1 63, 000

1 63, 000

280,0u0

171,000

1 50r 000-225 r 000 mta

180r 000 mta

ll

ll

183,000

1?0r0CI0

1?0r 000

225 |OOO

2CI6,000

1 65, 000

ll

tt(Pranned)

ll

tr
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4.6 Employment and Inceme Eeneration

4.6.I Level of Employment in Industry (rclA-19A2\

Table 4.5 provides data on employment laveLs in the companies

involved soleIy in. mining and exporting of bauxite for the period

19?7-1982. It urill ba seen that the employment Jeval for 1982, iE

Iess than half of the average for the 19?6-181 pariodr rEflecting

the sharp dourntunn in production uhich began in 1981t resulting from

the recession in the U.S. Bconomy, the major market for bauxitE

exports. If it is aEsumed th€t thls dounturn ie an arlomaloue

situation, a morB normal picture employment Ieuel is derived from

considering the 1976-1981 p""ioa.' Duiing this period, avtsragB 
':

employment in thie sub-s€ctor rrrae 1r'400.

J-EE!-E-{€: Emolovment in Bauxite tllinins ( 19?6-1982)
!

YEAR SUB-SEETORS N ATI I}N AL I TY TOIAL

fiining & Port .0therl
Drying

* n/ro

19? 6

1977

1978

1979

1980

1981

1982

?37 101 535

699 94 547

576 84 738

6s? 63 698

68? 60 684

614 54 ?31

161 15 488

136? 6

1334 6

1390 6

1452 6

1424 ?

1391 I

654 10

1373

1 340

1 398

1 458

1431

1399

664

.l
'0ther includeE managBmBnt Staff'r Transportationt
construction, etc.

2-J - JamalOan

sru/r - Non-Jamaican

Source: Samaica Bauxibe Inatitute
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The data for the corrBsponding period for those companies

i.nvolved in aLumina production are plesented in Table 4.6 The

taBLe shous that for the seven yBar period, average employment by the

integrated mining and refi,nary facitritiee rrras 4r940, ranging from a

high of 5,378 in.1980 to a lotrr of 41306 in 1982. The fact that the

1982 figure ia the lorrrest ls not surprising in light of thE recession

in the uorld industry. Houevetl uhat is of significancE is'the

difference in the level of declinE betueen the sub-sEctor involved

soJ.aly in exporting bauxite ore and that trrhieh also carries out

refinery in Jamaica. The difference is related to the more diversi-

fied nature of alumina exports as uae discussed in Section 2.4.2.

TABLE 4.6:

-

and

Souree: The Jamelca Bauxite Institute

. In both sub-sectors of the Jamaican industry, the level of

employment of non Jamaicans iE extramely lorrl, nBvBr exceedj.ng a

total 80 in any year.

Inteorated fiini
acilities ( 1976-1

YEAR SUB-SECTORS NATIITNALITY

llining ,& ALumina Port 0ther Agri-
Drying Plants culture

:JN/7 TotaL

197 6

1977

1974

1979

1 980

1 981

1982

62A 3522 336 109 297

. 585 3602 286 9? 206

688 3654 300 72 22A

648 3745 2A5 85 281

636 ' 4131 2?5 ?6 26g

608 ' 3705 291 439 285

493 31.CI7 234 380 92

4818 ? 4

4713 63

4800 62

4985 59

5309 6?

5260 68

4269 37

4892

4776

4862

s044

5378

5328

4306
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In termE of contribution to nati,onal employment, total
.

empJ.oyment in the bauxite,/alumina sector is ralativEly unimportant.

Table 4.? provides data on the comparleon batueen nationel employ-

mEnt and amployment on the one hand and employment in bauxiter/

alumina over the period 1976-1982

The table Ehorrs that the bauxite/alumina seetor has accounted

for lesE than 1fi a? totaL employment for any of the years. under

revieu. tdhen .compared to tha leyel of unemploymentl tota!. employment
:

in the bauxite/aLumina tiector r€preaented, at moEt, 3.2fi of the pool

in the seven-year perlod. ThE data lmply that evEn a major expansion

in the size of the preeant induetry, or alternatively a more inten-

sive use of labour (say a doubllng of the pressnt rrlorkforce) ulouLd
l

have very little direct input on the Level of employment.

I

4.6.2 Contrih,ut*.gn of Bapx;i,le lumtFs to Natiqlal Income

ThE data presented ih Seidfon 4.5.1r demonetratea clearly-the
i

relatiue in.oignificanca of the bauxite/alumina ildustry rohEn compared to

the Jamaican amployment picture. lde noul consider thE eectortg role in

the national Bconomy. Table 4.8 pgeeEnts data on its contrlbutlon to GDP.. :.

TABLE' 4.8: Samaica-r :,PeicEntagE Contribution
-1

Year
19?7 1978 1919 1 980 1 981

S ectorE

Bauxite/Alumina
filanuf acture
Construc tion
Dietribution
Real Estate
Producers of Govt. Servicee
0thers

8.6
7.0

1?.6
6.',l

16.6
10. 9
16.5
16.1

9.4
?.2

16.9
?.O

1 5.8
19.6
17 .4
16.8

9.5
?.2

16.1
7.0

15.3
11.0
18.5
16.3

8.5
8.6

15. 1

5.3
15.1
11.6
19.8
16. 0

9.6
8"6

14.8
5.3

15. 5

11 .8
19.1
tF.5

TI}TAL

Sourcei Department of StatiEtics

100. 0 100.0 1 0u.01oCI. 0 100. 0

!

.l
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The table shotrs that over the five-year period, bauxite/

alumina competes closely rrrith agriculture in terms of contribution

to GDP, both being second only to manu.facture, in the productive

sector. This contribution is at about the 7.Ofi level for the

1977-19?9 period climbing to 8.6fi and over in 1980 and 1981. An

important point tuhich must bE borne in mindl is that'rrlhile agrieuJ.ture

and bauxite,lalumina ate roughly equal in termE of GDP contribution,

the former provides jobs for approximately Eighty (eO) timeE the

number empJ.oyed 1n the latter

The real importance of the eector's contribution to the

economy is its earning of foreign exchange. Ths foreign exehange

inflorrls from the seetot are derived from thnee primary services;

uaBeB and salaries for employegs; other local costs of operatione

and payments for royalties and the production levy. In reeent yearst
i

uith an incrEased role played by the StatE in marketing bauxite and

alumina, thera is a neu, source of foreign exchange, ulhich is profits

earned on such sales. Houever, the infloule to d'ate are small

compared to other thrEe sources and are ExcLuded from Table 4.9.

TABLE 4. 9: Contri bu tion
olel.

of Bauxit Alumina to
nQe Inflords

(us) $m.

Bauxi te,/Alumina Inf lours TotaI
NationaL
Foreign
Exchange
Earnings

Bauxite/
Alumlna
As Fage
of Total

ldages &
Year Salaries

0ther
Costs

Loea1 Levy.'
& Royalties

Total

1978 54.5

1979 49.9

1 980 50. B

1981 66.6

1982 76.2

7 4.2
29.O

7 5.?

58. 3

71 .3

L95.2

194.2

105.7

195.1

137.O

323.9

2?3.1

342.2
320. 0

284.5

533,2

628.5
692.7

610.1

610. 3

60.7

43. 5

49.4

52.5
46.6

Source: Jamaica Bauxite Institute and Bank of Jamaica
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The tabl e shours that in tha f ive year period 1g?A-, 82,

bauxite/al.umina accounted for ovBr a half of totai. foreign exchange

earnings for Samaica, uith 19?8 being a high (0OlA). There are tuo

additional points, uhich can be made about the figures presented in

Table 4.9. The first relatea to the foreign exchange inflous for

uages: salaries and other local costs in 1979, rrrhich shou decreaaes

compared uith 1g7A. These decr.eases reflect the impact of the series

of devaluations of' the Jamaican currBncyp put into effect as part of

the Extended Fund Faculty Agreement betrrreen the Government of Jamaica

and the InternationaL llonetary Fund.. Then devaluations reduced the

inflours needed by the multinational companies to take care of the

Local iostE uhich are denoted in Jamaican currency.

The second point ie that the industryts share of total

foreign exchange earninge, is underastimated in Table 4.9. This

underestimation derives flom the fact that, rrlhlle the inflotrls for

other sectors ( e. g, toulism ) are groes fi.gures, ,!itfr no account

taken of the corrB.spondihg outfLous needed for ti'reir (the sectoest )

operations, the figur6s pDesented for bauxite/alumina are net of the

costs of imported inputs. Idea1ly, the basis of comparison betueen

seetors, should be'the net ealninge, but it is not possible to canry

out this exercis.e" since data on the cost of imported inputs are not

available for most eEctors.
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4.7 Scale in Bauxite fiining and Refinino

4.7.1 Investment Costs and Size

At the present timer there are four (4) a,lumina plants

operating in Jamaica. TheEe plants operate aq integrated bauxite

mining and alumina processing facilities. A fifth facility,

Revere Jamaica Alumina Ltd., operated up to September, 19?5 ulhen

production uJas suspended due to economic difficulties. There are

turo bauxitE mining plants rrrhich produce bauxite "rrrhich is Bxported

in its primary form. Table 4.10 belou sete out the production

capacity and inveEtmants costs of the integrated bauxite and

aLumina facilitieE uhila Table 4.11 eets out similar data for thE

bauxite mining facilitieE.

TABLE 4.1O2

-

o ction Ca it and trnvestment Coste' of
Int rated BA ].n

Name Date
Establiehed

8apaoity I

(ttetric tons )
InveEtment Investment
Cost per Cost .t

tonne (U.S.)'

Alpart

Alcan

Alcoa

Reuere

Kirkvine
Euarton

1969

1972-3

1952

1 959

19?2

197CI

1 r. 18 0, 000

550, 000

550, 000

550, oo0

2oB, UUo

$soo

$tso)
)

$zgo.a

$+t s

f350m2

$r osm

$t ogm

$ agm

1.

2.

4'Costs quo.ted in current doll.ars.

2Tni" figure is totaL of original investment and
'197 2/3 expansion.

Souree: Jamaica Bauxite Institute
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TABLE 4.11: Production Capacity and Investment Costs of
Bauxite fiining Faeilities in Jamaica- -

Name
Date

Es tablished
Capacity

( metric tons')
Investment  

Costs (u.s.)'

Kaiser Bauxite Eo.

Reynolds Jamaica Mines

1 953

1952

4,100,000

3, 500, o0o

$ oem

$ssm

.l'Costs quoted in current do1lars.

SoureE: Jamaica Bauxite Institute

Tha fact that investment costs for the bauxite and alumina

facilities aro only available in current dollars places an important

restriction on the comparisiong that can be drarrrn betuean size and

investment costs. Nonathelessr the differencbs betureen Alcoa and

Revere in terms of size and investment costs (tat<ing into account

thE tims differ-ence) ilLuetrate thd economies of, scale that can be
I

derived in terms of investment coEts since Alcoa's capacity is 2.75

times that of Revere uhereas its investment costs uere just Iese than

2 times. It is poesibLe that differencEs in the infrastructure costs

may partly account for thie eituation but the evidence available

indicates that Eiza rraE the important factor.

Compariaon of the data for ALpart and ALcoa uould eeem to

Euggest that per tonne investment costs uBra higher for the larger

size plant i.e. there u,ere dieeconomies of scale in the establlsh-

ment of ALPART. Houever, it is generally agreed that the infrastruc-

ture costs associated rrlith the Alpart plant urare unusually high due

to land costs, axtens5.ve railuray facilities and other factors to do

uith the location of the p1ant.
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In tha case of the bauxite mining facilitiasr ths data

available indicate a significant difference in the inveatment eodte

of the turo facilitleE. The diffarenc€ ie due mainJ.y to th-e'difi""EncE

in the sizee. of initial landholdin6ec..l

0veralL' analysiE of the data avaiLabl.e for the Jamaiean

industry, euggests that Economies of ecalE can be darlved from Iarge

eize facilities. Houever, other factore euch ae infraatructure coEtE

and conetruction efficiency arB also very important. In todayrs

u,orld of high i.nterEet ratEE, the gconemiea of ecale oan b6 uiped

out by tlme oveD-lurls in the lmplementation of projects.,

4.7.2 Emolovment and Size_
ThiE section ExamLnee prsduction and employment data for the

integrated bauxite and alumina factliti€a as rrle|l as the bauxlte

mining facilltiesr Tabl.ee 4.12 and 4.13 bElour EEt out the data for

198t], ruhich u,as a fairl.y normal yi'at,i BB compar"al to the receeelonary

periods of the mid 'lgllte and of 1981-183. i

TABLE 4.12e

-NamE
Produetion af-Alumina No. of PerEons ProductLon

(metrlc tone) Employed (metric tone)
p.er employee'''!'' 

'"

AIpart

Alcan 1, Kirkvine)
2. Eularton )

Alcoa

Revere (lsto1

94? r?91

1rO25rg47

482r132

162r231

1634

2247

588.0

456.5

544. 0

252.?

886

642 fl
1

J

I

Soucce: Samaica Bauxite Instltute
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TABLE 4.13t

-

Production

Name Prod. of Bauxite
(metric tonE)

No. of Persons
EmpLoyed

Production
per employee

KaisEr Bauxite Company

Reynolds Jamaica t{j.nep

3, 636, 35u

21498,1?2

4A6

201

V;48-2.2

12r428.7

l.
l.+:

Source: 3:amaica Bauxite Institute

The data clearJ.y demonstrate a greater production psr unit
,,::pi labour in the case of ALPAFT (capaeity of 1'1801000 tonnes) as

.

against ALCOA (capacity of,.55U,000 tonnes) and ALCAN (2 pLants

capacity of 550r000 tonnes each). ThE difference in the labour

o,utput ratios betueen Alcoa and Alcan are to a Large extent due to

the difference in age and the more modern technology of Alcoa. The

data for RevEre Ehoura thcj very J,orrl output per employee ratio at thE
i

plant ulhich !,aa an impottant factor in the decielon to suepend

production there.

0n the othEr ,handr the narrorrl difference betueen Labourr/

output ratios of ALPART and ALC0A ulouLd seem to suggeet that thEre
"' j

are other importapt factore determining the output of labour. These

factosE incl.ude managemant practicas, trabour Effieieney and thB

efficiency of the technology.
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4.A Productlon Costs in Bauxite [tli.nino and RefiniRg

4.8.1, Prpduc$Lon CostE in Bauxite eld Al.qrnina REfininF

Data, on the production coEte;.of, the' i,ntagratEd bauxi.te and

alumina refining facilitiee opatattng in Jamaica ie ehou,n in TabIE 4.14

belour. The data iE for the year 1980r" uhich la esnaiderEd a fairly

normal y,ear in viEtu of the changea in the induatry in.rgcent y€aDs.

TABLE 4.142

-

Dis ated Froduction Co ts for In ated
n

Iteme
Rau ltlatErials

Plant A Bfifi Plant P'X,ant C fi

Bauxite (excl. bauxite
levY)

Lim'e
Caustic Soda
Flocculants
Uther

0oerati.nq Suooliee
FueI
0ther

Utilities
(Steam, polr,srl r,rater)
Diract Labour &

Plant ttlalntenancE

Fixed
I nteres t
Depreciation
0thEr

Indirect Coste

Transpor"tation &
Storage

lYlud DispoeaJ.
EutEide Servlces
Bauxite Levy

26,25 10.3

15.46" :"

12.94 12,O
2.04 l

11.41

2.54
o.42
4. gg

4,2;!2 1?.0

254.43

24.55 13.0
0. 59

2r8A

o:e6

6;84
45.69 23.5

194.23

15.17

11.95

14.72 1 4. 3
3.34
1.4?

94.65 3?.CI
4.69

13. 58

2.79 1?.0
10. 91
2.26
0.26 "

11.93

1.54
17.21 1?'.4
5. 16

51 .81 26.?
,.ra 

_

25.39 14.5

54.62
0. ?5

4.55

19. 53 '

31.2

11.1

450
0.95

11.45

?.45

4il . 15

3.0

23.5

174.55

SourcE: JamaLca Bauxite Institute
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It can be saEn from tha breakdorrrn of the production eosts

for the thrEe facilitieE: Listed above, that the major variationF in

pruductS.on coEts are accountad for by the diffBrencea in fuel costsl

the bauxite levy, interest charges and depreciation charges. To a

l.eEser extent, differencets 'Ln costs of caustic eodal labour and

transportation also aeoount for the variations. trlith fuel cost being

the single hlghest cost component, it is extremely important that

these facilitiee be aB enBDgy efficient as poesible. ThB adaptation

of the miet aduancEd enesgy techno!.ogy is therefore vital to the

future survival of the alumina industry in Jamaica. Co.mpany A is

the largest of the three fecilitieEr but has the hi'gheet per tonne

fueL coetsr lau materfals costsr and dEbt charges. Hence, efficiency

ln the usE of fuel and rau materiale uleigh more heavily than benefitE

€rising from laege eize,.

4.A.2 Production Costs in Bauxite |tlininq in Jamaica

The data in TablE 4.'15 indicate the majdr cost differences

betueen lvline A and Mine B ariEing in aDeaa of Drying and Storage and

the bauxibe 1evy. ThE diffarencee in drying and storage costs can

be attributed to economies of scale ae Mine A is a larger Eize

openation than fline B and thE technology being util,ised is similar.

Houeverr diffErenetsE in the bauxite levy paymentsr are accounted for

by the diff,erEnces in the quality of bauxite orE being mined, since

the bauxite Levy ie alao baEed on ore quality rrrith higher grade ores

being'chargbd a higher levy.' The differsnces in mining costEr c6h

be attributed to the larger scale operat5.on of wline Ar since the

larger sizE mining equipment reEult in economies of scale.



TABLE 4. 1 5:

I tems

Mining

Drying & Storage

Depreciation

Administrative
Expenses

Bauxite Levy

Royal ty

- 69-

U.S.

wline A

2.862

2.315

o,?34

0.925

1 3. 658

0.276

$ per tonne

fline B

3.261

5. 195

0. 391

o.012

19.642

0.275

28.? 6420.6?A

Soutce: Jamaicg Bauxite InEtitutE

J

4.8.'3 Labour Costs in BauxitE ttlinino and Alumina Reflnino

The data contained in Sections 4.8.1, indicatE that the cost

of labour is an important item in the overall production eoEt of

alumina. Hourever, there ara sev.eral more important iteme Euch ag

fuelr raul materials, debt chargee and the bauxite Ievy.

The largest of the three plants listed Plant Ar has the

highest labour cost. Flant B and P1ant C, ruhich are of similar size,

shour a significant differencE in labour costB.

tL.B.4 Factors Affeeting Production Efficiency

The information presented in SectionE 4.8.1 and 4.8.2 elearLy

illustrate that. Eize of operation can bring about economiEE of Eeale.

Houever, other factorsrcan more than compensate for theEe economies

Production Costs
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of scale. Therefore the overall production costs of the bauxite

and alumina industry depends on theee factors as ulell as the size

of individual. plante. The factors that appEar to be important are:

(i) the cost of raur materials, fuel and money;

(ii) technologiaal efficiency in terms of the per unit

consumption of rau materials, Bnergyr labour.

Production efficiency requires mastery of both sEts of

factqrs and not just labour productivity'as is the common b.Elief.

The data adequately demortEtrates that differences in the cost of

rau matenials and in the coneumption rate of theEe materials, can

far outrrreigh the diffetancee in labout costs.

:

l,
i.r
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5.1

CHAPTER U

ATTETYIPTS AT REGIONAL AND

INTERNATIONAL COOPERATION

I ntro duc tion

In 1974, the Jamaican Goverhmant, in addition to introducing

the bauxite levy, commencEd for the first time, serious analysis and

planning for the future of the iocal bauxite/aLumina industry. An

5.ntegral part of this plann5.ng oxercl.sE uas the establ.ishment of the

institutional frameuork uhich rrroul,d increaee thE Government of Jamaicars'

ability to asseEs trende and make'medium and long-term proJections

for the uorl.d al.uminium lndustry. ThE development of this instltu-

tional frameuork iE discuseed in greater detail in Chapter VII.

In the mid-19?0e tha Jamaican induetry analyete u,ere able to

anticipatE somE of the developments uhi"n """i,rd J.ikely to advereely
.l

affect the industry in the future. Th6 main factors ruhich u,Ere

p erceived then uJBrB

(i) the declinlng rELative lmpontancE of the USA in the

uorld aluminium industry;

(ii) the high energy prices of USA aluminium producers;

(iii) the expandEd role of recycling of al.umLnium acrap uhich

nou, accounts for abouL z\fi of total aluminium congumption;

(ir) the drastic cutback in the automobile industry aspecialJ.y

in the USA and

(r) competition from othEr producenE trlith enBrgy DaBoutrces

that aIl.ou for the developmEnt of integrated complaxes

from bauxite mines to aluminium sme1terE.
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5.2 Prospects for trjorld ALuminium Industrv in the 1980s

The uorLd economi.c rEcession being experiencEd in the early

1980s has had a negative impact on the uorld aluminium industry leading

tc cutbacks in bauxite and al,umi.na production as ulell as the shutdoun

of aluminium smelters in North America and lrlestern Europe. tlost fore-

casters predict that the uorld Bconomy uill continue to experience

sluggieh grorrrth'j.n the 1980s as qompared to the rapid expansion of the

1950s and 1950s. The l.iet of rEaEons for pessimism ls long:'economic

stagnation in the industrial countries; the deveJ.oping countriest

adversE terms of trade and depressed export volumes; borrouring; large

debt repayment burde:ns; continuing high snergy prices. In this contaxt
.i

the,qutlook for the trrorld aluminium industry is rrleak as it is particu-

J.arly,affected by trrlo factors: the ureak demand in the j.ndustrial couh-

tries and the high energy prices.

The projeetione by industry anal.ysts shorrr uorl.d production of
j

the primary aluminium grouing at 2.8S per annum in 1980-85 and at 3.g/o

in the '1985-90, compared to 4.1ft in the 19?0s. The production, j.n the

USA (uhich is the natural market for Jamaicats exports of bauxite and

a1um5.na) is projected to grour at 1fi per annum in the 1980-BS period

and 0.45 Ln the 1985-90 reflecting the shift of production au,ay from

the USA to sountries trlith cheap Bnergy euppJ.ies. Table 5.1 sets out

the projected grorrlth ratE of aluminium production for various countrieE

and economic regions.
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TABLE 5.1: Grotrrth in Primary Aluminium Production {76)

CountrieslReeions Actual Pro iected
1 9?0- 1980 1980- 1985 1985- 1990

U5A

Canada

EEC

Sapan

Centrally Pi.anned 3,4
Developing

Asia
ttlorld

1.[J 0.4
2.2 9.6

2.4
0.0
?.1

2.4

11.'l
9.4
4.1

2.1

-8, 5

1.?
- ?.?

11.,2

2.8

4.1

2.?
2.4
4.2
5.3
3.9

Source: Price ProspectE for Major Primary
Cogmodities, lrlorld Bank, Jul,v 1982.

5.3 llain Policy Options

The projections made for the ulorld aluminium induetry in the

mid to Late 1970s have come to pass an$ not unexpectedly, the Jamaican
t

industry has suffered a severe decline. The impact on the Jamaican

economy can be deduced from the discussion iniChapter 1 of the sectortB

overall importance. Houever, since the mid 19?0s the Samaican Govern-

ment has been pureuing three major policy options for the local industry.

They are namely

(i) diverEification of markets for bauxite and alumina

rrlith special priority to those markets uith reasonably

nti ner{ rrnElrinvpriced BnBrgy resourEBsi

(ii) expansio lEcal. refinlng capacity, financed on a

conEortia basisr rrlith both regional and extra-regional

partnere t

(iii) developing and impj.ementj.ng affordable projEcts ulhich

ulilL incDeas€ integration of the local industry.
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The attempts to pursue thE first turo of these poIlcy options are

discussed in detail in this chapter. The third option, increased

intsgratisn of the loca1 industry, is analysed in Chapter UII.

5.4 Attemptq at ltlarket Div,eqsification

There u,ete several attempts at market diversifieation; in fact

some u,ere to be derived from the expansion of al.umina rEfi.ning capacity.

The efforts at market diversification produced tulo important

successeeE the contract for the USSR to purchase 250r000 tons of

alumina per year for an initial period of seven (?) yeaDs (tnis agDee-

ment has been convarted to 1 mill.ion tons per year of bauxite) and the

contract to supply 1 million tons of alumina to Uenezuela over the

period 19?8-85. These tulo contractE are valued at some US$3?0 million

(in current dollare) and therefore Depresent important foreign exchange

earninge for the Jamaioan economy. The saLe of Jamaican bauxite to
i

the USSR also represente the first atep in diyersifying the market

f;or Jamaican bauxite uhich is nou supplied only to the USA.
:

I

5.4.1 U5SR/ilamaica Co-operation in the Bauxite and Alumina Industry
Trade Aqreement

In April 19?g follorrring discussions at the Prime tlinistErial

]eveL the USSR and Jamaica signed trade agreements under ulhich trade

beturaen the tuo countriee u,as to be significantly expanded by:

(") the purchase of alumina from Samaica by the USSR on a short term

and long term basj.s

(b) the purchaEe of rau materials and capital goods by 3amaica from

the USSR.

Under the short-term agrBement the USSR rrras to purchase 50r000

tons of alumina from existing souRcBs in Jamaica at rrlorld market

prices for the period 1980-83. This amount uas subject to increases

based on USSR needg and the ability of Jamaica to supply. ThiE short-





-7 6-

A contract rrras signed in August 1g?? f or the supply of 1 million

tonnBa of alumina by the Jamaican Government to VENALUtIT tha state-ourned
;

d.t,, aluminium companyo Thie contract then represented thE firet concrete reEult
t.-r

i: of the'efforts of the Government to diversify marketing arlangemEnts for
t
sF' the industry and to expand production. The contract had a total value of

: ovei. US$200 m.

The agreed supply schedule uas as shoun in Table 5.2.
:

1: TABL,E 5J: -S-uppiliy.gshedule for UsnEzu!.an'Contract 
' ''

Year Quantitv of Alumina (tsnnee)

:{

197,8-19?9

1 9?9-1 980

1 980-1 981

1981-1982

1 982-1 983

1 50,oCItl

1 50r 000

1 58r 000

1 50r00o

150r00o

1 983-1 984 1 50,000

1 984-1 985 100r000
,l

:iii: IL-':-: TiiE dalays and technical probJ.ems BxpeDienced ln thE smeltEr

::i:] , facLlities of UENALUIYI have brought about variations to the eupply

i Bchidule. Furthermoror thE rrlorld recession, the poor Etite of the
.:'

,* aluminium induEtry and uroakening position of the UEnezuelan economy

to date.

5.5 Attempts to,Expand Refl.ninq Capacitv
't,'

. 
I OvEr the period 1g?4 to the preeent, the GevernmEnt of Jamaica

., has eEriously .exnlorEd the poesibility of expefiding locaI" alumina
I

t:.
. ,rrefining cagaci,ty. To date none of tha initiattves haa.borne fruit.

n

,i,* .,'l i! is importFnt.rto examl.ne each of the efforts Ln order to undarstand
1-

the reaEone for tha lEck of euccesel to date.

have also combi.ned to advereely affect the quantity of alumina supplied
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Among the more imporiant expansion projects urere the Regional

Smelter Project involving Trinidad and Tobago, Guyana and Jamaica,
t

the JAUEI{EX ProJeLt involving ltlexico, UenezueJ,a, AJ.geria and Jamaica,

and Later the U55R, and the ALCOA Expansion Project involving Noruay,

Jamaica and ALC0A. BeLorrr ue set out a brief overviErrr,of the objectives

of each of these efforts and the present status.

5.5.1 Reoional Smelter Pro.iect

In mid-19?4 the Governments of Trinidad.and Tobago, Guyana and.

Jamaica announced their intention to establish an alurninium smelter of

200rCI00 short tons per year capacity ln Trinidad. The proJect uas

identified as a concrete stap in thE regional economic integration

ptocess rrrith the possibility of spanning the fuII range of activitiEs

from rau material production to finished goods, bauxite production to
i

aLutninium fabrLcation producing fini.shed goods in the: form of pote, pans,

buiJ.ding matBlial and Eo on.

ThE mein features of the Froject L,BRBT r

(a) SmeLter of 2001000 short tonE pBr annum ouned jointly by Trinidad and

Tobago, Guyana and Samaica;

(U) the regional market nEadE to be fully met by the smeJ.ter;

(c) suppty of alumina requirements of 4001000 short tons to be

shared equally by Guyana and Samaica i

(O) Trinidad and Tobago to eupply pou,er requirementE using its

natural gaa as enBrgy souDcor and

(e) each countny to take responsibility for its share of financial

input.
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5.5.1.1 Feasibility StudieE

Detail.ed feasibility studies urEre carried out by conEultants

employed by the GovernmEnts to examine among other things:

(i) the economic size of the EmeLteri

(ii) the markets in the Caribbean, Latin Amerlca, North Amari.ca and

Europe;

(iii). the financial eequicemEnts for EstabLiehing the emelter

incLuding the capital and operating coste;

(iv) rau, material requirementE including alumina and enengyi

(v) technology suppJ.y and treLning requiremente3

(vi) environmental problems and

(vii) fabrieation facilitieE.

The feasibility etudiee provided the neceeaary tEehnieal data

for chooeing a euitable tEchnology and the coet,data. Hourever, the

market poseibilities u,BBe leEa than encouaaging since the regional
i

market amounted to only 261000 metric tonE p6D iahnum uhile the minimum

economic size emelter recommended ulaE ?3r000 metric tons par annum.

Furthermore, the total capltal eost in 19?5 dotrlarE amounted to $134 m.

rrrhich uould requiee an equity of US$40 m. and loanE of US$94 m.

at an acceptable Equity/aabt ratio of 3O/?9.

5.5.1 .2 Evaluation of the Pro.lect

Theee require$nents EeEmed formidable for the tuo capital

deficient countries Guyana and Sameica, but urEre uithin the reach of

Tninidad, rrlhich at the tLme urae enJoying foreign reeervea of US$l billion

as a result of the oil priee incrEaees of 1g?3. EvBn more problematic

uas the quest!.on of the pricing modelE for alumina and Bnergy, the ttuo

inputs to bE provided by tha partnera. Several months of negotiations
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endBd trtithout any agteement on thB relative ueighting of these turo inputs

in the overall coEt of production of aluminium. The most intractable

issue concerned tha lEvel of taxesl royaltiEs and levies alloulable in

the,pricing of bauxite and natural gas.

5.5.1.3 Politieal 0bstacles

An important politieaL factor uhich affected the approach of.the

govsrnments to the ProJect tuened out to be the Samaican GovernmentrE

attempts to undertakE similar Joint venture projecte ulith Flaxico and

UBnezue1a. The latter projects rrere initiated subsequEnt to the

R.egional Sme1ter ProJect and uere seen by both Guyana and Trinidad as

ieceiving greater priori.ty treatment by the Jamaican GovErnmEnt.

The combination of the failura to agree on the broad principlee

of a pricing model and thE auspiciona surrounding Jamaicats- nBU

relationships ulith Ubnezuele and FlExico led to a, breakdorrln of political
:direction and hence an abeence of the policy dir,ections that uerE

required to take the ProJect beyond the study etage. Attempts by the

technocrate of the three countnies to keep the project alive by the

continuation of tEehnical rrrork and the preparatLon of marketing and
:

finaneial plans endEd in Etalemate.

5.5.2 Soint Uenture Pro.iEctE ruith Mexico and Uenezuela

In JuJ.y 1974 the fllexican and Jamaican Governments announced

plans for establishing an integrated aluminium complex to be jointly

ouned by the tuo governments.

The main featureE .of this peoposed joint venture project ueres

(a) an integrated aLuminium compJ.ex consieting of a bauxite mining

company operating in Jamaica rrlith 51F orrlnership by the Jamaican



(")

(u)

(o)

(e)

41-

government, 29$ ournerEhip by the fllexican government and 20f, for

third parties;

a neu, alumina pJ.ant ulith a capacity of 6001000 Ehort tons per

annum to be locatEd in Jamaica urith 51 S ounerehi.p by the Govern-

ment of Samaica, zgfi by the EgvernmEnt of Flexico and 21fr ?ot

third parties;

a neu, aluminium smEltEr urith a capacity of 120r000 metric tons to

be located in ltlexico and ouhed 51fi by thd Government of ltlexico,

zgfi Ay the Government of, Jamaica and 28fi for third partiee;

fabrication facilitiea located in Mexico and Jointly oulned by

(r)

the ttrto Eovernments;

the EstabliEhment of

plant in Samaica urith

the illexican domestie

aluminium production

lifE hence minimising

a 60:1000 metric tone

lvlexico eupplying the

market rrlae proJectedl

rrlithin the firEt five

per annum caustic Eoda

salt requirements;

to abeorb all of the

yBeDB of the proJect

the market riske;

The task of developing the project uae aeeigned' to three (S)

devel.opment companieE rrrhich urete eetabliehEd in the tuo countries:

(i) JAfvlEX - set up by the Jamaican governmEnt to prepare detailei

plane for the bauxite mining operatione of the project.

(ii) SAUEwIEX - establiehed by the Samaican Government to conduct

detailed feasibility etudieE and planning for the alumina p1ant.

(iif ) SALUlvlEX - eetablished by the Mexicen Government to plan the

development of thE smeltEr and carry out thE necessary technical

and financial studiee.

l
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Shortly aftar the announcement of this project the Venezuelan
. t.

Government indicated ite interest in participating as an equity holder

in the alumina plant and also in purchasing bauxitE and alumina for

proposed nerrl alumina and sm6lters in UenEzuela. The VEnezuelan

Government agreed to 10S equity in the alumina pJ.ant.

Detailed feasibiLity studi6e lrers carriEd out for the alumina

plant and the smeLter i.ncluding estimation of capital and operating

' costse plant Locations u,Bra inveetigated as ureLl aB proposals for

fj.nancing the project. 'T"ble 5.4 provides the detailE of the planned

JAVEwIEX alumina plant.

TABLE 5.4: Delails of the Proposed SAUEwIEX Al.umina Plant

Capital. Cost z Us$326 m. (tszo1

Capacity 3 6001000 short tons

Debt/Equity Ratio 3 ?O/3O

Samaicar s Equity
Contribution. I 3 US$49m.

Long Term Debt z US$229 m.
,i

Interest Dur5.ng i

Construction : US$45 m.

Construction Period z 4 years

Rate of Return of
Investment z 1Tfi

Internal Rate of Return
to Jamaican Economy z 26fi

EmpJ.oyment : 850, permanent; 21000 in constructio
Alumina Price 3 UStl?S per ton

Assumed Alumina Price z 60/ per Ib.

Sourcel JAUEIYIEX ALumina Ltd.

AE Table 5.4 indicates, the alumina plant offered the possi-

bi].j.ty of significant foreign exchange earnings to Jamaica in terms

of the bauxite levy' and other locaL expensBs. HotrlBVBr, it required
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large amounts of capital. and ae the pdested em.ploytnent level-,shorrl6,

it uras highly capital intenEive. The smElter aspect of the project

uas of a EimiLar natute invoLving a J.arge capital inveetment uith a

high debt burden. TablE 5.5 providaa the detailE.

TABLE 5.5: Detaile of the lALUlvlEX Smelter

Capital CoEt : USl241 m.

Capacity r 12Or000 tonnee

Al.uminium Price z 60y' per lb.
DebtlEquity R6tio ,r 7O/3O

Long Term Debt 3 USl169 m.

Jamaicat e Equity 3 US$21 m. -

;

Sourcel SAUEIiIEX A.Lumina Ltd.

. In the negotiationa between Flexico and JAmaiear the ptoblem of

the pricing of alumlna and enetgy pcoved to'be th'd maJod etumbllng . t,

i.
b1ockasinthEcaeeoftheEe9lone1'-emgItet-proJce.t,'EschGovernnent

'i
;

eought to protect the value of tte. f'Brrl Baterial .input. i

l

Almost as important Ln dstErmining the fate of the project rrrae

.lthe size of the tqtal inveEtment, requir.Ed to inrplement the pro.Ject. "]

Both Governmente eeamed to be inttmidated by thc enot6oua debt in " '

Bxceas of US$400 m. ($la doJ.lare)- at a timE ulh.en the economie reoEeel'gn.

combinEd uj.th inflationary pReBsuREs ,.in the narkEt economieg had.

bagun to pLace gleat etrain on thE, balance of payo,erlte poeitLon of

the trrro countliee. The proJect uleE Ev.entually. abEndoned i.n 19?8 at the

request of the fvlexioan Governmintr uhich at the time uaa undergoing

eeonomic austesLty. An important acpect of-,Jamal,EarE devetr.opment

plane uas ecuttled in the procees.

,]
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5.5.3

The'attempte at 'Bconomic cooperation betuleen Jamaica and

Algeria u,Br€ baeed on the plans of the Algerian Government to develop

an integrated aluminium complex to utilise the large Deserves of

that aountly. Discussions commenced in February 19?6natural gas o Discussions commencEd in Fet

in Algiers.

The pJ.ane envieaged that Algeria rrroul.d

(a) establish by 1980, an aluminium Emelter of 150,000 tons p.a.

a

capacity

(O) rrlould construct fabrication facilities to procBss 5U,000 tons of

al.uminium ts fulfil, the proJEcted neEds of lodal induetry and

(c) purohase of-150r000 tons of al.umi.na from the JAUEflIEX Alumina

, A prelimi.nary agassment uraE signed betueEn the tuo countries

l.n February 19?'6"rrrhtch catrlEd for further negotiati.ons to eettle the
l

price of alumina ts be supplied by Samaica and thE terms of possible

Algeeian Gotretrnment participation in the JAUEIYIEX Alumlna Plant.

Detailed negotiations bEtt eEn. the trrro countries had to atrrai.t

,i'' the finaliEatlon of financial and technical Etudies of the JAVEIvIEX

Alumina Plant and the AS.gerian Aluminium smelter. Flnal agreements

uete reached on the price of alumina. and the terme of AJ.gerian financial

aEsistance to the f,AUEIIEX .f,Lumina Plant.

The difficul,tieE in agreeing on the pnice of alumina u,Bls

: signlfieant3.y minimieed by'the fact that the relationehip took thE

form of an ordinary trading arrangBment urithout the complications of

joint ounership and cost sharing. Hourever, the Algerian Government

u,ae unable to finaliEe contractual aDDangements rrlith the USSR under

rj' r

a

:':



tuhich the USSR rrrould supply machinEry an.q equipment for the emeLter

in exchange for aluminium metaL. The breakdou,n of negotiatione

bgtureen the tu,o countriee led to thE canoelletion of the Algerian

Smelter project and hence the agreement urith.Jamaica for tha Bqpply

of alumina. ' i .;

5.5.4

The agraement rrrith the USSR for alumina aupply of 25t}r0t]0 tsnE

per annum gave an lmpoitant filllp to this priSect and reprEE6nted a

stable and'Eecure mark6t for 4?l$ of the planned oapacity of 5001000

tonneb pet annum. In addttionl thE USSR undeitook to provLde aeeletance

in the design of railrrray nBtu,ork for traneportation betulEen the propoEid

plant and port and to supply machinery and equlpment for the railrrray

netrrrork and thE alumina plant. ThE engineering.dcslgn,of the plant,

uhich trras etalled dua to flexicote u,l,thdraual nou pDoceedEdr together

ruith the preparation of the necegEary financial reporte. The Algerian
{

snel,tar proJect repreEanted a posel.ble marked for a fu,rther 150r000

tons per year ot 25fi of the planned capacity. Hencg the Algarian and

S'ouiEt markets roould account fot 6?fe of the p!.anne.d output of the plant.
:

The relatively positive marksi: ptoepecte of the project at the end of

1g?g sugg.ested.,that a fLrm deciaion to lmplement eould be taken.

HouevEr early in 1980 the Algenian Emelt4 proJect uae- BueFended aE

outlined in SEction 5.5.3.

The market viabili.ty of thE proJeet hae ,Eince been further "

erodEd by the generally poor uorld economic -c,q4ditionE "and the moEt

aevere recossion in the history of the aluminLum induotry. ThE Bxg€aa

suppJ.y of alumina trrorldrrlide and thErefore the rrleak pricing position

combined rrrith the high cost of capital and the lack of indigBnoua

BneDgyr md<ee the project uneconomical at thE preeent time.
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5 .5.5 Jamaica/Noruay Coooeration

Jamaica devaloped as an important source of supply of alumina

to the Norrrregian aluminlum industry in the 1960s. Al.can held signifi-

cant ournetEhip in ,smel.ter capacity ruhich operated on cheap hydro-

electricity and supplled alumina from j.ts Samaioan plants to this market.

Table 5.6 provides data on Jamaicars alumina exports to Noruay.

TABLE 5.6t Noruavr a Al.umina Imoortd f rom Jamai.ca: 19?4-80

Soutce

-
Total Imports

' /tooo tonnes)YEAR \

1s? 4 19?6 E?A 1980

1r258

Jamaica : . 614

Jamaicats F of Total
Imports 48.8

1r314

435

33.1

1r 198

314

26.2

1,2Q7

401

31.2

i,i,
Sourcei Jamaica BauxitE Institute.

The s.ble of Alcanrs shares in the Noniregian

Government of Noruay betueEn 19?4 and 19?9 brought

in the influence of the company in this market and

induetry to the

about a decLine

placed Jamaicat s

aLumina exports to 'tha-t country at great risk.

The expanded'planning and monitoring apparatue of the Jamaica

Government Enabl'ed it to make an early aaaBssmBnt of the possible

negative effects of theEe developmants in Norrrlay. As a reeult,

negotiations at a govornment to governrnent leveL in the context of

trade development betrdeen the tulo countries u,ere initiated by the

'lamaican govert*rent.
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In 19?9 agreements u,ere reachEd rrlhieh involvedi

(") Noruregi.an government intErvEntion'to minimise the loEE of

alumina exports fngm Jamaica GonsBquant on the ALcan divestment;

(b) inveetigation of a joint venture project to expand ALC0Are

alumina plant by 550r0t!0 tone per annum rrlith 2501000 tons of this

for the Noruegian matkEt.

5.5.5.1 Joint Venture Pro lEct

Detailed Economic and.technicaL etudieE urete undErtaken Uy thei]i

Jamaican Government, ALC0A and reprEEentativee of the Notrrregian

aluminium induEtry on the propoeal for expanding ALCOATE alumina plant

in Samaica and the marketing of alumina in Noruay. TheEe EtudieE

revealed that the capltal coete of the expansion uese about US$4?0 m.

and that the projected future groulth of aluminium production ulould

provide a market for 2501000 tone per 8hnufir. I

;

In the Light of theae findinge negotialions uere conducted

betureen the three groups on the financing atrangements for the project.

HourEver, political changes in thE govBrnment of Noruay, the reeegeion

in the rrlorld aluminium industry end generalJ.y adveree economic

conditions have oombined to halt progreeE on implementing the project.

5.6 OveralL AsseEsment

Onl.y tuo of the attempts by the Jamaican Govetnment to expand

production in the bauxite,/alumi.na induetry ean be eaid to have met urith
l

BUccBEB. These rrrere'the Eale oo long-term contraete of alumina and

noul bauxite to the USSR and the EaIe of alumina to VEnezue1a. HoueveD,

none of. the attempts to expand LocaL aLumina production capacity have

borne fruit despite technical and economic analyses having been carried

to very advanced stages, especialt.y in the caEe of the propoeed

ber plant.South MancheEr
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In fact, the failure of any of these ventures to be implemented

may be said to reflect more thE difficulties of internatj.onal economic

cooperation than the absence of technicaL and economic feasibility.
It ie instructive to note that the tuo succEsges of the GoveDnmenttE

neur policy thrust urere trade agreements. Theser aLthough of obvious

importance, require far l'ess in terms of financial commitments, than

involvemeni in the actual construction of a production faciJ.ity.
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CHAPTER VI

INTEGRATION OF LOCAL XNDUSTRY

6.1 Introduction

In Chapter 5 ue described in some datail thE main attempts

rrrhich Jamaica has made over the last nine yeare to expand production

in its bauxite,/alumina industry. 0nB of the major factors contributing
1

to failute j.n certain j.nstances is the diffloulty of raieing financing

oblem iE discussed in greater detail infor the projects. This pr

Section 6.5.

, Hourever, the Government of Jamaica hag aLso recognized that

there exist possibilities to increaEe integration in the local
' industry rrrhich do not require the level of financial commitment

ruhich, sayr the Regional Smelter proJeet did.j In addition, these
;trsmallerrt projectE have the added positive attribute of increasing the

linkages betueen the bauxite/al.umina i.ndustry and other sectorE of

the Jamaican economy.

' Turo such projecte are the conotruction of an aluminium sheet

roj.ling milL and a cauEtic eoda pJ.ant. The follouing are brief

deecriptione of the projectE and commentE on their potential impact

on the i.ndustry.
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6.2 Aluminiun Sheet Rollinq MilI
l

A detai.led study has been undertaken by the Samaica Bauxite

Institute. into.the feasibility of astablishing a plant to manufacture

aLuminium lolled products. The study provided the follouing information:

6.2.1 Products

Samaica presently imports a rrlj.de-rangB of products used in

the construction, packaging, consumar durables, electrical machinBry

and transportation urhich atB manufacturEd from aluminium sheets. The

products couLd be manufacturad locally at competitive prices uith tha

availability of aJ.uminium sheet. The products include:-

. aunings, irri.gation tubesr ladders.

Packaging Eans, foil. and flexibfe packs, tubes for tooth-
'pagter bottle caPs. ,

'..;
Consumer i

DurablEe - Foilr household utensils, Electrica3. app1iancgs,

, office furniture.

Electrical
lvlachinery Cabl es.

Transportatlon Shbet.
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6.2.2 lvlarketq

The domestic market iE eetlmated at 6r000 tonnEs-per annum.

The CARICOflI market, including Jamaica, is estimated at 12r000 tonnes

pBr annum. The available information also indicates that it ie

possible to secure markets in the EEC and the USA.

6.2.3 Capital Coste

The estimated capital costE for a 20r000 tonnes plant in

1983 prices are:

,1.t.u*

(O) LanQr Building and Infrastructure UStlltq

(o) 'i|!ii:l fi:lix3r'tsHl;:i'ion 
and - us$18,,,

TOTAL U5S55[YI

i-
"

It is esti.matEd that the projEct trlouLd ganerate employment

aE follons:

(.) Construction trlorkErs 22O

( O) PErmanent lrlorkers - 156

TOTAL 3?6

6.2.5 Rau lvlaterials

The main rau material requiremente of the milt ate Bctap and

primary aluminium. It is propoaed that ?O/30 ratio of scrap to primary

aluminium be utilized, thereby reducing the Fogts. of the rau material

as scrap prices aDB roughLy 30S louEr than primary prices. The primary

i ngot coul,d be supplied from the tolling arrartge;lt.ents.
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6.2.6 Financinq

Equipmsnt suppJ.iers havB indicated rrrilling'n.ess to provide

credit to cover a significant proportion of the foreign costs at

competitj.ve intEreEt rateE.

6.2.7 Summarv

. The above project appears to offer some important advant.ages'

to Jamaica as compared to aLumina refini.ng and aluminium smelting:

( t ) the capital requirements arE moderate and ehsuLd be
t

rdithin the reach of the Jamaican public or private sector;

(ii) the domestic and CARIC0ttl markets represent roughJ.y 50fi

of propo6ed output and therefore tha uneertainties of

marketing atrangements are minimised;

(iii; the cost per Job created is far,belotrr that in tha

. alumina. refining and aluminium smelting;

(iv) tha energy' requirements per ton ,is Euch that it could
i

be supplied from the national grid.

6.3 Eaustic Soda Plant 
-

Caustic Soda iE an important ratrl material. in the production

of, aLumina. The total caustic soda requirements of the loca1 aLumina'

lndustry aRB plesently imported from the USA by the alumina companiee.

The large size of the 1ocal alumina industry makes Jamaica one of the

major mankets for cauetic soda in the ldEstern Hemisphere. T.he con-

sumption of caustie soda in the alumina industry is approximateJ.y

equal to a tenth of alumina production. Table6.1 shouE the pattern

for the period 1g76-A1.
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TABLE 5.1i

-

( t ooo tonnEe)

1976

1977

1978

1979

1 980

1981

ls6
188

223

220

2t+g

25s

1'.62?

119?6

21 113

2rO94

2r4CI9

i,Eqg

Sourcet, 3amatea BauxitE Instltute

A Eignificantly Emaller volume of approxinately 8r000 metric

tons per annum of cauetie sode 1g utilized by Seprod (1.. ) Ltd. to
,

manufacture ooap producte and rl;p by the. natio4ral elaqtrlclty
generating company. Hence the Local.market fst cauetic eOda theea-

fore falLE in the range.of 160;000 ' 2301890 metric tona depending

on the level of alumina productlon. . t

Since the 196tle policy makerE Ln Jamaica havE given oonEideta-

ti.on to the eEtabliehmant of a cauetlc eoda pJ.ant to supply the neede

of the domeEtic markEt. Plogre'as tn thie directlon hae bEen hampered

by the impact of the uorld cnergy crieiE on thc proceea teihnology of

caustic Eoda production.

There are tuo methode usad for the pro:duction of caustic, sodal

(i) The ElEctrolytte ProcaBE

(ii) ThE SoIvay and Lime-Soda Ptoceeg.

,-;i
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..:
Electrolytie Process

The electrolytic plocess is the modern process used by most

producets of oaustic soda. It involves the passing of an eLectric

current through'.a sA.dium. chloride (runCl) solutionr resul.ting in the

forrnation of a 1}-12fr sodium hydroxide (runOn) solution uith hydrogen

and chlorine ag oo-productE. The chemical reaction is as folloursi

2NACL + ?HrB - 2NA0H * HZ + CJ.,

The'majcu 6s-pRoduct generated by this pDocBss is chlorine.

Chlorine is a major'rau.'materi.al for the petro-chemical industry. In
I

the absence of a ready tnarket, its disposal poses a aeriouE environ-
,.,.I

mental problem.

The energy required to produce a ton of cauetic soda iE

approximately .9 GJ (ca. 6 barcElE of -bunker bea oil).
i

i
The maJot rat- oatErial is salt uhich iis obtained from brines,

salt mineE'-.or 'the a0aporation of sea ruater. Some Eodium carbonate

f ,-r
",' '.*

(ftare0r) is usEd inrthe procBBB to purify the brine soLution. The

salt requirement iE 1.66 tonsper ton of

;,;; 6.3.2 SoLyav and-Lime-Soda Prpcess

There ate tuo.letages involved in

6tage - thp Solvay Proceao - a eaturated.

dioxide (C02) and'mngnta(ttttr) to form a'sodium bi.carbonatE (nnnCOr)

precipitato. The chemical reaction is

HZO + NHU + EOr+ NaCl - NH4C1 + NAHCO=

The sodium bicarbonate iE then caLcined to give trlighttr eoda

agh.

cauetic soda.

this proceEs. In thE firet

brine is tnEated r*i.th carbon
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The Eecond stage (Ui.rnerlSoda Process) involves the cauetieizing

of eoda ash uith lime to form Eodium hydroxidE and a cal,cium carbonate

precipitate.

NarCO, + Ca(On)z - NAOH + CaC0a

The main eo-producte ariaing from the firat stage are calcium

chloridE and sodium chloride. For each ton of Eoda produced, an

additional, one (f) ton of'calcium ohforide and 0.5 tons of sodium
"'.1

chloride aDB generated. I.n the saoond etage, thE fiain sp-product ie

gqlcium catbonate. Approximately 8.5 tons of calcium carbonate iE

generated rrrith aach ton of cauetLg 6od6. The traditlonaL method of

dispoeal of these ss-products haa bEen eithar recycling ae in the caEE

of eodium chLoride or utiltzation in the chEmical induatry. The inter'+.

medlary produots, sodium carbonatE andr Bodium, biearbonata ErE also

-utilized in induetry. i ,,-
IIntermedLarv and Co-Produeta InbuEtrv

Sodium Carbonate

Sodium BicarborrttE

Calcium Chlorida

Calclum Carbonate

The reul material. requlremente of Eleetrol.ytie procaaa ata

sufilfiariged in TabLe 6.2.



-9 5-

TABLE 6.2: Rau fllateriaL Raquirements of the
Electrolvtic Process

Descriotion Consumption,/ton of NAOH

Lirneetone 2.4A tons
, Salt 1.60 tons

Ammonia 2.O lbE.
Coke 1.45 Lbs

Socium Sulphide 2.0 lbs. .

This ptocese requires 0.3 GJ of energy (ca. 2 barrel.s of

bunker sea oj.l) per ton of caustic soda or approximately 2 barrels of

Bunker tcr oil. This ie approximately l/3 ot the energy requirement

of the electrolytie process and Less than the raquirement for producing

a ton of aLumina.

6.3..3 Comparison of Processes

: ' Thrae factore appear to be important in the Eelection of the

appropriate procsss foe produci.ng caustic soda 1ocalJ.y. ThesE are

F

(U) Source of raul matErials
(") Dieposal of Eo-producte

:
; ' " The Solvay - Limer/Soda Process enjoys a clear advantage in all of the

a bove stata.dl,oonsid€rations.

i;.r " The energy requirEment of the Solvayr/Lime Soda Process is

E of paramount imFortance in the Samaican situation urhere 9?fi of Lhe

energy requirements is 5.mported. Furthermore, the availablo afternative

' energy resoufeBs u,hich can be deveJ.oped are extrEmely trimited. The

, difference in energy coste is aLso an important consi.deration in the

:,, ability to compgte rrlith the present suppliers.
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Limeston,a uhich is the primary raul material ueed in the

5o1vay Process happens to be the most abundant mineral reeoureE in

Jamaica. The possibiJ.ity of producing salt by eolar evaporation is
presently being investigated and indications are that a significant

portion of the sale requiremEnts could be producad by thiE method.

The use of thEse tuo materiale for cauEtic soda production uroul.d

provide opportunitleE for developlng tu,o neu, industriee basEd largely

o n loca1 rBsourc€rs.

The development of the eLectrolytic proceaa in the devetroped

countries uras in responEe to the rapid development of the petrochemical

industry rdhich utilizes chlorine as an important raur material.. Hence

caustic soda could be produced more cheaply by the electroJ.ytie

procBss sj.ncE chlorine became a markEtable co-product (chlorine and

cauEtic soda are produced in equal volumes in this procees). In

addition, tha environmental probleme poeed by the dieposal of chlorinE

urere eliminated.

For deveJ.oping countrieE like Jamaica uhere energy is

expens5.ve and the market for chlorinE non-existent, the Electrolytie

process is not considered appropriate. The co-products generated in

the Solvay/Lime Soda Frocbss rrlhich are baEic sodium and calcium

compounds ean bE more eaeily abEorbed in the manufacturing induatriEE

of these countries and therefore the problem of diepoeaL iE morB easily

managed.

5.3.4 Potential Benefits of CauEtic Soda Production

Preli.minary indications are that the devElopment of a caustie

soda industry baEed on the SoJ.vayrlLime-Soda Process ulould provide

sevEra:L advantagee to the Jamaican Beonomy in the form of:
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(i) further backrrrard integration of the bauxite and aLumina

induetry to the rest of the local aconomy thereby providing

the opportunity for development based on local raur

material resourcesi

(if ) earni.ngs from the saLB of caustic soda u,hich

paid for by the companies in foreign exchange

value is US$50ttl per annum);

(iii) employment creation at significantly reduced

are presently

( estimated

investment

coEts per job;

(ir) expansion of production uith reLatively lorrr import

content i

(r) availabi.J.ity of rarrl materials for the local chemical

. industry.

J

For trrro of the thrEe important factors, market and finance,
i

influencing the development of the loeal bauxite and alumina industry

and ulhich proved negative in the case of the expansion projects

proposed in the 19?0sr prospects are moDe favourable j.n respect of

the causti'c and aluminium sheet rolling mil1. Although the factor of

energy remaing a problem, the requ5.rements arE relatively smaI1 as

compaled to the present energy use of the alumina plants and Emalters.

The.choice of the Solvay Procees further Deduces thE energy intensity

of Caustic soda production.

The Samaican.. Ggvecnment

conaidenation to these projects

In the casa of the Caustic Soda

engaged to conduct a fuIl scal*i

ie at the preeent time giving activE

for possible inveetment in the future.

projectr a Soviet State firm has been

feasibiLity study for establishing a
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soda ashlqguetie soda compS.ex based on the Solvay Proca6o. CompJ.etion
it;'-ti

of this study'ie expected by the end of 1983. ThE outcome of the study
':

rrrill have important implicationE for the future of the bauxite and

aLumina industry.

In the other case of thE aluminium sheet rolllng mill, a

feasibility etudy has already beEn completed and detailed information

is availablE. Itlarketing arrangementE are nou, being Examined'in

conjunction urith overaaaa intereete. A positlve deciaion to implement

notd rEsts on the conclusion of firm contractE for aale of that portion

of the output rrrhich uill bE exported.

6.5 Financial Constraints to Exaenel,on of the Samaican Induetry

ThE uorld-rrride trend touard larger sized planta in both

alumina and aluminium production haa meant increaeed capital coste

and therefore increaEed fLnancing requLrementE, for projecte. FoD a

uarLety of teaeonee JamaLee cannst be evaluated as a priority for

investment in this industryj Tabl6 6.3 eummarl.EeE,thE countryra

attractiveneas, relatiue to competlnE countriee, using the avatlability

of bauxite, eneDgy, market and financa aB the criteria.
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TRBUE 6.3: Faitors Affectinq Investment in the Aluminium Irtdustqy
. :t:.r-i..

Countrv ., , Baui<ite Enerqv lYlarket .:il,i Finance

AustraLia

Brazil

Uenezuela

Suriname

G uyana

Jamaiea

yl - Factor available
:

X Factor unavaiLable
? Factor may be available but needs further deveJ.opment.

Sourcet ItThe Bauxite Industry: Strategies for SurvivaLtt
Pdpea by Dr. Carlton Davls to Geologicat Soclety of
Jamaica, Feb., 1983.

Thereforer in order to neutralise the .disadvantages caused by

the unavailabiLity of three of the four factoqsl namely, energy,
:

market. and finance, Jamaica needE to develop innovative poJ.icies ulhich

rrrill resuLt in mutual benefite to both potential investore and to itself.

The expanEion projects contemplated by Jamaica are estimated

(aL 1982 prices) to be in the order of US$z.281 and ulouLd involve

loan financing of US$1.58 and equity financing of US$O.?B assuming a

debt-equity ratio of ?U:30. If a four (a) year implementation period

is assumed, thie roouLd mean an annual expenditure of US$55UFl for the

period and could be equal to the entire capital budget of the central

govetnment.

Tabls 6.4 sete out data on the capital cost, employment

potential, market prospects and the local cost componant of the projeets.

This data indicate that the positiva impact of the projects on the

1US$SSOt| of. this uould be the responsibiLity of Guyana and Trinidad
for the regional smeLter.
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Jamaican Bconomy is seriously limited by the relatively small number

of permanent jobs to be created (the projects are highly capital
I

intensive) and the high ratio of foreign to local expenditurBs.

The possibility of impJ.ementing expansion projects in tha

mining sector, bearing in mind the size of the investment capital .:

requiredr appears to be extremEly rrreak in the present period. ThiE

assessment is basad on the preeent ueak position of the local Bconomy

in several important rEepects:

(i) The decline in export earnings as a result of recession

in malket economies;

(ii) Haavy debt chargee ulhich are cutrently running al a?ft

of export earnings;

(fii1 The unavailability ,of .}ocal eapital t€aources to finance

eguity Bharo. i

;

Thiea8B€EamentservEstoemphasisethe,needtogivepriority
j

to other inveEtmenta u,hich haue l.ouler capital requirements and higher

labour-capital ratios.

6.6 Comparison of Investment Requirements and Employment Creation

Tn Table 6.4, a profiJ.e of the projacte under considEration

rrlhich have the objective of increasing the leveL of integration of

the Jamaican bauxiter/alumina industry is outJ.ined. The capital.

costs of the proJects Dange from US$3m for limestone production for a

caustic soda plant to US$960m for a neu, alumina plant.

Given 6ur intereEt in the emptoyment creation aepecte of such

projects, it is useful tb focue on this question in some greater

detail. TabLe 6.5 preeentE a comparison of the cost of creat5.ng a

neu job in each of thE proposed projecte.
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TABLE 6.5: CompariEon of Coste of 3ob Creation

--

in Proooeed Pro iects

PROJECT
CAPITAL C0STS N0. 0F C0ST Of'l EACH

(us$ t{) PERFTANENT NEtll JoB
JoBS '(US$ 

'000)

1. South IlahchestEr
Alumina Plant

2. ALC0A Alumina

PLant Expanaion

3. ALuminium'Sheet

Rolling llill

4. Cauetic Soda Plant 180

5. Limestone Produetion 3

850 1 ,1 30

. 250 1,880

156 3s2

509 600

100 30

968

47CI

:

55

ii

It iE clear from tfte table that activitlea Euch aa the shEet ]

i,lrolling mill and the linkage induatrl,ea, (oauetLe soda and limEetone) . r

iil
have a much loulEr inveEtmEnt requirement for each naul job to be created

than expanaion of alumina refinlng capacity. Secondly, the total

requirements of .theEe formEr actluitias aE€ more rrlitfrin the reach .r
l'

of a country euch as Jamalca, utth uirtually no foreign exehange reesruBso
:

Thareieyetanotherfactorrrrh1chfavourEgivingprio.r{tyoon-

Eideratlontothe].inkageinduEtrieg,eapecia11ylnthecaaeEofthE
,:

caustic Eoda factony and limoetons production. It is that the axietLng

a1uminaP1EnteDEpreEentanexletingdomeaticmarketrrlhlchisvlrtua11y

guaranteed providing the output is cost-competitive. The same cannot
j

be eaid of the market for the Elumina rrlhich rrrould be producgd aE a

reault of eapacity expanEion.
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CHAPIER UJI

SREATIBN I]F LOCAL INSTITUTIONS

?.1 Introduction

Jamaicars tole in the ulorld aLuminium reached ttE zenith in

1974 rrlhen the country produced 15.2 million tonnEs of bauxite (t gf of

the trl-orl,dtE total) and 2.9 tonnEs of alumina (1\fi of the urorldrs total).
Daepite thiE obviously impoetant poeitione ae demonstratEd by share

of output of both bauxite and alumina, the country had very little

involvement in the development of the Local industry to that pointr

This lack of involvemEnt did not nElatE sofely to the fact that both

thE mining and refining operationE u,eDE totally ouned and controllEd

by TNCs.. It urent beyond that uith euccessivE govBrnmBnte having uBEy

limitEd knorrrledge of aither the rrrorld industry;or its local component.
.

The beet example of the countryrs Limited knouiledge of this
i

moet important industry is given by the fact that, Ln 19?4r' the in-

formation auailable euggeetEd that totsl bauxite reeErv€s uere
.j

betruEEn 600rIIOB and 8001808 tons. ldork by loeal. scientiets EubeEquently

concl.uEivgly establiEhEd these aaserves at 21000 million ton6"

. The GovElnmentts limited knorrrledge extended to almost aII

aspects,of the industry. Si'nce all salee u,ere handled by thei TNCs,

there 0as no underEtanding of merketing strategiee. Similar1y, thEre

uas no specifi.e knorrlledga of the manner in ulhich profitability of

th6 industry uas aEnEitiva to changeE in Bnergy costs. Henee the

potential impaet of the ,post-'!9?3 anergy price incleases uas not

anticipated. Thara urae,too, little ot no 1ocal appraciation of the

extEnt to ruhich expaneion of more fully integrated. industnieer'such

as AuEtraliaterulou!.d evantually pose sEriouE eompetition for .Jamaica.
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i

In the early 1 9?0s, the Gouernment of Jamaica made the deciel.on

that, given the vital importaneE of'the bauxite/alumLnE lnduetry to

the eountryts Bqonomy, it upul,d begin to play a more actlva role Ln

influeneing it. The most pubJ.icized"aepect of the GouelnmEntrs

the impoaition of a neu production leuy.

Hourever, although important, the levy DepresBnted only one of e

series of measurae undartakan by the Government to increaee the

countryts knouledge of thE l,ndustry End hence I'ay thE baeie foc greater
"i

invoLvEment in its futu,re devglopm€nt.

In othse rrloadE, the nstLonal eapability in the bauxLte,/alumlna

industry uaE increaged. At the heart of thiE increaae ln capabtltty

rrlaa the developmant of a Eet of inatLtutLona. Thasa ate dLecuEeed

notre fully in the follorrlinn ,r.laroor.

?.2 The Develooment of fnstLtutione
,,

The most important of thtcs inetitutlor,re eEtebllahcd by the
i

Government uaE the Samaica BauxLte InEtitute (fgf). Tha Jamaica

Baux,i.te tvlining Co. Ltd. (:etrl) and thts BauxitE and Alumina Tradlng Co.

(enfC0) are thE other important inetitutionE ruith direet involvEment

in thE industry. A fourth inetitution rohfch ,"" """.tcdr thE Jamaioa

lvleechant wlarine (3!tM) ie not complately involved in bauxitd,r/al.umina

indubtry. Houeverz traneport of bauxiter/elumina from Samaica ie ite

moEt important functl.on.

?.2.1 T,he- Jpmaica Bauxi,tE, InEtituta (ggt)

The JBI rrlae thE inEtltutLonal ,outgroulth of the National Bauxite

Commieeion, rrrhich uaE establlehed Ln 19?2 to advieE the government
l

on the best u,ays of Lncreasing the countryrs beneftti from the induetry.

:; 
t1

l

:j
I

I
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The Commission comprieed epacialistsl from both the private and public

sectoqs, in a varLety of fieJ.ds, i.ncluding taxation, lau, business,

f5.nance, dipJ.omacy and the earth sciences.

The JBI ulae gLvan a roide range of reeponsibiLitiEs. In generall

it rrras required to moniton the major developments in tha ulorld

al,uminium industry in order to advise thE gouBtnm€nt on poesibJ.e

implications for the .Jamaioan component. As su,ch, it is required to

be the main soutroe of information for the Government of 3amaica in
a

negotiations uith the local oompaniee or any potential partnen in

the induetry.

? .2.1 .1 lvlagpino and llanaqino Reserves

tlore epecificalty, the JBI uas charged uith mapping and managing

the bauxitE resElvea. Up until tha 19?tls, t'he-Government of Jamaica
i

had left the Local companiea to conduct aJ.I geologieal rrrork in bauxite.
I

Hance, the Etate had no preeise knouledge of thE extent of bauxlte
t,

reeervB8. FurthBrmoDE, because the companies uBrB able to ouln

sutface rights, there u,ErB inequitiaE rrlith ohe company being abJ.e to

tie up teservea uay beyond itE feasible production capability, rohile

another rrrould be uncertain about its future production becauEe of

LimLted resatveg.

'l .2.1.2 Economic Reeearch and Financiql Analvsis

The JBI haE the reeponsibility for prouiding a yearly'forecaet

of aluminium ingot prieee. The importance of theEe.forecastE rests

on the fact that the payments for the levy are madE quarterly on the

projected average rEalized price for aluminium ingots. A large under-

aetimate of the prLce rrriLl imply that the country uiLL be deniEd
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foreign Bxchange due to it untll up to tulelvE monthe later, uhen the

actual price ia knouln. 0n the other hand, an overasttmate rrlill mean

that the country uill ou,e the companiBs monay rrrhich uill have to be

repaid in the follorrling yeat, thus reducing that yearre foreign

exchange budget. A major error in either direetion uould be of EerLouE

consequence to ihe eountry, giuen the ned for foreign'exchange

outlined in Chapter 1.3.

? .2.1.3 ProceEe R'BeEarch

The 38I, ae part of ltE responeibilitiee ie required to verlfy

the amount of ore ueed in alumina refining and the alumina racovered

ae this information iE neEdod for the calculation of thE Ieuy. In

addition, the Institute carriee out rEsearch into thE characterieticE

of Samaioan o!8, and thE handling of red mud effluent from the refining
:

procBBS. Although theae activities may eEEm routine, it muat be
i

real.ized that prior to the eEtabliehment of the JBI, the Government
i

relled on the companiea to provide this information.

The JBI has emberked on an ambitioue endeauour, the conetruction

and operation of a pilot aluml.na p1ant. ThiE ie deecribed more fully
'in Section ?.3.

? .2.2 Other Inetitutions

The tulo companion inetitutione to the 3BI rrlere the JBwI

BATCO.

7 .2.2.1 Jamaica BauxLtE ttll.nino (fgFl)

The JBM uaE estabtiehEd to look after the assetE of the

GovernmEnt of Jamaica in the loca1 bauxiter/alumina 'companies as

rrleLl as to ba reeponslble for the developmEnt of the project leading
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to the possibl,e construction of an alumina refinery. ThesE assets

in the loca1 bauxiter/alumina companiea ueae acquired ae part of the

dEiision for greater national involvement in the industry.

These assets include 56 equity in joint venture partnerships

in the mining operatione of KaisEr and Reyno1ds, rrlith management

function remaining urith the companies. As regarde the alumina

producers, the aEsets include 61,, oulnership of the ALC0A Plant (fnmALCO)

and ?% otrrnership of the trrro Alcan plants (fRmnlCRtU). Again, the

companies retain management functions.

'7 .2.2.2 Bauxite and Alumina Tradinq Co. (BATC0)

Under thE term of the neu partnershipe rrlit.h tha TNCs, the

Government of Samaica haE an annual entitLament of 33r000 tons of

al,umina from ALCUA and ??r000 tons from ALCAN. BATC0 hae responsibility
i

for marketing thiE alumina. Similarly, BATC0 can.purchase from the
l

bauxite eompanies, ore for eale in non-traditional" markete. The
t

execution of these taeks has implied acquisition of loca1 knorrlledge

about tradi-ng in the aluminium markets in particular, and in the mEtals

market, in general. The extent of succese in thEse EndEavours is

considerad in Section ? .3.2.

? .3 lla ior AchievementE of the Institutions

The objective of increasing local knourledge of thE aluminiuni

industry iE clearly a laudable goal and provideE the rationale for

the decision to eetablish the various inEtitutions. HoroBver, the real

proof of the correctnese of the dEcision muEt be in thE ability to

identify concrete benefite resulting from the operatione of thesE

inst itutions.

t
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? .3.1 Economi.c Forecastino

In Section 7.2.1,2 ve identified the annual taEk of forecasting

the average realized pniee for aluminium ingot, and hencE the

production levy, aa one of the main reEponsibilitiEe of the JBI.

The record of the Institution in thie foreeaeting is Ehourn in Tab1e ? .1.

The data shorrr that ovet the aight year pesiod ths largest margin of

error uas 3.36fi. Hence the,coEtly err'orE rEferred to beforE, in either

overr or under-estimating the amount of Levy'due hae b.een avoided

over the years.

TABLE 7.1 :
p"r

LEUY RATE (us$ ) Margin of
Year Foreeasted Actual EDror (*)

19?5

19?6

1977

197A

1979

1 980

1981

1gB2

13.60
14..66

'l?.?g
18.49

29.93

20.54

21 .zCI

18.81

1 3.56
14.82

1?.7?
18.69
20.25

20.?5

20.38

1 8.30

+0.29

-1 .15

+0.11

-1 .12

+3.36

-1 .01

-0.88
+2.?9

,?.3.2 fllarketinc

In Chapters II and VI, ue diecuesed the dangerE inherent in

Samaicals historical over-dependence on the North American market.

tvlajor efforts havE beEn made to diversify and not all of the effoets

have met uith succBss. HoureueD, the salee to Vanezuela and the U.S.S.R.

teprasent significant breakthroughs.;Ths agreemEnt ui.th the U.S.S.R.

to sell 1 million tonneE of bauxite annually for aeven years is of
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Falticulax j.mportance in that it represents the first sale of bauxite

to a country other than the U.S.A.

7.3.3 Research and Applysis

The JBI'has great!.y advanced thE countryrs technoJ.ogical

expertise Sn different aspects of the industry. Belour ue.conEider

some of the mejor achiEvemente.

7.3.3.1 Size of RaEerves

As u,as indieated bEfore, the exact size of Jamaicars bauxite

tesetues u,ere not knorrrn to the country prior to the earJ.y 19?0E.

Previously, the estimataEr baeed on data from the companieE indicatEd

teservea of betrrleen 600 and 800 miLLion tons. The JBIIs geolo.gical

survBys eetabLished that the tesatveE u,are approximatel.y I'rooo-rrllion
;

tons. This knorrlledge, combined rrrith the return of control over all

reselveol has alloured the Government to establish a rationaJ. system

for aLLocating mining rights to the individual'companieE.

7.3.3.2 Uerification of Ore Quality

The rate of payment for bauxite ore delivered as part of

marketing contnacts is dependent on the time taken for test reEults

of the shipments to be submitted to the buyer. The JBIrs process

laboratory has reeponsibility for this verification exercise. To

date, in the inetances of gouernment to government contractE rrlith the

U.S.A. and the U.S.S.R.1 payments have been prompt because of the

efficiency uith urhich theEe analyses have bEen earried out.

At the aBme time, the process laboratory haE successfully

rebutted the claim of one of the local companies concerning the



unsuitability of nodular bauxite for proceesing in ita alumina plant.

These sarve as examplEe of the practical benefitE of the Governmentre

developing ita orrln technical caprbillty.

7 -3.4 The Construction of a Pilot Alumina Plant

Apart from the analytic rrlork deecrLbed in 7..3,3, the JBI hae
l

Embarked on a maJor lnitiative, that of the oonetructl,en of a pilot

plant to produce alumina from bauxitE oreE of varioue gradas. The

3BI haE baen eble to attract eupportl.ve funding frqn the UN Interirn

Fund for SeiencE and Technology for Deuelopmant (ffsfO), totalling
u5$950,000.

r opcratt onal !.n late 1 983 and rrrill provide '

information on
:

(i) efficient methoda fot procaaeing Eeothitl,c bauxltes
:

(ii1 to reeEareh technLquee for the trcetment of high eLlica
,'i:

and high phoaphorue bauxttes, and
.i

(iff ) to research appropri{tr,r. diapoeal : andfar utttlzatl,on

of red mud Efflu€nt.

ThE ptLot plant roilL bE tha only one of.'i.ta klnd in tha Thtrd

trlorld; and uill Enable the JEI to monitor the:.efficl.enry of the proceseing ',

practices being folloroed by the exieting plante, poaeibly eneurLnE

the use of bauxlte orEe of uarying gradea. It rrrill provlde.the

opportunity for training teehnl.ct.ana Cn the induetry, Jgmaicane ae l

rrlell ae natiohals of :other membErE of IBA.

7 .3.5 Technical AeeiEtance and SaIe of ExoartieE

As a reEult of the Ekille developed eLnce the baginning of

greater involvement in the induetry, the Govarnmeht of Jamaica hae bEen
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able to provide assistance to other Third trJorld countriEs. Specif icaIIy,
the Governments of Haiti and Suriname have in the past requested and

obtained assistance from Samaica in their negotiations ulith the TNCs.

At the same time, the JBI has uron commercial conttacts to

catry out reeeasch actlvities from the Dominican RepubJ.ic and the

U.S.A. In the lattel G9aa1 the contract from the Hercules Co.. can be

regarded as a roversal of the nolmal direction of, technology transfer.

7.4 Conclusions

As uras indicated at the beginning of the study, ue fEel. that
trtechnoJ.ogyrr in a given field must be definEd in the broadest sensel

to j.nclude not onLy thE machinery and equipmentr but aLso knorrrledge

and expertiee in aDBEs of finance, BconomicE and markati.ng. In the

final analysie Euch knouledge may be aE beneficial as that related
i

so!.e1y to the actual operation of the machinery and proceaeeE involved

in minlngr refining and .emelting bauxite sre.

Using thie dEfinition of technologyr lr€ cao asaeaa Jamaicars

attempt to expand its knorrrledge of ithe industry and adapt technology

to suit Local conditions. This tradaptationrr has implied attempting

to derive the maximum finaneial bEnefits from the induetry .rdhiLe at

the same time pulouing poJ.isies for expansion and markEt divErsification.

PolicieE aimEd at graatar integration of the industry on a regional

basis have been unauccEgeful to datE. HouBv6r, it is important that

the initiativee u,Bre nradeT in thE firEt place. ThEre,ara also present

plans to increaEe the level of integration of the Lo6al industry by

the construction of a cauetlc soda plant and a sheet rofJ.ing mill.

These options have been chosen follouing an objective aesessment of

markst availabiJ.ity and energy requirements.



-113-

The Study has boldly stated that inherently the industry is

highly capital-inteneive, and ie becoming increasingly Bo. Giuen tha!

markEts can only be uron and retained if the local industry ie coat

competitivel there ie no poesibility of altering thiE trendl especiall'y

in the absence of indJ.ganoua Bnergy aourcBer Houever, given its

unique poeition in the econmy, the induetry ie in tha poeition to greatly
affect employment generation by facilitating increaeed imports of

investment gooda for more labour-intEneive activities and by virtue of

its overall contribution to government TBVBnUB.

The l.essone for developlng countries eimilarly endoued trlith

mineral deposits are cfear. The maximum bEnEfitE from these minerals

can only be derivEd uhen local knoroledga is incrBased. Thie holds

rrrhether exploitation of thE Desoulce l.e controlled by TNCe or u,hetheD

the country ia attampting to Oevelop the industry on ite ouho Given
i

thatr,all daveloping countriEe for one D'eagon ot another, rrrill not
i

be abLe to devalop eimilas Bxpertiee to that of Jamaiga in the baux Lta/

al.umina induetry, the neEd for incteased cooperation bEtrrreEn Third

Uorld countriee becomes moet urgEnt.
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APPENDIX: IVIINING TEEHNIQUES USED IN I.IJORLD ALUIYIINIUIVI INDUSTRY

A.1 Introduction

Bauxite u,ae discovered in 1821 by the French chemist Pierre

Eerthier, nBar the village of Lex Baux (from ruhich the ore derived

its name) in Rrovencs,, Flance. In 1883 a material simitar to that

diEoouered by Beethiee uas found at Hermitage neer Romer Georgia, USA,

and pommercial production began in 188?. Bauxite rrlae aLso found neaD

LittLe Rock, ArkaneaE, and later in Georgia and eLseuhere in ArkaDSBso

Bauxite ie a material formEd by the ueathering of aluminium-

bearing rockE under csnditione conducive to: the chEmicaL breakdourn

of mineral.s in the parent rock; thE retention of aluminium oxide

minErals; and thE leaehing of other constituente fnom the parent rock.

Conditions most favourable for the formation of bauxite moEt f'requently
i

occurred in: arsas and geological periods trlhich provided urarm u,Et

climates; parant aluminouE rockE roith high penmeabitity and easily .

iiaoluble minerals;- good eubEurf,ace drainage; and long periods of

tectonic stability that permitted deep ueathering and preservation of

l,and surfaceE.

The discovBry of. bauxite coincided uith important deuElopments

(infra) in respect of ieolating aluminium from its oxide. One of the

future Alcoats (then caLled thE Pittsburgh Reduction Company) early

founders, Captain Alfred tlunt uae initially interested in bauxite as

a dirEct'aource of alsminium. In 189? he ulrotE thE inventor HalI

(infra) aB follourE:
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ttlf it bE true aE I undErstand from you that u,e can make
Es much aLuminum per unit of horsepou,Er from bauxLte
(of rrrhich ure can obtain large quantitiee) as from pure
alumina than it urould aeem that this iE the field rrrhich
is, nour ripeet for uE to inveEtigate for increaeing the
economy of manufacturing.I See Canr (lglZ).

Direct reduction of bauxite did not

still has not - for producing aluminium of

a procesE invented by Dr, Katl 3osef Bayer

patented by him that enablad the Extraction

from bauxite.

provB feasi.bLE - and

deEired purity. It uas

in 1888 (tnfra) and ,

of high purity alumina
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A.2 Bauxite fiininq Technioues

The nature and occurrenees of bauxite ores vary considerably.

This is parti.cularly true in respect of factors euch aB handness, depth

beLoul groundl extent of overburden, extent of non-bauxite ttcoptaminantsrr,

I configuration of depoeits and distance from ports or Lnland aleas,- - ----' r--

i. I uhere the ore i.s procesEed into alumina. 'l

i 
,hese vatlations greatly influence the types of technology

u sed to extract the ore: ue urill cite fivE examples to ilLustrate

thEse dlfferenceE viz: (l) The Sangaredi mina'in the Republ,ls of

Guinea, llest &frica?' (2) The Alcoa Lelydorp mine in Suriname;

(s) fne Bermj.ne minE in the RepubJ.ic of Guyana; (a) The Reynolde: mine

in Haitl; and (5) ThE Trombetas mine in Brazil.

A,.2.1 Sanqaredi, Guinaa

The deposit'is a solid plateau of bauxite urith no overburden
;

on the suDface and no uaste inclusions. The configuration of the
1,

r

orebody permite a single-level railuay haulage along a 1.6 kiLometre-

trride face. uith a slight doungrade to the suitchyard. From the mine,

ore is transported by rail to the plant at Kamsar, 137 km to the south-

uest. Located in the es'tuaiy of the Rio Nunez, 1? km from the Atlantic.

the Kamsar plant crusheE bauxite to less than 15 cm and dries it to
.:

a 5S moisture content before ehipping.

The equipment required for mining, transportation, crushi.ng

and drying are as follou,s:

grillg, lptery): Four IngersoJ.l-Rand DflIHS and one T4 urith

S| in. diameter bitE.

g!gy*,3 Three R&H 1900 9 cu. yd. electrio plus three Cat.998

: rubber tyred.
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Haulag?: Mainline locos - ? GtIt SD-40 dleael elactrie (grO00 fp)l

mine-tramming locos - four'S, Slrl-1001 diesel electric (trOOO np);

400-pluE open Gondola.SrEgg tire cers, each carrylng ?5 tonnEe.

Anciliarv Eouipment: Tulo Cat. 14 graders, tuo Cat. DB and

tulo D9 track dozers, 'PioneEr,ballast' plant 60-tofi rubber-tyred

lorrlboy; numotouE P&H mobile cran6s.

.tlining at SangarEdi ig anhl.agoua to Eating a tuo-layered.dake.,

,Tn" Uottom of the upper J.ayer is at an"elevatlon of 229 metles -
4U 'metres above the SangarEdi arrritchyard.

To open up the lnitial face a box-cut uraE drilled, blaEted and

excavated acroEs the southern perimeter of -the orebody, Ttght drilling

and small fragmentation of the ora b,as'required for the box-cut becauee

it rrras excavatEd ruith front:.end loaderg'land 1S-ton truckE., Once
.l

compl,eted the cut -uraE graded and a rbainage 6ltch' rJaB oponed 'to

southern eiope. 'Single llnetetandasd-gauge tiabt ulae {sid .ftom-

sroitchyard up .a damp of -ftfled anrlr",gompacted bau*it€ t$r the fae€.
I

Ac'ti.vE mine track is set on bauxLte .ballaet prepared at a Etone

crushing 'and screening plant n6a! 'the mine entrance. In the plt bauxlte

is dril].ed, blaeted and l,oeded from the 1Z-m€ter h&gh,,fac€ into

FivE, Ingereoll Rand Dtll 4 snd T4 ei} fns. diamEter rotatry,dri}LE

are availabte forblast.holei U&t.only threa are uged on e eingle

driJ.ling ehift. ,The holBe aae drillcd in etaggered loup parallel to

the face. A 'iz-tg metre-uLde buffer zone ie"kept baturaEn the pit faca

and eubsequent blaste to prevent eock throun:frgm.damagLng mine track.

After the holae arE checked they are loaded from an ANF0

(Ammonium nltrate fueL oil, mlxture) truck. The mixture of 94.S16 nnt

and 5.5F fuel oil lE meterEd Ln the truck mixlng bin uhile thE augBt

system delivere the mix to each ho1e.

thE

ln"
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t ' The basgpente of SurlnamEl Guyana, French Guianal southeaEterni

I
I

i Uenezugl.a and.a huge setrtion of Brazil. nonth of the Amazon occupy the 
:l':

Guyana Ptecambrian shield. Suriname is on thq northern edge of the
.i

i

ehie1d..'LatqpitedepoeitE.havebeEnformed1nthEenvironmentof
Iplatforq covBrr , Chemically rasidual deposits ]as bauXitesrlourgrade

iron ores, have bEen formed.
- i:;

Ttrro: types of b"guxite are distinguiehed: thE.partly buried

deposits of .the coaetal plain typified by Su.rqlpota (ntcoa) tetyOorp

and Billitonr s- 0nvardacht and the Plateau type of the hintetLand Euch

as lloengo and Bakhuia.

The bauiite depoEi.te of the coastal plaio ueEB formed as a

result of rrreathering and decompoeition of arkosic and EubarkoEic ,

sEdimEnts. (Thesq aae trns of a group of detrital sEdimentary rock

typicaI'1ysandstonaginulhichthepartic1eeran9Binsizefrom
0.125mm - 2mm). Thoee of the hinterland ruerE formed mainly by bauxitiza-

tion of basic roc(e of the basEment. The main ore mineral is gibbsite.
,.It is thought that bauxitization of the coastal plain and the plateau

A yard locomotive pulls 28 - 25 ore cars atound the loop in

front of each shoveL. Loading is done by tulo P&H 1900 eLectric shovels

on each shift ulith a third EhovEL as standby. After the cars are

loaded they are hauled to the srrritchyard and made up into trains of

"85 cars,-fgl t:he trip to the plant at Kamsar. There; the bauxite is
unloaded, crushad, driEd, etickpited and'shipped using equipment of

:extraordinary size.

A eimpJ.ified flEu chart of . the mining *system i.E indicated in
,Fig. A.1.

A.2.2 The Alcoa (LeLvdoro) Suriname fiine

'l
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Simpl if ieo Bauxite
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deposits took p1ace during the early Tertiary on a psneplain. The

buried deposits have been suhjected to a contj.nued tropical uleatheting.

During this proceas the alumina of bauxite starts to recombine rrlith

siliea to form kaolinite. Also, percolating solutione attack the iron-

rich capping leackring most of the iron.

The mining at LeJ.ydorp invoLves considerable overburden removaL.

'EIYIJ (suora) describes thE bauxite deposit at L.elydorp 2 as having an

overburden uhich consists of an uppBr horizon of saturated sands and

silts of about 12m thick to the southrrrest thinning to about 6m thick

in the northeast. The louer overburden uhich containE hard clay

inter-mixed uith riue! sands and silt is about 6m thick on the southueEt

side and thiekene on the northeaEt to about 24n - 30m.

The stripping and mining paneS.E ara oriented eouthrrlest-

northeast. The bauxite zone ? l.o 8.5 metres thick is underlain by
;
i

kaolj.n cJ.ay and is sandu,iched top and bottom by 5 cm layer of high

grade pebbles. The average thickness of thE overburden is about

38 metres uhilE the maximum depth of the bauxite is about 33 metreE

belou sea levBL.

A dragline ualkuray'is establiehed on the southueEt boundary of

the mining zaoer at right angles to the panels. Fgom the ulalkrrlay,

7 1 mEtre-ulide flnger Dampe are driven 288 metres into the mining zone.

The upper overburden near this perimEter is excavated by draglines.

The main haul road providBs accBss to the exposed bauxite level from

the southeast, oppoeite the mid-point of the high uaLl. The cut at

this point is about 1800 metres uide - 945 metrBs on the northeast

side and 855 metres on thE southuest side. The hard clay of the louler

overburden forms a parting and dragline bearing Eurface betrrleen the

uppet and lorrlee high ualLs. As it is excavated, the matelial is used
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annual, rainfall ofto dike the pit for protection againat the

2030-2540 mm.

Becauee of the depth of the mine, a large excavatot - the

1350UJ unit - iE uEed. This unit ueighs 2'300 tone and ls equipped

uith a 8?-metre (ZaS.tt.) triangular boom angled 32o above horizontal.

The boom providee a 51-metre (ZOO ft.) reach, 61-metre cast and a

rnaximum of 46 mettee (150 ft.) of epan above the horizontal. The

excavator is fed from a. 13.8 krrr.high-tension cablE.

The 13501/ cannot cope urith the thicker sEctionE of the ovBD-

burden. Accondinglyr the nslurrifiers system rrlaE utillzed. The

Slurrifier is an hydraullc earth-moving fortreEE mounted on ekidE.

The four hydraulic guns aDE remotely controlLed from an operatort E

cs of su,Bep as detErmined

by localized. excavating conditions. Freehurater from a nearby suamp
;

ie deLiuered by three Gould pumps at 21000 gpm through 50:cm (ZO ins)

spiral-rrleld pipeline. Three booetEre on the Ekid-mounted barge faed

urater at 200 - 25O kg/cr2 th"ough 15 cm (6 ins, ) pipelines to the

hydraulic auns.

Equipped uith ttintelligantett having 2| ine. nozzles the four

uatEr cannons jet 45tpm of ulater against the ruorking eurface ulhich may

be either an upper highuralL or looeely consolidatEd virgin material

or material stackEd by the 480U i0-yd dragJ.ine for thE Slurrifier.

The 50-cm (20 ins.) elurry lXne is equipped rrrith four booeter statione

each conEisting of Pettibons pumps dftven by 1000 hp engines. ThEse

units delj.ver the slurry at zf.-g}fi eglids, 4 miLEs to a 1r200-acre

d5.sposaI area. As the solidE Eett1e the clear uater iE decanted from

the disposaL area safely beyoncl the identified mS.ning arctae. fiakE-uP

uater i.s draurn from drinking uater resarvoirs in the diEtrict.
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The mining fleet is composEd ef tr,ro Bucyrus Erie (BE) S-yd

draglines of t hich 'sne is usually in aaaerve. In addltionl a loader

handles dragline etockpiled material. 0f the eighteen 35-ton Euclid

hau,l trucks, eJ.even are utili.zed in the mS.ning cycle. Tuo Cat. DB

ripper dozers ulork uith the rn5.ning excavator.

The ore muet be drilled and blasted. ELastholes are drilLed

by ttrlo Mobile augor drills mounted on Cat. D4s uhich auger 4 ins. ho'Iee

to a depth of I - 10 ft. The spacing of tha hoLes ars loaded uith

bagged ANF0 trrhich is primed rrlith uater ge1s. The shipping programme

establishes a 150 ft. ruide strip along the spo5.1 toe from the side rrrall

to the hauL road.

A.2.3 Guyana ttlines

The bauxite depoEits of many of the mines are overlain by as

much as 6tm (200 ft.) of overburden. For axarlple, the EaEt [ulontgomery
i

m5.ne, the 10.2m (SS ft.) thick zon6, is buried under as much as 76m
j

(ZSO ft.) of cover. Generally, the upper overburden consists of fine

uhj.te compactad sand up to 45.'?n (tSO ft.) thick. Beloul the sand i.s

a layer of hard Elayr 9-15m thick. The ctray is usually hard to dig

and may be saturatad uith uater. The bauxite zones arB 10-,12m thick.

Primary etripping Demoves the uppsr eandy formation urith interbedded

c1ays. Stripping is usual.ly done ulith bucket rrrheel excavators, although

hydraulic monitors have been used occasionally to undercut and slump

uppBr layers for collection and pumping to a settling basin.

At the time of the ElvlJ Repo Dt (1g??) tne mine had six digging
,]

uheels, the J.argest of uhich ulai eap6blq of excavating 350U tons per

hour. Secondary ahipping of the hard cJ.ay i.s usually done rrlith

dragline. The largest one at the timE uas a 2B-yd BE 13001, ualking

machine having a:99rn (325 ft.) boom angled at 32o.
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A.2.4 Trombetae, Brazil

High quality bauxite uras firEt discoverEd in the TrombEtaE

area in 1966 and site urork uas Etarted in 1971.

The bauxite is found on flat-topped plateausr rgrntlaots of an

original. peneplain urhich Lie Eome 7O-12On above the eurrounding

country. The pJ.ateaus are highly dissected and vary in shape and Eize

from',a feu hectares to Eeveral thouaand he.ctarEs. Flg 3.2 shous a

typical vertical Eection of the plateau in the TrombetaE region.

A report in ggglL$lglgg, (June 19?9) before commercial mining

had commenced, daccribEd the baELc mlning technology uhich uae to be

ope.n pit ae cJ.earing overburden, atrippingr mlning transportationt

crushing, benefication and dDyi.ng. Shtpptng of overburdon uas to be

by 1? cU. yd. BE rrlalking dragline and by Caterpillar seDapeDe. The

bauxite uraE'then to be drilled and blaeteO ani lbaded by three Noeth-

rrlest 6.5 cu. yd. baok-hoes into aBUEn Gaterpillar 939 35-ton capacity
:

trucks rrlith aluminium bodies. At the crushing plant bauxlte uould

he reduced to lese than 3 ins. (z.S cm). f"oL the cruehEc the bauxltE

urould be carried over 942 i.nE. (ZSgg om) cable bElt convsyor to a cat-

loading Etation 240 ft. (?2 metres) belou,'the crushing plant level.
)

At the J.oading Etation the bauxite rrlould be loaded on to

?0-ton Gondola cars by a 60 in6. (tSO cm) retractablE belt fron a

surge stockpiJ.e locatad on thE railroad uhich ulould be a l-metro 40kro

J.ong from the mine to the parallet car dumpers at the port eite. The

crude bauxite ulould go by beJ.t convayor from a rotary car dumpEr at

the port railulay terminal to the surge pile feeding the rdashing pJ.ant.
\

At the toaehing pJ.ant the csude bauxite urould bE Elurried urith uater

Ln drum scrubberE follorrred by roaehing in trommel acreena rrlith LeEe

than f ins. (f cm) fines from the trommel. BcreenE bEing rrraahed on a
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14-rneEh vibrating screen. ThE.y14 mesh to - 4| ina. (t cm) material

rrrould be recovered aE aleo 414 meeh to 785 mesh bauxite finee.

lrlaten for ulaEhing tho I bauxita rrlould come f nom the Trombetae

ilver and the non-pollutant tailing uould be pumped into a lake.

Ttqo rotary diiers toould "dry the bauxite tc St.motaiure. FDcim th6

dryere the'bauxl'te, u,ould be carried by conveyor belt to a 80r008-ton

dry etorage building.

A flqu diagcam of the ptroctsa ie indiqatad in Fig. 3.3.

RsynoldE Haitian IlinEE

Hourever, ue rrlill ueE the mdni.ng eyetam rrlhlch then' oparated to llluetrate

the contraet betureen thE ml.nigg EyBtEp of a typS,eal Carlbbean bauxite

vsrEus the oreE urE have daEcribod above.
,t r 

' !

The bauxite depoeite occun ln .pockete ,in ,eroded llmeEtone
1'

surfase of ttliocenB age. Shcl,!.sui]l6ogkete of o"" r""i.r"o, 1- 3m thick;

deeper ore l.E 3.. 12m thlck.' Cbnventional combl,natlon of ehouel.e ulth'"

trucks and front-Bfld loaders.uith trucke ari ueed to mlne the ore.

Top eoiJ. uhich varltss from 
"tr5-58cm. 

ta rgmovB$ by bullds[Era and

atockpil,ed for resurfacing prlpr to reclamatiog,

Ore uas mlned in trrlo dally shlfter flve days pes ulsek - uelng
.,

one of ttrlo mlning syetemal dapending on ore thickneat. In Eha1lorrl

bauxite tulo front-end l.oaderE - one 6-yd Catr 992 laad into 35-ton

dump trueks. Deep ore uae'irtl,nc-* uith tuo 4-yd ltarion 111 diesel

Ehovels, on6 of rrlhi.ch urae aluaye on Etandby.' The trueke urasa epacially

fitted rrlith heated a,luml.nlum bodlEE. Apart from lightneeE the

aluminium boOieJ arE durable aE the orE le not highly.abraEivE and

contaLnE ferrl large lumps except foc occaEl,onal L.imestone'boulders.

Bauxite at about ?Sfi moLeture ia dumped at the ulpt ote stockpile

puior to drying. I
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