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FOREWORD

This working paper is the second in a series on alternative mineral
'prbcessing technologies in the Third World prepared within the framework
of the World Employment Programme. |

The major objective of the study is to present an exhaustive analysis -
of the Jamaican bauxite/alumina industry, identifying the technological
adaptations that havé taken pfate as well as the scope for further adapt-
ations which will lead to increased employment. More specifically, the
following issues are explored:

B 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 special reference'to the importance of
energy cost and availability; " ; o B

iii) employment generation and the impact of scale of operations on unit
costs; | f

iv) opportunities for expansion of the local industry and increased
national 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
o indigenous energy resources has increasingly made the Jamaican industry
less competitive compared to those of countries which have both the mineral
and energy resources (e.g. Australia and Brazil). Additionally, the United
Stateé, 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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-The menu of;available mining and refining technoiogies 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-

-atigns may be Timited within the Jamaican industry, where the growth

poténtia] is also meagre. The scope for expansion of the industry seems,

. however, greater if regional and international collaboration can take

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

“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 benéfits which have been derived from the

establishment of institutions such as the Jamaica Bauxite Institute (JBI)

which had the spetifit objective of increasing local knowledge of the overall
aluminium industry rggarding both techno]ogical and economic aspects. This
has enabled Jamaica:to bargain on a more equal basis with the multinational

-enterprises.

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

i) = the increased éﬁérgy cost has iimited the options for energy-deficient
countries-in the exploitation of natural resources; '

ii) the chance of further development of the Tocal industry may lie in
increasing economic and technolbgica] knowledge which will help
implement regional collaboration projects and improve the industry's
ability to bargain with multinationals; and

iii) the implementation of regional projects can be hindered by a variety
of obstacles'ééﬁging from the difficulty of obtainihg f1nancing to
the uncertainty_of;politicalrfactors.
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TECHNOLOGY ADAPTATION AND EMPLOYMENT IN THE BAUXITE/ALUMINA
INDUSTRY OF JAMAICA =

- ] CHAPTER R | : ~ B .ﬁif:’-—'—ﬂ.hwhﬁ [P U U PO S

INTRODUCTION

1.1 . Organization of Study

The study comprises seven chépters. in this, the Introduction,
the context of the study is establisﬁed. First, wé present the
definitions of "technoiogy" and "technology adaptation® which detefmine
the aréas chosen for analysis..'The chapter analyses the import;ncé of
the bauxite/alumina industry and_the impact of iﬁcreasing energy- prices
on the Jamaiban'economy. Thére is alsc a brief dispussian of the
level of unemployment which obﬁains in tha»country.

Chapter I1I establishes the role of Jamaica in the world
aluminium industry. Data and analysis are provided on the Qrowﬁh and
decline of the Jamaican component of‘the indusiry over its thirty-
year existence. In Chaptes 111, there is a detailed review of the main
techniques of prodUction used in the world induséry for‘processing and
s&elting:of alumina. In 6rder to provide a totai profile for the
industry, a similar discussion of various mining techniqués is presented
in an Appendix. |

ChaptervIV discusses the techniquses used in bauxite mining
and processing in Jamaica and then considers the generél issue of scale
in the indUstfy. Next it analyses specificaliy.employment and income
generation, size of operation’and production costs for the Jamaiéan
industry.

In Chapter V,'tha question of the option for the development
and expansion of the industry through increased regional and inter-
national cooperation is considered. The importance of this option must
be seen in the lightlof the country's deficiency in factors such as

energy and a large domestic market. Chapter VI considers another option

for expanding the local 1ndustry - that of increasing local linkages

* The authors Wish to express ‘their thanks to the various organisations
which made data available for the study. Special thanks are due to the
Jamaica Bauxite Institute. They also thank Mrs. Kathleen Miles who

typed various versions of this report.
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both backward and forward. Finally, Chapter VII discusses the
impact which the creation of local institutions has had on the

industry to date.

1.2 Definition and Orientation

Given what seems to be an infinite number of interpretations to

fhe word "technology", it is useful to begin by establishing‘as clearly

as possib;e the meaning implied in this study.. Girvan (1979) provides a
def;n%#ipg which captures the essence of that which we wish the word
to coﬁvey; It is
b‘ "Technology :., (is).fhe knowledge, skills, methods and
procedures associated with the production and utilisation of

goods and services in a given society." Girvan (1979, p.1)

The discﬁséion in Girvan proceeds tb make the critical dis-
tinction between the embodiment of technology, and technology itself.
The embodiment of technology is materialised‘infdesigns, specifications,
formulations, operating instructions; machinery, equipment, buildings,
systems and other tangibie.forms. However, the;acquisition of the
embodiment of.a tebhhology in thé form of plant;, equipment andiprocess
formulation is not equivalent‘to possessing the technology needsd to
repair and maintain the facilities or to modify systgms to sui;, and
respond to particular local conditions.

In the spebific sense of the bauxite/alumina industfy, the
embodim?nt of the industry's technology can bs sasily acqgired by any
country in the form of physical entities such as mining equipment and

alumina plants. AHouever, for a country to be able to claim to have

mastered the technology of the aluminium industry the requirements are

- much more extensive. In addition, it entails acquisition of detailed

knowledge of the world indust:y, of the major factors which change ths
nature of demand for aluminium and the factors affecting invesiment

decisions. ; : .
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This broad definition of tachnologydprovidas_tha context within

which we consider the term "adaptatidn“ For this dafinition,'maﬁappaal
to UNIDO (1980, pp. 15). It is as followa: | "

"Adaptation is the procasa of matching aliefh’ taohnologiaa to
local factor endowments, social customs and values & gg nat;gna

development objectives®. (Our emphasis)
The two definitions oom&iﬁe‘to delineate the scope within which

this atudy interprets "tachnologyvadaptatipn" within the Jamaican .

bauxite/alumina industry. The‘tarmqiafnot restricted aolaly tolmodifyingh

the techniques used in mining and refining tho ore. Rathar, more

"ganarally, it also applies to the extent to which Jamaica is able to

increase national knowledge ofxtha.oparations_of,thg_world_aluminium

industry as well as of those of‘%ha.local’componant. Furthermore, and

‘ perhaps mast important technology adaptation 1mpliaa ‘the ability to
anticipata future changes in the-world 1ndustry and dauiaa atrategios

to either neutraliaa poasxbla negative raparcusaions, or to capitalise

} .
o1

l

on’ opportunitlas.
The suggested dafinitionvof adaptation makes specific raﬂaranoa

to "local factor andowmanta" and "national-davalopmanéiogjactivae"

More generally, it ahould apaak of “factor andoumanta and defioienciaa"

aa adaptations are 1nfluancad as much by tha factors in which a country

is dafioient, as much as by thosa uith uhich it is andowad.. In the case

of Jamaioa, any poasibla future davalOpmanta in the bauxita/alumina

. industry must ba considered .with rafaranca to tha 1mportanca of bauxita/

alumina to tha aoonomy, to tha abaance of any indiganous onergy sourcaa,

“the shortaga of foreign axchanga and tha high level of unomploymant in

the labour foroa.

LT
P P P
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1.3‘ Importance of Beuxite/Alumina Industry to Jamaican Economy

Jamalca's economy is structurally dependent on external trade.
_iThe major eectors of the economy (e.g. manufacturing) are either
dependent on 1mpopted‘raw materials or ars gearsd to produce for external
markets«(e.g§ baukite/alomina, sugar, bananas). Given the economy's
dependenoe on ‘imports, the eeotors which earn foreign. exchange hold
poeit%one of_patticuler inportanoee This importance ie inoreaeed by -

é“r' ~ the nop“chronio deficit .on balance of trade. See Table 1.1.

TABLE 1.1: Japaica: Merchandise Trade - 1978-81 (US$m)

Balance

;: Year - ; Exports Imports ~ Visible .Trade
g 1978 | 738.1 . B64.7 <126.6
| 1979 ) B TN O 1002.8 -188.1.
g 1980 ' 959,3 1172.6 i =213.3

1981 970.4 1467.2 | -496.8

- Sources .EeOnon;o anQVSooia; Sutvey,f&arious~edition5'
ﬁTnetimpqetaneetof the‘bauxite/eiumina industry'can be derived
from a dlsaggregatlon of ‘the total value of exporte by SITC. Table 1.2
‘fehows that Erude Materlals (Baux;te/Alumlna) accounted: for over 70%
of the valus of vielble exports for the '79-81 perlod, reechlng as
" high as 78. 6% in 1981.‘ The next most important catsgory was food
(eugar, bananas etc.) but in 1981, the valus of beux1te/alum1na was
ouer elght tlmearthat of food. In fact, the combination of baux1te/
alumlna and the food exporte accounted for 85% or over of total exports
in eech of the three years. This serves to lllustrate the relatlve.
insignificance of the manufactufing sector as an export earner for the

Jamaican economy.
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JABLE 1.2: Jamaica: Exports by SITC Categdriea (1979—81)

1979 . 1980 1981

SITC Categories _____ USém %  USSm % ys$m %
0 Food . 109.5  13.4 99,2 10,3 92.4 9.6

1 Beverages and Tobacco 26.7 3.3 29.4 3.4 32,7 3.4

2 Crude Materials - . . o
(Bauxite/Alumina) v 583.3 7.6 736.1 76.8 . 762.2 78.6

3. Mineral Fuels 360 42 190 2.0 16,9 1.7
4 Animal and Vegetable S - |
Dilsg & Fats : 0.3 - 0.1 o= - -
5 Chemicals 46,0 2.0 15:0 1.6 . 15.9 1.6
6 Manufactured Goods = 16,0 2.0 14.8 1.5. 14,8 1.5
7 ‘Machinery | 1.8 1.4 25,1 2.6 . 13,4 1.3
8 Misc. Manufapturesr S 17.20 2.1 20,0 2.1 '522.2-. 2.3
9 . Misc. C;mmadities : 0;2;\" -‘,' ;’0;5 - ‘- -
- B | a14¥7ng&_gﬂgh 959, 3 100;0‘ 970.4 _100.0

Source: Derived from E ‘nomzc(an’ Soczal Survg - vdriOUs‘eﬂitioﬁa“

The bauxite/alumina indusfryris:uf importance to the Jamaican.
sconomy in areas other than being the mqst impdrtant“fore{gn_eXchangé
earner., It is a significant conﬁnibupo: to the financing.of Gova:nmpnt'
operations. Thié is effected by meaﬁs of annual t:angférs to Central
Government from the Capital Development Fund (CDF) which was aétablfshad
in 1974 to invest the earnings from the then neuly-intraduced bauxite
levy. Although the uss of this money for. recurrent axpenditures violates

the rationals for tha’establishment of the'CDE,'tha fact “is that these

‘ntransfers" accounted fép 2259.15;7%'and'19:3$ of the Government's:

revenue for the fiscal years 1979/80, 1980/81 and 1981/82, respectively.
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The industry is not a,significant employer of labour, Ths
total labour force was approximately 6,000 when the industry was at

peak production. However, the fortunes of other sectors, with greater

impact on employment, are influenced to a great extent by‘the state of

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

1.4 . Energy and the Jamaican Economy

We have made referanqe'to the dependence of the Jamaican sconomy

oh>imports. Nowhere is this dependence mors apparent than with regard

to energy where over 98%.of the country's commercial ensrgy reqﬁirements

are imported. This dependence on imported ensrgy is not only the result

of abssnce of lqcal,resourbes but also to the fact that during the era

of cheap ©il supplies, consumption climbed rapidly, rising from 6.184

" million barrels in oil equivalent (MBOE) in 1961 to 19,839 MBOE in 1973.

’Arthur (1980) provides a useful discussfon of the impact of the
pil price increaseé ﬁnfihe-energy intensive tecﬁniqués Qﬁich characterise. .
daaestiq;prodU§£iuﬁ; Jaméica,hiiké mﬁst'othef énergy-deficient countries,
adjusted to the wave Of'pfice increases by a process of recession. |

Over the 1974-80 period, thers was continuous decline in réal'output.

This déclineicah be &irectly related to a comprassionrdf petroleum

, qonsﬁmpfion from a peak of nearly 20 MBOE in 1973 to 15.37 MBOE in 1980.

-

1 - Impact of Energy Prices on Balance of Payments

1 ivao

Rising oil prices have retarded the growth of the Jamaican

"NaconpmyAbyhraquiring an increasing proportion of export earnings to be
_spent on purchasing anergy,; Cdnversely, it has implied the diversion
»nf foreign exchange resources away from being allocated for the importa-

tion of investment goods. The energy crisis has compodnded the country's




-7

foreign debt situation and. the combination of debt and oii payments
accounts for nearly a half of the country's foreign ethénga cash
expenditure in 1979, 58.8% in 1980 and 5875% in 1981. It is of

significance that the expenditure on non-o0il imports actually decreased

‘in current dollars betwesn 1979 and 1981. This implies an sven more

serious reduction in the real level of imports over the period.

TABLE 1.3: Forsign Exchange Cash Expénditura = _1975-81

_ (US)$m.

1979 | 1980 1981

$ I ® 3 %
Debts and Lines of Credit 335.2 32.3 318.2 30.4 504.1 37.0
0il* ~° 176.1 17.0 255.0 24.4  293.1 21.5
Non-0il Imports | 401.4 38.7° 357.2 34.1 398.1 29.2

. o i .

Other Payments . 124.3 12.0 115.9 11.1  168.6 12.3

*axcludes purchases by bauxite/alumina companies

rd . . ‘
Source: . Bank of Jamaica Statistics.

1.5 Jamaica's Unemployment Situation

No serious discussion of the main socio-sconomic characteris-
'tiqs of Jamaica can avoid cﬁnéideration of the issue of ths level of.
unemployment. Hehce fo:eigh-exchange earning and employment-creating
capabilities are perhaps the two most imbortant féctors by which
investment decisioﬁqu;e,evaluated. In terms of investmehts by the
State itself, ths conSideration is not solely in terms of ﬁhe specific
investment decision being analysed. Also of impottance is the
comparison with another project (or projects) thé;implamentation of

which would be précluded if the ons being‘presantly contemplated is



approved. As will be seen in Chapter V, such a comparison was a
constant obstacle, bui obviously not the only one, to a final commit=-
ment to a major investment in a new alumina plant.v

In Table 1.4, the unsmployment picture for the period 1976=-1981
is displayed. It shows that between 1976 and 1981, the level of un-'i
employment has increased from 22f4% to foUghly 26% in 1981. Herver;
what is of greater significénce is that the absolute number of un-
employed has.increased from 197,800 to 262,500: in the same period.
This implies‘that not only is the backlog of unemployed untouched but
not enough jobsﬁa;é béing created annually to take care of new entrants

to the labour forcs.

TABLE 1i4: Jamaicas: Level of Unemployment 13976-81

Total Labour Unemployed ' % of

1976 883. 6 197.8 | 22.4
1977 910.0 220.2 24,2
1978 : 939.0 230.5 24.5
1979 953.6 264.7 27.8
1980 . 991.2 270.8 27.3
1981 © 1014.9 262.5 . 25.9

Source: Department of Statistics

The full extent of the problem is not understood until one
looks at the data on the main streams of emigration. Table 1.5
provides the details. It shows that over the nine year period"ﬁ972-
1980, -a total of over 19ﬁ,000 Jamaicans emigrated to the U.S.A.,
Canada and the U.K. Although this emigration must have implied the
loss of soﬁe skilled members of the labour force, it also meant that
others who would have contributed to the pool of the unemploysd also
migrated. Hence, wefe it not for migration, the present lével of

unsmployment would have been'greater.
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CHAPTER II

JAMAICA'S PLACE IN THE WORLD ALUMINIUM INDUSTRY .

2.1 Int:oduction

For 6ver thirtyvyears Jamaica has had an important place in the
world aluminium industry. The country's role in the industry began
' shortly after the eqd of World War II. It resulted to a large extent
from its identification as an alternativg or supplementary source of
ore fbr the North American refineries and smelters, because of the
sinking and harassmant during the war of bauxite ship§ plying between
the Guianas (the traditional suppliers) and the U.S. Davis (1980, 1981)
prouidés a detailed analyéis of the factors surrounding the development
of the induétry in Jamaica,
| Thé'grouth of Jamaica's importance in ﬁhe uorid's aluminium
is;inextricabiy tied to the smergence of NarthiAmerica, particularly

the U.S.Au as a ma jor producer and consumer of;primary’alUminium.

The impact of World War II on the growth of the North American industry

can be seen by the faét.that iﬁ 1939, North America accounted for
about 35% of world pnimary'gluminium production. rBy'1943, this-%igure
- had increased to 66% of worldvproduction. Western Europe's éhare,

by contrast, héd falien ffpm 60% of world production in 1938 to 23%

in 1943,

The stimulus to the growth of the North American ihdustry\did

nof end with the war. In the immediate post-war period, the industrial

capacity of several European countries had been so devastated that
they_wefe unable to produce enough to meet their requirements. As a

consequence, they had to rely on North America to supplement local




production. For exampie, in 1947, while production in the U.K. amounted

to 29,400 tonnes, consumption of crude aluminium was 161,000 tonnes.

The deficit was made up largely by impbrts from Cenada.

2.1.1 The Role of the TNC's

The groﬁth of the Jamaican industry must be analysed within,.
the contex£ of the involvement of tha major aluminium TNCs. _fﬁay
first -entéered Jamaica in the sarly 1950s. There ars prgsantly fiQa
TNCs operating in the Jamaican industry, including four of the six
ma jor aluminium TNCs. Kaiser énd Reynolds export driedibauxite,
ALCAN ships only alumina, brocassad éf its two plants, located at
Ewérton and Kirkvine,rwhilekALCUA also ships alumina,p:océssad at its
Halse Héll plant., The fifth company, ALPART is a consortium of Kaiser,
ngnoldg and Anaconda and éXparte alumina. ?

A sixth TNC, Revere, built an alumina ;lant and startpd

i

production in 1971 but ceased activities in 1975.as a result of a
combination of factors, the chief of which uas thé uneconomic sizevof '
the plant. Table 2.1 providés summary'infonmationypn the companias'

in operation in Jamaica.
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during this period, of capital'resodrcas at low interest rates and

'“electrlcal energy.

_ 1 3- o

2.2 Exgans;on of world'Aluminium Industrz, 1950-1980
The stabla grouth and axpansion of the market aconomiaa of

North America and wastarn Europe in the 19503 and 19603 generated

rapid expansion of the mnrld'aluminium industry. The availability, - 5

cheap energy supplies, was a positive factor for the industry,which_is

highly capital—intensiva~and one of the largest per unit consumers of

At the beginning of the 19503 primary aluminium production in
the m;rkat‘economies {North Amanica, Western Europe, Africa and Japan)

stood at 1,269,700 tonnes and giaw to 3,551,100 by 1960 - an hveragé

~ annual increase of 18%;..In tha centrally-planned sconomigs, the rapid

rate of sconomic development after 1945 also brought~aboutvan~3ven more

dramatic percentage ihcraaae.ih*production of éhe’matal. In 1950

_ production stood at 201,0(30" tonnes and moved by 1960 to 911,450, an

average annual increase of 35%. - = S ?

Tables 2.2 and 2.3 provide data on world’przmary aluminium
production for the period 1950f§0. The data show that primary~
aluminium p#éduétion'incréasédist;a rapid.rate.ln the 19506'366.19503
and at much reduced rate in the 1970s. This reduction in the rate of
Expansioh of'tha‘indUStry:uas C6mmon,to both‘WQetern énd Eastern bloc

countries,
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TABLE 2.2 World Aluminium Production - 1950-80

('000_tonnes) L ~-1950 1960 1970 - 1980

1 Market Economies 1,269,7 3,551,0  B8,068.7 2,778.5
2. Planned Economies : 201.0 911.4 2,246.1 3,285.9
3. Total World - 1,470.7 4,462.4 10,315.8 16,064.4

Source: Metal Statistics, 1980.

TABLE -2,3: Average Annual Growth Rates in World Primary :

Aluminium Preduction, 1950s, 60s and 70s

1950s . 1960s 1970s

;53.~,Markat»Economias _ 18% 13% - 5.9%
2, Pilanned Economies , 35% 14,5%' 4.6%

3. Total Uorld : 20% 13.1% 5.6%

2.3

for

World: Bauxite Pruductiqn: 195580

Table 2.4 provides data on World and Jamaican bauxite production

‘the period 1955-80.

/

' TABLE 2.4: Bauxite Production 1955-1980:

Jamaica_and World - 'UDD-tpnnes
1955 1960 . 1970 1974 1975 1980
Jamaica 2,688 . 5,835 12,010 15,166 11,380 11,978
World 17,984 27,620 66,797 83,935 77,045 91,338

Source: Metal Statistics, various issues and
JBI Fact Sheets on Jamaica's Bauxite Productlon.
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The table shows that bauxite production in Jamaica increased by an
ahhual average rate of 23% in the period 1955-60 compared't6‘10.7%’

in world production. Ih‘the period 1960-70 Jamaica's production increased

by an annual average rate of 10.3% whilst world production increased by

12%. In the decade of the 1970s world production continued to expand
but at a greatly reduced rate averaging about 5.3% per annum. On the

other hand Jamaica's annual production rose by an annual average rate

~of 7.1% up to 1974 but registered absolute declines thersafter to end

~ up with a zero growth for the decads.

In Table 2.5, data are provided on world and Jamaican bauxite
production for the period 1970~1981. It shows that Jamaica's pfoduction
peaked in 1974 at 15.2 million toqnes and suffered a severe decline in -
1975, reflecting the effects of the impact of thé 1974~75 recession
in the market economies. The fall in demand for bauxite is shown in
the decline in world productlnn from 83 9. mzlllon tonnes in 1974 to
77 million tonnes in 1975.W Table 2.5 shous to? ‘that Jamaica's share
of world production declined from a high ofV21% in 1970 to rougﬁ;y'13%
in the 1979-81 period.

TABLE 2.5: Bauxite Production 1970-81

JamEEE;‘EFE_EE;ZEf-—— '000_tonnes
Year World Jamaica % of World
1970 604162 12,010 21.0
197 66,797 . 12,440  18.6
1972 70,806 ' 12,539 17.7
1973 74,866 13,646 18.2
1974 . 83,935 15,166 1841
1975 ) 77,045 v 11,380 14.8
1976 ' 80,492 10,296 12.8
1977 85,224 11,434 13.4
1978 84,369 11,736 13.9
1979 - 88,009 11,505 13.1
1580 91,338 11,978 13.1

1981 87,796 11,606 - 13.2
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2.4 Alumina Production 1966=1978

Dvér thé fifteen.year period‘1966-1978, world alumina-production 

increased from 14.8 million tons to 30.8 million tons. During ths

same period, Jamaicé's pfoduction increased from 0.8 million tbns to

2.1 million tons, reflecting both an incrsase in bauxite production

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

Table 2.6 provides details on Jamaica's share of world production for

the peridd. ‘The country{s share of alumina production reached its

peak in 1974 (10.1%) corresponding to the greatest year of bauxite

 and aluming output.

TABLE 2,6: Alumina Production, 1966~1978: Jamaica and World
('DDD tons) ‘

Year | Weré Jamaica % of World
1966 ' 14,784 804 5.4
1968 17,306 923 5.3
1970 20,683 1,689 8.2
1972 23,601 © 2,136 9.1
1974 28,553 2,871 10.1
1976 26,855 1,627 6.1
1977 30,053 2,046 6.8
1978 30,845 2,142 6.9

Source: Transnational Corporation in the Bauxite/
Aluminium Industry, UNCTC.
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2.4,2 Jamaican Alumina Exports

Table 2.7 shows that the USA, Cahada and Wsstern Egrope are
the major markets for Jaﬁaican alumina accounting for 94% in 1970,

87% in 1974, 89% in 1978, 82% in 1980 and 80% in 1931. Within this
grouping Western Europe's share has increased from 34% in 1970 to
47.5% in 1874, to 54.5% in 1980, and declined to 44.7% in 1982.
Canada's share declined from 17% in 1970 to 6% in 1974 and remained at
that level up.to 1980. It increased to 36% in 1981 then declined to
25% in 1982, The USA market accounted for 44% of Jamaica's alumina
shipments in 1970 but decliizd‘to 33% by 1974 and further declined to
21% by 1980, increassed to 27% in 1981 but declined to 12.5%, the louwest
level, by 1982,

Thésé figures clearly indicéta that ingabsoluté terms Jamaica's
bauxite and alumina exports to ﬁSA and western;Eﬁropa have fallen from
the peak levels of 1974. Howeuer; the greafes? declins has taken place
in the U.S.A. market. Western Europe is the l;rgest market with Canada
second. The Latin American markeét has shouwn a steady incraase during
the late 1970s, largely due to the Government contract with the
Venezuelan State Company VENALUM. Table 2.8 provides aata on the
growth of ﬁrimary aluminium consumption in Jamaica's ma jor markets

for bauxite and alumina.
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Countries of

Jamaicas

Alumina Shipments (000 metric tons)

Source:

Destination 1970 1974 1978 1980 1981
U.S.A. 748 953 610 495 693
% increase (decreass) 27 (36) (19) 40
Canada 285 178 280 157 422
% increase (decrsase) (37) 57 (44) 169
Latin America 6 40 88 56 171
% increase (decreass) 567 120 (36) 205
Western Europe 576 1,353 1,011 1,286 915
% increase (decrease) 135 (18) 27 . (29)
Africa 79 119 87 186 315
% increase (decrease) 51 (27) 114 69

. Eastern Europse 19 203 62 179 32
% increase (decrease) 968 (69) 189 (82)
1,713 2,846 2,138 2,359 2,548

Jamaica Bauxite Instituts

TABLE 2.8: Primary Aluminiumiggﬁmmggonf;n Selected Markets

(ooo metricrtons)

1970 1874 1978 1980 )
U.S.A. 3,488 5,128 4,978 4,473
% increase (decrease) 47 (3) (10)
Canada - 220 358 339 292
% increase (decrease) 63 (5) (141)
Western Europe 2,606 3,390 3,553 3,853
‘% increass (decreass) 30 5 8
Latin America 201 396 487 603
% increase (decreasse) 97 23 24
Eastern Europe 2,092 2,763 3,302 3,309
% increase (decrease) 32 19 0

Source:

Metal Statistics 1980.
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The date in Tables 2.7 and 2.8 clearly demonstrate that in the
psfiod 1970~80, Western Europe, Latin America and Eastern Europe have
shoun the fastest growth rates for primary aluminium consumption and

that these regions also ;gpraéént the areas of relafiva growth for -

Jamaica!s alumina exports.

25 Markst Constraints Limiting Growth of Jamaican_ Industry

The factors leading tp,the decline of the Jémaigan iﬁdustry
in the post 1974 period;are seVe;gl. The main one is the declining
importance of the U.S. market which is by far the most impartant'fof
the Jamaican industry. Howéver, thefe are other factors ipcluding
(i) Expansion bf bauxite aﬁd alumina production in Guinea,
Australia, Brazil as a result of decisions by the major trans=-
national corporations to diuersifyrthe source of their
supplies of these commodities; 2
(ii) Lack of indigenous energy resources in Jamaica;
(iii) The impact of the Jamaican Bauxite Lévy rsiafive to the

taxation policies of other bauxite-producing’gountrias.

2.5.1 Daclihing Importance of USA Market

At the start of the 1970s the USA produced 3.607 million metric
tons of aluminium or 35% of world production; by the end of thé
decéde it proddced-4.653 million'matric tons or 29% of Qofld‘productiong
Buring the sﬁme period, Western Eurﬁpe increased its share of world
production from just under 20% to 23%. In terms of consumption, the U.S.
share of the world total declined from 35% in 1970 to 29% in 1980. The
relative decline in the U.S. alumiﬁium industry is reflected in the

stagnation of the market for bauxits. Between 1974 and 1980, there
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was a reduction of imports from all countries, except Guiana (high‘

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

TABLE 2.9: US Imports of Bauxite by Country ('dDD short tons)

. Year
Country 1970 1974 1978 1980
Australia 263 82 21 -
- Brazil R - - 856
Dominican Republic 1,019 1,333 692 623
Guinea 567 1,870 13,706 4,531
Guyana 355 839 462 645
Haiti 691 656 648 498
Suriname ' - 3,274 3,266 2,489 1,509
Jamaica . 8,403 8,698 7,106 6,773
Total 14,572 16,734 15,124 15, 435

- Source: US Bureau of Mines |

As regards the decline of US consumptibn, a number of factors

have been identified as being responsible for the declining position
of the USA in the production and consumption of aluminiﬁm. Thése
factqrs are: | | |
a)  the Energy Crisis of the 1970s;
b) iﬁhe héturity of the USA sconomy and the more iapid sconomic
expanéionvin westérn Europe, Japan and USSR;
c)‘ the lbcation<of integrated Eauxite, alumina and smeltér

facilities in Australia and Brazil.
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2.5.1.1  Energy Crisis of the 1970s | ,
The oil prics shocks of i973 and 1979 posed severe difficultiaé

for the US economy bédapsejdf'thé increasing reliance on imported

oil. Furthermore most largaaspale U.S5. hydro-power soupCQS are

already qevelpped and the scope’fpr‘new growfh'is extremely limited.
Hence; the once remarkably cheap energy‘supplies from the Bonneville
Power Administratipn and the.Ténnepeae Vallay.Authority_hava bapnme
very expensivé. This tight supply/damand energy position is likely

to continue to exert upuard preéSurésbpn energy costs whilst the.

- environmental problems associated with the development of nuclear

energy will continue to deprass supply.

2.5.1.2 Maturity of US goconaomy and rapid expansion of
W, Europe, Japan and Eastern Eurogagn econgmies

In the 19708 the US economy expanded at a much slower rate

than the economies of Japan,’w. Europe, and Egstern Europe. Table 2.10
o
provides data on the growth rates of GNP per capita.

TABLE 2.10:  Growth of GNP per Capita for
' Selgcted Regions

Country Group ___1955-170 1970-80

United States 2.0 2.1
W. Europs 4.9 2.4
Japan ' - 9.2 4.2
E. Europe , 5.8 . 2.8

World. | 3.9 1.9

Source: 1982 World Development Report.
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The difference in growth rates arse partly due to higher
level of/developmant of the US economy vis-a-vis Western Europe etc.
- and therefore the reduced scope for further expansion.

2.5.1.3 Location of integrated bauxite, alumina and aluminium
smelter facilities in Brazil and Australia

As a consequence of the energylcrisis described in 2.5.1.1
above and the resulting tightness of energy supply/demand balance in
the U.S5+«, increased effqrts, in the 1970s, were focussed on developing
integrated facilities in bauxite-producing countries with adequate
suppligs of eneigy. In particular the coal and natural gas resources
of Australia and the hydroelectric potential of Brazil have made thess
two countries into attractive locations for‘new facilities. 1In the
period,Australia recorded 50% in its aluminigm production while
Brazil recorded a spectécular 400% increase wiﬁh further large scale

expansions under implementation and planned for the near future.

.. 2+5.2 Expansion of production in Australia, Brazil and Guinea

The rapid development of the industry in these three countries
is pérhaps the siﬁgle most important factor responsible for the
decline of the Jémaican industry. 1In the 1960s the large transnational
corhorations»@hich undsrtook ths majdr investments in the industry
opted for a brqadening of their supply sources and production
locations based on the axistence of rapidly expanding marksts for
finished products in Europe and Japan and also the availability of
large supplies of coal-and natural gas in Australia, and in the case
of Guiﬁea the availability of high grade bauxite. Table 2.11 shows the

‘growth of the bauxite industry in these countries.
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TABLE 2.11: Bauxite Production in Selected Countries 1970-80
| ' ('000 tonnes)

Australia 9,256 = 14,437 19,995 24,084 24,293 27,178

Guinea 2,490 2,600 7,600 11,316 = 11,648 13,311
Brazil 510 765 858 998 1,131 4,152
Jamaica 12,010 12,539 15,166 10,296 11,736 11,978

World. 60,162 70,806 . - 83,935 80,492 84,369 91,338

LY

The data show the rapid expénsion of production in Australia
" with an increase of roughly 200%, and over 400% in Guinea and 200% in
Brazil in the psriod 1970-80, whereas total World production increased

by only 53%'in_the same periodgﬁ

2.5.3  Lack of Indigenous Energy Resources

Jamaica's energyvnaadsbare met by thejimpo:tatian of fusl .
0il from Venezuela and T;inidadkgnd Tobago. ?hé island is 97%‘
dependent on imported oil as the source of energy as it possesses
no supplies of its ouwn. Small h&dra-powar scsémes and developmant
.of identified peat resourcés‘ara;the only poésibls sources of
indigenous'energy suppliesfin the future. |

The further expanéion of the bauxite and alumina industry is
seriously impaired byathé‘lack_of’ensrgy resources as energy costs
now represent the’most significant:cost item in’the pfﬁduptioh of
alumina in Jamaica, increasing by 144%3betmegn 1974 and f981,
~ Table 2.12 indicates the magnifude,pf this problem which has becoms

more significant in recent times.

i
}
\
:
1
o
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TABLE 2.12: Average Fuel Cost per Tonne of
S Alumina Production in Jamaica 1974«81

Year - _ (us$)
1974 T 34,4
1976. - 34.8
1978 37.1
1979 50.7
1980 | 7444
1981 . 83.9 .

«

The eptione'open to Jamaica are, in reality quits limited.
There is the possibility of progressively,reducing dependence cn
imported oil. Eetimatee prepared by the Governmsent's Enesrgy Division
project that if an all-out effort is made, the share of power generated
from oil could be reduced from the present 92% to 55% in the year 2000.
However, the bulk of the substitution would be>;ccounted for by'coel

which would also bevimported. At best, local energy_sources (peat,

‘hydro, bagasse) deveioped.to'the fullest capacity would only account for

approximately 15% of total demand by the year é,UUD. Furthermore,
power supplied from hydro and bagasse would be subject to seasonal
fluctuations.

It is clear, therefore, that the Jamaican bauxite/alumina industry

will be dependent on imported fuels even in the medium to long term.

fhe realistic'choibe is betueen continued uss of oil and conversion

of generating‘enits for use of coal. One company has carried'eut»
extensive analysis of the costs associated with conversion of its
generating unité'and coal is by far the mors economic choice. However,
the major problem te be solved is the financing of capital costs of

conversion.




There is, however, one ramaiﬁing area in which savings on
energy costs can be made in the baUXiﬁa/éluminium industry. Tﬁis is in
increasing the afficiancy of energy utilization. If wq focys on thé
three alumina companies, the-éverage fuel oil usage per tonne of'
alumina was 3.32 barrels in 1980, with a range of 2.53 to 4.53 barrels.

The average improved to 3.17 pef tonne in 1981ﬁa$ a result of

conservation efforts. The State's Energy Division has set the companies

a long-term target of 2 barrels per tonne but the companies feel that

2.5 barrels per tonne is a more realistic objective.

2.5.4 Jamaican Baux1te Levy relative to Taxation POllGlBS
of other Bauxite Produc;ng Lountries

-The bauxite production levy imposed bf the Jamaican Government
in 1874 resulted in a significént increase in government revenues from
the industry as well as the foreign exchange egrnings. Other major
bauxite producer countries also .introduced nawétax measures.including
export taxes, as in the case of Brazil and Guiﬁea,,withholding taxes
on dividends and interest payments and royaities as in Australia and

producfibn levy in the case of Guyana.

By the late 1970s it was generally agreed that the Jamaican levy .

represented the highest tax rate on bauxite among IBA countries.

Although the higher Jamaican levy is partially offset by certain clear:

advantages in the form of ths lower mining costs, and lowaf transporta—
tion costs to the North Amefican market, it is clear that it accounted
in some mea§Ure for the reduced attraction of Jamaica aé a source of
bauxite and alumina. ’. |

In the 1979 negotiations bstween the Government of Jamaica and
the TNCs operating locally, an agreemenﬁiuas reached which reduced ths

base rate of the levy, in relation to minimum production levels.
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CHAPTER III

THE PRODUCTION TECHNIQUES USED IN
THE ALUMINIUM INDUSTRY

3.1 Introduction

The technigques utilized in the aluminium industry are related
to: (i)‘bauxite mining,.transportation and handling; (ii) bauxité
ﬁrocessing into alumina by the Bayer process; (iii) the reductibn,
of alumina into primary aluminium.by the Hall-Heroult process;

(iv) the elloying and shapihg}of the primary aluminium into various
forms - i.8. semi-fabrication; and (v).fabrication of aluminium into
various“end’uses;’such as beverage cans, pots and pans, roofing and
siding materials for bUilding; étc.

| Integral to the whole proquction procesé are various inputs,
such as: natufélly-dccurring aluminous source materials, mainly
bauxite; caustic soda for e*tracting alumina f;om bauxite; energy
at all stages but principally at the smelting stage; carbon and
aluminium fluoride in the smelting process; and various alloying
materials, éuéh as magnesium and silicon. |

In the following sections of this chapter, we discuss the_
teéhniques useq in the major stages, from bauxite ﬁrocessing through
to:semi-fabriéation in the world industry. For completeness a |
" discussion of the techniques used in mining operations is presented

in an Appendix.
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3.2 A;umina Pchessing

The basic process by which alumina is extracted from bauxite was
invented.by Dr. Karl Josef’Bayer, and patented by him in 1883;

Uhile sefving as a manufacturing chemist‘in~Russié he filed:

two patents for the production of alumina. The first of these (1888)

‘described a process for the precipitation of hydrate of alumina by

seeding from an aluminate-lye - a departure’frum the Deville-Pechiney
carbon dioxide precipitation process. The second of Bayer's pgtents
(1894) claimed a process for digesting bauxite with the aluminate-lye
concentrated from the previous cycle father than extracting a;umina.
by the Deville~Pechiney calcinatidn of bauxite with sodium carbonate.
These twd discovériés constitute the Bayer'procass uSed to this
day for 95% ofvthe>mor1d production of alumina.
The process (shbpn schématically in Fig.'3,1) ;s essentially
as follous:
K Bauxité is digested wifh caustic soda solution Qnﬂer pressure.
2. The alﬁmina is exﬁracted in the form of soluble sodium
aluminate which iéavés behind most of the impurities,
largely ifon oxide titania and silica as insoluble residuss.
3. The clear filﬁarad sbdium aluminate soluble is diluted,
cooled and a 'seed’ of alumina trihydrate is added. The
sodiuh.aluminate solution hydrolyses on the surface of
the seed 'to form'cfysﬁallina trihydrafe.
4. The trihydrate is finally filtered off and calcined to

anhydrous alumina.
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There ars baeie variations however to the Beyer technoiogy.
These were determined histurically‘by a variety of fectere. The main
pnes are the mineralogy of the}bauxite being processed and energy
conservation. Later the'principal determinants have been bauxite
mineralogy,,energy censervatien‘and desired physicel characteristics
of the product alumina by various smelters,

Two major variants of the technology emerged respectively in
Europe and in North America. 1In Europe, the elemine mineralegy was
dominated by the more difficultly soluble 'monchydrate' boehmite and
diaspore (both with chemical'foemula A10.0H). Secondly, eveniin pre=-
‘OPEC days energylwas never cheap.

In America (and in the Guianas) the alumina minereiegy was
dominated by the more easily soiuble 'trihydrate' gibbsite (A1(0H)3)
and by tne fact that there uwas less.incentivegfor conservation ‘es
energy was very cheap. - - 4

These conditions led-to'Eurepeans using: (a) rigorous digestion
conditions (to solubilize the monohydrate) with temperaturee in the
order of ca. 200-250°C; (b) caustic concentrations (expressed es»Nazo)
in the order of 200-300 g/i1; (c) pressure of SD-SD‘kg/cma; and
(d) long 'retention' (in the digester system) times.

Americans, on the other hand, used the following parameters.
(a) digestion temperature of 140-145°C; (b) caustic concentration
(exereesed as Na20) of 120-140 g/1; (c) pressure of ca. 4 ke/ng and
(d) short retention times. | |

~The net effects of the above variations are:

‘1. High productivity in European plants - 100-110 kg/nz and

. 70-80 kg/m3 at the digestion and precipitation stagses,

respectively, vs. 60-65 kg/m3 and 50 kg/ms,»respectively,'at
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the same two stages in the American plants. (Productivity
expressed as kg/m3 is defined as the number of kg of alumina
préqipitatad per cubic metre of clsar precipitation or

digestion liquors.)

2. Precipitation liquor concentrations of 140-160 g/1 Na20, and
seed content of 400-500 g/1 A1203 in European plénts vs.
. 100-110 g/1 and 100-150 g[l, respebtively, in American plants.-'
3. The production of North American plants of the so-called
'sandy’ alumina vs. the so-called 'floury' alumina by European
plants. (The major differencés between the two are in respect
of their particle size distribution particularly those under
44 microns; and the d-alumina content. This is indicated in
Table 3.1.
TABLE 3.1: -~ Some Typical Sandy and Floury hlumina
Physical Specifications*
Physical Paramsters ] quurz 5 Sandy
L.0.I. \ 0.3% t 0/9-1.2%
Specific Surface Area 5 - 10 mz/g b 40 - 45 m2/g
.dA1293 60 - 70% 20 - 30%
Bulk Density 0.95 - 1.0 t/ms- 0.88 t/m;
Angle of Repose 40 - 45° 28 - 32°
+100 mesh ’ 0.1% 2 - 8%
-325 mesh . 50 - 55% 6 - 10%
. *There is not much difference in respsct of
the chemical specification.
4, Lower;energy consumption per unit of alumina produced

by European plants.
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TQO major developments will have an impact on’futuré téchno- '
1cgical choices. Firsf:is,thaf of the'197$-0PECVactibn'onuﬁnargy
_price§ whichvis forcing all operatéggfto réduce enargy~consumpti§ﬁ.
Secodé is the use of the so-calléaf‘dfy SGrubbingfanQirOnméﬁﬁgl‘ .
(f%uoride)fcbntrol system in all modern smelté:s_wﬁich réqﬁiféS‘thé
ho?élsandy-type alumina. A8 indicated in a recent~report,’ﬂiilé£ (1982),
‘alumina plants,current;y uainé tbﬁsa different‘cycles.milIAhive'td make
ﬁecessary adjustments to éff9ct a'comprdmise'bétween ﬁhe,objecfivas .
of reducing,energybﬁonsﬁméﬁiéniand ﬁeatingAthe spécificétionéMof
sandy=type alumina. | |

As is obvious from our d;sGussidn, apart from bauxita, tha,
major 'materials' for alumiﬁg,pracassing_arefcauetic‘soda and energy.
Fig. 3.2 gives some indicative figure of material requirements,
except‘energy. In respect ﬁf anérgy, tha.averége plant requirés_

about 16 GJ (2.4 barrels) fotr every tonne of alumina produced.

i
$

3.3  Alumindum Sma;tiggi‘The Ha1;-HéEoult Prgéess

The fifet eight decades ofithe nineteenth century had seen:
(1) the'anticipation of the discovery of aluminiumj = (2) the actual
discerry; (3) its.pruduc£16n in relafively purerstate by chemical
and eléctro-chemicalvmpans; (4)kth9 formg;ation of the lauws of
eleptrulysis; and (5) therdaveldpment and successful application of
the dynamo. (Seé Davis 1980). 3Tﬁésg were important precursors to the
deveélopment of the alectfdlytiﬁ?broc;ss for the reduction{of'aluﬁina
by the American Chafles Marfin Hall and the Frenchman Paul Toussant
Heroult in the same year (1886). - |

The inVeﬁtion'by-Hall is described by cérr (1972). 1t is said that

" his objective was to find a liquid without water to dissolve aluminium
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Fig. 3.2:. Materials recuired to produce one short ton
b . ot primary aluminium metal

Bauxite =

Cakibbe,ah ooax : : South American
{4.7-50 dry tons) or {4045 dry tons)

&
i
P

~ Alumina ~———— 720-280 b Caustic
refining ’

50:200 Ib Lime —— | L
, {Bayer processing) -

30-40 th Starch  ———— e

o e

- - plumina

T
Cryolite (Na,Alfy) ~——————> !
481 » 2 Hectrolytic < 85b anihratiie coal
Calcium-tloride (Caf) ——racr—in : smetting : L . i 3 pre-bake pland

' o
. 700:830 Ib

Petroleum coke, calcinet ———— §

{Hall-Heroult
processing)

~«——————— 55-80 |b anthracite coal
{in a Sogerbert plant)

230-300 Ib Pitch ——m

10 ton Aluminum

Primary Source: Stamper, T.w. & Kurtz, H.F. = Aluminum, MCP-14

% _ US Bureau of Mines - May 1478
Secondary - : : _ )
Source: Berk, K. et al - Aluminum: Profile of the Industry

(Published by Metals Week 1982)
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oxide. On February 10, 1886 he paésed'an electric cu:rent through

the molten alumina dissolved in cryolite but found no:alpminiuﬁuiﬁ
the crucible. He soon determined that the fault was in the clay
crucible he used and as a consequence replaééd‘it with a graphite
cnucible}: On February 23,°1886, the carbon crucible.ués installedfahd
after the direct electric currentkwaaApassed for several hours, he
found "shining buttons of aluminium®.

Except for small differences in the slectrolyte composition
and furnace design, Heroqlt's»iﬁvantion was for all intents and purposes
- gimilar to Hall's. 1In a speach‘tq the Metallurgical Congress during
the World's Fair in 1900 Heroult had this to say of his invention:

"My practical knowledge of: chamistry was at that time of a

student of twenty-thres. Of special knowledge I had so good

as none at all. Under these circumstances it is needless
" to say that after I-had taken out my first patent I sought
the counssl and encouragement of those men who were thsn

considered authorities on this subject. Pechiney who I

first approached explazned to me that ialuminium was a metal.

of restricted usefulness at most it might be used for opsra’
glasses; and whether I wanted to sellithe kilogramme for

10 or 100 francs 1 would not be able to dispose of one kilo-

gramme more. It was otheruwise in the'case of aluminium

bronze of which considerable quantities were handled
ccommerciallyseiscsecees™

Fortunately Pechiney's pessimism uas toybe,p:ovad urohg.

The firm which bore his name daeclined to purchase the Heroult patent.
(The inventor founded the Schweizerische Metallurgigche,Geaellschaft'
which»combined with the German firmrAllgemaine Elaktnizitatv(AEG)

to form the Societe Anonyms pour L'Industrie de lYAlyminium (AiAG) -
the”futura_ﬂiusuiess.)'

Abdut 1894, the Socisete Inddefrielle de l'Aluminium was formed
to produce aluminium using the. Hall patént in a plant at St. Michsel

de Maurienns in France. Pachineylwho had .continued to use the by nouw

expensive Deville process was finally convincad‘pf the effiéécy'of the

3
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electrolytlc process and hlS flrm Compagnle de Produits Chimiques

' d'Alals et de la’ Camaigue :(Alais) took over the St. Michel plant.

‘“ricﬁmpagnie~Alais'was~tovlater monopolise the industry in France and

become the great Aluminium Pechiney.

Over in North America, Hall and a group of Pittsburgh capital-

ists, notably Andrew and Richard Mellon (of banking and oil fame)

Jformed the Pittsburgtheduction Company, the future Alcoa. The procéss

invented by Hall and Heroult (like Bayer's) remains bagically the same
ong used by various smelters all over the world. A recent book on

tha‘inddstry by Berk et al (4982).dascribes'the modern smelting variants

of the Hall-Heroult process.

The separation of~a1umina'from oxygen is accomplished by high-
temperature electrﬁlysis. The electrolyte is a molten bath of
alumina and cryollte (a sodium alumlnlum fluorlde) The reductloh
cells or pots_whlch contain the bath are 3 - 4.5m (10-15 ft.) wide,
6 = 12m (20-40 ft})'long and 1 = 1.3m (3-4 ft.) deep, lined with carbon |
and electrically connected in a series of 100 to 240 cells called a

potline. High amperags lom voltage dirsect current is passed through

o the_cryollte'bath - by'means of carbon anodes suspended,in'each_pot -

tﬁfthe bottom of the pot which acts as a cathode.  The electrical

, energy debomﬁuses the.ﬁissolved'alumina. The molten aluminium goes

to the bottom of tha poﬁ, while the oxygen cbmbines‘with the carbon
anode and is raléééed as carbon dioxide. The layer of molten

aluminium mhich‘covers_the carbon lining at ths bottom of the pot

' 'becomes the cathode.

Bébausé'of the continuous consumption ‘of the carbon anode
auring‘c911 ope?ation;uavery'primary aluminium facility must have an

associated anode preparation plant. The anode raw materials are hard
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pitch and petroleum coke crushed and classified into fractions with
particle sizes ranging from 0.2 to 15 mm and blended in carsfully
controlled proportions. The mixture is preheatsd to 93 - 193%¢

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

and density. The mix is called the anode pasts.

There are two standard~industrialvgnode replacement processes: .
The Sodeberg and The Pre-baked.

In the Sodeberg method, anode péste or_briquettes of coke
and pitch are continuously fed into a 1 - 1.6m (3-5 ft.) rectangular
shell vertically suspended above the pdt. Heat from the molten bath
and heat resulting from the electrical resistance Qithin the carbon
cause the anodse to solidify into a continuous monolithic mass that
extends from the electrolyte surface to a level about 50cm (20 ing.)
above the bath. As the carbon is consumed in Fhe,cell reaction,
steel-suppdrting pins are replaced furthsr up fhe,length of the anode

to allow the descent of more carbon into the molten bath.

k]

In the pre-baked anode method the past; ié fo:med into anode
blocks in a hydraulic press and baked by a heating cycle at a maximum
temperature of 1093°¢ (2000°F) over a period of about 15 days. The
blocks vary in size from one plant to another. 0One plant, for example,
uses blobks that are 50cm (20 ins.) wide, 79 em (31 ins.) leng and
30.5cm (12 ins.) high and weigh about 181kg (400 1lbs.). The blocks
are suspended in the molten7bath‘by eteel studs or rods which conduct
the current to the carbon. They are raised or lowered separately to
'méintain proper position in the bath and are replaced individually as

they are consumed.
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- The molten bath or electrolytes may be as desp as 35cm (14 ins.)

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

- The alumina content of the bath ranges from 3% to 10%. UWhen the

cqntent drops to about 2%, the cell develops a high resistivity.

At this point additional alumina is added through the top of the cell.
Heat generated by the electrical current maintains‘the cryolite bath
in molten condition.

Every day or two.the molten aluminium is removed from the
bottom of the cell by a vacuum siphon technique;‘ Thermally-insulated
cast=-iron pots with air-tight lids and downward sloping spbuts are
used to draw out the molten metal which is then ready for casting“or
alloying. After the mlten éluminium is extracted from the carbon

pots it must be put info a form that can be usad by fabricators and

‘other end users. Alumiﬁium can be shipped in its molten form in

insulated ladles difactly to a user's plant. it can Be cast into
ingots of varying‘sizes and shapes or it can bé alloyed with cother
metals and thén cést intovshapes.

A great variety of aluminium élloys can be prepared. The -
primary metal is usually sold in a relatively iimited number of.
shapes - the most common ones being extrusion ingot (billet), un-

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

Indicative figures of the materials required for the smelting

process are indicated in Fig. 3.2. Energy requirement is highly




Fig. 3.3 ~© Lommon Shapes of Primary Products

Comman sizes or purity

Common alloys

Principal users

Unalioyed ingot .

Manufactured in a wide range of sizes. 50t 98.5% purity
? Purity ranges from 98% to 99.9%. Used '
: by wire fabricators, impact extruders,

billet manufacturers, foundries making their own
b . alloys, secondary smelters, and chemical : s

- companies. ingot with a purity of 23.99% or

higher is known as super purity ingat.

Extrusion biliet
Cylindrical and either solid or hollow. 6-in and 6063
Its outside diameter may vary from 3 to - 1an (ian.eters

33 in Standard length runs from 26 to 72 in, bt

this may vary, depending on the reguirements of

the press in which it will be extruded. Billetis .

often alloyed. Notable alloys are 1100, 3003,

4543, 6061, 6063, 6463, and som 5,000 series alloys.

Rich alloy ingot
Contains from less than'1% to as much 5010b 3A-2370
as 50% of the alloying elements deswed - - - 3B-2312

to be combined with aluminum. The high melting
point of many pure alloying elements causes them
to go into solution slowly when being combined
with aluminum. Addition of this ingat, or
“hardener,” makes it easier to add afloys to -
unalioyed aluminum. 1t aiso allows for closer
control over the amount of alloying metal used.

Sheet ingot ;
Largest of the ingot products. It is 1236m ~ 1100
available in a range of cross-sectional 12x48in 3003
dimensions, and in weights up to five : 1145
tons. Its flat shape makes it readily avadable for_rolling. '

Forging alloy ingot ,

Generally supplied in cylindrical form, . B _ 1075
11to 2 in in diameter and 1 to 4 ft long. v ' 6061
However, it is also available in square 2014

and rectangular shapes. Most smafl forgings are
made from rolled or extruded stock Large fornmgs
are often-made from cast mgots

Casting alioy ingot ( .

Avaitable in 2 variety of sizes. Some kil A356-355
uses allow for large quantities of scrap, athers do

not. Therefore, this shape comes as both pnmaty

and secondary ingot.

Hot metal

Sometimes, molten aluminum is shipped 5,000-to —_—
directly from the smelterto a . 15,000- b

customer’s plant in insulated ladles : crucibles

Shot and notch bar

Common deoxidizing products used in - - %- in shat, 93.0%
steel production. Use per ton of steed . 3-and5-1b 1o
ranges from a few ounces 10 4 Ih. notch bar 99.99%

Largest users are stainless steel and high-carbon
sheet producers.

Independent extruders hav-
ing cast houses 1o praduce
theis own billet

Independent extruders

Foundries and independent
billet producers

Independent sheet producers

Forgers with large presses

Foundries

Automobile industry

- Steel industry

Source : Berk st al (1982).
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significant and is a major determinant in respsct of smelter location.
An averagse plant may require some 15.5 MWH per tonne of alumina. In
octher words, a plant of capacity 200,000 tonnes mould require some

300 MW of energy to provide the necessary power.

3.4 Semi-fabrication

VAccordiﬁg to the book Berk st al (1982) "fabrication" (which
we pfefer to term "semi—fabriﬁation") can be divided into fiQe basic
operations: (j)  casting; (2) rolling; (3) forging; (4) drawing;
and (5) extruding. Each will be briefly described:

3.4.1 Casting

.This is>£he only sémi-fabricating process that requifes the
;aiuminiuh.to.bé in a liquid state. Because of this, casters sometimes
" buy molten aluminium rather than ingot, which they would have to
re-smelt. In’the casting process the liquid aluﬂinium is forced or
poured,ihto a meld. Thé metal is allerd to har&en and is then
heat-tfeaﬁed and éged. The fabricated product résulting from the
process is a casting. |
3.4.2 Rolling

“ The 1ar§eét ingots used in the industry are made for rolling
into plate sheét:énd foil. This rolling ingot (or sheet ingot) is
rectangular (Fig. 3.3). It is scalped to create a smooth surface,
.then heated énd_rﬁh through a hot rolling mill. By bringing the rolls
élpser fdgether and moving the ingot between them, the thickness is
reduced and the Iength is incresased. The resulting pléte need not be
furthér rolled after the hot mill. If sheet is.desired further -
redﬁctions can bevpbtained by passing the plates through cold-rolling
mills. "The Sheét.may be annealed prior teo the final cold rolling.

After cold-rolling, heat-treatable sheet and plate are heated and
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quenched. Stretchlng plate and aging bath sheat and plate are the
final steps. To become foll the sheet must go from cold rolllng to

further reducing mills annaaling sur?ace.anq than evan‘more reduc;ng.l

- 3.4.3 Fforging

This is done by two processas“*whammering or on a forging press.

In the hammer process, forglng stock zs heated to a hnt-worklng

'temperature and then placed on a block which holds a dle contalnlng

half the product to be forged. i) seconﬂ die which is in the hammer

end strikes the stationary block. The processvis rapeated until the

metal conforms to the shape of the §m0vdies. In the forging-press

ﬂprbcess, the metal which has been«Heatad to proper temperaturefis
- squeezed 1nto the shape of the die under continuous presSure from. a
Tmechanlcal or hydraulic press. ' After the forging comes out of the die,

it is heat-trsated and aged (Fig. 3.3).

 3,4.4 Drawing

This process is used for making rod, bar, wire and drawn ‘tube.

In making rad and bar, ingot moves thrnugh a blooming mill ‘and is then

scalped to give it a smooth surface. The ingat is reheated and‘:educed

5 - in size by rolling. From thektolling mill the metal moves to‘the*draw‘ff

bench which contains a se:ies,of‘dies. Each die is the same shape but

each is smaller in diameter then the previous one. The metal is drauwn

down to proper rod or bar size at the draw bench. The material is then

4 :ﬁeat-treated,‘straightenad-and agadg wire-fallams a similar prupeés

but fzrst is rolled to a much smaller dlamatar. After rolling, the

metal is colled and annealad before beang drawn into ‘wire in a wirg-
" drawing machins. whan the wire- has been drawn 1t may be strandad 1nto
4 :electrlcal conductor. Draun tube ia Lnltlally extruded and then

. annealed before geing to the draw bench. After belng drawn to tha
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proper tolerancs, it is heat-treated, stretched ahd’aged.>

3.4.5 Extruding

| This proceSg_paﬁ be ﬁssd for making shapes, tubing, rod and
,bar»(Fig.IS.S). In this process extrusion billet (a round form of
_biilet) is heatad and-placed in an extrusion press. In the>press
‘the heated billet>;s fbrdediunder great pressure through a die and
‘fgé@es out in,approx%ﬁafely thé same shape as the die opening. Héaﬁ
tfaating, stratching,:contqﬁr rnllihg and aging fpliow the extrusion

stsps.
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CHAPTER IV

JAMAICA'S BAUXITE/ALUMINA INDUSTRY: PRGDUCTIDN TECHNIQUESS
EMPLOYMENT AND INCOME GENERATION; SCALE AND PRODUCTION COSTS

4.1 Introduction
In this Chaptaf weucoﬁsidér‘the techniques used in Jamaica!s

bauxite mining and pfocassing operations.. Nekt we discuss the |
question of scale in the wofld aluminium industry then we examine
the impact of the Jamaicaﬁ 1pdustry on employmentband income gehera;-
tion and finally an analysis of-sgaie pf,uperétiﬁns and produétion
costs is presented. | |

| We consider the tecﬁniqussfnsed in the Jaﬁaican iﬁdustry

under two headings: (a) bauxite and (b) alumina.

4.2 Bauxite

Jamaican bauxiﬁes are éasociatéd with the Tertiary White
Limestona_Foimation which pccubieslabout 55% of #he island's land
surface. The fact of this association has led séme'wurkeps:to conclude
that‘the bauxites are‘derived.from’tha trace quaﬁtities'of impurities
iﬁ the limestone. Other workers, including a former distinguishéd
head of thé‘Jamaiban Geological'Surveys Department, V. A..Zans, have
doubted that such large volumes of material could have come from
residues in the limestone, and have suggested instead that the source

materials derived from older cretaceous and pre-cretacsous rocks .which

. were transported into the limestone via cavern systems and karst

streams, and then weathered on the limestone.
Source hatérialsvapart; it is gensrally agreed that the
environment of fbrmation f#voured bauxitization. Firstly, the

temperétu:as werg ‘above 20°%¢. Sécondly, the rainfall was seasonal,
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and thirdly, the limestene is porous, enab;ing good drainage.
Following the discovery of hugs quantities of'baﬁxite depositsﬁin_the
1940's, commercial bauxite production was started in 1952,whén’the
first load was shipped by Reynolds Jamaica Mines. ,

The bauxits deposits vary in area and depth (the.latter varises
from 5 metras.to 50 metreé) and have relatively littla oT No over-
burden. Physically'tha ore is soft to moderately hard, ea:thy.in
appearance, highly perma?ble and porus.- while\their properties would
~seem to indicate an easily mineable matérial, with increasing depth
the ore becomes highly consolidated and requires digging forces in
excess of 35kg/Cm2 (500 1bs/iﬁsz) of bucket width. Roberts (1980) points
out that s consequenﬁe'of this consolidation is an in situ density
vériation between 1453 and 1696 kg/pu; metre (2430-2835 lbs/c.yd). The
form of the deposits varies from a blanket—typé formation to alongated
_glades, saucer—shaped deposzts to infilled depr9331ons in limestone.

The report also p01nts out that the selectlon of the type of
excavator equipment is largely determined by tha nature of the cccur-
‘rence of the bauxite - shape, areal extent and depth. Long harrow}
deposits di;tate tha use of dragline; wider‘deﬁosits ars éﬁehable to
power (face) shovel mining largely as a consequence of the manceuvr-
ability of the haul units within the pits during the mining of lower
benches. However, the clean—up work has to be effectively done by
dragiineé.‘ The above sxcavator application criteria were largely what
@peréted in‘the industry during the initial minihg yesars. The main
excavator equipment comprisad powser (face) shovels and draglines.

An hydraulic loader as a mining tool was introduced in the

second half of the 1960s. Initially, the unit - a Cate;p;llar 088
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rubber—tyred loader equipped with a Sﬁ—cﬁbic yard bgckat - waé'piilized‘
mainly for blending purposes. An earlier,uhit, the Catarpillat 850 |
equippad with a 2% cubic yérd mulfi-purpoée bucket, had proven the
_capability of the front-end loader iﬁ similar operating conditions..

It was recognised at this stage that the loader would not have
the ability to work in gitu (bank) material. Consadusntly, there was
a pairing of the excavator uith‘a bulldozer of sufficient capsacity
to match the cabacity of the eXcavatnr.

The nature of the bauxite lends itself to being effectively
‘ripped utilizing a bulldozer equipped with é muiﬁiyshénkad ripper.
The combination is one of the bulldozer ripping and pushing up bauxite
~to the front-end loader and-the loader reclaiming the material of f
highway-type trucks. ' The standard front-end loader lacked the reach
of hsul trucks 28-35 ton capacity to which thay would have beén
assigned without risking damag; to the lip of the body by the bucket k
of the loader duriné truck-loading manoeuvres. - Loading was signifi-
cantly improved byvincorporating 2-ft long extension arms. -
| During the 1960s, blending of lower gradeiorﬁbuas emphasized.
The conventional face (cable) shovels and draglines had increased in \ ‘
size; selectivity in mining the ore face was td some extent restricted
by the relative "immobility" of the machines when compared to the |
wheeled loader. During the 19708 the hydraulic excayafor (hydraulic
back=hoe) was introduced.

A summary of equipment used during the decades described by

Roberts (1980) is indicated (Table 4.1).
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‘TABLE 4.1 "Equipmenﬁ Changes in Jamaican Mining Industry

1950s - 1970s

Excavatorm ' Decade
' 1950s
| Face Shovels
-Draglines
" 1960s
Face Shovels
Draglines
- Front-end Loaders - ‘
1970s

Face Shovels
Draglines .
Front-end Loaders
Hydraulic Back Hoses:

CaEacitx

2% - 4 cubic yard

1% - 4 " "
2.%. - 5 " n
< 5.%. n "

5% " 1"
2% - 6 " "
7 - 8 1" "

5.%. ] "
6 ~-12 n

A summaTy of major excavatihg and héulage equipment was given

in the EMJ ReEbrt,(1977). They wers as follows:

i

TABLE 4.2: Major Excavating and Haulags Equipment
-~ in Jamaica Mining Operations

COMPANY "MAJOR EXCAVATING

i MAJOR HAULAGE
_EQUIPMENT ‘ EQUIPMENT
Kaiser 4 P&H 14D0 DE Shovels 8 KW Dart Trucks (42-ton)
3 BLH 2400 B Draglines 16 Euclid R 50 Trucks (50-ton)
Reynolds 2 P&H Shovels 21 Cat. 769 B Trucks (40-ton)
3 Marion 111 M Shovels 1 Overland Conveyor
2 Marion 111 M Draglines (1,000 tph)
1‘C§t. 992 B Loader
Alpart 2 P&H Shovels (6-yd) 18 Euclid R 50 Trucks (50~-ton)
2 Koehring Back~hoes (6-yd)
1 Manitowac Dragline (6-yd)
Alcoa Bucyrus Erie 88 B Shovsl

P&H 955 A Shovels
Bucyrus Erie Dragline
o _ (4-5 yd)

2 Cat. 988 Loaders

- N e

Source: EMJ Report (1977)

7 Wabco Haulpak Trucks (50-ton)

-7 Oshkosh Trucks (32-ton)
2 Mack Trucks (50-ton)

Figs. 4.1 & 4.2 show diagramatically the minihg and overland

transport system for one of the major Jamaican mines - that of Reynolds.
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Fig. 4.1; Flowsheet ot Mining ‘Operations -
Revnolds Jamaica Mines ‘
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4.3 Alumina

The Jamaican industry was devsloped by North American producers.
Consequently, they sought to apply tha American variant of the Bayer
technology. . As rsported by the then Dlrector of . the Geolagical Survey
Department, V.A.tZans, the tast in Alcoa's. East St. Louis alumina
plant of the trial-shipmant of 2,500 tons»of Jamaican'bauxité‘proved
~unsuccessful. Problems arose because of the~mqnohydrate»(bdahmite)
and the colloidal iron hinaraléLba characteristic of Qamaica; bauxite.
The two basic problem areaé éreatad by thess characteristics are in
the areas of digestion.and clarification (see Fig. 3.4 for identifica;
tion of these areas in the Bayer process).

In respect of digestion, the American Bayervprécass; as we
described earlier, uses low temperatures and preséuré which &re wholly
adéquate for the essantially*trihydrate bauxite then used in the USA
(from the USA itself and from the Guianas). ﬁowever; with the relative-
1y small (compared to European bauxite) boahmlte contants in Caribbean
ores, two problems aroses . - |

1) Extfaction was‘ineffiﬁient as only the gibbeite (trihydrate)
component was solubilizsd.»- | |
2) The‘boahmita (monohydrate) when‘praéant in concentrations above
2% -acts aé a 'seed' and pracipitates‘butﬂaoma extracfed
: gibbsite~by a phénomenan known as "reversion"; thereby_reduding
even further thé'axtraetion afficienby. | |

One-approach initiated by Alcoa was. a dual digestion system:.
(a) digestion at 143°C using a'"ietentiqn" time of approximately
30 minutes to achieve gibbsite extraction (and desiii;ation); and
(b) follow this low-temperaturé digestion step with a short high

temperatures digestion at ca. 23000 to extract boshmite. See Perry (1969).
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Other methods include one digestion temperature of 230-260°C

i_to;extract_both‘Qibbsite and boehmite and a so-called 'sweetening'

proce53>mhere trihydrata ore is added to the process following
digestion. The former is currently being used by Alumina Partners of
jamaica (Alpart) and-ihe.latter system by both Kaiser and Reynolds at
their US plants using Boks and Brazil baukites, respectively,'td
'sweeten! Jamaican ore. .

The second majbf.p:ablem area to which technology had to be

adapted, to.process Jamaican bauxite is that of clarification. Thé

extreme fineness of Jamaican bauxite compared toc those in’the;USA,

.the Guianas’and Europe, was-one‘af the features which made it necsssary

to modify the then known technology to enable pfoper clarification.

"R report by Reynolds clearly identified the problems .

".ee.. The red mud was found to be in the form of a fine
slime which settled very slowly or not at all. Considerable
experimentation had to be undertaken with various additives
such as starch to determine what shoulid be done to accelerate
the -settling rate of the mud. The red mud was also found to
be carrying away with it valuable pro@essing chemicals which
could be recovered by washing the mud. To make this chemical
rscovery process sconomical methods had to be developed for
compacting the mud. Special mud-raking equipment had to be
developed for the settling tanks. ...... Ths overflow liquor
from the mud-settling operation had to be filtered to remove
any red mud particles. They were so fine however that they

clogged the filter cloth very quickly. ...." See Davis (1981).
- Since those eérly days, a lot has been done to effedt clarifi-

. cation in Jamaican bauxite. Techniques introduced included: (a) the

number of uashing stages;  (b) control of the concentrations of the
iron mineral;gdethitaAvis-a-vis the better settling haematite;
(c) ths use of natural (starches) and/or synthetic flocculant. The.

Vsettliﬁg of.Jamaican "red mud" still remains in our view the most

.challenging of thevproblams faced in processing bauxite into alumina.
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4.4 Mud Disposal ~
The-chararteristics of Jamaican bauxites (fineness of muds
‘and vblumé df.mud vis-é—vié'thefaméuht of bauxite procéssed)‘andvthe
environment‘surraunding,tha»alumina‘plants greétly influence the
systems used in mud dlsposal. o N h ;f;
Currently there are thrae general typese rn use or about to be
used: (1) the disposal of the mud in unsealed limestone basins near
tﬁe'alumina plants; (2) disposal in artlflcially-sealed 1mpoundments,

and (3) dry stacking. Each of these is dlscussad brlafly.

4.4, Disposal 1n‘unsaaled L;mastone‘Ba81na :
This method is ussed by three of tha four alumina plants
operatlng in Jamalca, viz: Alcan (two plants), and Alpart. This
nathodolugy involves the pump;ng*of the effluant to the naturally- Lo
occurring baezns. Whlle this technique ‘is rslatlvaly znexpensive, {

there are ssveral disadvantages 1ncluding the!contamination (which has
., )
in fact occurred) of the graundmater due to seepaga of the- llquld

phase through the substrate rocks.

4.4.2 Dispogal in Aptificial Ponds

This is:the systam used in Jamaica by Alcﬁa, whoss plant is
1ocated_on the plains and‘wherecsignificant acreage‘is available
nearby. Ganerally this mathod is expensive as in the caée of Alcoa
srme 40 hectares ﬁave to be impqundéd evéry five years. Tﬁé;h
disadvantage of the methud as practiaad in. Jamaica is that
for a country with 11m1t9d arable land area 8o much . land is permanently

sterlllzad. For example, the area used by Alcoa hitherto was used for

cans growing.
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’4.4.3’ Dry Mud Stacking

As 1ndlcated by Douglas (1983) dry mud stackzng is a misnomer
31nae the mud 1s not dry when it is deposited or stacked. Be
that as 1t\ may, an- interesting development wh;ch has ‘

occurred in Jamaica is that of Alcan's Dry Mud‘stacking Technology.

Chandler (1982) describes the method as follows:

1.  Dewatering the slurry to a point where it is thick enougﬁ
to set up an angle of repose of betwseen 2.5 - 6% in thse
disposal area. This is done by deep thickeners (decanters).

2. The shallow conical pile set up has several advantages
over the shallow concave shape resulting from the pumping
of unthickened slurry to points around the circumferencs

of a traditional ”talling pond". which advantages are said
to be:

1. The‘heightband cost of dykes surrounding a givan weight
"~ . of disposed mud less. :

2. The slope of the surface of the cone allous rainfall
to run off sasily and it collects at the lowest point

of the circumference from where it can be easily
pumped away. ?

3. When'the disposal arsa is full{or its use is dis-
continued for any other reason' it can be covered with
;top301l and returned to use as agrlcultural land.
The tschnology whlch Alcan is in the process of lmplemantlng
is being matched with great interest as it represents an attempt to

adopt technology.to suit the characteristics of Jamaican muds and

rather restricted environment for disposal of such muds.

4.5 Scale in the Aluﬁinium Industry

The mihimum>économic plant sizes are dependent on a number of
fa;tors includings ‘(a) location; (b) infra-structure; (a) transport;
(d) capital costs; (e) energy costs; (f) the cost and quality of
raw material inputs;‘ahd (g) the extent to which the plant is domsstic

er export oriented.
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AR combination of the first three:factors'fpr sxample, ofteﬁ
implies a minimum lével'ﬁf investment in basic phyéical infrastructure.
fhere are therefore scale_economies'to,be reaped frum‘expénsion of the
proceésing or smelting plant, since there may be no further need for
investment in infrastructurs. Suéh considerations have combined mith
others to lead to the present étata~where the first three sﬁages of
aluminium manufacturihg; bauxite mining, alumina pfocassing and
aluminium smelting are moviné to largerfsized operatiuﬁs. We discuss

each of these briefly.

4.5.1 Bauxite Mines

In respect of bauxite mining, the folldwing data for some mines

in four of the principal producing areas, viz: Australia, Guinea,

Jamaica and Brazil, are indicatives
’ : i

TABLE 4.3: Sizes of Some Major'éauxite Mines .

Country ~ Name of Mine ‘ Size (Per Annum)

Australia Weipa ' ¢a.. 10 million tonnes

. . Gove’ : o 5 " ]

Guinea Boke nog’ L |

Brazil Trombetas , " 3.5 nu " (currently)

Jamaica Kaiser=~Jamaica v |
Bauxite Company " 4,0 "o "
Jamaica-Reynolds .
Bauxite Partners " 2.8 " n

There are smaller economic mines of.course. For example, the Alcoa
mine in Clarsndon,: Jamaica, has a current capacity of about 1.5 million
tonnes per annum. But this small size'is compensated by the close

proximity to the alumina plant which processes the bauxite.
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4.5.2 Alumina Plants
In a recent.ﬁapar Perry and Russell (1982) drew attention to

the fact of thé_changing of alumina plant capacity vs. time. Fig. 4.3
shows a plot‘of_thiéyrelétionship by the éuthors; ‘Some specific |
exampies_illustrateiihis trend: |

The tuwo firsﬁ alumina plants in Jamaica were built by Alcan
(in 1952 and 1959, respectively). Both were designed"for-maximumf
~ capacity of 550,000 tonnes per annum each. Both plants have éinca
reached this capacity ahé they have a combined:ﬁork forﬁe of approxi-
matelyb2,400.

The next generation of alumina»plants in Jamaica (mid to late
1960s) uéie as follouws:

(a) Alcoa:'initial capacity 550,000 tonnes per annum and capable
- of being expanded to 1,650,000 tonnes per annum; permanent

workforce was approximately 950.

| (b) Alpart: initial capacity of 700,000 toqnes;per-ahnum; later
expandéd to 1,100,000 tonnes per annumfand capable of being
further expanded td‘ca. 1,800,000 tonnés ber annumy initial
permanerit workforce . of 1,900 but subssquently reduced to
about 1,650.

(c) Revere: initial capacity of 200,000 tonnes per annum éaﬁable
of being expanded to 800,000 tonnes per annum; permanent

uorkforce of apprdximately 600.
(It should bé noted that one redson why the Revere operations
collapsed was its small initial capacity of¢200,000 tonnes.)
The developments in the Australian alumina'indﬁstry iliustrate
even more emphatically the trend to bigger alumina plants. In 1960
fhe only alumina réfinery in'Australia was at Bell Bay, Tasmania,
with production of 30,000 tonnes annually. This capacity was later

doubled but the refinery was closed down in 1973. In 1963 Alcoa of

Australia began alumina production at Kwinana, Western Australia,
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Fig. 4.3: Alumina Pliant Capacity vs,. Time

1928 835 - 1985 1965 1975

Perry & Russell (1982)

Source: The Journal of the Geological Societv of
Jamaica Proceedings of Bauxite Symposium V
~June 1982
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with an initial rated capacity of 210,000 tonnes per annum which
was.expanQed‘in stages to a design capacity of 1.4 million tonnes per
annum by the end of 1970. .

The next plant built - the Queensland.Alumina Ltd. (QAL)
refinety in Glédsﬁone, Quéénsiand, had an initial capacity of 609 000
tonnes per annum (1967) and was expanded in stages to a d931gn
capacity of'2.0_mllllon tonnes per annum by 1973 and has actually
operated at a rate of 2.4 million tonnes-ﬁar annum and is nou-ﬁeing
expanded by an additiongl 300,000 tonnes per aﬁnum. A refinery was
constructed at Gove, Northern Territory, by Alusuisse and Australian
interests in 1972. The design capacity was initially 500,000 tonnes
per annum but was exﬁanded over time to a current 1.2 million tonnes
per annum.

,Alcoa of Australia commissioned its second refinery in 1972
at Pinjarra, Uestern Austr&lia, with an initial production Capacity
of about 4CD,OUU tonnes'per annum. Rapid exp;nsion and improvement of
existing equipment and technology have led toga current‘design capacity
of ca. 2.5 hillion tonnes psr annum. Alcoa o? Austra;ia constructed
é third alumina plant at Wagerup, Western Australia, with an initial
capacity of 500,000 tonnes per annum capable of being increased to
2 million tonnes per énﬁum. Another alumina refinery was constructed

in western Australia by a consortium led by Reynolds Metals Company.
The initial d931gn capacity of this plant is 1 million tonnes per annum
but it is capable of being expanded to 2 million tonnes psr annum.

Other new alumina plénts iliustrating this.trend to larger
capacity plants (initial or ultimaté) are:

Aughinish, Ireland o cee 800,000 mtpa
Endasa, Spain eee LIRS BDU, DOD "

Interalumina, Venezuela N 1,000,000 ¢
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4.5.3 Aluminium Smelters

. The size‘and scale of?§1Uminium smelters haQe aiso seen
dramatic up&ard movements. Wheréas most of the garly plants in
Europe (some of which are still in operation) had capadities of under
50,000 tonnes per annum, capacities currently planned (whether by
expansion of existing capacity or the building of new ones) for a
minimum size of 150,000 tonnes per annum and in some cases close to
300,000 tonnes per annum. Some examples of this trend toward larger-
sized plants, which became apparent from the late 1960's, are as

fbllows:

TABLE 4.4: Sizes of Selected Smeltsrs

Alcoa Evansville, Indiana 263,000 mta

Massena, Nsw York 205,000 ¢
Tennessee 200,000 "
Rockdale, Texas 310,000
Wenatches, Washington 200,000 "
Alcan Afvida, uebec | 432,000 "
Kitimat, B.C. . 268,000 "
Grand Bais, Quebec 171,000
Kaiser Chalmette, Louisiana 236,000 "
Mead, Washington 200,000 ».
Reynolds Listerhill, Alabama 183,000 v
Longview, Washington 190,000 v

Baie Comeau, Quebsc ’ﬁSQ,UUU " (to be expanded
3 to 272,000 mta)




TABLE 4.4 (Contd.)
National Southwire

Ncranda

. Alumax

Eastalco
~Intalco
Martin Marietta

Anaconda

Venalum
Aluminium Bahrain,(ALBA)*v
Indonesia Alum. Company
Aluminia Expanol

ASV

Norsk Hydro

Pechiney

Pechiney

Gladstone

Alcoa Australia

" =56m

Hawesville, Kentucky

New Madrid,

Mass.

Mt. Holly, S.C.

-

Frederick, Md.

"

The Calles,

"

Ors.

Sebreé, Kentucky

Columbia Falls (Mont.)

~Venezuela

Bahrain
Indonesia
Spaihi
Norway
Norway
Holland_
Quebsc
Queensland

Pt. Henry,

Victoria

163,000 mta

204,000
179,000
160,000
254,000
167,000

163,000
163,000

280,000

171,000

"

L

"

150,000-225,000 mta

180,000 mta

183,000

170,000

170,000
225,000
206,000

165,000

"

"

(Planned)




-57-

4.6 Employment and Income Generation

4.6.1 Level of Employment in Industry (1976-1982)

Table 4.5 provides data on employment levels in tﬂﬁ companies
involved solely im mining and axborting“ofvbauxite for the period
1977-1982, It will be seesn that the-empioymant level for 1982,'13

less than half of the average for the 1976-'81 period, reflecting

the sharp downturn in prnducfibnnﬁhich began in 1981, resulting from
" the recession in the U.S. economy, the major ﬁa#ﬁet for bauxite .

exports. If it is assumed %hatﬁﬁﬁis dounturn is an anomalous

situafion,'a more normal picture employment level -is derived from

considering the 1976-1981 pericd. During this period, average

employment in this sub-sector was:1;400.

TABLE 4.5: Employment in Bauxite Mining (1976-1982)

!

YEAR | SUB-SECTORS |  NATIONALITY | ToTAL
| Mining & Port.  Other! | 32 . W/3°
Drying . '
1976 737 101 535 | 1367 6 © 1373
1977 | 699 94 . 547 1334 6 1340
1978 576 84 738 1390 6 | 41398
1979 697 63, 698 1452 6 | 1458
1980 687 60 684 1424 7 1431
1981 614 54 | 731 1391 8 | 1399
1982 161 15 488 | 654 10 | 664
1

Other includes manageméntfstaff, Transportation,
construction, etc. 5 .

23;- Jamaican

3N/3 - Non-Jamaican

Source: Jamaica Bauxite Institute
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_The data for ths corresponding period for those companies
involved in alumina production are presented in Téble 4.6 The'

table shows that for the seven year period, average employment by the

'integratad mihing and refinery facilities was 4,940, ranging from a

high of 5,378 in 1980 to a low of 4,306 in 1982. The fact that the
1982 figure is the lowest is not surprising in light of the recession

in the worldAindustry. Howsver, what is of'significance is the

Adlfference in the lsvel of decline between the sub-sector 1nvolved

solely in exportlng bauxlte ore and that mhlch also carrles out
refinery in Jamaica. The difference is related to the more diversi-
fied .naturs of alumina exports as was discussed in Section 2.4.2.

TABLE 4.6: Empioyment in Integrated Mining and
- Refining Facilities (1976-1982

YEAR |  .h, SUB-SECTORS NATIONALITY
Miningf&f»Alumiha’ Port Other - Agri-| .3 N/J Total
~ Drying Plants » o culture |
1976 | 628 3522 - 336 109 297 | 4818 74 | 4892
1977 | s8s 3602 286 97 206 | 4713 63 | 4776
1978 | 608 . 3654 = 300 72 228 | 4800 62 | 4862
1979 | 648 3745 285 85 281 | 4985 59 | 5044
1980 | - 636 4131 275 76 260 | 5309 67 | 5378
1981 608 3705 291 439 285 | 5260 68 | 5328
1982 | 493 3107 234 380 o2 | 4269 37 | 4306

Source: The Jaméica Bauxite Institute

In both sub—secfcrs of the Jamaican industry,.theglevel of

employment of non Jamaicans is extremely low, never exceeding a

4'£otal Bﬂlin any yearl.’
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In terms of contribution to national employment, total
.employment in the bauxite/alumina sector lS relativaly unimportant; : ',“%A
Table 4.7 provides data on the comparison between national employ-‘
ment and amployment on the one hand and employment in bauxite/
alumina over the period 1976-1982

The table shouws that the bauxite/alumina sector has accounted
- for less than 1% of~tota1 amploymano for any of the years under
reoiem. whenJCompareoifo-the lagel of unomplogment, total ampioymant
in the bauxite/alumina éeofor :Bpréﬁénted;‘at?most,‘3;2% of the pool.
in thergeven-year period; The oota imply that even a major_axponsion
in the size of the oresent induaff?,:or alternatively a more inten-
sive use of labour (say a doubling of the presant workforce) would

have very little direct input on the level of employment.

4.6.2 Contribution of Bauxite/Alumina to National Income

The data presented in Section 4.6.1, demonstrates clearly the E
relative insignificance of ths baukite/alumino industry when compared to
the<Jamaican'employmant picture. We rnow consider the sector's role in

~ the national sconomy.. Table 4.8 presents data on its contribution to GDP.

"TABLE 4.8 Jamaica:‘;Peroénta e Contribution
of Major Sectors to GDP (1977-1981)

-

Sectois YeRE . qe77 qg78 . 1979 1980 1981
Agriculture - © 8.6 9.4 8.5  B.5 9.6 -
Bauxite/Alumina 1.0 7.2 7.2 8.6 8.6 |
Manufacture | 17.6 . 16.8  16.1  15.1  14.8 | :
Construction 6.7 7.0 7.0 5.3 5.3
Distribution 16.6  15.8  15.3  15.1 15.5 g
Real Estate . 10.9 - 19.6  11.0  11.6 . 11.8
Producers of Govt. Services . -16.5 17.4 - 18.6 19.8 . 18.7
Others _16.1 _ 16.8 __ 16.3 _ 16.0 . 15.5 | ;
TOTAL | ~ 100.0 100.0 100.0 100.0  100.0 ﬂ

Source; Department of Statistics
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The table shows that over the five-year pefiod; bauxite/

alumina competes closely with agriculture'in terms of contribution

" to GDP, both being second only to manufacture, in the productiya

sector. This contribution is at about the 7.0% level for the

1977-1979 period climbing to 8.6% and over in 1980 and 1981. An

important point which must be borne in mind; is that while agriculture

and bauxite/alumina are roughly equal in terms of GDP contribution,

the former provides jobs for approximately eighty (80) times the

number employed in the latter.

The real importance of the sector's contribution to the

economy is its earning of foreign exchange. The foreign exchange

inflows from the sector are derived from three primary services;

wages and salaries for employees; other local costs of operations

and payments for royalties‘and the production levy. 1In recent years,

with an increased raole played by the State in marketing bauxite and

alumina, there is a new saurce 6f,foreign excha?ga, which is profits

earned on such sales. However, the inflows to aéte_are small

compared to other thrse sources and are excluded from Table 4.9.

TABLE 4.9:

Contribution of Bauxite/Alumina to

Foreign Exchange Inflows 1981-1982

Bauxite/Alumina Inflous , ~Total \Bauxits/

National Alumina

Wages & Other | Local Levy ; Total Foreign | As %age

Year Salaries Costs & Royalties Exchange | of Total

‘ - Earnings
1978 54.5 74.2 195.2 323.9 533.2 60.7
1979 49,9 29.0 194.2 273.1 ' 628.5 43.5
1980 60.8 75.7 105.7 342.2 692.7 49.4
1981 66.6 58.3 195.1 320.0 610.1 52.5
1982 76.2 71.3 137.0 2B84.5 610.3 46.6
Source: Jamaica Bauxite Institute and Bank of Jamaica
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~The table shows that in the five year period 1978~-'82,
bauxite/alumina accounted for over a half of total foreign exchange

earnihgs for Jamaica, with 1978 being a high (60%). There are two

© additional pointé,-uhich'can be made about the figures presented in .

Table 4.9. The fi#st raiates to the foreign exchange inflows for
Qages, salaries and othe# locéi costs in 1979, which show dec:éases
compared with 1978. These‘depﬁeases reflect the impact ofvthe series
of devaiuatiqns of the JéﬁaiCan cdrrancy, put into effect as part of
the Extended Fund Faculty'AQreeménﬁ betweeﬁ the Governmenﬁ of Jamaica
and the Internatipnal Monetary Fund. Then devaluations reduced the
inflows needed by thé,multinétional companies to £ake care of the

local costs which are dencted in Jamaican currency.

The second point is that the industry's share of total

'foréign exchange earnings, is undersstimated in Table 4.9. This

underestimation deriﬁes from‘the fact that, while the inflouws for
other sectors_(e.g. tourism) are g:dss figures, &ith no account
taken of the qdrraqundibgiouﬁflows needed for their (thé sectors')
operations, thé figurSS'presented'for bauxite/alumina are net of the
costs of imported inputs. Ideally, the basis of comp;rison.betueen
sectors,-shouldvbé*theﬁnet earqihgs, but it is not possible to carry
out this exercise;since data on the cost of imported inputs are not

available for most sectors.
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4.7 Scale in Bauxiﬁe Mining and Refining

4.7.1 Investment Costs and Size

At the present time, there are fou: (4) élumina plants
operating in Jamaica. _Theée'plants'oﬁerate as integratgd bauxite
mining and alumina processing facilities. A fifth facility,
Revere Jamaica Alumina Ltd., operated up to September, 1975 when
production was suspandéd.due to economic difficulties. There are
two bauxite mining plants which produce bauxitefwhich is exported
in its primary form. Table 4.10 below sets out the production
capacity and investments casts of the~intagrated bau*ite and
alumina facilities‘uhila Table 4;11 sets out similar data for the '

bauxite mining facilities.

TABLE 4.10: Production Capacity and Investment Costs of
-Integrated Bauxite and Alumina Facilities in Jamaica

Name Date Capacity ' Investment Investment
Established (Metric tons) Cost per Cost
e o tonne (U.S.)
Alpart : 1969 1,180,000 . $300 3350m2
1972-3 '
Alcan 1. Kirkvine 1952 550,000 $150) $165m
2. Ewarton . 1959 550,000 )
Alcoa 1972 550,000 $296.4 $163m
Revere 1970 ' 200,000 $415 $ 83m
1

Costs quoted in current dollars.

2This figure is total of original investment and
1972/3 expansion.

Source: Jamaica Bauxite Institute -
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TABLE 4.11: Production Capacity and Investment Costs of
Bauxite Mining Facilities in Jamaica

.Date Capacity Investment

Name Established (metric tons) Costs (U.S.)
Kaiser Bauxite Co. - 1953 4,100,000 $68m
Reynolds Jamaica Mines 1952 3,500,000 $55m

Teosts quoted in current dollars.

. Source: Jamaica Bauxite Institute

The fact that investment costs for the bauxite énd alumina
facilifies are only available in current dollarsrplaces an important
restriction on the.comparisioné that can be drawn betwsen size and
investment costs. Nonethelesé, fhe differences petween Alcoa and
Revers in~terms of si;e'and investmeht costs (taking into account
the time diffefende) iliustraﬁe_ths economises ofsscale that can bé
derived in terms of investment costs since Alcoa's capacity is 2.75
times that of‘Revere whereas its investment coéts were just less than
2 times. I£ is_possible’that differences in the infrastructure costs
may partly account for this situation but the evidence available
indicates that size was the ihportént factor.

Comparison of the data for Albart and Alcoa would seem to
suggest that per tonne'investment costs were higher for the larger
size plant i.e. thers were diseconomies of scale in the_establish-
mént nf’ALPART. Howévar, it is generally agreed thaf the infrastruc-
ture costs associated>Qith the Alpart plant.uere_unusually high due
to land’costs,'exténsive railway facilities and other factors to do

with the location of the plant.




In the case of the bauxlte mlnlng fac;lltlas, the data '

_avallable indicats a- s;gnlflcant diffarenca in- tha 1nvestmant cnsta

of the two facilities. The‘dlffarence 15 due malnly to the difference-

in the sizeé of inifiél landholdings. .

| Overall, analysis of thé data available for the Jamaican.
1ndustry, suggests that sconomies. of scale can be derived from larga

gize facilities. However, othar factors such as 1nfrastructura costs
and constructlon efflclency are’also.vary 1mportant. In today's
world of hlgh‘mntarsst rates, the acunam;es of scale‘can be wiped

out by time over-runs in thalimblamantation of projects..

4.7.2 Employment and Size

This se&£ion examinas’piodﬁction.and employment daﬁa for’theb
integrgtad bauxite and alumiﬁa fadili;ias‘és ua%1~as’th§:bauxita‘
mining facilitiSSa Tables 4. 12 and 4 13 below set out the data for
“1980 which was a fairly normal ysar as compared’to tha racessionary

periods of the mid 1970's and of 1981=-'83.

TABLE 4.12: Production and Employment Figures for
, Integrated faegilities (1980) )

Productibn of Alumina No. of Perseons Production

Name | (metric tons) Employed = (metric tons)
' e : : L per employee

Rlpart 947,791 ' 1634 - 588.0

ARlcan 1. Kirkvine) 1,025,947 2247 45B. &
2. Ewarton ) |

Alcoa 482,132 o 886 544.0

Revere (1974) 162,231 A 642 . 252.7

Source: - Jameica Bauxite Institute
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.TABLE 4.13: Production and Employment for’
. o Bauxite Mining Facilities (1980)

Name Prod. of Bauxite No. of Persons Production

- ~(metric tons) Employed ‘per employee
Kaiser Bauxite Company 3,636,350 486 7,482.2
Reynolds Jamaica Minee 2,498,172 201  12,428.7

' Source: Jamaica Bauxite Institute

The data clearly damonstrate a greater production per unit
of labour in the case of ALPART (capac1ty of 1,180, 000 tonnes) as
agalnst ALCOA (capaolty of 550,000 tonnes) and ALCAN (2 plants

capacity of ‘550,000 tonnses eaoh). The dlfference in the labOur

: outpUt ratios betueen'Alooa and Alcan are to a 1arge extent due to

the differencebin age and the more MDdernttechnology of'Alcoa.' The
datav;or Reuere.shome the veryrlom output per enployeeiratio'at the
plant uhich.uasvan‘important factor in the deci;ion to suspend
production thers. |

On the.other hand, the narrou.difference between labour/

output ratios of ALPART and ALCOA would seem to suggest that there

'_are cther important factors determlnlng the output of labour. These

factors include management practices, labour eff1c1ency and the

efflclency of the teohnology.
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4.8 Production Costs in Bauxite Mining and Refining

4.8.1 Production Costs in Bauxite and Alumina Refining

Data on the production costs.of the integrated bauxite;and
alumina refining facilities operating in Jamaica is shown in Table 4.14
below. The data is for the year 1980, which is considered a fairly

normél year in view of the changes in the industry in .rscent years.

TABLE 4.14: Disaggregated Erodﬁctioﬁ Cpsfs‘for Integtated
' Facilities .in Jamaica - 1980 (U.5.% per tonne)

Items Plant A % Plant B- % - Plent. C &

Raw Materials _ L e . u L
Bauxite (excl. bauxite  15.17 = . 13.58 11.93

Lime “1.85 2.79 17.0  1.54
Caustic Soda 14.72  14.3 10.91 ' 17.21 17.4 .
Flocculants 3.34 2.26 3.16

Other I 1.47 - 0.26 " -
Operating Supplies o | P ,
Fuel . 94.63 37.0  54.62 ;31.2  51.81 26.7
Other 4.69 ‘ - 0.75 ¢ ' 1.96
Utilities - : R R
(Steam, power, water) - = = 4.35 -

Direct Labour & ‘ . R

Plant Maintenance 26.25 10.3 19.53° 11.1 25.39 14.5
Fixed - o

Intérest R ' 15.46- e -
Depreciation 12.94 12,0 4 50 3.0 24.55 13.0
Other : 2.04 S 0.95 0.39
Indirect Costs 11.41 11.45 © - 2.80
Transportation & ‘ .

Storage 2.54 . 7.45 ‘ g.96
Mud Disposal 0.42 ; R -
QOutside Services 4.98 - 6.84
‘Bauxite Levy : 42.52 17.0  41.15 23.5  45.69 23.5

254.43 174.55 194,23

Source: Jamaica Bauxite Institute
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It can be saenvfrch the breakdown of the production costs
for the three facilities:listed above, that the major variations in
pruduct;on_gqsts are abcouhtad for by the differences in fuel costs,
the'bauxite levy, interest‘chargas and depreciation charges. To a
lésser extent,'differehces in costs of caustic soda, labour and
fransportation also account for the vériations. With fuel cost being
the singla'ﬁiqhégt cqgi component, it is extramsly important that
these facilitiss be”gsengfgy efficient as possible. The adaptation
of the mest advenced energy technology is therefore vital to the
future su#&ival qf thaﬂé;gmina industry in Jamaica. Company A is
the largest of the three facilities, ﬁut has the highest per tonne
fuel costs,,nau-materiais éosts, and debt charges. Hence, efficiency
;n the use of fuel and raw materials weigh more heavily than benefits
arising from large eize. - - E

‘

4.8.2 Pproduction Costs in Bauxité Mining in Jamaica

The.data in Téble 4{15 indicate the majdr'cost”differances
between Mine A and Mine E arising in areas of Drying and Sto:agexand.
the bauxite ievy. The diffafencas in drying and storage costs can
be aftributed to econﬁmies of.scale as Mins A is a 1arger'size
operation than Miﬁé B’and tHe technology being uﬁilised is similar.
However, differences in the bauxite levy payments, are accounted for
by thé differences in the quaiiiy of bauxite ore being ﬁinad; since
thé bauxite7190y’isvglso baséd on ore quality with higher grade ores
baing'chérgédva'higher levy.“ The differences in mining costs, can
be attributed toithé'la:gaf scale operation of Mine A, since the

larger size mining equibment result in economies of scale.
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Disagdgregated Production Costs for Bauxite

TABLE 4.15: Diss r
‘Minging Facilities in Jamaica (1980)

U.S. § per tonne

Items © Mine A Mine B
mining - .  2.862 3.261
Drying & Storags :? 2.315 5.183
Depreciation e 0.734 0.391
Administrative - '

Expenses ‘ 0.825 0.012
Bauxite Levy ,‘-_; 13.658 19.642
Royalty o o.s 0.275

| 20.678  28.764

Source: Jamaica Bauxite Institute

- _ !
4.8,3 Labour Costs in-Bauxite Mining and Alumina Refining

The data contained in Sections 4.8.1, indicate that the cost
of labour is an important item in the overall pfoduction cost of
alumina. However, there are several more important items such as
fuel, raw materials, debt charges and the bauxite levy.

The largest of the three plants listed Plant A, has the
highest labour cost. Plant B and Plant C, which\ara of similar size,

show a significant'diffarehce in labour costs.

4.8.4 Factors Affecting Production Efficiency

The information presented in Sections 4.8.1 ahdv4.8.2 clearly
illustrate thatesize of operation can bring about economies of scale.

Houwever, othar'factors*can more than compensate for thése sconomies
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- of scale. Therefore the overall production costs of the bauxite

and alumina industry depends on these factors as well as the size
of individoal plonts.' fhe factors that appear to be important ofe:
(i) the cost of rao materials, fuai and money;
(ii) technological efficiency in terms of the per unit
Consumption of rau materials, energy, labour.
Production effioiency requires mastery of both sets of
factors and not just labour productivity~as is the common belief.
The data adoquately demonstrates that dlffarencas in the cost of
raw materials and in the consumption rate of these materials, can

far outweigh the differences in labour costs.
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CHAPTER V

ATTEMPTS AT REGIONAL AND
INTERNATIONAL COOPERATION

5.1 Introduction
In 1974, the Jamaican Goﬁefhmant, 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
integrai parf of this planning exarciée was the establishment of the
institutional framework which would increase the Government of Jamaica's
ability to assess trends and make medium and long=-term projections
for the world aluminium industry. The development of this institu-
tional framework is discuéséd in greater detail in Chapter_VII{
‘ In the mid=-1870s the Jamaican industry analysts were able to
antiéipate some of the deﬁélopments which sea;ed likely to adversely
affect the industry in the future. The main }actors which were
perceived then were |
(i) the declining relative importance of the USA in the
world aluminium industry;
(ii) .the high energy‘prices of USA aluminium producers§
(iii) the sxpanded role of fecycling of aluminium scrap which
now accounts for about 20% of total aluminium consumption;
(iv) the drastic cutbabk in the aqtomobile industry especially
in the USA‘ and
(v) competition from other producers with energy resources
that allow for the development of integrated complexes

from bauxite mines to aluminium smelters.



larly affected by tho factors: the weak demand in the industrial coun-

" the primary aluminium growing at 2.8% per annum in 1980-85 and at 3.9%

~the USA to countries with cheap energy supplies. Table 5.1 sets out
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5.2 Prospects for World Aluminium Industry in the 1980s

The world economic recession being experisenced in the early

- 4980s has had a negative impact on the world a;qmihium industry leading

to cutbacks in bauxite and alumina production as well as the shutdoun

- of aluminium smelters in North America and Western EurdpeQ Mest fore=-

cagters predict that the world economy will continue to experience
sluggigh grputh;in thé 1980s as compared to the'répid expansion of the
1950s and 1960s. The list of reasons for pessimism is long: sconomic
stagnation in the industrial countries; the developing countries’
adverss terms of ﬁrade and depressed expdrt volumes; borrowing; large
debt repayment burdens; dgntinuing high energy prices. In this contsxt

the:autlook for the world aluminium industry is weak as it is particu-

tries~ahd the high energy prices. ! |

The projéctions by industry analysts show world production of

in the 1985-90, compared to 4.1%:in the 19705. The production in the
USA (which is the natural market for Jamaica's exports of bauxite and
alumina) is projected to grouw at 1% per annum in the 1980-85 period

and 0.4% in the 1985-90 reflecting the shift of production away from

the projected growth rats of‘aldminium production for various countries

and economic regions.
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TABLE 5.1: Growth invPrimarx Aluminium Production 5%2

Countries/Regions  Actual , Projected
1970=-18980 1980~1985  1985~1930

USA 2.4 100 0.4
‘Canada : 0.0 , 2.2 9.6
EEC 7.1 2.1 4.1
Japan o 244 , -8.5 2.7
Centrally Plannsd 3.4 ‘ 1.7 2.4
Developing 1.7 7.7 4.2
Reia . 9.4 11.2 5.3

World ' 4.1 2.8 3.9

Source: Price Prospects for Major Primary
Commodities, World Bank, July 1982.

5.3 Main Pelicy Options

The‘projections hade for the world aluminium industry in the
mid to late 1970s have come to pass and, not u?axpacttey, the Jamaican
industry has suffered a severs decline. The impact on the Jamaican
economy can be deduced from the discussion inéChapter 1 of the sector's
overall importance. However, since the mid 19?03 the Jamaican Govern=
ment has been pursuing thraeAmajor’pqlicy options for the local industry.
They_are namely |

(i) diversification of markets for bauxite and alumina
with special priority to those markets with reasonably
priced energy resources;

(ii) expansion of lacai refining capacity, finariced on a
conso:tia-basis, with both regional and extra-regional
partners;

(iii) developing and implementing affordable projects which

will increase integration of the local industry.
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The attempts to pursue the first two of these policy optiocns are

discussed in detail in this Chapter. The third option, incrsased

_integration of the local industry, is analysed in Chapter VII.

5.4 Attempts at Market Diversification

- There were several attempts at market diversification; in fact

~ some wers to be desrived from the expansion of alumina refining capacity.

The efforts at market diversification produced two important .

‘successes: the cbntract for the USSR to purchasé 250,000 tons of

alumina per year for an initial period of seven (7) years (this agree-

ment has been converted to 1 million tons per year of bauxite) and the

~contract to supply 1 million tons of ‘alumina to VUsnezusla over the

period 1978-85. These two contracts are valued at some US$370 million
(in current lelérs) and thersefore repressnt important foreigﬁ exchange

sarnings for the Jamaican economy. The sale of Jamaican bauxits to
{

~the USSR also represents the first step in divérsifying the mérkat

for Jamaican bauxite which is now supplied only to ths USA.

H

5.4.1 USS5R/Jamaica Co=-operation in the Bauxite and Alumina Industry

Trade Agreehent

In April 1979 following discussions at the Prime Ministerial
level the USSR and Jémaica signed trade agreements under which trade
betﬂeén the two countries was to be significantly expanded by:

(a) the-purchasé of'alumiﬁa from Jamaica by the USSR on é short term
and long térm basis

(b) the purchase of raw materials and capital goods by Jamaica from
the USSR.

Under the short-term agreement the USSR was to purchase 50,000

" tons of alumina from existing sources in Jamaica at world market

prices for the period 1980-83. This amount was subject to increases

based on USSR needs and.ﬁhe ability of Jamaica to supply. This short-
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© . term contract provad important to the afforts of the Jamaican Govarn-

ment to increaae capacity utilisation of the local alumina planta,
especially the Alcan Emaaton plant mhiah was opa:ating at Sp% capacity
since the recession of 1975/7SQ Imbo:ﬁant benefits were forthcoming
in the form of incraaaadignvarnmant taxes, foreign exchange aarainga‘
and employment. *

i Tha-main alamant of long=term trade betusen iha USSR and %}
Jamaica wae the commitment of the USSR to,p0£bhasa'2so,ooo~tona of |
alumina,par annum,sta:tiné'in 1984 from iha plenned South Manchester

Alumina Plant, (formerly JAVEMEX). This commitment wee the result of

fresh efforts by the Jamaican Govornmant to find new. markets for

alumina following the mithdraual of Maxico ~from tha propoaad JAVEMEX -
plant. (See Section 5.5).

5.4.2 Alumina Salas to VENAE M - Vanazualan Stata Comganx
In 1974, the Vsnezuslen government indicatad ite interest in o

the purchase of bauxita and alumina from Jamaica for the planned
‘ expansion of its industry. Theaa plans were part of their policy to
diversify tha VGnazualan economy end to utiliaa tha anargy resources
as the basis for rapid induatrialiaation. |

| Venezuela proposed. axpanding smelter capac1ty to : ,
400;000 tonnes p.a.. and‘thia would require 800,000 tonnes of alumina
annually. Part of this alnmihgwrnquiramahﬁ uould'bammatﬂbyra new
alumina plant and the deficit hauld be covered by imparta. In 1975‘i
nagotiatiana werse initi&tia for thavaupplyvof beuxite and alaaiha
in the short and medium term from axiating‘capaaity. These negotia~ °
tions were later adjuatad~tn.taka account of tha*diacovary of large

dapdaita of bauxite in Los Pijiqueaos area pf«ﬁoli%ian State,
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A contract waévsigned in August 1977 for the supply of 1 million
‘tonnes of alumina by the Jamaican Government to VENALUM,tha‘state-owned
aluminium company. This contract then represented the first concrete result

of thé‘effdrts of the Government to diveréify maiketing arrangements for

the industry and to expand production. The contract had a total value of

over US$200 m.

-

The agreed supply schedule was as shown in Table 5.2,

'TABLE 5,22 Sugé&x Schedule for Venezulan‘Contraét

~ Year Quantity of Alumina gtonnas)

1978-1979 150,000
1979-1980 150,000
1980-1981 150,000
1981-1982 - 150,000
1982-1983 150,000
1983-1984 ; 150,000

1984-1985 - = 100,000

Tﬁb delays&ﬁnd technical problems experienced in the smelter
facilitiés of VENALUM hévé brought about variations‘to the supply
schedule. Furthermore, the world recession, the poor state of the

aiuminium indqsfry and wéékening position ofbfhe‘Venazuelan economy

‘have also combined to adversely affect the quantity of alumina supplied

to dste.

5.5

?__Qver the period 1974 to the present, the Government of Jamaica

has seriously éxplofad the possibility of expanding local alumina

’é}afinipg capacity. To date nons of the initiatives has borne fruit.
Taéble 5.3 shous the results of th initiatives in summary form. Houwever,

-3t is important to examine each of the efforts in order to understand

thagraasons for the lack of success, to date.
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Among the more important expansion projects were the Regional
Smélﬁer Projact_?nvo;ving Trinidad and Tobago, Guyana and Jamaica,
the jAVEMEX Projébt_involving Mexico, Venezuela, Alga:ia and Jamaica,
and later the USSR,-andlthe ALCOA Expansion Project involving Norway,b
Jamaica and ALCOA., Bslow we set out a brisef overvisw of the objectives

of each of these efforts and the present status.

5.5.1 Regional Smelter Project

In mid-1974 the Governments of Trinidad .and Tobago, Guyana and -
Jamaica announced their intention to establish an aluminium smelter of

200,000 short tons per year capacity in Trinidad. The project was

identified as a concrete step in the regional sconomic integration

process with the possibility of spanning the full range of activitiss

from raw material production to finished goods, bauxite production to

aluminium fabfication producing finished goods fn the form of pots, pans,

building material and so on.

The main faatﬁres of the Project werse:
(a) Smelter of 200,000 short tons per annum owned JOlntly by Trlnldad and
Tobago, Guyana and Jamaica;
(b) the regional market needs to be fully met by the smelter;
(c) supply of alumina requirements of 400,000 short tons to be
shared eqﬁally by Guyana and Jamaica; |
(d) Tiinidad and Tobago to supply pbwer requirements using its
natural gaé'as energy source, and
(e) each country tO'take'resﬁonsibility for its share of financial

input.
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5.51.1 Feasibility Studies
Detailed feasibility studies were carried out by consultants
employed by tﬁe Governments to examine among other things:
(i) the economic size of the smaiter; |
(ii) the markets in the Caribbean, Latin America, North America and
Europes
(iii), the fiAancial requirements for establishing the smelter
’ including.the capita; and operating costs;
(iv) raw material requirements including alumina and energy;
(v) technology supply and training requirements;

(vi) environmental problems and

(vii) fabrication facilities.

The feasibility studies proviﬁed the necessary technical data
for choosing a auitable‘technology and the cos% data., However, the
markét possibilities were less than ahcodraéin§ sinca the regional-
maiket amounted to 6n1y 26,000 metric tons parianﬁum while the minimum
economic size smelter recommended was 73,000 metric tons per annum.
Furthermore, the total capital cost in 1975 dollars emounted to $134 m.
which would requiia an eqhity of US$40 m. and loans of US$94 m.

at an acceptable equity/debt ratioc of 30/70.

5.5.1.2 Evaluation of the Projact

These requirements sesmed formidable for the two capitél
deficient countries Guyana and Jamaica,'but were within the reach of
Trinidad,»which at the time was enjoying foreign reserves of US$1 billion
as a.result of the oii price increases of 1973. Even more problematic
was the question of the pricing models for alumine and ensrgy, the two

inputs to be provided by the partners. Several months of negotiationé



ended without any agreément on the relative weighting of these two inputs
in the overall cost of production of aluminium. The most intractable
issue concerned the level of taxes, royalties and lesviess ellowable in

the pricing of bauxite and natural gas,

555.1.3 Bolitical Obstaclqs

An important political factor which affected tﬁe approach of the
;goﬁernments to‘thé‘Project turned out to be the Jamaican Government's
aﬁtampts tﬁ undertake similar joiht'ventUra projects with Mexico and
-Vanezuela. The latter projects were initiated subsequent to thé
Regiocnal Smelter Projacf and were ssen by both Guyana and Trinidad as
;eceiving’gréater priofity treatment by the Jamaican Government.

Thé coﬁbination of the failure to agree on the broad principles
of a pricing model and the suspicions surrounding Jamaica's nsw |
?eiationships with Venezuela and Mexico led tO'agbraakdown of political
direction and hence an absence of the policy diﬁections that were
required to takse fhe Pfoject beyond the study stagé._ Attempts by the
technobrats‘of the three countries to keep the project alive by the
continuation of technical work and the preparation‘nf marketing and

financial plans ended in.stalsmate.

5.5.2 Joint Véntu;g Projects with Mexico and Venezuela

In July 19%4 ﬁhe,ﬂaxicgn and Jamaican Governmepfs announcéd
plans for establishing an integrated aluminium complex to be. jointly
owned by the two governments.

| The main features of this proposed joint venture project were:

(a) an integrated aluminium complex consisting of a bauxite mining

company operating in Jamaica with 51% ownership by the Jamaican
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governmant, 29% owneréhip by the Mexican government and 20% for
third parties; _ , |

(b) a new alumina plant with a capacity of 600,000 short tons per
annum to be locétad.in Jamaica Qith 51% ownership by the Govern-
ment of Jamaica, 29% by the Gpve;nment_of Mexico aﬁd 20% for
third partiess

(e) a néw aluminium smelter with a. capacity of 120,000 metric tons to
be located in Mexico and ;wned 51% by thé"GoOernment of Mexico,
29% by the Government of Jameica and 20% for third parties;

(d) fabrication facilities located in Mexico and jointly ouwned by
the two governments;

(e) the sstablishment of a 60,000 metric tons per annum caustic soda
plant in Jamaica with Mexico éupplying‘the sa1t requiréments;

(f) the Maxiban domestic mérkat was-projectedéto‘absorb all‘qf tha
aluminium production within the fifst fivé years 6f’the project

1ife hence minimising the market risks; %

The task of developing the project was assigned to thres (3)
development companies which were established in the tuo'countriasz

(i) JAMEX - set up by the Jamaican government to prepare detailed

plans for the bauxite mining operations of the project.

(ii) JAVEMEX -~ established by the Jamaican Government to conduct

detailed feasibility studies and planning for the alumina plant.,

(iii) JALUMEX - established by the Mexican Government to plan ths
| development of the smelter and carry out the necessary technical

and financial studies.



Shortly after thé announcement of this projact‘the Venezuelan
Government indicated its interest in participatiné as an equity holder
in the alumina plant'and’alsd in purchasing bauxite and alumina for
‘propdsed new alumina and smelters‘in Venezuela. The Venezuelan
Government agreed to 10% equity in the alumina plant.

Detailed feasibility studies were carried out for the alumina
plant and the smelter including estimation of capital and operating
costs, plant locations-were investigated as well as proposals for
financing the project; TTablé 5.4 provides the details of the planned

JAVEMEX alumina plant.

TABLE 5.4: Details of the Proposed JAVEMEX Alumina Plant

Capital Cost
Capacityi

Us$326 m. (1976)
600,000 short tons

Debt/Equity Ratio '+ 70/30
Jamaica's Equity.

Contribution $  US$49 m.
Long Term Debt H us$229 m.
Interest During ;

Construction ¢  US$45 m.
Construction Period : 4 years
Rate of Return of

Investment _ s 10%
Internal Rate of Return ‘

to Jamaican Economy :  26%

Employment 850, permansnt; 2,000 in construction
US$175 per ton

- Assumed Alumina Price : 60¢ per 1b.

Alumina Price

Source: JAVEMEX Alumina Ltd.

As Tabléis.a indicates, the alumina plant offered the possi-

bility of significant foreign exchange earnings to Jamaica in terms

of the bauxite levyland other local expenses. However, it required
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. large amounts of capital and as the prgjested employment level-shows,

it was highly capital intensive. The smeltei\aepectvefvthe project

- was of a similar nature inveolving a large capital inVeetment with a

high debt burden. 'Table 5.5 previdee the details.

TABLE 5.5: Details of the JALUMEX Smelter

Capital Cost s US$241 m.

Capac1ty | : 120,000 tonnes )
Aluminium Price s 60f per 1lb.

Debt/Equity Ratio ‘s V70/3U

Long Term Debt :  US$169 m.

Jamaica's Equity $ US$21 m..
Source: JAVEMEX Alumina Ltd. ..
In the negotiations between Mexico and Jamaica, the problem of

the pricing of alumina and energy‘ﬁroved to be the“majdf’etumb;ing

block as 1n the case of the regional smelter projec&; Each Government

sought to protect the value of its rauw mater1e1 input.»

Almost as 1mportant in du%arminlng the fata of the project was
the size of the totel investment, requ1red to lmplement the project.
Beth Governments seemed to be lntimidatadfby the enormous debt in .
excess of US$400 m.. (1976 dollars) at a time wﬁen~the~econumic:reeeeeioﬂ

combined with inflationary pressures in the market economies had

begun to place great strain on tbaibalanceeof‘payments~poeition of

the two countries. The project was eventually. ebendaned in 1978 at the
request of the Mexican Government, which at the time was undergoxng

economic austerity. An important aspect of Jamaica's development

- plans was scuttled in the process. .
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5.5.3 Algeria/Jamaica Cooperation in the Bauxite
and Alumina Industry

The attempts at:economic cooperation between Jamaica and

Rlgeria uwere basad on the plans of the Algerian Government to develop

an 1ntegrated alumlnlum complex to utilise the large reserves of

natural gas of that country. Discussions commancad in February 1976
in Algiers. |
The biaﬁs enViéagéd that Rigeria would
(a) establish by 1980, an aluminium smelter of 150,000 toné p.ae.
caﬁécity_. |

(b) wouid»consﬂbuct fabfibatioh facilities to p:oc353'50;000 tons of

‘ aluminiuh>to fUifii ﬁhe projécted needs of local industry and
(c) .purchésa qf!ﬂSOQOUU.tons of aluhina from the JAVEMEX Aluminé

plant desppibegjat Section 5.5.2 above.

A prelimznary agreement was -signed batween the two countries

in February 1976 which called for further negotlatlons to settle the

prlce of_alumina tp be supplied by Jamaica and the terms of possible

Algerian Government participation in the JAVEMEX Alumina Plant.

'Detailed negotiations bstween ths two countries had to auait

5:the_finglisatioh’of”finahcial_and.technical studies of the JAVEMEX
‘Aluminé Plant and the AlgariahuAlpminium smelter. Final agreements
ﬁuere reached on‘thé*price of aluminaJand the terms of Algerian finanﬁial

g aggsistance to the JAVEMEX Alumina Plant.

The difficdltias in agresing on the price of alumina wers
significantly minimised;byltha'fact that the.relationship took the
form of an ordinary trading arrangement without the complicatioﬁs of
joint ownership and cost sharing. However, theIAlgerian Government

was unable to finalise contractual arrangéments with the USSR under




.whibh the USSR would supply machinegyﬂand}equipment‘for~ths smelter

in exchange for aluminium metal. The breakdown of négotiations‘
betwsen the two countries led to the cancellation of‘tha Algerian
Smelter projecﬁ and hence the égraamént;uith;aamaica for the supply

of alumina.

5.5.4 The Present State of the Planned Alumina Plant

The agreement with the USSR for alumina"subply bf 250,000 tons
per annum gave an important fillip to this project and representsd a
stable- and -secure market for 42% of the planned capacity of 600, 000
tonnes per annum. In additzon, the USSR undertook to provide asaistance
in the désign‘of ralluay-natwork for‘transportat;on between the proposéd
plant and poft and to supply machinery and equipméntrfqr“the railway
network ahd the alumina plént.f The engineeringndesign‘of-thevplant,
uhlch was stalled due to Nexlco s withdrawal now proceeded, togsether
w;th the preparat;on of tharnaceaaary flnanCﬁal reports. The Algarian
smeliar project represented a possible markéﬁAfor a'fu;ther‘150,000
tons per year or 25% of tﬁa planﬁad capacity. Hence the Algerian and
Soviet markets would account for 67% of ths planned output of the plant.
The relatively pos;tlve market: prospects of the project at the end of
1979 suggested that a firm decision to implement.could be taken.

However early in 1960 ﬁhe Algeiian smelta: project wgqjsuependad as
outlined-in Secﬁion 5{5.3.

The'markét viability of the project has<since‘been furtherf
severe recassion in the history of the aluminium industry. The excess
supply of alumina worldwide and tharafore the'uaak priecing pbgitlon
combined with the high costvof cepital and the lack offindigénous

energy, makes the project uneconomical at the present time.




- cant ownership in smelter‘cépacity which operated on cheap hydro-

in the influence of the company in this market and placed Jamaica's

‘Bovernment Bnébled_it~to make an early assessment of the possible
fﬁagotiatiohs at a goVarnment to government level in the context of

‘Jamaican QOVerﬁment,
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5.5.5 Jamaica/Norway Cooperation
- Jamaica deveiqped as an important source of supply of alumina

to fhe Norwegian aluminium‘ihdustrybin the 1960s. Alcan held gignifi-

eleétribity and‘supplied alumina from its Jamaican plants to this market.

Tablev5;6 provides data on Jamaica's alumina exports to Noruay.

TABLE 5.6: Norway's Alumina Imports from Jamaica: 1974-80

) YEAR : (000 tonnes) $
Source . 1974 1976 1978 1980
Total Imports 1,258 1,314 1,198 1;2§7
Jamaica o 614 | 435: 314 401
VJamaicé's % of Tatél

Imports - ~48.8 33.1 26.2 31.2

Source: Jamaica Bauxite Institute.

The 'sale of Alcan's shares in the Norﬁegian industry to the

Government of Norway between 1974 and 1979 brought about a decline

alumina exports to that country at great risk.

The axpandad"planning and monitoring apparatus~bf the Jamaica
negative effects of these developments in Norway. As a result,

trade development betwsen the two countries were initiated by the




In 1979 aéreemenfs were reached which involved:
(a) Norwégian government intervention to minimise the loss of
alumina exports from Jamaica consequent on the Alcan divestment;:
.(b) invéstigation of a joint venture project to'expand ALCOA's
alumina plant by 550;000 tons per annum with 256,000 tons of this

for the Norwegian market.

5.5.5.1 Joint Venture Proj;ct - .

Detailed économic and technical studies were undertaken by theii
Jamaican Goyernhent, ALCOA and representatives of the Norwegian
aluminium industry on the proposal for expanding ALCDA’s alumina plant
in Jamaica and the marketing of alumina in Norway. These studies
reQealed that the capiial coste of the expansion were about Us$470 m.
and that ths projected future growth of aluminium production would
provide a market for 250,000 tons per annum.

In the light 6f these findings negotia;ionsbwere ponducted
betwsen the three graups on the finanecing arrabgamenﬁs for the project.
However, political changes in the government of Norway,‘the recession
in the world aluminium industry and generally adverse economic

conditions have combined to halt progress on implaménting the project.

5.6 (Overell Assessment

Only two of the attempts by the Jamaican Government to expahd
production in the badxite/alumina_induétry can be said to have met with
success. These were'tﬁe‘sale on.lang-term confracts of alumina and
now bauxite tb‘the USSR and the sale of alumina to Venezuela. However,
none of the attémpts.torexpand local alumina production capacity have
borne fruit despite technical and economic analyses having been carried

to very advanced stqgea, especially in the case of the propossd

South Manchester plant.
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In fact,'the failure ﬁf’any of thesé ventures to be impiemented
‘may be said to rqflect more the‘difficulties of'internationalveconomic
cooperation than therébsenca of technical and economic feasibility.
It is instfuctiVa to{note ﬁhat the two successes of the Government's
new. policy thrust mere trade agreements. These, although of obvious
importance, require far less in terms of financial commitments, than

involvement in the actual construction of a productidn facility.‘
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CHAPTER VI

INTEGRATION OF LOCAL INDUSTRY

6.1 Introduction

In Chapter 5 we described in some detail the main attempts
which Jamaica has made over the last nine years to expand production
in its. bauxite/alumina industry. One of the.méjor facfofs contribUting
to failure in éertain instances is the difficﬁlty of réising financing
for the projects. This problem is discussed iﬁ.greater detail in
Section 6.5.
, Howsver, the quernment ovaamaica has alsb recognized that
there'exist possibilities to increase integration in the local
industry which dq not require the lsesvel of fipancial commitment
which, say, the Regional_Smelter'p;ojsct did.g In addition, these
"smaller" projects hav; the added positive at%ribute of increasiﬁg the
linkages between the bauxite/alumina industry.and other sectors of
the Jamaican economy. | |
Two such projects'are the construction of an aluminium shest
rolliné mill and a caustic soda plant. The following aré brief |
descripfions of the projects and comments on their potential impact
| |

on the industry.
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6.2 Aluminium Sheet Rolling Mill
A detailed study has been undertaken by the Jamaica Bauxite
Institutq into. the feasibility of establishing a plant to manufacture

aluminium.rolled products. The study provided the follbwing information:

6.2.1 Products
Jamaica prséently imports a wide=range of products used in
the construction, packaging, consumer durablses, electrical machinery

and tfénsportation which are manufactured from aluminium sheets. The

products could be manufactured locally at competitive prices with the

availability of aluminium sheet. The products include:=-

Construction —.’Roofing shaets, window frames, gutters,
- _awnings, irrigation tubes, ladders.
Packaging - Cans, foil and flexible packs, tubes for tooth-
‘  paste, bottle caps.
Consumer o , ;
Durables = Foil, household utensils, electrical appliances, -
- office furniture.
"Electrical -
Machinery - Cables.

Transportation. - Sheet.
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6.2.2 Markets
The domestic ma:ket is estimated at 6,000 tonnes,per annum.
‘The CARICOM market, indluding Jamaica, is estimated at 12,000 tonnes
per annum. The available information also indicates that it is

possible to secure markets in the EEC and the USA.

6.2.3 Capital Costs 1 | i
. The eétimated capital cdsts.for a éU,UUDVtonnes piant in |
5983 pribes are: ‘
(a) Equipmegt and Technology - géﬁﬁﬁm
(b) Land, Building and Infrastructure - US$11M

(c¢) Interest during Construction and _
Initial Working Capital - _us$ism

TOTAL US$55M

6.2.4 Employment

It is estimétedvthat the project would geherata‘employment

as follouws:

(a) Construction Workers - 220
(b) Permanent Worksrs - 156
TOTAL 376

6.2.5 Raw Materials
The main raw material requirements of the mill are scrap and
primary aluminium. It is proposed that 70/30 ratio of scrap to hrimary
aluminium be utilized, thereby reducing the costs of thé Taw mateéiél
as scrap prices are roughly 30% lower than primary prices. The primary

ingot could be supplied from the tolling arrangements.
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6.2.6 Finanging
Equipment suppliers have indicated willingness to provide
credit to cover a signifibant proportion of ths foreign costs at

competitive interest fates.

- 6.2.7 Summary
The above project appears to offer some iméortant advantages
to.Jamaica as compared to alumina refining and aluminihm smeltings
(1) the capital requirements ars moderate and éhould be
mi£hin'the reach of the Jamaican public or private sector;
(ii)  the domeétic and CARICOM markets represent roughly 60%
| ofbpropOSed output and therefore the uncertainties of
marketing ‘arrangements are minimiseds;
(iii) the cost éar job created is far below that in the
-élumiha refining and aluminium émelting;
(iv) the energy.requirements per tonfis such that it céuld

be supplied from the national gfid.

6.3 Caustic Soda Plant
Caustic Sodavis an important raw material in the produbtion
of alumina. The total caustic soda requirements of the local alumina“
industry are presently imported from the USA by the alumina companies.
The large size of the local aluminafindustfy makes Jamaica one of thé
major markets for caustic soda in the Western Hemisphere. The con-

sumption of caustic soda in the alumina industry is approximately

~equal to a tenth of alumina production. Table 6.1 - shows the pattern

for the period 1976-81.
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TABLE 6.% Consumption of Caustic Soda.by Local
’ Aluming Industry - 1976-81

(1000 tonnes) _

Ysar ‘. ' __GQuantity Total Aluming'Prbdﬁction
1976 186 . . 1,627
1977 188 © 1,976
1978 . . 223 | 2,113
1979 220 1 -2,096
1980 | 240 | 2,400

1981 ' 285 . 2,549

Source: Jamaica Bauxite Institute

A Significantly sméllq;fvuluma of approximately 8,000 metric

“tons per annum of caustic soda is utilized ﬁy Seprod (Ja.) Ltd. to

manufactufe soap producté‘and alég bythe.natépéai elaqt:ipity

generating company. Hence the local-market for caustic soda there-
fore_falls in the range .of 160,000 - 230,000 metric tone depending
on the level of alumina production.

Since the 1960s pollcy makers in Jamalca have .given aonsidera?
tion to the establishment of a caustic soda plant to supply the neads ‘
of the domestic market. Prog;ess’in this direction-has;baan hampered
by the impactkof'the uorl&;eneray'crisis on the procaés tééhnalogy~of
caustic soda production. -

There Aare two methods used for the production of caustic sodas

(i) - The Electrolytic Process
(ii1) The Selvay and Lime-Soda Process.



6.3.1 Electrolytic Process

The slectrolytic process is the modern process used by most

producers of caustic soda. It involves the paésing of an slectric

' current through a sodlum chlorlde (NACL) solutlon, resulting in the

" formation of a 10—12% sodlum hydroxide (NAOH) solution with hydrogen

and chlorlne as oo-products. The chemical reaction is as follouws:

2NACL_+ 2H20'- 2NAOH «+ H2 + Cl2

The major co-product generated by thisfprocess is ohlorine.
Chlorine is a majoriraufmaterial for the petro-chemical industry. 1In

the absence of a raady market, its disposal poses a serious environ-

mental problem.

The energy requiredvto produce a ton of caustic soda is

‘ épproximately .9 GJ (63; 6 barrels of -bunker sea o0il).

%
;

“The major raw mator1a1 is salt’ whlch 1s obtained from brines,

vsalt mineg-or the evaporation of sea water. Some sodium carbonate

(Na.€0,) is used in the process to purify the brine solution. The
2 3 :

salt requirement is 1.66 tons per ton of caustic soda.

L

.. 6.3.2  Solvay and Lime-Soda Process

There greitwoystages involved in this process. In the first
stage - the Solvay Process - a saturated. brine is treated with carbon
dioxidév(coz) andfaﬁmonio(NHs) to form a sodium bicarbonate (NAﬂCDS)
precipitata. ‘The ohemiCal reaction is

| | H,0 + NHy + CO, + NaCl = NH,Cl + NAHCO,
The sodium bioarbonate is then calcined to give "light" soda

ash.




utilized in industry. o :
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The second stage (Lime/SodaxProcass) involves the caustlcizing
of suda ash w;th lime to form sodium hydroxide and a calcium carbonate

preclpltate.

3 3

Ne,CO, + Ca(OH), - NAOH + CaCO
The main co-products arising from the first stage are calcium
éhloride and sodium chloride. For each ton of soda produced,‘ah
addltlonal one (1) ton of calcium chloride and 0.5 tons of sodium
chloride are genarated. In the second stage, the main co—product is

calcium carbonate. - Approxxmataly 0.5 tons of calcium carbonate is

génerated with sach ton of caustia snda; Tha tradztional method of

. __dlsposal of these co=-products has been elther recycllng as in the casse

of sodlum chloride or utilization in the chemical 1ndustry. The intege‘

mediary products, sodium carbonate andfsodium:bicarbonate are also

i

Intermediary and Co-Products : Inﬁustrx
Sodium Carbonate ' - Glﬁs&, pulp and Paper,

Water Treatment,
Detergents, Fertilizers

Sodium Bicarbonate _ | Baking, pharmaéeutical

Calcium Chloride Liming agent, drying agent
- - ' for cement pnaducts

Calcium Carbonata’?" : ' Raint

The raw material reqUifémants of electrolytic process are

summarised in Table 6.2,
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 JABLE 6.2: Rauw Material Requirements of the
E ' Electrolytic Process

Description ‘ Consumption/ton of NAOH.
Limestone ~ : 2.48 tons .
S5alt 1.60 tons
Ammonia 2.0 1lbs.
Coke PR . ~ 1.45 1bs.

Socium Sulphids - 2.0 1bs. .

This process requires 0.3 GJ of energy (ca. 2 barrels of
Bhnkaf sea oil) per ton of;caustic éoda or approximately 2 barrels of
‘Bunkerk;C' oil. This is approximately 1/3 of the energyirequiremeht-‘
of the‘eiectrolytic proééss and less than the requirement for producing

a ton of alumina.

6.3.3 - Comparison of Proceéses

Three factors aphear to be'important in'the selection of the
* appropriate process for producing-paustic soda locally. These are

(a) Energy consumption
~(b) Source of raw materials

(c) Disposal of Co-products

The Solvay -'Lime/Soda Pfocéss enjoys a cleafladvantage in all of the
above stated; considerations.

| The enérgy requirement of the Solvay/yime Soda Process is
roughly 1/3 dfrﬁﬁat of the electrolytib process. This consideration
is‘of péramount importance in the Jamaican situation wheferQ?% of the
enéfgy requifemeﬁﬁs is'imported. Furthermore, the adéilablé alternative
energy resou:ces.which can be developed are extremely limited. The
difference in energy costs is also an important consideration in the

L ability to compete with the present suppliers.

e
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Limestone which is the primary raw méterial used in the
Solvay Process happens to be the most abundant mine:al resource in
Jamaicé._ The possibility of producing salt by solar evaporation is
presently being investigated and indications are that a significant
‘portion of the sale reﬁuirements could be produced by this method.
The use of these tuo‘materials for caustic soda production would
provide opportunities for developing two nsuw industriﬁs based largély
on local resources. |
The development of the electrolytic process in the developed
countries was in response fn the rapid development of the petrochemical
industry which utilizes chlorine as an important rauw material. Hence
caustic soda could be,produced more cheaply by the eléctrqutic
process since chlofine became a marketable‘co—product (phlorine and
caustic soda are produced in equal volumes in this process). 1In
addition, ths environmental problems posed by the disposal of chlorine
were eliminated. |
For developing countries like Jamaica uheré energy is
expensive and the market for chlorine non-existent, the electrolytic
process is not cqnsidered appropriate. The co-products generéted in
‘kthe Solvay/Lime Soda Praocess which are basi§ sodium and calcium
-cdmpounds can be more sasily absorbed in £he mahufacturing indﬁstries

of these countries and therefore the problem of disposal is more easily

managed.

{ © 6. 3.4 Potential Benefits of Caustic Soda Production

Preliminary indications are that the development of a caustic
soda indusfry based on the Solvay/Lime-Soda Process would ﬁrovide

several advantages to the Jamaican economy in the form of:
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(1) further backward inﬁegration of the Eauxiteyand alumina
indusﬁfy;to the rest of the local economy thersby providing
the opportuhity for development based on local raw .
material resources;

(ii) ‘earninés from the sale of caustic soda which are presently
paid for by the cohpanies in foreign exchange (estimatea
value is US$50M per annum); | -

(iii) employment creation at significantly reduced investment
costs per jobs

(iv) eXpansion_df production with relatiyely low import
content; o

(v) availability of raw materials for the local ﬁhemical

‘.industryg' | ‘

i

6.4 Overall Aséeésment of Proposed Projects

For two of the three important factoré, market and finance,

influencing the development of the local bauxite and alumina industry

‘and which proved negative in the case of the expansion projects

proposed in the 1970s, prﬁspects are more faﬁourable in respsect qfr
the ;austic and aluminium sheet rolling mill. Althqugh the factor of
energy remains a problem, the requirements are rélativaiy smallkas
Eompéred to thé presént energy use of the alumina plants and smeltérsf
fheichoice 6f the SolQay Process further reduces the energy intgnsity
of Caustic soda production.

The Jamaican Government is -at the present time giving active

;consideration to thess projects for possible investment in the future.

In the case of the Caustic Soda project, a Soviet State firm has been

engaged to’conduct’a full scale feasibility study for establishing a
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soda ashfgpustic soda complex based on the Soclvay Process. Completion

e :

of this study is expected by the end of 1983. The outcome of the study
Qill have‘iﬁportant implications for the fut;re of the bauxite and
alumina industry. |

in thé other caéa of the aluminium.sheet rolling mill, a
feasibility study has already been compleied and detailed information
is available. Marketing arrangements are now being examined in
conjunction with overseas inierastg. A positive decision to implement
now résté on. the conclusion of‘firm contracts faor sala'of that portion

of the output which will be exported.

6.5 Financial Constraints to E&gansion,of the Jamaican Industry

The world-wide trend toward larger sized planta in both

alumina and aluminium production has meant increased ;apitalkcosts
and therefore increased financing requiraments;for projacts.f For a
rvariaty of reasons, jamaica cannot be evaluatea as a priority for
‘investment in‘this industry; 1Tabi;v6.3 summariéas~the country's

attractiveness, relative to competing countries, using the availability

of bauxite, energy;,; market aﬂd]fineﬁce as the criteria.
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TABLE 6.3: . Factors Affecting Investment in the Aluminium Industry

Country _ Bauxite ___ Energy _ Market
Australia vV V4 | X '7 .:  i ?
Brazil \/ | V4 v4 ‘ 2
Venezuela V4 Vv ? V4
~ Suriname - v ? X ; ?
Guyana V4 7 X X
Jamaica V4 X X X

V' - Factor available

X = Factor unavailable .

.? = Factor may be available but needs further development.
Source: "The Bauxite Industry: Strategiess for Survival®

Paper by Dr. Carlton Davis to. Geological Society of
Jamaica, Feb., 1983.

"fharefore, in order to neutralise the Bisadvantagés caused by
the unavailability of ﬁhrée of the four facto%s,'namaly, energy,
markef,and finance, Jamaica needs to develop fnnovative policies which
will result in mu#ual benefits to both potential investors and to itself.

| The expansion projects contemplated by Jamaica are estimated
(at 1982 prices) to be in the order okaS$2.ZB1 and would involvé
loan finahcing-of.US$1.SB and equity financing-of.US$0.7B assuming a
debt-equify retio of 70:30. If a»foﬁr (4) year ihplamentation period
is assumed, this would mean an annuai expenditure of US$550M for the
period and could be equal to the entire capital budget of the central‘
government.

Table 6.4 sets out data on the capital cost, smployment

potential, market prospects and the local cost component of the projects.

This data indicate that the positive impact of the projects on the

1USSSSON of. this would be the responsibility of Guyana and Trinidad
for the regional smelter.

1
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Jamaican aconomy“is seriously limited by the relatively small number
of permanent jonskto be created (ﬁhe projects are highly capital
intensive) and‘the high ratio-of foreign to local expenditures.

The possibility of implementing expansion projects in the
mining sector, bearing in mind the size nf the investment capitél
required, appears to be extremely wsak in the present period. This
assessment is based on the present weak position of the local economy
in several important respects: i

(i) The decline in export earnings as a result of recession

inkmafkat economies;

(ii) Heavy debt charges which are currently running at 47%

' of expnrt earnings;
(iii) Thelunavailability_pf local capital resources to finance
equiﬁy shars. ‘ - i

This asanssment serves to'anphasise thé need to give priority

to nthei investments which have lower capital ;equirements and higher

lébour—capital‘ratios.

6.6 ComEarison_of‘Invasﬁnént Requirements and Employment Creation

n Tabls_ﬁ.ﬁ; a profile of the projects under considseration
‘which have the nbjactive of increasing the ievel of integration of
the Jamaican bauxite/alumina industry is outlined. The capital
costs of the projects rangs from.USSSm for limestone production for a |
caustic soda plant to U5$960n for a new alumina plant. |

Given our inferest in the employment creation aspects nf such
projécts, it is useful to focus on this question in some greater
detail. Table 6.5 présents a comparison of the cost of creating a

new job in each of the proposed projects.
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TABLE 6.5:¢ Comparison of Costs of Job Creation
' in Proposed Projects

CAPITAL COSTS NO. OF

COST ON EACH

PROJECT ~ (us§ m) PERMANENT  NEW J0B
_ JoBs (us$'ooo)
1. South Manchester : -
Alumina Plant ' 960 850 - - 1,130
2. ALCOA Alumina . a70 250 1,880
Plant Expansion ‘
3, Aluminium Sheet 55 156 352
"Rolling Mill ‘ '
4, Caustic Soda Plant 180 300 600
5. Limestons Production : 3. ‘ 'v 100 30

It is clear from the table that activities such as the sheet

rolling mill and the linkage industries, (causéic.soda and limeetone)

have a much lowser investment raQuixemqnt fdr eéch new job to be created

requirements of these former activities are more within the reach

‘than expansion of alumina refining capacity. .Secondly, the total

of a country such as Jamaica,‘with virtually no foreign exchange reserves.

There is yet another factor which favours giving priOrity con=-

sideration to the linkage industries, especially in thse caées of the

caustic soda factory and limestone production.

It is that the existing

alumina plants represent an existing domeetic market which is virtually

_ guaranteed providing the 6utputvis cost-competitive. The same cannot

be said of the market for the alumina which would be produced as a

result of capacity expansion.
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CHAPTER VII

- CREATION OF LOCAL INSTITUTIONS

7.1 Introduction

Jamaica's.role'in the world aluminium-reacheﬁ its zenith in
1974 when the country produced 15.2 million tonnes of bapxite (18% of
the world's total)and 2.9 tonnes of alumina (10% of the world's total).
Déspité this obviously important position, as QSﬁonstrated by.shafe
of output of both bau#ite and alumina, the country had very little
involvement in the development of the local industry fo that point.
This lack of involVament did not relate solely to the fact that both
theAmining and rafining’dperations were totally owneduahd controlled
by TNCs. It went beyond that with‘successivé governments having very
limited knowledge of either the world ihdustrygor its local component.

The Eaét exampié of tha‘country's limifed knowlédge of this
nost important industry is given by the fact that, in 1974, the in
forﬁation available suggested that'total baukite-raserves were
betwesn 600,000 and 800,000 tons. Work by local scientists subsequsntly
conclusively established'thése'reserves at 2,000 million tons.

The Government's limited knowledge extended to almost all

~ aspects of the industry. Since all sales were handled by the TNCs,

there was no undarstanding of marketing strategiss. Similarly, there

.-was no specific knowledge of the manner in which profitability of

thé industry was sahsitive to changes in energy costs. Hence the

potential impact of»thé post=-1973 energy price increasses was not
anticipated. There was: too, little or no local appreciation of the
extent to which expahSion of more fully integrated. industries, such

as Australia's,would eventually pose serious competition for Jamaica.
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In the eafly 1970s, the Governm§n£ of Jéméiéa maae the decision
that, given the v1tal meortanca of the bauxzte/alumina industry to
the country?'s economy, it uauld bagxn to play a more active role in
'1nfluenc1ng it. The most: publiczzed aspect of the Gavernment's
greater involvement has baen the imposition of a nau_prnduction levy.
However, altﬁough importaht thevlevy réprasented bhly one of a
.. series of maasuras undertakan by the Government to increasa the
country's knowledge of the industry and hence lay the basis for greatar
involvement in its future davelopment. ' |

In other mords, the nationa; capability in ﬁﬁé bauxite/alumina
industry was increased. At the heart~of this incraaas 1n capabi1ity
was the development of a set of iﬁétituﬁioaé. ’+Ha§é éra’discussed ‘ ) J

~more fully in the following sectione.

7.2 The Davelogment of Ingtitgtlogg : o ; | - - | ‘
' The most lmportant of thess institutiuns established by the |
Government was the JamaicafBauxita ;nstitutab(JBI). The Jemaica
Bauxite Mining Co. Ltd. (3BM) and the Bauxite and Alumine Trading Cd.
(BATCO) are the other important iné%itutiqns with direct involvement
in the industry. A fourth inétitufion whfch was'ctéated,‘the Jaméica
Merchant Marine (JIMM) is not complﬁtély involved in béuxité/élumina
indusf:y. However, transport éf bauxite/alumina from Jamaica is its

most important function.-

7.2.1 The Jemsice Bauxite Institute (JBI)
Tha JBI was the institutional. outgrowth of the Natlonal Baux1te

Commission, which was established in 1972 to advise the governmant

on.the best ways of increasing the country's bénafité:from the industry.

TN R e
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The Commission comprised speﬁialists,"from both the priﬁata and public
sectoﬁé, in a vérietylbf fieldé, including taxation, law, business,
finance, diplomaéyvaAd_the'earth sciences. |

The JBi'was inaﬁ a uidaArangg'of responsibilitias. Inrgenefal,
‘it was required tb mbhitor the major developmantsvin the world
aluminium industry in order to advise the govarnﬁent on possible
implications for»fha Jamaicéh component. As such, it is:requiréd to
~be the main source of information for tha'Govegnment of Jamaica in
negotiations Qith the local companieé or any pbtantial ﬁartner in

the industry. .

7.2.1.1  Mapping and Managing Reserves

More specifically, the JBI was charged with mapping and managing
‘the bauxite reserves. Up untii thé‘1970s, thé;Government of Jamaicav’
had left thé lncal-companiea.to.conduct all geélogical work in bauxite.
Hence, the state had no precisse knbulgdge df ﬁée extent of baﬁxite
réserves; Furthermore, becauss the companises Gere able to ouwn
su;face rights, there were inaquities with one company being ;ble‘to
tié bp f;servasfway'beyond its feasible productioﬁ capability, whilgu
,uanother would be uncarfgin about its future broduction.bacause of |

limited reserves.

7;2.1.2 Ethomic Research and Financial Analysis

| The JBI has'thel#éSpﬁnsibility for providing a yearly forecast
of aluminium ingot prices. The importancé of thess .forecasts rests
"kon»the fact.that'the payments for the levy ars made quarterly on the
piojected aveféga realized price for aluminium ingots. A lérge under=

estimate of the price will imply that the country will be denied
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foreign ekchanga due to it until up to twelve montba later, when thé
actual price is>known. On the other Hand, an overestimate will'meaﬁ
tﬁat the country will owe the companies money which will have to.bé
repaid in the following year, thus reducing that year's foreign
‘'exchange budget. A major error in aithar.dirgction would bs of serious
cohseqﬂance to the cohntry, given the nead for foreign exchange

outlined in Chapter 1.3.

'7.2.1.3 Process Research

The JBI, as part of its responsibilitieé is required to verify
the amount of ore used in alumina refining and the’a;dmina recovsred
as this inforﬁation is haedid for the calculation of the levy. In
addition, the Institute carries out research into the characteristics
of Jamalcan ore, and the handllng of red mud effluent from the refining
v’process. Although thsse act;vitlas may seem routlna, it must be
realized that prior to the sstablishment of the JBI, the Government
reiied on the companies to provide this information.

The JBI has embarked on an ambitious endeavour, the construction
énd operation of a‘pilot aluﬁina plant. This is described more fully

‘'in Section 7.3.

7 «2.2 Other Institutions .

The two companion institutions to the JBI were the JBM and

BATCO,.

7.2.2.1" Jamaica Bauxite Mining (38M)

The JBM was establzshad to look after the assets of the
Government of Jamaica in the 1ocal bauxite/alumina companies as

well as to be responsible for the development of the project leading




to the possible construction of an aluhina refinery. Theée assets -
in ﬁha local bauxite/alumina companies were acquired as”part of the
deCisionbfor greater nétional involvemént in the’industry.

These assets includsvS% equity in joint venture parfnerships
in the mining aperatidns ﬁf Kaiser and Reynolds, with management
function remaining with ﬁﬁa companies. Aé regards the.alumina
producers, the assets %nclude 6% ownership of the ALCOA Plant (JAMALCO)
and 7% ownershipbof the two Alcan plants (JAMALCAN). Again, the |

- companies retain management functions.

7 «2+2.2 Bauxite and Alumina Trading Co. (BATCO)

Under the term of the new partnerships with the TNCs, the
Governhent of Jamaica has an annual entitlemgnt of 33,000 tons of
- alumina from ALCOA and 77,000 tons from ALCAN. BATCO has responsibility
for marketing this alumina. Similarly, BATCO éan‘purchase from thé
bauxite companies, ore for sale in non-traditiéna; mafkets. The
execution of these tasks has implied acquisiti;n of local knowledge
about trading in the aluminium markets in particular, and in the metals

market, in general. Théjaxtent of success in these sndeavours is

" considered in Section 7 «3.2.

7.3 Major Achievements of the Institutions

The objectiVB~of increasing local knﬁhledgé of the aluminium
industry is clearly u laudable goal and provides the rationals for
‘the decision to establish the various institutions. However, ths real
proof of the correctngss.ofvthe decision must be in the ability to |
identify concrete benafité resulting from the operations of these

institutions.
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7.3.1 Economic Forecasting

In Section 7.2.1,2 we identified the annual task of forecasting
the average realized price for aluminium ingot, and hence the
production levy, as one of the main responsibilities of the 3JBI.
The record of the Institution in this forecasting is shoun in_Table'7.1.
The data shouw that over the eight year périod the largest maigin of .
error was.3.36%.' Hence the costly errors refarréd to before, in either
over- or under-estimating the amount of lavy'dda has been avoided

over the years.

TABLE 7.1: JBI Forecast and Actual Levy Rate
‘ per Long Dry Ton (1975-82)

LEVY RATE . (us$) Margin of
Ygar _Forecasted  Actual Error (%)
1975 13.60 13,56 »? - +0.29
1976 14,65 14,82 =1.15
1977 17.79° - 17.77 +0.11
1978 18449  18.69 “1.12
1979 20,93 20,25, +3.36
1980 20.54 20.75 -1.01
1981 21.20 . 20.38 -0.88

1982 BTN 18.30 +2.79

74342 Markseting

» In Chapters Ii and VI, ve discussed the dangers inherent in
Jamaicé's hiétorical over-dependence on the North.American market,
Major effbrts have been made to diversify and not all of the efforts
have met with success. Houwsver, tﬁe sales tovVenezuela and the U.S.S.R.
represent significant breakthroughs.; Ths agraement with the U.5.5.R.

to sell 1 million tonnes of bauxite annually for seven years is of
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particular importance in that it represents the first sale of bauxite

to a country other than the U.S.A.

7 e343 Ressarch and Analysis

The JBI has greatly advanced the country's technological
expertise in different aspects of the industry. Below we consider

some of the major achisvements,

As was indicated before, the exact size of Jamaica's bauxite
reserves were not knoQﬁ to the count:y prior to the early 19708.}
Previously, the estimates, based on data from the companies indicated
Tessrves of’betwaenvﬁdu and 800 million tons. The JBI's geological
surveys established that the reserves were approximately 2,00Q million
tons. This knowledge, combined with the retur& of control over all
reservss, has aliowed the Government to establish a ratioﬁal system

for allocating mining rights to the individual companies.

7.3¢3+2 . Verification of Ore Quality

The rate of payment for bauxite are delivérad as part of
marksting contracts is dependent on the time taken for test results
of the shipments to be submitted to the buyer. The JBI's process
laboratory has responsibility for this verification exercise. To

date,in the instances of governmant to government contracts with the

‘UsS.A. and the U,S5.5.R., payments have been prompt because of the

efficiency with which these analyses have been carrisd out.
At the same time, the procsss laboratory has successfully

rebutted the ciaim of one of the local companies concerning the
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uﬁsuitability of nodular ‘bauxite fnr.proceesing in ‘its alumine plant.
_ These serva as examplas of the practlcal banef;ts of the Governmant'

- developing xts own technmcal capcbility.

7.3.4 The Construction of a Pilgt Alumina Plant
Apart from the’analytiﬁ work described in 7..3.3, the JBI has
" embarked on a major initiativa, that of'tha ;onstructidn'of a pilot
 plant to produoé alumina,from'bauxite ores of various gr;dés. The
- JBI has besn able to attract sUppnrtiva'funding from the UN Interim
Fund for Science and Technology for Dévélppmant (IFSTD), tdtalling
US$950,000. | | | |
-The plant will become operational in late 1983 and will provide;‘
- information on
(i) = efficient methods fur'procassiné geothitic bauxites
(ii) . to reesarch techniquae for the tnaatmant of hxgh silica
- and high phosphorus bauxites, and |
(iidi) - to research appropriats dzspasal and/or utilization -
| . of red'mud.effluent¢_ |
" The pi;ot plant will bs_thefonly one Efxits kind in the Third
World, and will enable the JBI to mohitor»tha;afficiahay of the procassing
‘practices heing followed by the existing plants, posgibiy ensuring
the use of bauxite ores of varying grades... It*willbp:ovidewthe,
oppoftunity for training tschnicians‘in.the industry,‘Jamaiéana és

_ well as nationals of : other members of -IBA,

7 345 Teqhnic31 Assistance‘and Sale of Exgartiaav
As a result of the~skills develdped since the beginning of

greater involvament'in_thé industry, the Government of Jamaica has been
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able to provide assistance to other Third World countriest Spec1f1cally,
the Governments of Haltl and Surlname have in the past requestsd and
obtained assistance from_Jamaica in their negotiations with the TNCs.

At the same time, the JBI has qulcommerciél contracts to
carry out research actiﬁities ftbm the Dominican Republic and the
U.S5.A. In‘tha lattervcase, tna contract from the Hercules Co. can bs.

rsgarded as a reversal of thé,normal di:ection of technology transfer.

7.4 Conclusions . N

As was indicated at the beglnnlng of the study, we feel that
"technology" in a given field must be defined in the broadest sense,
to include not only the machinery and equipment, but also knowledge
and expertise in arsas of‘finance;”econOmics and marketing. In the
final analyéis such knowiedge may be as beneficia} as that related
solely to the actuai-opetation of the.machinery énd processes inVolved
in mining,. refining=and.smelting bauxite nre.‘ |

Using this definit;on of technology, uwe nan assess Jamalca 8
attempt to expand its knuuledge of ithe industry and -adapt technology
to suit local conditions. This "adaptation" has implied attempting
to derive the maximumnfinanCiai benefits from the industry while at
the same time pursuing‘pnliciés for expansion and market diversification.
Policies’aimed at g;aatar integration of the industry on a regiﬁnél
basis have bsen unsuccessful to date. However, it is important that
tne initiatives were made, in the first place. There are also present
plans to increase the leVel of integration of the loéal industry by
the construction of a caustic soda plant and a sheet rolling mill.
fhese options have been chosen following an objective assessment of

market availability and energy requirements.
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The Study has boldly stated that_inharantly-the industry is
“highly capitaléintansiva, and is becoming increasingly so. Given that
markets can only be won and retained if the local_industry is cost
competitive, there is no bossibility of altering this t:and,’especially
iﬁ the absence of indigenous energy sources. However, given its

- unique position in the sconmy, the industry is in the position to greatly

affect employment generation by facilitating increased imports of
investment goods for more labour-intensive activities and by virtus of

its overall contribution to government revenus.

The lessons for developing coﬁntries similarly endowed with
mineral deposits are‘clear. The maximum benefits from these minerals
can only be derived when local knowledge is increased. This holds
whether exploitaﬁion of the resource is contro%led by TNCs or whether
the country is attempting to deQalop the induséry on its own., Given
that, 'all developing countries for one reason ér another,'will not
be able to develop similar expertise to that oé Jamaica in the bauxite/

alumina industry, the need for increased cobperation between Third

World countries becomes most urgent.
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APPENDIX: MINING TECHNIQUES USED IN WORLD ALUMINIUM INDUSTRY

A.1 Introduction
" Bauxite uwas discouered in 1821 by the French chemist Pierrs

Berthisr, nearithe_villagabqf Lex Baux (from which the ore derived
its name) in Provence, France. In 1883 a material similar to that
discovered by Berthiér was found at Hermitage near'Rpme, Georgia, USA,
ahd_pommérciéi.prﬁduct;on began in“1§87. ' Bauxite was also found near
Little Rock, Arkansas,vaﬁd-iater in Georgia and slsewvhers in Arkansas.

Bauxitse is a material formed by the weathering of aluminium-
bearing rocks under conditions conducive to: the chemical breakdown
of minerals in the parént rbck; the retentiqn of aluminium oxide
;‘minerals; and thé,laachihg.of other constitusnts from the parent rock.
Conditions most'févourable for;the fdrmation oﬁ bauxifé most frequently
occurred in: areas énd geological periods whiéh providgd warm wet
ciimates; parent aluﬁinousvfoﬁks,with high.per;eability and easily.
:?spluble minerals; Qood adbsﬁrface drainage; ané loﬁg periods of
tectonic stability that permitted deep weathering and ﬁraaervation of
land surfaces. |

The discovery of«béuxite'coincided with importantndevelﬁpments
(infra) in respect of isolating aluminium from its oxide. One of the
future Alcoa's (thaﬁ cailed the Pittsburgh Reduction Company) early
founders, Captain Alfred Hunt was initially interested in bauxite as
a direct source of aluminium. In 1897 he uwrots the inventor Hall

(infra) as follouws:
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"If it be true as I understand from you that we can make

as much aluminum per unit of horsepower from bauxite

(of which we can obtain large quantities) as from pure

alumina then it would seem that this is the field which

is now ripest for us to investigate for increasing the

economy of manufacturing." See Carr (1972).

‘Direct reduction of bauxite did not prove fBaSible.- and
still has not - for‘prodUCing aluminium of desired purity. It was ~
a process invented by Dr. Karl Josef Bayer in 1888 (infra) and .

patented by him that enabled the extraction of high purity alumina

from bauxite.




-116-

A.2 Bauxite Mining Technigues

The nature and occurrences of Eauxite oress vary considerably.
This is particulé:ly trUé in respsct of factars such as hardnass, depth
below ground;IBXtant;of-overburden, extent of non-bauxite "coétaminants",
configuration of deposits and distance from ports or inland aieas,
where the ore is piocssséd into alumina.

These vépiations greatly influence the types of technology
used to éxtract.fhevbre, We will cite five exémples to iliustrate
these differences viz: k(1) The Sangaradibminébin thé:Republiﬁrof
Guinea, West Africa; (2) The Alcoa Lelydorp mine in Suriname;
" (3) The Bermine mine in the Rapublib»of Guyana; (4) The Reynolds mine

in Haiti; and'(S) The Trombetas mine in Brazil.

A.2.1 Sangaredi, Guinea

The depositiis a solid plateau of baux;te with no overburden
on the surface and no waste inclusions. The c@nfigura&ion of the
orebody permits a single-level railuway haulag; along a 1.6 kilometre-.
| wide facé, with a slight downgrade to the switchyard. Frbm'ths mine,
ore is transported by rail to the plant at kamsar, 137 km fo the south-
west., Located'inAthe estuafy of the Rio Nunez, 17 km from the Atlantic,
the Kamsar plant crushes bauxite to less than 15 cm and qries it to
a 5% moisture content before shipping.

The,equihment required for mining, éransportation, crushing
and drying.ére as follous:.v |

Drills, srotar¥2:‘Foﬁr Ingersoll-Rand bMHS and one T4 with

6% in. diameter bits. |

Shovels: Three R&H 1900 9 cu. yd. electric plus three Cat.998

rubber tyred.
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Haulage; Mainline 1ocos - 7 GM SD-40 diesel electric (3 000 hp);
mine=-tramming locos - four-S,: SN-1DU1 dlesel electric (1 000 hp);

- 400=plus open Gondola Gregg 6:9 cars, each carrying 75 tonnes.

.Anclllary Eguxgment. Twn Cat. 14-gtaders, two Cat. D8 and

two D9 track dozers, P;onaer ballast plant Gﬂ-toﬁ rubber—tyrad

lowboy; numerous P&H mobile cranes.

.Nining'at Séngaredi ig'anélabbUs to eating a tmb-layafedfcakaf
The bottom of the uppser- layer is at an elevatzon of 229 metres -

40 ‘metres above the Sangaredi sw1tchyard.' :

To opan up the initial face a box-cut was-drillad, blasted and
e;cavated across thé-southern;périﬁexar,ofuxhe:n:abody& Tight'drilling
“and small fragmentation of the ore was~requirad-for»tﬁa*bdx—cut beéausél
it uwas excavatad,mitﬁ‘ffontbendvld&ﬂers*and 1q-ton trucksé Unce‘f
completed the cut;yas gradad and a drainage dftch»ma; opened ‘to thg 
southern slope. Single line -standerd-gauge tiébk uaa~laidﬂfrom~th§k
switchyard up a ramp of‘$illad~sﬁﬁ%oﬁmpactad Qauxité't§~the ﬁaée;
.Actlve m1na track is set on bauxite ballast péeparad at a stone
’crusnlng and screening plant near~tha mine sntrances. In the pit bauxite
is drilled, blasted and‘laaded~froﬁ the‘12-mé£ér-highsfacé into
.75-ton rallroad cars. |

Five Ingersoll Rand DN 4 and T4 6} ins.- diamatar rotary drills

‘ are available for*blastfhnlae~bgtgonly“three»ara used~on a single

*w-,drilling shift. ' The hﬁles are drilled in staggered rows parallel to

the face. A”if;18.mstre-ﬁida@ﬁuffer zdné:iSskept_bethan the pit face
and subséquaht blasts to prevent rock thrown frem damaging mine track.
After the holss are checked they are loaded from an ANFO
(Ammpnium nitrate fuel oil mixture) truck. The mixture of 94.5% AN
and 5.5% fuel oil is materad'in the truck mixing bin while ﬁhe auger

system delivere the mix:to each hols.
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A yard locomotive_pulls 20 - 25 ore cars around the loop in
front of each shovel. Loading is done by two P&H 1900 electric shovels

on sach shift with a third shovel as standby. After the cars are

loaded they are hauled to the switchyard and made up into trains of

-85 cars-for thaitrip toithe‘plant‘at.Kamsar. There, the bauxite is

unloaded, crughed, dried, stickpited and‘shibped using equipment of

. extraordinary size.

AR simplified flgw chart of the mining @ystém is indicated in

Fig. A.1.

R.2.2 The Alcoa (Lelydorp) Suriname Mine

The.basﬁmente of Suriname, Guyana, French Guiana, southaastérn
Venézugla'apd a huge sectioﬁ of Brazil north of the Amazon occupy the
Quygna Precambri#n’shield.‘ Suriname is on thé northern edge of the
sﬁield.;ﬂLata;ite deposits. have béén formed ié the environment of
plaffo:m_covex, AQhemically residual deposits.as bauiitas,low-grade
iron ores, have been formed. |

Two: types qf bauxite are distinguished: the;partly buried
deposits of‘the:cqaétal plain typified by Suralco's (Alcoa) Lelydorp

and Bi;liton's“ﬂnvardacht and the Plateau type of the hinterland such

,és ﬁoengo and Bakhuis.'

.The bauxite déposits of the coastal p&ainfueré formed_aé a

result of weathering and decomposition of arkosic and subarkaosic

. sgdiments. (Ihegq are one of a group of detrital sedimentary rock -

typically sand sfdhag_in uhich the particles range in size from

0.125mm - 2mm). Thoge of the hinterland were formed mainly by bauxitiza=

~tion of basic rocks of the basement. The main ore mineral is gibbsita.'

It is thought.that baUxitization'of the coastal plain and the plateau

e
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Fig. A1
Simplifieo Bauxite Flowsheet of the
Sangaredi Mine in Guinea
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-kburied deposits have been subjected to a continued tropicai weathering.

’ENJ (suEra) descrlbas the bauxite deposit at Lelydorp 2 as having an

‘ nverburden whlch cons;sts of an uppar horizon of saturated sands and
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deposits took place during the early Tertiary on a peneplain. The

During this process the alumina of bauxite starts to recombine with
silica to form kaolinite. Also, percolating solutions attack the iron-
rich capping leaching most of the iron.

The mining at Lelydorp involves considerable ogverburden removal.

\ ﬁ

silts of about 12m thick to the'southwest thinning to about 6m thick

in the northeast. The lower overburden mhich contains hard clay .
inter-mixed with river sands and silt is about 6m thick on thé éouthwest
side and thickens on tha‘nnrtheast to about 24h - 30m.

The stripping and mining panels are oriented southuwesgt-
northeast The bauxite zone 7 to 8.5 metrses thlck is underlaln by
kaolin clay and is sandulched top and bottom by 5 cm layer of hlgh
grade pebbles. The average thickness of the overburdan is about
38 metres while the méximum'depth of ihe bauxite is about 33 metres
below sea level.

A dragliné walkmay'is established -on the sodihuést-boundary of -

the mining. zone, at righf'angles to the panels.‘ From the walkuway,

71 metre-wide finger'rémps are driven 288 metres into the mining zone.
The upper overburden naar tnis perimeter is excavated by draglines. ;
The main haul road prov;des access to the exposed bauxlte level from w
the southeast,‘opp031te the m1d—p01nt of the high wall. The cut at

this point is about 1800 metres wlda.- 945 metres on the northeast 1
side and 855 metres on the southwest side. The hard clay of the louef {
overburden forms a parting and dragline bearing surface between the

1

upper and lowsr high walls. As it is excavated, the material is used
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-to dike the pit for protection against the annual rainfall of
2030-2540 mm.
Because of the depth of the mine, a lérge excavator - the

13500 unit - is used. This unit weighs 2,300 tons and is equipped
with a 87-metrs (285 ft.) triangular boom angledﬂéD above horizontél.
‘The boom provides a E1-m9tre (200 ft.) reach, 61-metre cast and a
maximum of 46 metres (150 ft.) of span abﬁve the horizontal. The
excavétor is fed.frbm a713.é kw.high-tension cable. -

| The 1350u cénnot cope with the thicker sections of the over-
burden. Accordingly, the "Slurrifier" system mﬁs utilized. The

Slurrifier is an hydraulic earth-moving fortress mounted on skids.

. . The four hydraulic guns are remotsly controlled from an operator's

cab'and are programmable through various arcs of suqep-as determined
by localizédLexcavating.conditions. Freshwater from a nearby swamp
is delivered by thres Gould pumps at 2,000 gpé through a 50-cm (20 ins)
spiral-weld pipaliné.' Three booéters on the ;kid-mounted barge feed
water at 200 - 250 kg/cm2 thfdugh 15 cm (6 in;,) pipelines to the
hydraulic guns. o | '
Equipped with "intelligants" having 2% ins. nozzles the four
_mater.cannons jet 45tpm of uafer against thé working surface which may
be either an‘upper highwall or ioosely consolidated virgin material
or material stacked by the 480N.ﬁb-yd dragiine for the Slurrifier.
The 50-cm (20 ins.) sluiry line is equipped Qith four.booétar stgtions
each cohéisting of Pettibohe_pumps driven b§ 1000.hp.engines. These
units deliver the slurry at 25730% eplids, 4 miles to a 1,200-ACre
dispoéal area. As the solidé sqttla the clear béter is decanted from
£he diéposal area safely beyond the identified mining areas. Nake-up

water is drawn from drinking water reservoirs in the district.
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The mihing fleet is composed of two Bucyrus Erie (BE) 5-yd
d:aglines'df whicﬁtha is usually in reserve. - In addition, a loader
‘handles dragline étoékpiled mate?ial. 0f the éighteen 35-ton Euclid
haul trucks, eleven are utilized in the mining cycle. Two Cat. D8
ripper dozers work with the mining excavator.

" The ore must be drilled and blasted. Blastholes are drilled
by two Mobile auger drills mounted,on Cat.'D4s mhich auger 4 ins{ hdlés
to a depth of 8'— 10'ff. The spacing of the Qoles are loaded with
bagged ANFO which.is primed with water gels. The shipping programme
establishes a 150 ft. wide strip along the spoil toe froﬁ the side wall

to the haul road.

‘A.2.3  Buyana Mines

The bauxite deposits of many of the mines are overlain by as
much‘as 61m (200 ft.) of pverburden. For e&aﬁple, the East Montgomery
mine, the 10.7m (35 ft.) thick zbna, is burie; under as much as 76m
(250 ft.) of cover. Ganeially, the uppsr ove;burden consists of fine
white compactéd sand up to 45.7m (150 ft.) thick. Belouw the;sand is
a layer of hard tlay, 9-15m thick. The clay is usually hard to dig
and may be saturated with water. The bauxitse zones ars 10-12m thick.
Primary stripping ramﬁves the upper sandy formation with interbedded
clays. Strippihg is usually done with bucket wheel excavators, although
hydiaulic monitors have been used occasionaily to undercut and Slump
upper layersvfor’collgétiah and pumping to a settling basin.

At the time of the EMJ ﬁepart (1977)'%he mine had six digging
wheels, the largest qf‘which was cap;blq'of excaVating 3500 ions per
houf. Secondary shipping of the hard clay is usually done with
dragline. The lérgest one at the time was a 28-yd EE‘1300N walking

machine having a: 99m (325 ft.) boom angled at 32°.
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A.2.4 Irombetas, Brazil

High quality bauxite was first discovered in the Trombetas
area in 1966 and'site’work was started in 1971.

The bauxite4is found on flat-topped plateaus, remnants of an
original peneplain which lie some 70-120m above the surrounding
country. The plateaus are highly dissected and vary in shape and size
frdm~a fewvhectarésvto several thousand hectares. Fig 3.2 shous a |
typical Qertical gection of the plateau iﬁ'the Trombetas region.

A report in wdrld‘Mining (June 1979) before commercial mining
had commenced, described the basic mining technology which was to be
open pit as clearing overburden, stripping; miniﬁg‘ transportation,
crushing, benefication énd drying.  Shipping of 6verburden was to be
by 17 cu. yd. BE walking dragline and by Caterpillar scrapers. The
bauxite waa"thén to bé drilled and blasted and loaded by thres North-
west 6.5 cu. yd. back=-hoes iﬁto seven Baterpi;lar 939 35-£on capacity
trucks with aluminium bodies. At the crushiﬁg plant bauxite would
be reduced to less than 3 iné; (7.5 em). Fro; the crusher the bauxite
would be carried over 942 ins. (2393 cm) cable belt conveyor t6 a car=
loading stationlzao ft. (72 metres) below the crushing piant level.

At the loading station the bauxite moulg be loaded on to
70-ton Gondola cars by a 60 ins. (150 cm) retractable belt from a
surge stockpile located on the railroad which would bs a 1-metrs 40kuw
long from the mine to the parallel éér dumpers at the port site. The
crude bauxita would go’by belt cnhveyp: from a rotary car dumper’ét
the port railway terminal to the surge pile feeding the uashing plant.
Aﬁ the washing plant the c}ude bauxite would be slurried with water
in drum scrubbers foliowéd by washing in trommel screens with less

than 4 ins. (1 cm) fines from the trommel screens being washed on a
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3 E Typical Cross-section .of. Plateau in
' ‘Trombetas Region

» Gravel of
nodular Sauxite
{typicaliy 1 m,
someiimes
absent}
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{iypiceliy ¥ o
someiimes
absent} .

: Nazssive 1T
soh bauxite
(typicaliy & m}

Mottied ciay

Source: Ekn ng & Mining Journal

. :OpératingvHandbook~of Surface Mining (1977)
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14~-mesh vibrating screen. The»14 mesh to <% ins. (1 cm') material

uould be recovcfcd as 3130‘414 mesh to 85 mesh bauxite finas;
Water for washing ths. bauxzta would come from the Trombetas

' River and the non—pollutant tailing wculd be pumped into a laks.

Two rotary driers would.d;ynthe bauxite to 3% moisture. From the

: dryers the*bauxita,wculd bé'ca:risd by conveyor belt to a 80,000-ton

dry storaga bu11ding. J |

A flou diagram of the procass is 1nd1catad in F;g. 3.3,

Bauxlta mlning haa baen tarminated in Haiti after nearly 30 years.

. Houwever, ue w;ll use tha mining ayetem which than oparated to illustrate

the contrast between the minlng ayatam of a typical Caribbean bauxite
versus the cres we have deacribad abova.

The bauxite deposlta occux in pockatc in erodnd limestone -
surfacevcf Miocene age. Shcllow aocketa of ore vary from 1 - Sm thlck,
deéper»ore is 3 - 12m thick.‘ Cnnvantional combination of shovels with”
trucks and front-end loaders uith trucks are uaad to mine the ore.

Top soil which variss from 15-3ch ia removad by bulldozers and
'stockplled for- resurfacing pr;gr tc reclamatioa, |

Ore was mined in tuo dg;lywahifts,.five days per week - using
one of two mining systans, ﬂepanding‘on‘ore thickneéb. In-shallcu
bauxata two front-end 1oaders - one 6-yd Cats 992 load into 35-ton
dump trucks. Deep ore was mincd with two 4-yd Narion 111 dissel
shovels, ons of wh;ch wae always on standby. The trucks were specially
fitted with heated aluminium bodies. Apart from lightnecs the
gluminium'bodieé‘arevdurable,cs'the ore is not highlyuabracivé and
' chtains few large lumbc excépt:fcr occacional Limestonc'bouluers;

Bauxite at aboutﬁ25%imoisture is dumped at the wet dre.stockp;le

prior to drying. !
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FiQe'A-siBauxite Filow Diagram, Trombetas Project = = 1
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