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ABSTRACT 

The purpose of this dissertation is to evaluate the feasibility of alumina 

production in Ghana to replace imported alumina for the production of aluminum. 

It spells out the conditions which led to the existing bauxite- alumina-aluminum 

trade in the country. The structure of the economy of Ghana is examined to show 

the contributions of the important sectors to the total income of the country, and 

its dependence on a few export commodities for revenue. 

The plan to build a dam for the generation of hydroelectric power was linked 

to the establishment of an integrated aluminum industry based on the exploitation 

of domestic bauxite reserves. As the country could not finance the project alone, 

foreign assistance was sought. VALCO, a subsidiary of Kaiser and Reynolds, was 

formed to undertake the project. The agreement reached with VALCO was that a 

smelter would be built to use imported alumina for ten years, during which time a 

refinery would be built to feed the smelter from domestic sources. However, after 

ten years this could not be achieved, and the smelter continues to use imported 

alumina. 

A model of the world aluminum economy is used for analyzing the sensitivity 

of price to production and consumption expansion. The results show that industry 

demand is sensitive to the level of industrial activities in the developed countries, 

and less sensitive to the own price and cross price variables of aluminum in both 

the short and long run. On the other hand, supply is inelastic to the own price 

and the rate of capacity utilization in the short run, but elastic to both variables 

in the long run. 

An appraisal of opening a bauxite mine and an alumina refinery at Kibi is 

undertaken. The results show the levels of bauxite and alumina prices and the costs 

of construction at which the project is feasible. The shadow values and weights 

used are permitted to vary with changes in the economy's foreign trade and the 

balance of payments. 
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CHAPTER I 

1. INTRODUCTION 

1.1. Statement of the problem 

Many ofthe less developed countries (LDCs) on the attainment of indepen

dence thought of industrialization as the panacea to overcome economic poverty 

and the lack of growth and development. Many of these countries look on the 

structures of the industrially advanced countries as a model for building their own 

economies. The government of Ghana undertook a number of projects immediately 

after independence in order to build a strong infrastructure for the industrializa

tion of the country. Some of these projects were multipurpose, while others w'ere 

independent unit projects. Among these projects prominence was accorded the 

Volta River Project (VRP) which included the production of hydroelectric power 

for industrial development, and the establishment of an integrated aluminum indus

try: mining bauxite, refining the bauxite into alumina, smelting the alumina into 

aluminum, fabricating part of the aluminum produced for domestic use (import 

substitution), and exporting the remaining ingot to earn foreign exchange. 

The government of Ghana expected to finance the aluminum project with 

foreign help. Because of the low world price of aluminum in the 1950s, foreign 

aluminum companies were less than enthusiastic about the scheme. Foreign gov

ernments were also reluctant and very cautious about investment in the new state 

of Ghana. On the basis of negotiations, however, the project finally became a joint 

venture between the government of Ghana and an American consortium, VALCO. 

As the operation of an integrated aluminum industry in Ghana depended on power 

supply, the government sought the help of the World Bank and the governments of 

the United Kingdom and United States in the construction of a dam on the Volta 

River for the generation of hydroelectric power. 

Though the desired integrated aluminum industry was not achieved, rela

tively cheap production of electricity became possible. An aluminum smelter was 

constructed, but was designed to use imported alumina instead of developing the 
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bauxite reserves of the country as originally proposed. Currently, Ghana produces 

bauxite and aluminum, but not alumina. Bauxite is exported to Britain, and the 

aluminum to the U.S. and Europe. Alumina is imported from the U.S. and Ja

maica. VALCO's operation in Ghana has no direct linkage with the current bauxite 

production and aluminum fabrication in the country. 

1.2. Objectives of the study 

The purpose of this dissertation is to evaluate the alumina refinery project 

which is the first step required to achieve a fully integrated aluminum industry in 

the country. The point to be examined in this study is whether alumina produced 

in Ghana from local bauxite is cheaper than imported alumina. This involves cost 

estimates for domestic production and cif values of imported alumina in Ghana. 

The study considers the bauxite-alumina project as a public project. This is an 

augmented version of a World Bank type study of a project for presentation to the 

Bank for help. Examples of this can be found in the studies of Mexicana de Cobre 

(1961) and Campania Minera de Cananea (1965) in Mexico. 

Ghana has 780 million tonnes of proved reserves of bauxite, averaging in 

grade between 45 and 60 percent. At present, production capacity is less than 

400,000 tonnes of bauxite per annum. (See table 1.1). The table shows bauxite 

produced in Ghana as a percentage of total world production between 1950 and 

1989. Ghana's output reached 1.39 percent of world production in 1950, and then 

declined to 1.18 percent in the following year. After 1951, the only years in which 

production reached 1 percent of world output were 1954 and 1963 when output 

was 1.02 and 1.03 percen.t, respectively, of world production. This output comes 

from the existing mines at Awaso. The current output does not reflect the full 

potential of Ghana's capacity to produce bauxite. Mine capacity is constrained 

by the allocation of railway carts for the exportation of ore. A breakdown of the 

railways often affects production of ore. For, whenever evacuation of ore to port 

slows down or stops there is a backlog of ore at the mine site, leading to a cut in 

production. 
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'1'abl.. 1.1 

GbaDa aDd Worl.d ADDual. Bauz:i.te 
Productj,on: 1950-1989 

('1'Ila1uaDd '1'0DDaa) 

'lear World Ghana I!! 

1950 8,418.0 117.0 1.39 
1951 11,147.0 131.0 1.18 
1952 12,769.0 76.0 0.60 
1953 13,861.0 117.0 0.84 
1954 16,253.0 166.0 1.02 
1955 17,760.0 118.0 0.66 
1956 lB, 823. 0 140.0 0.74 
1957 20,482.0 183.0 0.89 
1958 21,397.0 189.0 0.88 
1959 23,045.0 198.0 0.86 
1960 27,620.0 194.0 0.70 
1961 29,279.0 204.0 0.70 
1962 31,220.0 243.0 0.78 
1963 30,457.0 314.0 1.03 
1964 33,143.0 250.3 0.76 
1965 37,292.0 309.1 0.83 
1966 41,057.0 352.3 0.86 
1967 45,369.0 350.9 0.77 
1968 47,230.0 291.6 0.62 
1969 55,458.0 269.0 0.49 
1970 60,612.0 342.0 0.56 
1971 66,797.0 328.6 0.49 
1972 70,806.0 340.3 0.48 
1973 74,866.0 354.4 0.47 
1974 83,935.0 363.1 0.43 
1975 77,045.0 325.2 0.42 
1976 80,492.0 267.3 0.33 
1977 85,224.4 244.2 0.20 
1978 84,369.1 327.9 0.39 
1979 88,009.4 235.1 0.27 
1980 91,838.2 225.1 0.25 
1981 88,540.0 181.3 0.20 
1982 80,917.0 63.5 0.08 
1953 81,218.0 70.2 0.09 
1984 89,355.0 44.0 0.05 
1985 85,894.0 170.0 0.19 
1986 79,350.0 22~.O 0.28 
1987 83,817.0 24!6.o 0.26 
1988 87,817.0 300.0 0.34 
1989 93,575.0 381.0 0.41 

Source: Schmit:, Chzistopher J., World Non-Ferrous Metal 
Proauction and Prices, 1700-1976, Frank Cass ana Co. 
Lta.paqe. 51-53; U.S.B.M., Minerals 'lear Book, 1987; IBA Ravie. (September-December) 1990. 
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Most resource rich LDCs depend on the full exploitation of their natural 

resources and the development of an export trade for the growth of their economies. 

This study, therefore, aims at evaluating the foreign exchange earning contributions 

of the bauxite-alumina project as an addition to the current earnings from the 

bauxite and aluminum exports. 

The current bauxite mining for export is independent of the proposed 

bauxite-alumina project to supply bauxite for the domestic production of alumina 

to feed the aluminum smelter as well as for export. This domestic supply of the 

intermediate product (alumina) is in essence an import substitution strategy, the 

evaluation of which depends on the comparative cost studies of domestic produc

tion and the cif values of alumina imports. The study also investigates the major 

factors that tend to hold back the full development of the bauxite reserves of the 

country and looks at the strategies for planning the future production of bauxite 

and alumina in the country. 

1.3 The Proposed Project 

The proposed project is the developmemnt of a 2.5 million tonne bauxite 

mine and a refinery with a capacity of 800,000 tonnes per year at Kibi in the 

Eastern Region of Ghana. Kibi lies about 100 miles north of Accra, the capital 

city, on the main railway line to Kumasi (See Figure 1.1). The Kibi deposit is 

the second largest in the country. The geology and composition of the rocks from 

which the deposit is formed are described in Kesse (1985, p. 130). The deposit 

is located on the top of flat topped hills which stand prominently in the area and 

dominate the horizon. 

The overburden is a mixture of soil and laterite. The bauxite is exposed to 

the surface in many places with no overburden. A heavy removal of overburden is 

an additional cost to mining the ore as the volume of overburden removal influences 

the type of equipment selected for stripping and mining. 

The Kibi bauxite is low in silica, accounting for the high silica module 

(A120 3 /Si03 ) ofthe Ghanaian bauxite. The quality of bauxite is determined by its 

chemical and mineralogical composition. The most important chemical components 



Figure 1.1 

Map of Ghana Showing Important Minerals 

~----. " .
I . " --

..... 

Source: Ghana Survey Department, Accra, 1986 
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are alumina content and reactive silica. A silica module greater than 10 includes 

the best quality ores of the world. Second and third class ores have modules ranging 

from 7-10 and 4-7, respectively (Govett et.al. 1983,p.6). 

Based on the bauxite qualities, the U.S. Bureau of Mines undertook capital 

cost estimates for refineries located in different parts of the world (see Table 1.2) 

in 1976. The estimates show that the capital cost per annual tonne of producing 

alumina in Ghana was the lowest. It is a third of that of the project in Teheran and 

less than half the projects at Friguia in Guinea and Wagerup in West Australia. 

1.4 Outline of the Dissertation 

The dissertation is organized into six chapters. This chapter presents the 

problem and objective of the study, and gives the background of the aluminum 

industry in Ghana. The literature on the role of primary resource processing in 

the economic development of LDCs is reviewed. The views for and against mineral 

processing as a strategy in economic development are highlighted and some impor

tant works on cost-benefit analysis are discussed. Chapter 2 describes the structure 

of the Ghanaian economy and the contributions of each sector to its growth. The 

structure of the aluminum industry is described in chapter 3. A model of the alu

minum economy is used for the evaluation of the sensitivity of the world market to 

supply and demand shifts. The criteria for determining the profitability of projects 

are reviewed in Chapter 4. The strengths and limitations of each criterion are 

discussed. The cost of capital for the project is computed for different sources of 

funds. Chapter 5 discusses the characteristics and qualities of bauxite deposits in 

the world and those in Ghana. Those characteristics which recommend the Ghana

ian deposits for processing are discussed. Cost estimates are made for mining and 

refining. Shadow prices, wage rates, foreign exchange rates and the social discount 

rate are estimated. The weights for the shadow values are used for the financial 

appraisal of the project. Sensitivity analyses are made to determine the range of 

profitability of the project. Chapter 6 summarizes the results of the analyses and 

draws conclusions concerning the feasibility of the project in Ghana. 
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Table 1.2 

Capital Costs of Alumina Refineries, 1976 

country Location Capacity Cost 

(1000 tons) ($Million) 

Year Cost/Annual 

ton ($) 

Brazil Belem 800 409 1978 511 

Venezuela Mantanzas 1000 650 1979 650 

West Australia Wagerup 500 427 1980 854 

Norway Mongstad 350 244 1979 697 

India Orissa 800 861 1979 1077 

Iran _ Teheran 500 600 1979 1200 

Indonesia Kuala Tanjung 600 502 1979 836 

Guinea Friguia 350 350 1978 1000 

Guinea Aye Koye 2000 1200 1978 . 600 

Ghana Kibi 600 240 1978 400 

Source: Petersen, G.R. and S.J. Arbelbide, Aluminum Availability: 

Market Economy Countries, U.S.B.M., I.C. 8917, page 28. 
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1.5 A Brief History of the Aluminum Industry in Ghana 

A brief review of the background of the aluminum industry is proper at 

this stage because it is difficult to understand the present structure of the industry 

without knowing the events that preceded the execution of the project. The alu

minum industry of Ghana is the newest part of the mineral industry of the country. 

The project grew out of the desire to put into use two under-utilized resources in 

Ghana: the large bauxite deposits at Yenahin in Western Ashanti and the hydro

electric potential of the Volta River (see Figure 1.1). It was conceived as a joint 

project planned to include the construction of a major hydroelectric installation 

at Ajena, about 70 miles from the mouth of the Volta; the opening of a bauxite 

mine at Yenahin; the construction of an alumina plant, a smelter, and a township 

at Kpong near the dam site; and the building of two new railway lines, about 70 

miles in all, connecting the mines and the smelter with the existing Kumasi-Accra 

line and a new 35-mile railway line from the smelter to the new port of Tema. An 

integrated aluminum industry based on power from the Volta can be traced as far 

back as 1925 when a survey was first undertaken. However, active investigation 

into the project was started in 1937 and was subsequently interrupted by World 

War II.(Birmingham, et.al.1966, p.391). 

After the war the investigation was resumed by a private British company, 

West African Aluminum Limited, which was specially formed by the colonial gov

ernment for the purpose. In 1947, another British firm, Aluminum Limited, ac

quired substantial bauxite concessions in the country and, later, in 1949, secured 

an interest in West African Aluminum Limited prior to independence. The first 

report on the project was submitted in 1951 when an African government took over 

power from the colonial administration prior to independence. The enthusiasm of 

the new government was greater than that of the colonial administration. This led 

to more serious investigations into the Volta lliver Project (VRP), involving the 

hydroelectric power and the aluminum industries. A White Paper was published 

in 1952, establishing the Volta River Authority (VRA) to take charge of the cost 

estimates for the project preparation, a master agreement and the phasing of the 
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project. The total investment capital according to the White Paper was $400 mil

lion (Birmingham, et.al. 1966, P.39). This was to be financed by the governments 

of Ghana, the United Kingdom and interested alwninum companies. 

Between 1950 and 1960, before the project could be started, the world alu

minum industry experienced a phenomenal growth in output. World total pro

duction of aluminum more than doubled from 1.9 million to 5.3 million tonnes. 

This was an increase of 178.9 percent, or about 16.3 percent per year. During 

the same period the real price of aluminum increased by 21.6 percent, an increase 

of 1.96 percent per annum (See Table 1.3). World consumption of alwninwn in

creased by 156 percent from 1.6 million in 1950 to 4.1 million in 1960. This was 

an annual increase of 14.2 percent. The annual rate of production in this decade 

exceeded conswnption by 2.1 percent. Growth in primary production accounted 

for a greater ~ncrease in total output than did secondary production of aluminum 

(see figure 1.2). In 1950, primary aluminum production accounted for 79 percent 

of total world production, while secondary production was 21 percent. In 1960, 

however, primary production increased slightly to 86 percent of world production, 

and then fell to 75 percent in 1985. 

A new estimate of the Volta River Project showed an increase in capital costs 

from $400 million to $600 million as a result of world and domestic inflation. These 

developments killed the enthusiasm of the British government and the aluminum 

companies. By 1956, it became clear to the government of Ghana that no agreement 

would be possible on the project. 

The government of Ghana was strongly convinced of the desirability of the 

project and became worried about the lukewarm attitude of the British government. 

In October 1957, five months after the celebration of independence, the government 

of Ghana approached the U.S. government for help in undertaking the project. The 

U.S. government began an investigation into the possibility of helping to finance the 

project. In 1958, the President of Ghana visited the U.S .. and made contact with 

the chairman of the Kaiser Corporation. Kaiser sent a team to reassess the project 

in February 1959. Kaiser's report differed in costs and design from the earlier 

estimates. The power project was reduced from $188 million to $155 million, while 
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'l'ab1. 1.3 

Wor1cl n ... ;!'11P Produc:t.icm, CoIuRDIptj,OIl aDd. Price 

Year Pr:i.mary Secondary Total Total Real Price 
Production Production Production Consumption (S/Tonne) 

(Thousand tonnGa) 1983 - 100 

1950 1507.0 400.0 1907.0 1604.3 1561.23 
1951 1808.0 439.0 2247.0 1792.6 1422.33 
1952 2832.0 445.0 2477.0 1980.9 1414.18 
1953 2454.0 525.0 2979.0 2404.7 1579.71 
1954 2820.0 492.0 3312.0 2775.4 1649.70 
1955 3105.0 569.0 3674.0 3113.2 1748.12 
1956 3333.0 574.0 3907.0 3189.7 1872.12 
1957 3389.0 629.0 4018.0 3240.0 1797.69 
1958 3547.0 587.0 4134.0 3432.7 1797.30 
1959 4086.0 693.0 4779.0 4077.4 1842.47 
1960 4543.0 716.0 5259.0 4126.2 1898.01 
1961 4557.0 562.0 5319.0 4443.9 1840.16 
1962 4960.0 914.0 5874.0 4958.1 1754.50 
1963 5401.0 1036.0 6437.0 5317.7 1656.98 
1964 6055.0 1151.0 7206.0 5845.4 1693.85 
1965 6586.0 1282.0 7668.0 6474.7 1737.23 
1966 7209.0 1657.0 8866.0 7032.7 1641.73 
1967 7933.0 1700.0 9633.0 7879.5 1655.28 
1968 8515.0 1946.0 10461.0 9251.8 lB07.69 
1969 9454.0 2256.0 11715.0 9976.4 1901.97 
1970 10257.0 2181.0 12438.0 10260.0 1824.41 
1971 10936.0 2295.0 13231.0 11133.1 1695.84 
1972 11699.0 2448.0 14097.0 12165.6 1409.71 
1973 12707.0 2809.0 15516.0 13245.6 1117.95 
1974 13825.0 2883.0 16708.0 14586.2 1217.64 
1975 12765.0 2590.0 15295.0 12550.2 1249.46 
1976 13083.0 3100.0 16183.0 15211.6 1474.46 
1977 14300.3 3286.0 17592.3 14668.8 1464.42 
1978 15420.4 3483.2 19403.6 15526.3 1287.13 
1979 15477.1 3692.2 19169.3 16163.4 1295.75 
1980 16059.0 3913.7 19972.7 15445.8 1398.17 
1981 15692.0 4148.5 19840.5 14798.4 1597.71 
1982 13991.4 4397.4 18388.8 14438.7 1625.61 
1983 14300.3 4661.3 18967.6 15632.9 1712.00 
1984 15940.8 4940.9 20860.9 16139.9 1724.64 
1985 15514.5 5237.4 20714.4 16344.6 1675.31 
1986 15530.6 4199.2 19729.8 15827.2 1653.38 
1787 16272.3 4513.7 20786.0 16039.7 1785.65 
1988 17316.1 5030.9 22347.0 16986.4 1829.74 
1989 17980.0 5113.6 23093.6 17743.4 1675.42 

Source: S~tz, Christopher J., World Non-Ferrous Metal 
Production and Pric •• , 1700-1976; ISI. Review, October-December, 
1988; World Metal Statistics, 1989. 



Figure 1.2 

Primary and Secondary Aluminum Production and Consumption 
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the aluminum industry was reduced from $213 million to $98 million (Birmingham 

et al, 1966, p.393). 

The estimated cost was reduced because many parts of the project were cut, 

and Kaiser's plan differed from what the government of Ghana wanted to do. As 

conceived by Kaiser, the public utilities and infrastructural aspects of the project 

were to be financially separated from the aluminum industry. The infrastructure 

would be built by the government of Ghana from public funds while the power, 

smelter and refinery would be financed by the aluminum companies. The size of 

the aluminum smelter was reduced and it was planned to use imported alumina 

for processing from the beginning of operation. This aspect of the agreement, 

which was the first condition of Kaiser's participation, meant that the development 

of Ghana's own bauxite deposits had to be deferred to a later date and would 

not be an integral part of the project, as originally planned. It was stated in 

the agreement that the aluminum smelter would be penalized each year after the 

tenth year for using imported alumina. There would be an increase in the tolling 

charge of one-fourteenth (7.1 percent) each year that domestic alumina was not 

used (Birmingham, et.al. 1966, pA04). 

Another change in the project was the removal of the dam site from Ajena to 

Akosombo, with a larger power capacity than originally planned. The government 

of Ghana was to secure outside help to cover the foreign exchange capital cost of 

the publicly financed part of the project and get the aluminum producers to finance 

the smelter. Negotiations went on with the World Bank, the aluminum companies 

and foreign governments for participation in the project. At the beginning of 1960 

a team of World Bank experts arrived in Ghana to investigate the possibility of 

financial support from the Bank. The team produced a favorable report and a loan 

of $47 million was granted to finance part of the project in 1962. After the World 

Bank assessment and aid the governments of Britain and the U.S. reassessed their 

positions and agreed to make loans to support the implementation of the project 

(Birmingham, et.al., 1966, p. 396). 

The project was financed by means of external loans and equity investment 

on the part of the Ghanaian government. Table 1.4 shows the sources of funds for 
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'tabl.e 1.4 

Source Amount ou:ation Rate of Yearly 

($ Million) o~ Loans Inter •• t Amortization 

(Years) (') ($ Million) 

World Bank 47.00 25 5.75 1.88 

u.s. AID 27.00 .30 3.50 0.90 

U.S.Ezport-Xmport Bank 10.00 25 5.75 0.40 

U.K.Export Credit 14.00 25 6.00 0.56 

Government o~ Ghana 98.00 

'total 196.00 

Source: Seven Year Devel.opment Plan, Ghana, 1957. 
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investment in the hydro-electric part of the project. It is evident that loans from 

external sources accounted for half the total investment. The other half was met 

by the government of Ghana. 

The second part of the negotiations concerned the aluminum industry. The 

estimated cost of the smelter was $128 million. This was financed by a loan of 

$96 million from the U.S. Export-Import Bank to the Volta Aluminum Company 

(VALCO); the remaining $32 million was provided by the Kaiser Aluminum and 

Chemical Corporation (90 percent) and Reynolds Metal Company (10 percent) 

with U.S.A.LD. providing a political risk guarantee for the companies' investments. 

A feasibility study was also conducted for the mining and refining of the 

bauxite into alumina. For the mining project, fixed investment included the cost of 

stripping equipment, internal transportation, drying kilns and crushers, as well as 

the cost of construction of storage facilities, workshops and offices. The estimated 

cost for a proposed one million tonne bauxite capacity in 1966 was $10 per tonne. 

This brought to $10 million the total investment in mining and refining facilities. 

The estimates for operations in Jamaica for 2 million tonnes bauxite capacity at 

the time was $17.5 per tonne. The latter cost estimate was $7.5 per tonne more 

than the cost of operations in Ghana. (U.N., 1966, P.3). Though cheaper, the 

mining and refining in Ghana was not undertaken by Kaiser and Reynolds. Both 

companies had opened mines and refineries earlier in Jamaica, before undertaking 

the project in Ghana. 

According to the United Nations Report (1966), the cost estimates in Ja

maica included investment in mining and drying equipment, the cost of pier, dock, 

storage and loading facilities as well as transport facilities. In the case of Ghana 

the estimates included the cost of mining equipment and facilities, the cost of a 

township, and a road from the mine to the nearest existing road. 

The mining operations in Ghana were planned through three stages, begin

ning with a 60,000 tonne capacity through a 400,000 tonne capacity,to the final 

stage of a one million tonne capacity. Labor input was estimated at 1.6 man-hours 

per tonne. The estimates for Guiana for a similar project was 3.5 man-hours per 

tonne, while that in the U.S.A. was 0.54 man-hours per tonne. (U.N.1966, P.4). 



27 

The total costs of the hydroelectric and smelter projects amounted to $316 

million. This excluded the costs($98 million) of a new port and the township of 

Tema, which were treated among the required infrastructure to be provided by the 

Ghanaian government. The total costs of the project were financed in the follow

ing proportion: the government of Ghana- 47.3 percent; loans to VALCO- 45.0 

percent; Kaiser and Reynolds - 7.7 percent (see Birmingham,et.al.1966, p.386). 

Though Kaiser and Reynolds contributed less than 8 percent of total capital in

vested, including infrastructure, they controlled the operations of the smelter. 

1.5.1 The Kaiser Agreement and its Implications 

Ghana was declared a Republic on July 1, 1960 at which time the nationalist 

movement in the country was strongest. The building of the dam was, therefore, 

not just another project in a development budget, but was regarded as the main 

source of power for the large number of industries planned; promising a miracle 

of industrial Ievolution and a richer living standard for the people. The slogan 

was,"Work and Happiness", and the ideology was "Nkrumaism". The side benefits 

of the project were greatly emphasized: abundant power for rural electrification, 

and support of new industries; the water in the Volta Lake would support large 

scale fishing and facilitate the irrigation of the Volta basin. The lake would also 

provide cheap transportation from the south to the northern parts of the country. 

Expectations were high, so delays in negotiations could lead to frustration. 

Causes of the delay were economic as well as political. The aluminum companies 

most feared the risk of being victimized by the expropriation of the smelter in a 

fit of nationalist fervor. (Fortune,Nov. 1961). It was against this background that 

Kaiser was negotiating a U.S. government guarantee for the financing of the Volta 

Aluminum Company (VALCO). 

In the fall of 1959, Kaiser and the representatives of Alcan, Alcoa, Ohlin 

Mathieson and Reynolds agreed to put up $50,000 each to set up VALCO for ex

ploring the feasibility of the smelter construction in Ghana. None of the companies 

had committed itself to the smelter in spite of the payments. When the loans for the 

project were ready and the dam was started, Kaiser reached an agreement with the 



28 

government of Ghana on the conditions under which VALCO should operate. The 

government promised a ten-year tax holiday and a free hand to VALCO to operate 

its business. A thirty-year agreement was signed by VALCO for the purchase of at 

least 300,000 KW of power a year at 2.65 mills per kilowatt hour. This was worth $ 

6,898,500 and was to be paid in dollars, and not in the domestic currency. The rest 

of the power is sold to the Electricity Corporation of Ghana (ECG) for distribution 

to domestic consumers, to the mines and to the two neighboring countries of Togo 

and Benin. Domestic consumers paid at the rate of 5 mills, while Togo and Benin 

were charged 15 mills per kilowatt hour. According to Birmingham et.al. (1966, 

p.404) VALCO was charged cost price, which leaves the profitability of the project. 

to the price charged domestic consumers. 

If the price paid for power by Benin and Togo is considered the opportunity 

cost of power in Ghana, VALCO was paying less than one fifth of what it should 

pay and domestic consumers were paying a third of what they should pay for power 

every year. Between 1973 and 1982, VALCO got $326.825 million in power subsidy 

from the country (see Table 1.5). It should, however, be remembered that the 

reason for the World Bank support of the power project was that a large consumer 

like VALCO was ready to purchase power at a guaranteed rate from VRA. This 

was one of the conditions given to VRA for the Bank's support. Also VALCO was 

buying two thirds of total power produced at bulk rate, which in most markets is 

priced lower than retail rates. 

With regard to VALCO's relationship with the parent companies in the U.S., 

it was specified that Kaiser's and Reynold's U.S. companies would supply alumina 

to the smelter, duty free, and take charge of the aluminum produced (Birmingham, 

et.al., 1967, p.403). 

Even though it was not processing Ghanaian bauxite VALCO, in the Master 

Agreement, secured rights over bauxite concessions covering 40 square miles in the 

eastern region of Ghana. There were also provisions in the agreement for VALCO 

to expand its operations without any further authorization by the government. 

VALCO bargained for a provision in the agreement to sell all its aluminum without 

any restriction by the government as to its destination. VALCO was also exempted 



29 

~able 1.5 

VALCO Power CoD8mIpt:iOD aDd Pay.eDta 

Year Power Consumed Total Payment VALCO Benin VALCO 

(100 KWH) ($ million) Price Price Subsidy 

($/KWB) ($/1001) ($ mllion) 

1973 2,625,900 6.959 0.00265 0.015 32.430 

1974 2,734,768 7.247 0.00265 0.015 33.775 

1975 2,518,244 6.673 0.00265 0.015 31.100 

1976 2,644,890 7.009 0.00265 0.015 32.660 

1977 2,783,610 7.377 0.00265 0.015 34.380 

1978 2,086,381 5.529 0.00265 0.015 25.770 

1979 2,907,527 13.261 0.00456 0.015 42.290 

1980 3,318,618 15.959 0.00480 0.015 33.820 

1981 3,303,237 16.620 0.00503 0.015 32.930 

1982 3,008,706 17.459 0.00580 0.015 27.670 

Source: VRA, Annual Reports and Accounts, 1982 &1983 
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from import duties on alumina and other materials from outside the country for 

the production of aluminum, and from export duties on aluminum exported out of 

Ghana. The company was permitted a tax relief for ten years under the Pioneer 

Industries and Companies Act and, when income tax became payable, the tax 

would be calculated at the rate applicable in 1961. The rate for this provision was 

to be 40 percent on retained profits plus 2.5 percent on profits transferred out of 

Ghana by the multinationals. 

In December 1960, Alcan withdrew from the consortium, followed by Alcoa 

in April 1961, and Mathieson in July 1961. Kaiser's original share of VALCO was 

50 percent. With the withdrawal of the three members, Kaiser increased its share 

to 90 percent and Reynolds, the only remaining member, took only 10 percent. The 

smelter was built at Tema with a production capacity of 231,000 tons of aluminum 

per year. It started operation with imported alumina as stated in the agreement. 

The ten year period for using imported alumina in the production of aluminum 

in Ghana expired in 1976. According to the agreement, Val co should have started 

using alumina produced in Ghana from that year. The smelter continues to use 

imported alumina today. This continued use of imported alumina in the smelter 

may be the cheaper means of continuing smelting. The effect is that it has hindered 

full exploitation of the bauxite reserves of Ghana. The failure to develop the bauxite 

reserves of the country has attracted hostile criticism of the original agreement. 

The present analyses are attempts to evaluate the financial, economic and 

other factors that have contributed to the delay in the development of the bauxite 

reserves of Ghana to support the large scale production of aluminum which has been 

going on in the country for more than two decades. The analyses also purport to 

show the power subsidies that VALCO has enjoyed over the years and any hidden 

rent that has been accruing to VALCO over the period which make possible the 

cross transportation of intermediate materials for production. 

1.6 Methodology and Scope 

The evaluation of alumina production in Ghana is undertaken as a pub

lic project in whicr.. the appraisal is financial as well as economic. The financial 
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approach considers efficiency issues. The benefits to the country of the refinery 

construction and the expansion of bauxite production are financially evaluated. 

The evaluation of social costs and benefits calls for the computation of shadow 

prices, or opportunity costs which, under distorted economic conditions, are re

garded as reflecting the true values of goods and services in the economy. Whether 

the project is undertaken by private investors or the goveIillIlent of Ghana, the 

decision to develop and finance bauxite mining and the alumina refinery would be 

based on the profitability of the project. In the present analysis profitability is 

shown by a positive net present value (NPV) of the project, or a greater than one 

profitability index. 

A market model is used to evaluate the sensitivities of supply and demand 

expansion of primary aluminum ingots. An econometric model of the world alu

minwn economy is estimated, and the elasticities of supply and demand are com

puted and used for assessing the sensitivity of price to supply and demand ex

pansions. As aluminum production in Ghana is export oriented, it is appropriate 

to evaluate the world market conditions and assess their influence on Ghanaian 

production. 

1. 7 Review of the Literature 

This section is divided into two parts. Part one reviews the literature on the 

role of resource development in the economic development of the LDCs. The studies 

for and against minerals and agricultural raw material processing are discussed. 

The strengths and weaknesses of the different approaches to social appraisal of 

projects are highlighted. 

1.7.1 The Role of Resource Processing in Economic Development 

Economic development planning and resource mobilization are vital to the 

economies of the LDCs which are promoting the processing of raw materials within 

their countries. To them industrializatic.l, based on the processing of agricultural 

and mineral resources, is a good strategy for development. The arguments often 

advanced by the LDCs are that processing increases value added to the commodities 
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they produce and export and additionally promotes backward and forward linkages 

in the national economy. There are convincing arguments for and against the 

two reasons stated as a strategy in economic development. The extent to which 

processing of raw materials is made to enhance forward or backward linkage in the 

economy can only be based on economic and political decisions of the country. The 

issue arising from these decisions is whether the processing of raw materials is a 

good strategy for the development of the economy. At the UNCTAD IV and V and 

the UNIDO Lima Declaration, processing seemed to be the preferred prescription 

for expanding the economic activities of the LDCs (Adams and Behrman, 1981). 

In his study, Dammert,et.al. (1985) applied linear programming techniques 

to copper processing and found that optimal location for copper refining is influ

enced by the location of semi-manufacturing activities. According to his conclusion, 

this can either be in the developed countries or in the LDCs. Fabrication of prod

ucts is, however, concentrated in the developed industrial countries which consume 

the greater part of all minerals produced in the world. 

Many resource development projects in the LDCs are either agricultural or 

mineral processing. Mining is an important activity in the economy of Ghana. 

This country is fifth in the world in the production of gold, fifth in the production 

of diamonds, a major producer of manganese, and a producer of bauxite and alu

minum ingots. The total impact of these activities on the economy is, however, very 

small. Mining accounts for only 10 percent of the gross national product; about 

60 percent of the foreign exchange earnings of the country are generated by farm 

exports. About 70 percent of the labor force works in the traditional agricultural 

sector. Though important to the economy, total mineral exports of the country are 

only four percent of the GNP (Kurian, 1982, p.642). 

The importance of the mining sector in the economic development of a 

country has been discussed by a number of writers (McDivitt and Jeffery, 1979; 

Gluschke et.al., 1979; Radetzki, 1979; Mikesell, 1971). Mining is crucial in the 

economic development of some LDCs. The degree of effectiveness in contributing 

to development, however, depends on the organization of the domestic economy if 

mining is allowed to play its potentially crucial role. 
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The changing pattern of bauxite ore supply from the DCs to the LDCs has 

important implications for the location of bauxite refineries. The ore producing 

stage is less capital intensive than the downstream processing activities. By weight, 

bauxite contains about 50 percent waste. When bauxite is exported it contains all 

the impurities as well as the aluminum. Thus, transportation cost is an important 

component of the delivered price of bauxite in consuming countries. This can be 

reduced when bauxite is processed close to the mine. Moreover, countries like 

Jamaica and Guinea tax exported bauxite at the rate of $15.30 and $6.45 per 

metric ton, respectively. This action has been taken in order to encourage the 

multinational companies to process bauxite close to the mines. Bauxite which is 

processed in the countries is not taxed. 

Adams and Behrman (1981) discussed the prevalent views on issues regard

ing the direct factor inputs required for processing activities, infrastructure, inter

national transportation costs, pollution, tariff and nontariff barriers and others. 

The issues concerning the processing of mineral resources in the LDCs are often 

discussed as a global maximization problem, which brings into focus the theory of 

comparative advantage. Locating capital intensive projects in capital poor LDCs 

may not maximize world income. The argument is that alumina refining process 

is capital intensive, while LDCs require labor intensive industries to absorb their 

surplus labor. 

When the existing facilities, infrastructure, markets, and the external 

economies that mineral processing currently enjoy in the advanced industrial coun

tries are considered, they offer a cost advantage to the developed economies over 

the LDCs. The advanced countries appear to have some advantage over the LDCs 

in mineral processing because the relocation of new processing facilities in LDCs 

requires higher capital costs and a large infrastructure. A case can, however, be 

made for processing ores, like bauxite, close to the mine because of high transporta

tion costs resulting from the 50 percent additional weight in waste materials which 

is transported with the ore to the advanced consuming countries. The justification 

of processing bauxite close to the mines is most frequently due to the weight loss. 
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Radetzki (1977, p.138) estimated that gains in transportation by refining bauxite 

into alumina amounted to 30 percent of processing costs. 

Adams, et al (1981) mentioned inadequate transportation, communication, 

water and sanitation as some of the factors which make processing in LDCs less 

attractive. On the other hand there are some LDCs with well developed infrastruc

ture, health facilities and cheap sources· of power for processing. Such producers 

have various endowed advantages which can easily make them least cost producers 

of the particular commodities. 

Often higher tariffs and nontariff barriers exist in DCs against proces£ed 

materials from the LDCs, while none of the same barriers exist on raw materials. 

For example, the U.S., Europe and Japan currently have tariffs on aluminum, but 

not on bauxite and alumina. Golub and Finger (1979) argued that the DC tariffs 

against processed goods are often countered by investment incentives, export taxes, 

and subsidies which axe practiced by the LDCs themselves. 

The current trend in the LDCs is toward greater participation in the mineral 

industry. This may take the form of joint operation of a mine-refinery with the 

multinational companies (MNCs). Alternatively the governments of the LDCs 

may allow a consortium of the MNCs to operate the mine and processing stages of 

mineral production and then tax and collect royalties from them. The interest of the 

LDCs is to participate more in the development of their endowed natural resources. 

For they regard resource development as part of the economic development of their 

countries. 

Radetzki (1979) pointed out, "Where nationally owned firms produce and 

export the mineral to ~oreign companies, the definition of trading parties is unam

biguous. When dominant foreign interests are involved in the exploitation, however, 

the issue becomes blurred, even when export transactions are of arm's length na

ture. This is because the share of (after tax) profits accrues in the end to foreign 

rather than national subjects." This assertion of Radetzki mayor may not be true. 

It depends on whether the MNC declares profits for its global operations in the 

home country, or separately for each subsidiary in host countries. It also depends 
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on how the company uses transfer pricing in its internal transfer of intermediate 

products among its subsidiaries. 

Sometimes if both mining and processing are located in the LDC they may 

facilitate the control of the overall operation of the company. Above all, when 

exports consist of refined metals, the export prices can be easily compared to the 

market prices. Such comparisons are more difficult where unprocessed minerals are 

transferred within the structure of the MN Cs. In the case of bauxite and alumina, 

in which only a small percentage of the total output (20%) enters the world market, 

it is often difficult to know the actual prices used by the MNCs. According to U.N. 

estimates, however, the alumina price is often 14 to 16 percent of the aluminum 

price. 

Davis (1979, p.51-60) discussed the problems experienced by the LDCs in 

their attempt to achieve equity in the aluminum industry. He pointed out that 

the structure of the industry concentrates control in the hands of the "Six Sis

ters," comprised of Alcoa, Kaiser, and Reynolds in the United States; Pechiney 

and Alusuisse in Western Europe, and Alcan in Canada. The six companies are 

involved in all stages of the industry, from the ownership of bauxite reserves to 

the fabrication of final aluminum products. They control the technology and mar

keting and there is hardly any major operation in the world in which one of them 

is not participating. Also, the amount of capital required to operate at the first 

three stages (mining, refining, and smelting) makes entry into primary production 

difficult for new entrants into the market. Most recent mine-refinery operations in 

Australia and Guinea were organized by the countries in collaboration with one or 

more of the foreign MNCs. However, technology, knowledge and people from the 

developed countries can be acquired at the right price by the LDCs. 

One feature of the industry which works against the moves of the LDCs 

to enter primary production is the concentration of the final product stage of 

the mineral industry in the DCs, and the tariff protection of the markets against 

manufactures from the LDCs. Unless the DCs open their markets to the finished 

products of the LDCs by reducing tariffs it is difficult for the new entrants to gain 
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sufficient scale economies or compete with high tariffs on manufactured goods in 

the developed consuming countries. 

Gluschke, et.al.(1979) mentioned that even though the five leading mineral 

producers in the world are all DCs, mining accounts for only a small percentage of 

their total economic activity and export earnings. In the LDCs, however, mining 

projects sometimes account for more than 50 percent of the GNP and foreign 

exchange earnings. This is the result of the low level of economic activities in these 

countries. In countries like Zaire, Zambia and Papua New Guinea mining accounts 

for 30-50 percent of their GNP, and more than 50 percent of the foreign exchange 

earnings. In Zambia copper accounts for about 90 percent of foreign exchange 

earnings. 

Value added is defined by Gluschke, et.al.(1980, p.27) as the total value of 

output less the sum of materials, supplies, energy used, and depreciation. They 

compared the value added per capita income in India ($2) with that in Canada 

($400). In the assessment and comparison they attributed the difference between 

India and Canada to the greater degree of processing of minerals in Canada and 

the greater degree to which inputs for the mining and processing industries are 

supplied locally in Canada. They, however, failed to mention the large population 

of India (over 700 million), and the smaller population (25 million) of Canada 

which are the denominators in computing per capita value added for that country. 

India is among those countries with large reserves of high quality bauxite, iron ore 

and coal in the world. A better comparison of value added should be based on per 

tonne or GNP per capita. 

The countries with large reserves and cheap energy supply have realized 

their ambitions for processing ores before exporting. There has been an increase 

in the LDC share of mineral processing over the years. The share of LDC alu

minum smelting capacity increased from 13.1 percent of world capacity in 1973 to 

21 percent in 1983. In their discourse Gluschke, et.al. (1980, p.34) stated that: 

"The impact of mineral processing activities on the LDCs will vary depending on 

the nature of the process, the economic situation of the country, and the market 
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structure of the commodity in question, the political stability of the country, and 

the profitability of the mineral development project". 

These are issues which create problems of coordination which most mineral 

rich developing countries face in planning their development strategies. 

1.7.2 Benefit-Cost Analysis 

The issues of mine investment analysis and financing in the LDCs are dis

cussed in two recent publications (Tinsely, Emerson, and Apple, 1985; and Gentry 

and O'Neil, 1984). The works of McDivitt and Jeffery (1976) and Radetzki and 

Zorn (1979) deal with project appraisal and financing. These authors approach 

project appraisal from the private viewpoint which emphasizes profit maximiza

tion of the firm, rather than social or public benefits. The difference between the 

two approaches derives from the definition of costs and benefits and the weights 

attached to them. Private appraisal looks at the earnings and profits that ac

crue to the firm, while social appraisal looks as well at the benefits to society of 

undertaking the project. 

The important thing to look for when estimating the benefit-costs of a 

project is the variation in estimates of the benefits and costs, with the prices of 

products and factors and the discount rate. A private company would look for a 

fourth factor, the taxes in the host country. ~Nhile taxes are costs to multinationals, 

they become benefits to host countries when a project is socially appraised. The as

sumptions behind the private and public evaluations also differ. Greater problems 

are found in public projects because of the link between such projects and welfare 

maximization when the latter introduces socia-economic variables into the analy

ses. The solutions of these problems have been well treated in the United Nations 

Industrial Development Organization (UNIDO) Guidelines for Project Evaluation 

prepared by Dasgupta, Sen and Marglin (1972), and the works of Little and Mir

rlees (1968, 1974) which have been adopted by the World Bank. These two major 

works are not very different in the estimates of the weights and national parameters. 

Although the two methodologies are similar, there are some obvious differences in 

the use of the numeraires, or units of account. The Guidelines use the domestic 
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currency of each country and involves the calculation of a single shadow exchange 

rate. For Little-Mirrlees, foreign exchange is the numeraire and there are many 

shadow exchange rates for given parameters.(Schwartz, 1977, P.35). 

In the computations, Little-Mirrlees show more of the mechanics of evalua

tion than does the UNIDO Guidelines. The two methodologies are used in a number 

of countries by the World Bank and the Inter-American Development Bank in the 

evaluation of projects in the LDCs. Other important works in the field are those 

of Deepak Lal (1974), Methods of Project Analysis: A Review, which is a World 

Bank Occasional Paper, and the work of Lyn Squire and Vander Tak (1975), Eco

nomic Analysis of Projects, another World Bank publication. This work provides 

an up-to-date statement of the main developments in the traditional practices of 

the World Bank and the other lending institutions. The book also provides more _ 

specific guidance on project analysis than can be found elsewhere. According to 

the authors, the objectives of any particular society must be taken into account 

when assessing the merits of different projects. Project costs and benefits must 

be evaluated against the extent to which they detract from, or contribute to the 

achievement of that society's objectives. 

They further stated that at a general level all countries may be assumed to 

have two primary objectives: to increase total national income, and to improve the 

distribution of income. The former is the growth objective, the later is the equity 

objective. 

In all national evaluations of projects, those with high investment potentials 

are weighted for their greater contributions to the growth of the country. The great

est attribute of the work of Lyn Squire and Vander Tak is found in the techniques 

for deriving and estimating the. shadow prices for the evaluation of projects. 

The Collected Papers of Arnold Harberger on Cost-Benefit Analysis (1979) 

also explain the various procedures of social appraisal and set up guidelines for 

evaluation. His literature survey, which takes all of chapter two, succinctly sum

marizes the different approaches and techniques in social evaluation. Harberger 

is able to reconcile the divergent views and make their applications clear even to 



39 

those uninitiated in project analyses. The main differences between private and 

social appraisals can be found in the treatment of given parameters of the economy. 

Economists dispute whether economic considerations alone, or the inclusion 

of political and social considerations, should determine the profitability of a project. 

This argument centers on the inclusion of non-economic variables. The issue in

volved here concerns the use of public funds which have political as well as social 

consequences. It is desirable that considerations other than those of economics be 

taken into account in determining public choices. The IADB-UNIDO Symposium, 

held in 1973, on the use of socio-economic criteria in project evaluation dealt pri

marily with this problem and other important topics of benefit-cost analysis. The 

UNIDO publication of 1972 presents the most systematic approach to handling the 

problems involved in using weights to incorporate political and social objectives 

into the evaluations. The weights used in the evaluations in this dissertation rely 

on the World Bank and UNIDO approaches. 

1.8 Data 

The importance of data cannot be overemphasized in the successful eval

uation of a mineral project. To perform this evaluation it is necessary to obtain 

information on: 1) The physical characteristics of the bauxite deposits: size, grade 

distributions and quality of the bauxite reserves; 2) mining and processing meth

ods that can be used; 3) a realistic production rate of operation; 4) an anticipated 

recovery rate; 5) required capital investment and anticipated costs of operation; 6) 

projected market price and the expected revenue stream; 7) sources of finance; 8) 

taxes and royalties; and 9) a suitable discount rate. 

The above information is required for assessing the profitability of establish

ing the mine and alumina refinery in Ghana by generating cashflow over the life 

of the project and also for computing the rate of return on investment. The data 

problem is overcome by using estimates based on the 1982 cost of the Bayer Pro

cess for producing alumina, by the United Nations Secretariat, and by the United 

States Bureau of Mines, and earlier cost estimates of the Kibi project. The studies 

were based on estimates of the required equipment for opening mines and building 
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alumina refineries in the LDCs and the United States. Adjustments have been 

made to correct for differences in costs, transportation and installment of equip

ment in Ghana. Data on the quality, tonnage and grade distributions of the bauxite 

reserves are found in the work of the director of the Geological Survey in Ghana, 

Kesse (1984). Other cost data are found in the recent estimates of the United 

Nations Secretariat (1984) , and estimates in the Engineering and Mining Journal 

(1985). All sources of information used in this study are listed in the bibliography. 
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CHAPTER 2 

AN OVERVIE"\V OF THE GHANAIAN ECONOMY 

2.1 Introduction 

This chapter presents an overVlew of the Ghanaian economy. The first 

part describes the location and physiographic regions of the country and their 

relationship to the mineral deposits. The second section describes the structure 

of the economy. Five main sectors and their contributions to the economy are 

identified and discussed. The third section discusses the recent performance of the 

economy and highlights the problems which led to the deterioration of conditions 

in the country. 

The Republic of Ghana is situated in \Vest Africa, north of the Gulf of 

Guinea, between the 40 44'N and 110 l1'N latitudes, and between 30 15'"\V and 10 

12'E longitudes. It is bounded on the east by the Republic of Togo, on the west by 

the Republic of Ivory Coast, on the north by Bokina. Fasso (formerly the Republic 

of Upper Volta), and on the south by the Gulf of Guinea (See Figure 2.1). Its 

location between the Equator and the Tropic of Cancer qualifies it as a tropical 

country, with a hot and humid climate. The humidity sometimes reaches 100 per 

cent in the south and decreases inland from the coast towards the Sahara.n fringe. 

The greatest width of the country is from east to west, and stretches about 334 

miles, while the greatest length measured north to sout.h stretches 420 miles. The 

total surface area is 92,100 square miles, a few square miles smaller than t.he Stat.e 

of Arizona. 

Ghana can be divided into six broad physiographic regions as follows: 1) The 

low-lying coastal plain which extends along the south from the border with Togo 

on the east to the Ivory Coast border on the west is about 130 kilometres wide at 

its widest point. The general altit.ude is between sea level and 132 meters above sea 

level. 2) The interior expansive Voltaian Basin is a fairly flat. area. of between 100 

t.o 200 meters in height above sealevel. The basin is made up of mainly sandstone, 

shale, mudstone and pebble beds. It is surrounded by t.he highland regions of the 
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country. 3) The Marnpong-Mpraeso-Koforidua Ridge stretches in a northwesterly 

direction in the middle of the southern half of the country. The average elevation 

of this ridge is about 780 metres. The ridge is made up mostly of sandstone, shale, 

and mudstone. 4) The Akwapim-Togo Range lies on the southeastern part of 

the Voltaian Basin and extends east to the Republic of Togo. The highest point in 

Ghana, Mount Afadjato is 885 metres high. The highest point of this range, Mount 

Agu in the Republic of Togo is 1025 metres high. The mountains are mainly made 

up of quartzite, phylite, sandstone,shale, schist and silicified limestone. The Volta 

Dam at Akosombo is built ill a gorge in this mountaiu range. 5) The Northern 

Plateau covers most of the north of the country. Its height. ranges frorn 152 to 305 

metres above sea level. The most prominent feature, the Gambaga Scarp attains 

a height of 426 metres. 6) The Plateau of the Southwest stretches from the south 

central part of the country to the Ivory Coast border. It is mostly a peneplain of 

va.rying heights between 152 to 305 met.res above sea level. The plateau surface is 

interspersed with many hills. Some of these hills, like the Atewa and At.ewiredu are 

covered with bauxite (see Kesse,1985, p.8). The Kibi bauxite, which is the target 

of development, and the topic of this dissertation, is located in this region. The 

major bauxite reserves of the country (Yenahin, Awaso, Ejuanema), are found in 

different parts of this plateau. 

2.2 The Structure of the Economy 

The economy of Ghana at the time of independence was mainly that of 

primary prodllcing sectors with most industries ouly at first.-st.age processing of 

agricultura.l and mineral export.s, with the aim of reducing bulk and transport 

costs. These. processing plants are, however, seldom integrated into the national 

economy in a manner which can provide any leading sector role for growth and 

development. Backward and forward linkages have played only a limited role in 

the development of manufacturing activities. The flows of output were directed 

to exports and consumption. Using input-output analyses, Szerezewski (1966)and 

Darkoh (1971) demonstrated that the dominating structural feature of the economy 

of Ghana was the relative unimportance of flows inside t.he productive syst.em. 
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There was very little interdependence among the sectors. Most of the output of 

the sectors entered directly into final uses. Their ana.lyses showed that Ghanaian 

manufacturing in H)60 supplied only 25 percent of its output as inputs to other 

sectors of production, and 75 percent directly satisfied final demand. Ghanaian 

agriculture sold only 5 percent of its output to other sectors of the economy. The 

lack of interdependence among the sectors has been regarded as a legacy of the 

colonial economy. Therefore, a movement towards industrialization away from the 

"colonial" structure could enhance the growth of the economy. This became the 

main objective of the government of the first Republic and this objective permeated 

the policies throughout the 1960s. 

This section is organized int.o broad sectors according to contributions to the 

gross domestic product (GDP). In these broad categories one can distinguish five 

main sectors)) agriculture, 2) mining, 3) industry and manufacturing, 4) foreign 

trade and 5) balance of payments. 

2.2.1 The Agricu1t.nral Sector 

This is the umillst.ay of t.he ecollomy and t.he largest. sector in t.erms of it.s 

contributions to the GDP, the export earnings of the country and employment. In 

1975, the sector accounted for 60 percent of the GDP, and employed 60 percent of 

the working population. Though its importance has declined over time, agriculture 

remains the single most important activity in the economy today. 'iVhile agriculture 

dominates the economy, the sector is dominated by a single export crop, cocoa. 

Ghana is the world's largest producer of cocoa, accounting for about one third of 

the world output in the 1960s and 1970s. Though its share has declined t.o about 

25 percent of world production, t.he country remains a major producer of the crop, 

and cocoa remains the largest contributor to the foreign exchange earnings of the 

country today. This situation is expected to continue, unless a great change in the 

structure of production in the economy occurs. 

As the cocoa industry has been the major source of income for the greater 

part of the people and the government, expenditure policies are tied to fluctuations 

in the worlel price of this crop. Any time there is a large fall in the price! of meofl, 
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it affects the government budget and the economic activities of the country. This 

utter dependence of the economy on a single fa.rm crop has not. changed since 

1911,when the crop first attained its preponderant position in the economy. Tabl~ 

2.1 shows the contributions of cocoa to the total export earnings of the country 

from 1970 to 1984. 

Cocoa production has been in the hands of individual farmers, who own on 

average about 5 a.cres of land. Capital equipment comprises hoes, machets, and 

plucking hooks. The government supplies spraying machines and DDT for disease 

control on the farms. The fa.rmers employ traditional methods of farming which 

depend solely on the labor of the farmer and his family. Often the young members 

of the family who receive some formal education leave the farms for the urba.n areas 

and cities. Though, the cocoa industry in Ghana has been exposed to the out.side 

world for a very long time, very little is done to improve the technology in the 

industries. 

The Cocoa Marketing Board was established by the colonial administ,ration 

in 1947 to take charge of developments in the cocoa indust.ry. The Board was also 

to assist in the development of all other produce under itf; chargf' for the benefit. anel 

prosperity of the producers. The fuuctions of the Board were: a) to fix aud control, 

with prior approval of the government, the prices to be paid to producers for t.heir 

cocoa and other products, publish such prices and arrange for the tra.nsportation of 

the products for export at the ports; b) to appoint licensed buying agents (LBAs) 

to purchase cocoa from the farmers, c) to purchase through the LBAs cocoa and 

other products, such as coffee, palm kernel, copra, and shea nuts; and to ensure 

their evacuation to the ports for export. 

It also undertakes other activities that may be conducive t.o the at.tainment 

of the objectives and functions of the Board, such as the provision of storage 

facilities, market information and services, and the financing of the cocoa industry. 

The Board operates as a government monopsony facing the farmers. As the 

prices set each season are far below the world price of cocoa, the government uses 

it as a. means of socialization of savings which it can be argued, may discourage 
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'fable 2.1 

Cocoa Revenues &ad Ba1aDce of Pay.eDt., 1970 - 1986 

Year Bzport Bzport • COCoa x-port Sw;plua 

('rote.1) (Cocoa) ($ Ki11ion) ($ MiUion) . 
19'70 427.0 294.98 69.1 375.1 51.9 

19'71 334.6 111.90 33.4 368.2 -33.6 

19'72 384.3 226.59 59.0 222.9 161.4 

19'73 585.0 345.72 59.1 372.1 212.9 

1974 6'79.0 405.'79 59.8 708.2 -29.2 

1975 801.0 479.74 59.9 650.5 150.5 

1976 '779.0 448.49 5'7.6 690.3 88.7 

1977 889.6 591.34 66.5 860.2 29.4 

1978 892.8 355.68 39.8 780.3 113.5 

1979 1065.7 664.67 62.4 803.1 262.6 

1980 1103.6 570.83 51.7 908.3 195.3 

1981 710.7 369.85 52.0 954.3 -243.6 

1982 791. 7 353.33 44.6 588.7 203.0 

1983 439.1 201.71- 45.9 499.7 -60.6 

1984 565.9 261.02 46.1 533.0 32.9 

1985 632.4 278.51 44.0 688.7 -56.3 

1986 773.4 375.60 48.6 712.5 60.9 

Source: International Financial Statistics, I .M.F., 1989; 

Huq, M.M., The Economy of Ghana, 1989, p.305 
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individual farmers from saving. The important point for the accrual of this excess 

fund is that it is a major source of revenue for economic development of the country. 

Timber is the most important agricultural export after cocoa. As many as 

150 known commercial species are found in the forest belt of Ghana. Of these only 

about 25 to 30 species are used. The most popular varieties are mahogany, odum, 

utile, sapele, and wawa, all of the well known red-wood type (Huq,1989, p.105). 

In the 1960s and 1970s timber accounted for about 10 percent of the total export 

earnings of the country. Though production increased over the years, only the 

few species mentioned above have been exploited, leading to their depletion. The 

governmeut. 1m::; iutrouuceu policies for the use of otller species iu t.he forest, aud 

also large scale reforestation of areas from which trees are felled. The export trade 

and management of the industry is handled by the Timber Marketing Board. 

Like cocoa, coffee is grown in the forest belt. The crop has not received the 

importance attached to the cultivation of cocoa. As a result, only a few areas in 

the forest region grow it. 

Food crop cultivation and animal rearing are carried on all over the country. 

rvIaize, millet., cassa"o, cocoyam and a large variety of fruits arc widely grown. In 

the 1960s the government established state farms, which were mechanized. \\Then 

the first Republic fell most of the farms were taken over by private opera.t.ors. 

Fishing is carried on a.long the sea coast and the rivers of the country. 

Increased fishing activities are now found along the banks of the Volta. Lake which 

was formed behind t,he da.m at Akosombo. The lake has a.fforded large scale fishing 

which vies in scale with coastHI fishing. Traditiona.l fishing close to the shore has 

continued in the sea, rivers and lakes. There has been a gra.dual change towards the 

use of fishing trawlers and modern equipment. The \~Torld Ba.nk, foreign firms, a.nd 

the government. are helping the fishermen to efl"ect the cha.nge to deep sea. fishing. 

Fishing trawlers and processing ships have been procured by private companies 

with the help of the government and foreign businesses. Both traditional and 

modern fishing methods are now used to provide fish for the people. In spite of the 

changes, fish imports still continue to supplement domestic sources of supply. 
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2.2.2 The Mining Sector 

Minerals are very important m the economy of Ghana. The name, Gold 

Coast, was a reflection of the abundant gold dust and ornaments found on the coast. 

by the early European explorers. Though the sector's current contribution to the 

GDP and export earnings is small, its overall influence on the economy is large. 

(Kurian, 1982, P.642). In terms of employment it accounts for only 2 percent of 

the total labor force. Aluminum exports are not included in the country's earnings 

because exports are direct transfers by Kaiser and Reynolds to their facilities. The 

country collects export duties on the value of aluminum exported. 

Unlike aluminum the government owns 55% share in all other mineral pro

d1lction. The value of each mineral export, including aluminum can be seen in 

table 2.2. Table 2.3 shows the value of minerals as a percentage of total exports. 

The export earnings of minerals as a percentage of total exports increases markedly 

when aluminum is included. 

Gold is currently the most. important mineral of the country. Ghana ranks 

fifth in the world for the production of gold. Gold is produced by the State Gold 

Corporation and by Lonro, a London ba.sed private company. Productivity in the 

st.at.e mines is lower than in the private mines because of lower grades and higher 

extraction difficulties in most of the mines taken over by the state. The state t.ook 

t.hem over to preserve jobs for the miners, most of whom are Ghanaians. Most of 

these mines were subsidized by the government until the price of gold increased 

from $35 per ounce t.o the current price of over $300 per ounce. The decision to 

take over the privat.e mines which failed to make a profit was more political than 

economic. The subsequent large increase in price has accounted for the viability of 

the mines a.nd proved the government's initial subsidies to ha.ve been farsighted. 

The private mines produce a.bout one ounce of gold per ton of ore while 

the state mines produce one ounce of gold per 5 tons of ore. In spite of these 

problems, gold has remained the most important mineral of the country. The 

recent discovery of more reserves has increased prospects for gold mining in the 

country. The average output of gold per annum from all mines in the 1970s was 

700,000 ounces. 
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Table 2.2 

Hineral. Ezports of GbaDa: 1970-1982 

YeaJ: Baurite HangaDese Diamond Gold Al1BinUlll Total 

Ore 

($ 1ti.llion) 

1970 1.274 7.056 14.210 25.186 47.726 
1971 1.165 3.344 5.978 14.438 24.925 
1972 1.943 7.196 13.385 36.268 40.945 99.737 
1973 1.874 5.262 9.442 50.528 33.229 100.335 
1974 2.486 7.457 10.369 77.980 68.676 166.968 
1975 3.194 12.702 9.434 64.846 74.057 164.233 
1976 2.994 14.743 9.505 54.184 117.050 198.476 
1977 1. 790 13.459 11.096 51. 831 111.967 90.143 
1978 2.010 6.782 8.373 25.398 44.377 86.940 
1979 2.180 8.197 8.666 58.070 57.960 135.073 
1980 2.423 7.099 7.840 153.954 105.516 276.832 
1981 2.218 6.935 7.029 136.050 132.489 284.721 
1982 0.626 2.835 4.581 105.406 171.128 284.576 

source: Huq, M.M., The Economy of Ghana: The First Twenty Five 

Years Since Independence, MacMillan Press, 1989, p.305 
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HiDeral. Revenue and Ezport Barnings: 1970 - 1985 

Year Ezports HiDeral.s " llineral.s 
('.fotal.) ($Hi.l.l.ions) 

( $Hil.l.ions) 

1970 427.0 47.7 11.2 

1971 334.6 24.9 7.4 

1972 384.3 99.7 25.9 

1973 585.0 100.3 17.2 

1974 679.0 167.0 24.6 

1975 801.0 164.2 20.1 

1976 779.0 198.5 25.5 

1977 889.6 90.1 10.1 

1978 892.8 86.9 9.7 

1979 1065.7 135.1 12.7 

1980 1103.6 276.8 25.1. 

1981 710.7 284.7 40.1 

1982 791. 7 284.6 46.9 

1983 465.9 

1984 632.4 

1985 773.4 

Source: Huq, M.M., The Economy of Ghana: The First Twenty 
Five Years Since Independence, MacMillan Press, 1989. 

_. Not available 
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Diamonds are the second most important mineral in Ghana. The country 

ranks 4th in the the world in the production of diamonds. Output is 75 percent 

industrial and 25 percent gem. Gem exports, however, accounted for about 40 

percent of total export earnings from diamonds. There are two distinct technologies 

in the production of diamonds. The African 'diggers' who use very simple labor 

intensive techniques (panning) and the multinationals which use capital intensive 

techniques in underground mines. Though the African diggers produce only about 

5 percent of the diamonds they employ more than half the labor force involved 

in the production of diamonds. The government of Ghana recently acquired a 55 

percent shareholding in the Lomo Company, according to the new policy of joint. 

government and private company involvement in the mineral industry. 

IVlanganese is anot.her import.ant. mineral in Ghana. In 1975. Ghana ranked 

8th in t.he world in t.he production of manganese. Since that. year production hal'> 

been declining, owing to depletion of the mineral reserves and falling world prices. 

In the 1970s, Ghana produced an average of 450,000 tons per annum. Ore produced 

is exported to the United States and Great Britain. 

Bauxite: Current annual production is about 300,000 tons from the mine 

at Kanayerebo, near Awaso, by the Bauxite Company Limit.ed (formerly British 

Aluminum CompallY) in which the government has n 5.5 percent. shareholding. The 

ore produced from t.his mine is transported to the port. of Takoradi for export. t.o 

Britain. Railway allocations, therefore, play an important role in the production of 

the ore. Table 2.4 shows current bauxite production and shipment in Ghana. Bas

col has undertaken the study evaluating Kibi bauxite and processing alternatives, 

with the aim of developing it for the production of alumina to feed the smelt.er. 

Limestone occurs widely in Ghana. Six deposits are of economic importance, 

but. the only mine operating in the country is at Nauli ill the ';Vestern Region. It is 

used as a flux in the int.egrated iron and st.eel complex built at Ashiem. The other 

deposits are being st.udied for the manufacture of Portland Cement. and their use 

in the production of alumina (Kesse, 1985, p.440). 

Salt is also collected from the dry beds of the lakes and lagoons in the Ada, 

Accra, Apam, Elmina. and Keta areas. Extraction is done by traditional methods 



"l'ab~e 2.4 

Bauzite Production and Shipment Froa Ghana, 1954-1983 

Year 

1954-55 
1955-56 
1956-57 
1957-58 
1958-59 
1959-60 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 
1967-68 
1968-69 
1969-70 
1970-71 
1971-72 
1972-73 
1973-74 
1974-75 
1975-76 
1976-77 
1977-78 
1978 
1979 
1980 
1981 
1982 
1983 

Source: 

Ore ( in toanes ) 

Produced Rai~ed Shipped 

167,966 179,155 178,756 
139,166 100,407 83,691 
182,598 165,810 154,358 
180,480 198,418 207,901 
186,879 210,653 169,321 
197,938 170,814 161,649 
213,767 232,613 232,659 
207,929 225,219 216,887 
225,955 281,038 272,075 
271,025 257,455 221,231 
278,589 280,096 277,066 
312,508 270,786 274,441 
333,458 347,651 314,391 
317,171 305,365 335,844 
247,999 244,826 240,502 
259,993 314,624 290,164 
361,038 328,594 347,522 
356,479 359,104 313,623 
330,351 328,225 319,475 
327,627 338,793 355,283 
383,087 374,463 398,499 
282,084 259,158 322,327 
271,090 276,088 249,849 
271,488 280,592 251,588 
329,856 301,403 340,575 
213,679 236,660 250,585 
224,501 187,423 196,892 
179,598 173,159 156,769 

63,530 103,422 92,954 
70,235 57,186 82,310 

Kesse, G.O., The Minerals and Rock 
Resources of Ghana, 1985, p.10S. 
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by small scale operators. Production depends on the length of the dry season. 

This salt is mostly used for cooking in the country. The establishment of bauxite 

processing industry in the country will create demand for caustic soda which is 

derived from salt. Salt extraction in the country therefore has a great potential for 

the future (Huq, 1989, p.159). 

The mining industry is declining in output in recent years because of t.h~ 

la.ck of spare part.s for machinery and t.rucks for transport.ation. 

2.2.3 Industrial and Ma.nufacturing Sector 

'i\Then Ghana became independent in 1957 the desire of the government was 

the modernization of the economy by the introduction of industries. It was also 

believed that import substitution as a policy would reduce the over-dependence 

of the country on foreign goods and lead to "economic independence". The gov- . 

ernment correlated these beliefs by introducing large scale state enterprises, like 

t.he oil refinery and the st.eel mill at Tema. It should he noted t,hat the country 

was not extracting any crude oil or mining iron ore at the time these industries 

were established. Many industries were established for their prestige ra.ther than 

productivity and need at this time in the country's history. 

The State Enterprises Secretariat, which controlled the government corpo

rat.ions, had 18 divisions with most of the manufactured product,s aimed a.t import 

substitution. The performance of t.he state enterprises, however. was not. very (~1l

couraging. Most of the government corporations made losses, even in areas where 

private firms made large profits. The reason for this can be found in the manage

ment. of the government sector companies. 

In 1978, industry's contribution to the GDP was 18 percent and accounted 

for 18 percent of the labor force employed. The principal industrial groups by 

va.lue are wood and paper, textiles, tobacco, and food a.nd beverages. Most of the 

industries were controlled by the Ghana Industrial Holding Corporation (GIHOC). 

GIHOC was esta.blished to take over the functions of the State Enterprises Sec

retariat. Most of the industries introduced at this time were either government 
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investments or joint ventures between the government and the multinational com

panies. By this process the government increased the public sector far beyond 

anyone's expectation. In fact, state enterprices sprang up in different parts of the 

country. 

The city and harbor of Tema were built with a nascent large industrial area 

to encourage private entrepreneurs to invest in the production of different import 

substitution goods. This period can be termed the time of Ghana's industrial 

revolution, simply because of the unprecedented number of factories and processing 

plants built in different parts of the country. 

The most important single manufacturing unit in the country is the \TALCO 

smelter at Tema which began operation in 1967. It accounts for about 12 percent 

of the export earnings of the country. Table 2.5 shows the annual production of 

aluminum in Ghana and the revenue earned bebveen 1975 and 1984 by \TALCO. 

Recent drought in the country led to the reduction in the allocation of power to 

the smelter and accounted for the low output of aluminum in 1983. Later in 1983 

the five operating potlines were completely shut down. This continued throughout 

1984, resulting in non-production in that year and a tremendous loss of revenue to 

VALCO. 

Recent industry woes include shortage of spare parts and lack of foreign 

exchange for the importation of parts and the required inputs. Most processing 

plants, vehicle assembly plants, and electronic units are import substitution in

dustries. Lack of foreign exchange has led to shortages of inputs and spare parts 

which, in turn, have created bottlenecks in the industries. 

2.2.4 Electricity, Power and Fuel 

After the discovery of bauxite in 1914 efforts were mounted by the colonial 

government to find a site with potential for the development of hydroelectric power 

in the country. Thermal energy production was hitherto the only source of electric

ity. In 1924, the Geological Survey Department presented a report showing some 

important potential sites. Power development was linked with the industrialization 
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Table 2.5 

A1um.inum Production and Revenue in Ghana, 1969 - 1985 

Year Production Price Revenue 

(Tonnes) ($/tonne) ($) 

1969 111,200 599.12 66,622,144.00 

1970 113,000 633.07 71,536,910.00 

1971 111,100 639.33 71,029.563.00 

1972 133,000 582.21 77,433,930.00 

1973 152.000 551.15 83,774,800.00 

1974 157,000 752.52 118,145,640.00 

1975 143,000 877.12 125,428,160.00 

1976 151,000 1,054.24 159,190,240.00 

1977 153,460 1,132.00 173,725,776.00 

1978 113,462 1,170.00 132,750,540.00 

1979 168,729 1,314.00 221,034,990.00 

1980 191,195 1,531. 00 292,719,545.00 

1981 190,497 1,676.00 319,272,972.00 

1982 174.246 1,676.00 292,036,296.00 

1983 42,453 1,712.00 72,679,536.00 

1984 1,785.00 

1985 49,000 1,873.00 91,777,000.00 

Source: VALCO Annual Report, Accra, 1986 
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of the country. However, the British government could not move fast in the de

velopment of power. The project was seriously considered again when an African 

government took power in 1957. The Volta River Project (VRP) was given top 

priority by the government of the first Republic. As a result, by 1966 loans were 

procured and hydro-power production in Ghana started in 1967. Table 2.6 shows 

the sales of the Akosombo power to the various customers in 1986. Total annual 

production is about 1090 Megawatts (900 MW from Akosombo and 190 MVol from 

Kpong). \Vhen table 2.6 is compared to table 2.7, it shows the amount of power 

consumed relative t.o the amount pajd for the power by each customer. 

In 1981 and 1982 VALCO consumed more than twice the power consumption. 

of the electricity Corporation of Ghana (ECG), but paid less than the total amount 

paid by ECG. This ,,,as because of the differential rate paid by them. \iVhile VALCO 

paid 2.65 mills per K\~TH, power was sold to Togo and Benin (CEB) at 15 mills 

per K\iVH in the same year. The main objective of developing the hydroelectric 

pmver potential of the country is the supply of power to the industries, including 

the processing of bauxite into alumina and aluminum. 

Even though Ghana now produces and exports aluminum, it is a general 

feeling in the country that the aluminum smelter does not provide sufficient linkage 

as envisaged in the original plan. There has, therefore, been the desire to develop 

the bauxite resources of the country to supply the intermediate input, alumina, to 

the smelter from domestic sources. 

Though some crude oil is produced in Ghana, the grea.ter part of oil con

sumed is imported in crude form and refined a.t Tema., where a. refinery was built 

by a joint Ghanaian-Italian enterprise. Oil is chiefly used for transportation. 

The rising prices in the 1970s compounded the economic problems of the 

country and led to further deterioration in the balance of payments of the country. 

\iVidespread oil shortages were experienced in the country during the 1970s, leading 

to the dislocation of the transportation system. Foods that were produced in the 

farming areas could not reach the urban areas where the demand for food was high 

and prices were rising very fast. Records show that in 1972 the import bill for oil 

and petroleum products was $26 million, when the price of oil was US$3.0 per 
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'l'abl.e 2.6 

Sal.es of Power to VRA Custoaers (ltIf) 1974 - 1987 

Akosombo Akosombo 

Year VALCO ECG Mines Town Textil.es CEB 

1974 310,000 146,000 40,000 1,400 4,200 24,500 

1975 315,000 162,700 42,000 1,400 4,200 25,500 

1976 319,000 171,800 42,000 1,400 4,200 27,500 

1977 380,000 180,000 41,393 1,400 4,200 32,500 

1978 380,000 184,911 42,710 1,400 4,200 37,500 

1979 390,000 191,134 43,616 1,400 4,200 56,500 

1980 390,000 189,376 43,405 1,400 4,800 74,500 

1981 388,000 193,939 43',588 1,400 3,600 77,500 

1982 385,000 184,402 42,475 3,150 2,700 86,000 

1983 234,000 175,288 40,472 1,870 2,400 88,000 

1984 2,370 172,532 37,493 1,160 2,970 68,500 

1985 185,000 179,915 46,861 3,920 3,060 81,500 

1986 304,000 257,390 43,940 2,100 2,100 79,854 

1987 298,000 210,661 46,788 3,850 1,950 78,500 

Source: Volta River Authority Annual Report and Accounts, 1982 

and 1987 Issues. 
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'1'abl.e 2.7 

Revenue Fraa Power Sal.es to VRA cwrtc.ars, 1974 - 1987 

Akosombo Akosombo 

Year VALCO ECG Mines Textile Town CEB 

($) ($) ($) ($) ($) ($) 

1974 7,247,000 4,834,368 1,520,784 138,096 73,224 864,000 

1975 6,673,000 5,216,184 1,718,280 143,712 76,176 898,704 

1976 7,009,000 7,175,025 2,127,240 202,800 66,750 1,156,500 

1977 7,377,000 9,863,460 2,660,200 269,360 246,420 1,486,660 

1978 9,076,780 9,476,930 2,715,190 268,180 95,930 2,813,240 

1979 10,442,880 6,396,600 2,528,680 211,400 97,160 3,434,760 

1980 12,257,280 13,260,800 5,010,600 378,360 176,120 4,875,360 

1981 16,267,560 26,521,740 7,598,100 301,212 259,160 5,779,020 

1982 11,169,900 21,394,800 6,403,590 141,210 182,520 8,259,570 

1983 447,685 3,021,509 777,622 28,705 25,075 3,700,562 

1984 139,132 13,462,680 3,572,548 271,880 69,720 10,144,316 

1985 9,440,209 13,895,536 4,264,529 167,818 60,270 14,935,729 

1986 31,264,993 29,592,445 6,910,216 204,518 306,316 21,403,209 

1987 28,909,802 19,152,188 4,335,175 243,778 134,132 15,804,749 

Source: Volta River Authority, Annual Report and Accounts, Accra, 

1982 and 19B7 Issues. 
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barrel. In 1974 after the oil price increases of 1973, Ghana's import bill for oil and 

petroleum products reached about $200 million. There is currently very little oil 

production in the country. Prospecting for oil is going on both off and on shore. 

2.2.5 Balance of Payments and the Foreign Sector 

The greater part of Ghana's foreign exchange earnings (80 % ) come from 

the primary sector: cocoa and minerals (gold, diamonds, manganese and bauxite) 

production. Any marked fluctuations in the world prices of these primary products 

greatly affect the income earned by the country. This in turn affects the import 

capacity and the fiscal measures of the government. The greatest impact of the 

rapid industrialization of the country in the 1960s was on the balance of payments. 

At. first, the government. financed all imports from the foreign reserves accumulat.ed 

before independence. This was quickly depleted and the country depended on loans 

from foreign banks and governments. Thus, the advent of the balance of payments 

problems. By the time the first R.epublic was overthrown in 1966 the country 

was saddled with foreign debts amounting to over $784 million. Deficit financing, 

with the government. borrowing from the Central Bank, and short term loans for 

financing imports became the order of the day. As pit.hily expressed by Ahmad 

(1970, p.89): 

"During 1960-65 the C7J.m11.1a.tive cnrrent a.CC01I.nt~ deficits a.monnted to £ 784 

m.illion. The net fOTcign reserves 'Which at the end of 1959 stood at £466 million 

mCTe ,z'll.1·in9 thc nc:J:t six yea.rs depleted. Mean'While net ca.pita.l inflows rosc a:n.d 

cxtcrnn.l dcbt incTc(J.scd from £ 16. 8 million at thc cnd of 1959 to an estimo.tcd 

£(j16 million a.t the end of 1965. Thc t1flO main co.uses of this dcteriora.tion in 

the external bala.nce of the c011.ntry were: a) increa,se in import$; (f.nd b) persistent 

dcteriorn.tion in thc tC1'rns of tra.de". 
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The repercussions of the situation described above were felt in the economy. 

\~Torse still, the controls and restrictive policies which were undertaken by the 

government to arrest the problem were short term measures, with adverse effects. 

The economic problems coupled with the persistent deterioration in the balance of 

payments led to the series of devaluations which started in 1967 when the cedi was 

devalued from $1.40 to $0.98. In 1973, the exchange rate was set at a cedi = $0.77. 

In spite of this devaluation of the currency by 45.0 percent between 1967 and 1973, 

it still remained overvalued, as reflected in the "black market" rates outside the 

banking system. \Vhen the currency was allowed to float in 1978, it depreciated 

to $0.36 in August 1978. By the end of 1983 it showed further weakness when 

it dropped to a low of $0.03. As a result, on August 24, 1984 the government 

further devalued the cedi to $0.028 which, at the beginning of 1986, further fell to 

$0.018. The corresponding black market rates were more than douhle the official 

ra.tes (See table 2.8). One important effect of devaluation is that the people in the 

country exchange more of their currency for a given amount of foreign currency. 

Foreign goods become more expensive, while domestic goods become cheaper t.o 

foreigners. This often leads to expenditure switching - people tend to buy more 

domestic goods which ha.ve become cheaper than foreign goods. 

Another effect. of the devaluation is its effect on the gross nationa.l product. 

(GNP). As foreign goods become more expensive, the importation of capital goods 

become more difficult. Mine equipment a.nd machinery become more expensive to 

replace. It can be seen in table 2.9 that as more and more cedis are exchanged for 

the dollar, the dollar value of the GNP declines. In 1970 when the the exchange 

rate was $0.98 = 1 cedi, 312,851 million cedis equalled $306,594 million. However, 

in 1985 when the exchange rate was $0.017 = 1 cedi, the GNP of 343,048 million 

cedis was worth $5,831.82 million. 
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'l'ab1e 2.8 

Exchange Rate Deterioration in Ghana: 1965 - 1990 

Date U.S.S/Cedi Cedi/U.S.S 

July 19, 1965 1.17 0.855 

February 23, 1967 0.98 1.020 

July 8, 1967 0.98 1.020 

December 27, 1971 0.55 1.818 

February 5, 1972 0.78 1.282 

February 13, 1973 0.77 1.299 

June 20, 1978 0.77 1.299 

July 20, 1978 0.68 1.471 

August 28, 1978 0.36 2.778 

October 11, 1983 0.03 33.330 

March 26, 1984 0.028 35.710 

August 24, 1984 0.025 40.000 

January, 1986 0.018 55.560 

January, ;1.990 0.003 345.000 

Source: Kesse, G.O. The Mineral and Rock Resources of 

Ghana, p. xii; International Financial Statistics, 

I.M.F. 1990, pages 373-5. 



Year 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Tab~e 2.9 

GOP and the Bzc:hange Rate: 1950-1987 

Constant GOP 
(Cedi Million) 

Constant GOP 
($ Million) 

1985 100 

157,972.0 
162,714.0 
167,592.0 
172,621.0 
177,802.0 
181.834.0 
166,745.0 
191,969.0 
196,965.0 
219,491.0 
224,622.0 
238,484.0 
249,997.0 
258,669.0 
264,240.0 
267,849.0 
268,102.0 
258,428.0 
276,775.0 
293,036.0 
312,851.0 
330,255.0 
322,022.0 
371,141.0 
383,735.0 
334,363.0 
322,597.0 
329,875.0 
357,845.0 
343,982.0 
346,518.0 
340,314.0 
315,818.0 
318,041.0 
326,428.0 
343,048.0 
360,884.0 
378,207.0 

221,160.8 
227.799.6 
234,628.8 
241,669.4 
248,922.8 
254,567.6 
261,443.0 
268,756.6 
275,751. 0 
307,287.4 
314,470.8 
333,877.6 
349,995.8 
362,136.6 
369,936.0 
313,383.3 
313,679.3 
253,259.4 
271,239.5 
287,177.2 
306,594.0 
181,640.3 
251,177.2 
322,892.7 
333,849.5 
290,895,8 
280,659.4 
286,991.3 
128,844.2 
123,833.6 
124,746.5 
122,513.0 
113,694.5 
10,495.0 

6,528.6 
4,464.2 
3,969.7 
2,155.8 

Exchange 
($/Cedi) 

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.17 
1.17 
0.98 
0.98 
0.98 
0.98 
0.55 
0.78 
0.87 
0.87 
0.87 
0.87 
0.87 
0.36 
0.36. 
0.36 
0.36 
0.36 
0.033 
0.020 
0.017 
0.011 
0.0057 

Source: Kesse, G.O.,The Minerals and Rock Rources of 
Ghana, page xii; IMF, International Financial 
Statistics 1989, page 372-5. 
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2.3 Recent performance of the Ghanaian Economy 

Economic performance in Ghana, like that of other LDCs that embarked 

on massive industrialization schemes, deteriorated significantly during the period 

1970 to 1980. This period could be regarded as the worst for the economy since 

independence. Coupled with the economic woes was political instability and exper

iments with civilian rule. Compared to the previous decade (1960-70), the annual 

growth rate of real GDP was reduced tremendously from 5 percent per annum to 

-3 percent; the inflation rate, measured by the consumer price index increased from 

6 percent in the 1960s to 100 percent per annum in 1977, and then to 3500 in 1983, 

with a large increase in unemployment. Not only were imports and manufactured 

goods in short supply and sold at high prices, but domestic non-traded goods and 

foods were also in short supply. The "black market" became the market. of the dClY 

between 1980 and 1986. 

Inflation was the scourge of most LDCs trying to industrialize. In its efforts 

to counter the rapidly rising prices, the government. imposed price cont.rols and 

other restrictive macroeconomic policies that resulted in economic stagnation and 

increasing unemployment. Ghana's experience during this period was grave. The 

price index ill 1970 was 100 percent, in 1980 it was 400 percent. This was an infla

tion rate of 52.2 percent per annum. However, between 1980 and 1983 conditions 

det.eriorated further, and t.he inflation rate jumped to 106 percent per annum, cul

minating in a price index of 3500 in 1983. The foreign exchange ra.te fell further. 

The rapid fall in rea.l GDP with the resultant fall in the standard of living created 

hardships for everyone in the country. Many citizens fled the country at this time 

t.o nearby countries and t.o foreign lands far away. 

Although all countries were affected by rising oil prices during this period, 

Ghana's problems could not be attributed to the oil prices alone, but also to the 

gross mismanagement of the governments. This further deterioration of the econ

omy eroded the trust of foreign investors in the country and created the shorta.ge 

of capital inflow. This could be one of the rea.sons why the alumina refinery, which 

was to come on stream in 1976, could not be built. 
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The present government has taken a number of difficult measures to bring 

the economy to an even keel. The devaluation of the cedi from $1 = 0.714 cedi 

to $1 = 55.56 cedis in 1986 was a devaluation of 7681.51 percent in 20 years. 

This amounts to an average annual depreciation of the currency of 384 percent. 

This degree of devaluing an overvalued currency is reminiscent of the economies 

of Latin America, which are known for their high rates of inflation and instability. 

The government had taken difficult measures to devalue the currency, in order to 

eliminate the black market rate, which was the operational rate. The fundamental 

weakness in the currency was created by the large demand for foreign exchange 

in the presence of strict government control and rationing of foreign exchange to 

individuals and businesses which purchased foreign goods. 

2.4 Conclusion 

This review is meant to show how dependent the Ghanaian economy is on 

a single crop, cocoa., and how limited are the other sources of revenue for the 

government. Under these circumstances, exports and foreign exchange are the 

major drivers on growth, and on the capacity of the economy to import. The 

bauxite processing industry is export oriented, and also import substituting. In 

the time of shortages and economic hardship in the 1970s the opportunity cost of 

foreign exchange was very high. During this period Ghana imported all the alumina 

needed for aluminum production. The foreign exchange used for the import.ation 

of alumina would be saved for other uses when bauxite processing is undert.aken in 

Ghana. The importation of alumina and exportation of bauxite from Ghana have 

minimized the linkage effects, with the resultant multiplier effects which processing 

bauxite and smelting domestic alumina could have on the economy. This could, 

however, be possible only if processing is profitable in the country. If the delivered 

price of alumina from Jamaica is still lower than the domestic production cost of 

alumina in Ghana, as shown at the beginning of the project, then it would be 



65 

CHAPTER 3 

THE ALUMINUM INDUSTRY ANALYSIS 

3.1. Introduction 

The purpose of this chapter is to discuss the market structure and ana

lyze the sensitivity of the aluminum industry to the expansion of production and 

consumption of aluminum, and consequently, alumina and bauxite in the world. 

Structural equations are used for the definition of world supply and demand in the 

aluminum market. These are estimated to obtain the parameters, which in turn 

are used for the estimation of the elasticities in the market. The reduced form 

equations are also estimated for the calculation of the multipliers. These multipli

ers are used for the estimation of the sensitivity of the market to changes in the 

exogenous variables. 

Econometric estimates have been used in many economic studies, especially 

for the study of market behavior. The earliest studies were applied to the study 

of agricultural commodities. The structures of agricultural commodity markets 

lend themselves to easy study by econometricians because: (1) the markets are 

highly competitive; (2) exogenous factors, like weather, affect supply, which make 

estimates of demand and supply equations satisfactory; (3) agricultural products 

arc non-durable and are often supplied for final consumption (Ertk, 1967). 

Unlike agricultural commodity markets, industrial markets have attracted 

fewer early econometric studies. This was so because the study of such a market is 

affected by technological factors and the behavior of metals (which are durable) in 

the market. There are also political factors which complicate the metals markets. 

Aluminum is the lightest of the industrial metals. Since it is an industrial 

raw material, its major consumers are the industrialized countries. The major 

integrated producers (the 'Six Sisters') are also found in these countries. The LDCs 

have not been major users of the metal, but large producers of the raw materials. 

The consumption and trade flows of aluminum, therefore, are influenced by the 

growth in the developed consuming countries. The influence of price is not as 
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strong as that of income in both the short and the long run. In 1984, Europe 

consumed 31% of total western world consumption. The United States and Japan 

in the same year consumed 36% and 14%, respectively. In 1980, Europe's share 

was 32.2% and that of the U.S. was 37.2%, with Japan accounting for 13.7% of 

consumption. Though Europe's and the U.S. shares of consumption have decreased 

between 1980 and 1984, Japan has slightly increased its share of consumption by 

0.3%. In 1984, the U.S., European and Japanese together accounted for 64.2% of 

total world consumption and 81% of consumption in the western world (See Table 

3.1). 

3.2. Market Structure 

The structure of the western world aluminum industry at the end of World 

War II can be defined as oligopolistic. However, in the last 15 years world com

petition has significantly increased. At the end of World War II the aluminum 

industry enjoyed increased demand for ingot. The oligopoly, however, could not 

increase price because of the high substitutability between the aluminum ingot of 

the individual producers. Because if rival producers charge higher prices, buyers 

would shift to lower price sellers, thus leaving the higher price sellers bankrupt 

(Peck, 1961,p.35). As a result the real price of aluminum remained stable in the 

face of increasing demand as each producer wanted to maintain his market share. 

Six completely vertically integrated firms dominated the market. The six 

firms are found in North America and Western Europe. Alcoa, Kaiser, and 

Reynolds in the United States; Alcan in Canada; Pechiney in France; and Alusuisse 

in Switzerland. These six multinational firms controlled 87.2% of world smelting 

capacity in 1953. This declined to about 68% in 1974, and further to 48% in 1985. 

The decline in market share of each of the "Six Sisters" between 1953 and 1985 

is shown in table 3.2. This decline is attributed to the entry of new producers, 

especially the developing countries with bauxite reserves, and an abundant cheap 

source of power which make these countries competitive in the world market. Table 

3.3 shows the evolution of aluminum production by selected areas of the world. It 

shows that most of the world smelting capacity by country between 1964 and 1985 



REGION 

Europe 

North America 
USA 
Canada 

Other America 
Asia 
Jacan 
ot er Asia 

Africa 
Oceania 
Eastern 
Countries 

TOTAL 
WESTERN 
MORLD 

TOTAL 
IIORLD 

Table 3.1 

IDRLD PRDW\t ALUMIJUIlt aJlSUMPTIOJI Bt HRJOR aJlSUMIJIG RlGlalS, 1914-1984 CDIr, 

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 

3,390 2,807 3,466 3,495 3,553 3,853 3,853 3,521 3,651 3,806 
5,486 3,551 4,813 5,088 5,317 5,358 4,783 4,493 3,878 4,514 
5,128 3,265 4,491 4,756 4,978 5,018 4,454 4,156 3,650 4,219 

358 286 322 332 339 340 329 337 229 295 
397 410 396 425 486 552 590 519 502 543 

1,704 1,584 2,115 2,034 2,331 2,495 2,327 2,332 2,459 2,781 
1,303 1,111 1,610 1,420 1,656 1,803 1,639 1,568 1,637 1,801 

401 413 505 614 675· 692 688 764 822 980 
116 114 118 131 133 138 172 193 200 192 
203 153 187 194 207 240 245 261 258 288 

2,76] 2,840 3,024 3,175 3,316 3,374 3,321 3,301 3,336 3,342 

11,926 8,619 11,095 11,366 12,027 12,618 11,969 11,318 10,949 12,124 

14,059 11,459 14,119 14,540 15,343 15,992 15,290 14,619 14,285 15,466 

Source: I.B.A. Review, April - June, 198~, page 20 

1984 

3,919 
4,813 
4,573 

240 

635 
2,748 
1,744 
1,004 

217 
295 . 

3,305 

12,627 

15,932 

Ol 
oo.J 



~ab1e 3.2 

Ownership of A1U11linUlll Sme1ting capacity by Six 

Major Companies r 1953 - 1990 

Company 

Alcoa 

Alcan 

Reynolds 

Kaiser 

Pechiney 

Alusuisse 

Total 

1953 

% 

22.6 

25.7 

l3.9 

l5.6 

5.l 

4.3 

87.2 

1964 

% 

19.6 

20.7 

l3.6 

l2.6 

9.4 

6.3 

82.4 

1974 

% 

l5.5 

l7.l 

ll.6 

9.0 

8.2 

6.3 

67.7 

1980 

% 

l3.3 

lO.7 

8.4 

7.8 

7.4 

5.3 

52.9 

1985 

% 

l2.7 

l3.4 

7.0 

6.7 

4.8 

3.4 

48.0 

68 

1990 

% 

ll.3 

l2.9 

5.7 

5.0 

5.0 

2.9 

42.8 

Source: IBA Review, September - December, 1986, page l7. 



Geographic 1964 

Area Output 

U.S.A. 2353.1 

Canada 776.2 

W.Europe 1221.2 

Africa 52.8 

L.America 45.7 

Oceania 81.3 

E.Block 1277.1 

W.Total 6151.9 

Tab1e 3.3 

Evo1utioD of Wor1d Primary A1uminum Production 

by Selected Areas, 1964-1985 

Share 1974 Share 1984 Share 1985 

% Output % Output % Output 

38.2 4519.2 31.9 4165.6 22.5 3601.7 

12.6 1025.1 7.2 1246.6 7.6 1312.7 

19.8 3352.8 23.7 3840.5 23.5 3638.5 

0.9 283.5 2.0 419.6 2.6 477.5 

0.7 260.1 1.8 1051.6 6.4 1148.1 

1.3 335.3 2.4 1013.9 6.2 1101.3 

20.8 2873.3 20.3 3353.8 20.6 3352.8 

100.0 100.0 16292.5 100.0 15841.5 

Share 1985/1964 

% Ratio 

22.7 1.5 

8.3 1.7 

23.0 3.0 

3.0 9.0 

7.2 25.1 

6.9 14.1 

21.2 2.6 

100.0 2.6 

Source: Computed from Adams and Bernard Duroc-Danner, Measuring Competitive Costs 

in Non-Ferrous Metal Production, Resource Policy September, 1987, page 167. 

0) 
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was taken by new entrants into the market, especially from Latin America,Oceania 

and Africa. The ratio of 1985 to 1964 production shows by how much output in 

the areas has expanded during the period. Losers of production share are the U.S., 

which in 1964 produced 38.2 percent of total world output, but in 1985 accounted 

for only 22.7 percent of total production; and Canada, the share of which declined 

slightly from 12.6 percent in 1964 to 8.3 percent in 1985. The current market 

structure is, therefore, less concentrated in 1985 than in 1964. 

In order to understand the pattern of behavior in any market it is important 

to analyze the structure of the industry. Market structure means those character

istics of the organization of a market that seem to exercise a strategic influence 

on the nature of competition and pricing within the market. The most important 

dimensions of market structure as iterated by Caves (1977,p.17), include the de

gree of seller and buyer concentration, the degree of product differentiation, and 

the conditions of entry to the market, which is often defined by the height of fixed 

costs and the growth rate of market demand. 

Concentration in an industry refers to the extent to which an economic 

activity is dominated by a few large firms. In order to study the effects of con

centration in an industry it is appropriate to measure the degree of concentration, 

which is often done by using the number of firms, or the relative sizes of the firms 

measured by their market shares. An industry with a large number of firms is 

said to show low concentration. On the other hand when an industry has a large 

percentage of output in a few large firms, it is said to exhibit high concentration. 

There are different approaches to measuring concentration in an industry: 

the Lerner index, the Lorenz curve, the Herfindahl index and the concentration 

ratio are some of the measurements often used. The Lerner index is defined as: 

where, 

MC= Marginal Cost, 

M = (Price - Me) 
Price 

3.1 
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and M is the measure of concentration. The index shows how much price departs 

from the marginal cost which, in economics, is often associated with the degree 

of monopoly power. Under pure competition M = 0, because price is equal to 

marginal cost. In this case the more a firm's pricing departs from the competitive 

norm the higher is the Lerner index (Scherer, p.56). 

The Lorenz curve gives a graphic approach to the concentration of firms in 

an industry. Here, the information in the concentration table is usually plotted as 

a curve. The curve shows the size distribution among firms. The Gini coefficient 

is used to measure the departure between the curve actually observed and how 

the curve would appear if all firms had equal market shares or sales. When the 

Gini coefficient is zero, this indicates perfect equality of the shares of firms, while 

a coefficient one reveals total inequality, when the leading firm produces the entire 

output. The Lorenz-Gini measure of concentration has two disadvantages. The 

coefficient is sensitive to errors in defining the number of firms in an industry. The 

more borderline firms one includes, the higher the indicated degree of inequality 

shown by the Gini coefficient (Scherer,1980, p.57). The second disadvantage is that 

when a small number of firms are evenly matched, the Gini coefficient can give 

distorted view of concentration. For example, the Gini coefficient for duopolists 

or triopolists with equal market shares is zero, while it is hard to rule that no 

monopoly power is present (Scherer, 1980, p.57). 

The Herfindahl-Hirshman index is another important method for measuring 

industry concentration. The index, (H), is the sum of the squared market shares 

of every firm in the industry: 

3.2 

where, Si is the fraction of total sales accounted for by firm i, and n is the 

number of firms in the industry. This index rises with the size of the share of each 

firm and with a decrease in the number of firms (Hay and Morris, 1979, p.104). 

For a monopoly, the H index is 1.0. By squaring the shares, the H-index weights 

the value of large firms more heavily than small ones. From table 3.2 the H-index 

for the six firms in 1953 was 0.76, while the index was only 0.23 in 1985. 
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Adehnan (1969) in his modification of the Herfindahl index suggests a con

centration measure, N, which he refers to as the "numbers-equivalent", (N), is the 

reciprocal of the H-index and represents the number of equal-sized firms that would 

give the same value of the H-index. The numbers equivalent is computed thus: 

N-~-( 1 ) 
- H - ~~=lSi 

3.3 

The importance of the numbers-equivalent is that it enables one to think of 

the size distribution of firms in the market as if there were n firms of equal size, and 

this has been suggested in order to make comparisons of different markets intuitive 

(Hay and Morris,1979). 

Valid criticisms have been levelled against the use of the H-index as a mea

sure of concentration in an industry. Some feel the lack of market share and size 

data for individual firms hamper the index. Adelman contends that it is not nec

essary to have information on all the firms to obtain a reasonable approximation 

of the H-index in a particular case. Hay and Morris (1979,p.106) argue that if one 

has firms ranked from 1 to n, having a total of s% of the market, and suppose that 

the market share of the nth firm is Sn, it follows that the remaining firms in the 

industry must have (l-s)% of the market among them. Their maximum contribu

tion to the H-index will then be when they are of equal size, therefore, one may 

estimate the maximum value of H for the industry. 

The most commonly used index is the concentration ratio. The n-firm con

centration ratio is defined as the percentage of total industry activity (i.e., sales, 

capacity, employment, value added, physical output, etc.) that is accounted for by 

the n largest firms ranked in order of market shares. Often, the share of the market 

by 4-firm or 8-firm group is estimated. This approach is used in the discussion to 

show the change in market concentration between World War II and the present. 

In the aluminum market, concentration has changed over the years. 

For the concentration of firms in the aluminum industry, the period be

fore World War I can be considered a monopoly market in either Europe, where 
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Pechiney operated in France, or America, where Alcoa operated alone in the Amer

ican market; and the period immediately after the war, an oligopoly. Between 1960 

and the present can be regarded as a competitive market. This is so because more 

new entrants have entered the aluminum market, most of which are not vertically 

integrated as are the "Six Sisters". The present phenomenon has helped to slightly 

diffuse the economic power and controls which have existed in the past. For ex

ample, in 1964 the "Six Sisters" accounted for 82.4% of aluminum produced. This 

declined to 48% in the 1985 (see Table 3.2). In 1953 the share of the 4 largest firms 

in the industry was 77.8%, and 87.2% for six largest firms. In 1985, however, the 

share for the 4 largest firms dropped to 39.8%. 

Apart from the major firms there are also smaller producers which are often 

not fully integrated, with less influence or geographical reach for their operations. 

There are government controlled units in different parts of the world. According to 

Govett and Larsen (1983, p.145) 25% of the western world bauxite capacity, 12-13% 

of the alumina capacity and 16-18% of the western world aluminum capacity are 

owned by various world governments. This state ownership is found in a number 

of countries in the western world, like Gennany and Austria. Ghana formed the 

Ghana Bauxite Company (GBC) in 1974 to take over the operations of the British 

Aluminum Company at Awaso. The government now has a 55% share of the 

bauxite mining operation in Awaso. 

On a country basis, Guinea, Australia, Jamaica and Brazil account for more 

than 70% of the bauxite reserves, about 75 percent of the current bauxite produc

tion capacity, and less than 40 percent of the aluminum capacity. However, when 

ownership of the resources are considered, the concentration ratio is greater. For 

the large integrated companies own a large part of these resources and the decision 

to exploit them depends more on the integrated companies than the leaders of the 

countries in which the resources are located. 

The IBA is important in the discussion of the structure of the aluminum 

industry. It was fonned in 1974 by the bauxite producing countries of the world 

wit.h t.he following stated objectives: (1) to increase the price paid for bauxite, 
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(2) to secure the maximum national ownership and effective control over the ex

ploration of bauxite within each producing country, (3) to increase the degree of 

processing of bauxite before export. 

To encourage processing, many of the IBA member countries have exorbitant 

levies on bauxite exported from the countries. For example, in 1973 Jamaica 

increased export taxes on bauxite from $1.80 per ton of bauxite to about $15 per 

ton (CRA, 1976, p.93). Many IBA members, especially, those of the Carribean 

region, followed Jamaica in increasing taxes. Ghana is one of the few members 

which has no special levy on bauxite. The IBA currently accounts for 82% of 

the bauxite capacity of the world, 50% of the alumina capacity, and 40 % of the 

aluminum capacity (Govett and Larsen, 1983, p.148). 

3.3 The Aluminum Market 

The aluminum industry can be divided into three separate, but interde

pendent markets: bauxite, alumina, and aluminum. The bauxite and alumina 

markets are input markets for aluminum producers, especially the non-integrated 

independent smelters. Currently, bauxite is the main source for commercial pro

duction of aluminum. It is estimated that 70% of total world reserves are located 

in the LDCs, about 25% in the developed market economy countries, and 5% in 

the Centrally Planned countries. The bulk of world reserves are located in West 

Africa (Guinea, Cameroon, Ghana); Australia, Brazil, and the Caribbean region 

(Jamaica, Guyana, Suriname, and Venezuela) (Govett and Larsen, 1986, p.21). 

3.3.1 Supply and Demand in the World Aluminum Industry, 1950 - 1985 

The aluminum industry experienced phenomenal growth especially during 

the early part of the twentieth century. Since 1920, the industry has experienced a 

sustained high growth (Brubaker, 1966, p.18). The aim of this section is to assess 

the trends in production and consumption of aluminum and provide a rationale for 

the phenomena of the observed shifts in patterns of supply and demand. In the 

study period (1950 to 1986) marked shifts in bauxite production occured; there was 

a slight shift in alumina, and very little change in aluminum production and supply. 
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Before World War I, Europe (France) and the U.S. were major bauxite producers 

as well as consumers. After World War II, this situation changed tremendously. 

Higher ore grades, and larger deposits were discovered in areas closer to hydroelec

tric power in Latin American countries (Jamaica, Guyana, Venezuela), Africa and 

Australia. Large blanket deposits found in these areas close to the surface recom

mended them for open pit mining techniques, which are far cheaper to exploit than 

are the underground mines of France and the rest of Europe. After World War II 

the "Six Sisters" led the way in developing the resources of the new regions of the 

world. 

The demand for bauxite and alumina are closely linked to the demand for 

aluminum ingots for the end use products, which are largely determined by eco

nomic growth in the industrial countries of the world. The demand for aluminum 

has slowed down in the seventies and eighties from the high growth rates of the 

1950's and 1960's. This is basically due to the slow growth experienced by the 

developed countries during the period as a result of the oil price increase. The 

demand for aluminum in the Eastern Bloc and the LDCs has a high expansion 

potential with growth in those economies. The next section examines trends in 

supply and demand for aluminum with resultant effects on the demand for bauxite 

and alumina. 

3.3.2 Trends in Bauxite Production and Consumption 

Bauxite mining in the world is determined primarily by the total demand 

for aluminum ingot. Aluminum consumption grew at an average rate of 16.1% 

per annum in the 1950's and 13.1% in the 1960's. This growth coincided with 

the growth in industrial production of the developed countries of the world. The 

Carribean region (Jamaica, Guyana, Suriname,and Venezuela) led the world in 

total production during that period. In the 1960's Jamaica was the single largest 

producer in the world, with an output of 12.1 million tonnes per year. In 1974, 

Australia became the largest producer with an annual output of nearly 20 million 

tonnes. In 1980, Australia, Guinea, and Jamaica produced 27.1, 13.3, and 12 

million tonnes respectively. Between 1974 and 1984, world production of bauxite 
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grew only 7.4 percent during the decade. This was due to the depression in the 

industrial consuming countries of the west. During this period Australia increased 

its output from 19.9 million to 32.1 million tonnes in 1984. This was an increase of 

60.6 percent. Jamaica's production fell markedly below its output in 1974, by 43 

percent. This was due to the high levy imposed by the government on all exported 

bauxite from the island. 

Like Australia, Guinea's output grew 67.7 percent from its production level 

in 1974. The greatest shift in production during the decade (1974 - 1984) involves 

these two countries. Today, they remain the two leading producers and exporters of 

bauxite in the world. During this period (1970 - 1980), Ghana's output of bauxite 

declined by 87.9 percent in 1984 from its 1974 production level (see Table 3.4). 

Production dropped steadily from 363,100 tonnes in 1974 to 44,000 tonnes in 1984. 

And between 1983 and 1984 there was a further decline of 53.7%. The reasons for 

this were that there was lack of spare parts for the railways during the period. As 

a result maintenance decreased. There was also the problem of adequate allocation 

of rail cars to convey bauxite from the mine to the port of Takoradi. The backlog 

of ore at the mine, therefore, choked production. 

Another problem was the development of the high grade, vast ore reserves 

in Guinea which attracted a large number of the multinational companies in the 

industry. Reynolds' interest in Guinea and Kaiser's operations in Jamaica reduced 

their interest in developing the relatively lower grades in Ghana. 

In 1974, the IBA accounted for 71% of the world bauxite production, the 

developed countries accounted for 27%, and the Centrally Planned countries ac

counted for only 2% of total world output. The world's largest producers (Guinea, 

Australia, Jamaica and Brazil) are also the world's leading exporters. The four 

countries exported more than two thirds of total world trade in bauxite in 1975 

and about 80% in 1985. Three of the countries (Australia, Guinea and Jamaica) 

are members of the International Bauxite Association (IBA). Brazil is a major pro

ducer which is not in the IBA. In 1974, the IBA member countries accounted for 

71.3 % of total world production of bauxite. This share increased only slightly to 

73.9% in 1984. As owners of the major known bauxite reserves of the world, 



Table 3.4 

NORW BAUXITE PROOUCTIOH, 1914-1984 ('IHI', 

, 
COUNTRY 1974 1915 1916 1911 1918 1979 1980 1981 1982 1983 1984 Chan~e 

1984/ 983 

lBA 
Australia 19,995 21,003 24,084 26,086 24,293 27,583 27,119 25,909 23,623 24,042 32,121 31.0 
Dam. Rep. 1,196 785 516 722 757 521 511 406 152 0 0 0.0 
Ghana 363 325 268 235 340 251 197 180 93 82 44 (53.71 
Guinea 7,600 8,406 11,316 10,811 11,648 12,199 13,311 11,124 11,419 12,298 12,145 j1.8 
Guyana 3,606 3,826 3,108 3,344 3,419 3,354 3,052 2,396 1,183 1,081 2,485 1 8.6 
Halti 659 522 660 588 565 560 461 539 311 0 0 0.0 
India 1,849 2,012 12.1 
Indonesia 1,290 993 940 1,301 1 008 1 093 1,249 1,203 704 118 1,003 28.9 
Jamaica 15,328 11,380 10,296 11,434 11:136 11: 505 11,991 11,606 8,334 1,682 8,135 13.1 
Sierra Leone 612 116 660 145 116 680 614 611 630 785 1,000 21.4 
Suriname 6,864 4,151 4,588 4,951 5,113 4,141 4,864 4,006 2,765 2,978 3,260 9.5 
Yugoslavia 2,310 2,306 2,033 2,044 2,566 3,012 3,138 3,550 3,432 3,516 3,311 (5.7) 

TOTAL IBA 59,943 55,015 58,469 62,320 62,221 65,499 66,621 62,130 53,312 55,097 66, 182 21.1 

lION-1M 
Brazil 858 969 998 1,040 1,131 1,642 4,152 4,463 4,181 5,239 6,211 19.6 
France 2,950 2,563 2,330 2,059 1,918 1,910 1,892 1,828 1,737 1,662 1,529 18.01 
Greece 2,783 3,006 2,551 2,882 2,664 2,837 3,012 3,216 2,853 2,422 2,386 1.5 
Hungary 2,151 2,890 2,918 2,949 2,900 2,976 2,950 2,914 2,621 2,911 2,994 2.6 
Indu 1,011 1,094 1,449 1,519 1,663 1,952 1,185 1,923 1,854 
Malaysia 947 701 660 616 615 387 920 101 589 502 680 35.4 
USA 1,980 1,800 1,989 2,013 1,669 1,821 1,559 1,510 732 619 856 26.1 
USSR 8,400 6,600 6,700 6,700 6,700 6,500 6,400 6,400 6,400 6,300 6,200 (1. 6) 
Others 2,229 2,282 2,395 2,509 2,395 2,242 2,300 2,000 2,000 2,200 2,625 19.3 

TOTAL 84,108 16,923 80,503 84,603' 85,080 88,852 92,832 88,540 71,586 11,018 90,323 17.3 

Source: I.B.A. Review, January - March. 1987, page 27. 

---t 
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the members will continue to be the main source of world production of bauxite 

and will also remain the major sources of exports. However, the ownership of 

the reserves and control of the mines are in the hands of the large multinational 

companies. 

The major importers of bauxite are the developed industrial countries of the 

west and Japan. They accounted for 85% of total imports in 1978, with 14% going 

to the Centrally Planned countries. In 1984, the share of the industrial countries 

in the importation of bauxite was 76%, while the Centrally Planned countries 

accounted for 16%. The fall in the importation of bauxite occurred together with a 

fall in the production of alumina (See Table 3.5). With the removal of import tariffs 

on alumina, and the high export duty on bauxite from the producing countries, it 

is more economical to process bauxite close to the mines and import alumina than 

to import bauxite. The gain in weight loss by the importation of alumina is almost 

50 percent. 

The bulk of bauxite sales and exports (especially the high grade ores) are 

carried on as transfers between the international subsidiaries of the major compa

nies in the developed countries. Pricing for the internal transactions within the 

firms is by transfer price. The transfer price is often negotiated by producers in a 

foreign country and the host government as a basis for taxation in the host coun

try. Most negotiations are long term contracts. There is also a quotation on the 

commodity market for non-integrated aluminum producers. 

3.3.3 Trends in Alumina Production and Consumption 

Bauxite processing was set close to the smelters of the major consuming 

countries before and immediately after World War II. North America (U.S. and 

Canada) and Europe were the early areas of production at the turn of the century. 

France and the U.S. at the time were large bauxite producers as well as consumers. 

Since World War II, North America and Australia have been the most important 

alumina producers in the world. In 1974, both areas produced 53.5% of the total 

world alumina output of the western world (see Table 3.5). In that year, Jamaica, 

Guinea, Surinam and Guyana accounted for 14% of world production of alumina. 



Table 3.5 

REGIONAL ~HA PRODUCTION (1914-1984, 
('IHl', 

REGION 1914 1975 1976 1977 1978 1979 1980 1981 1982 

Europe 3,969 3,872 4,153 4,398 4,615 5,054 5,572 5,997 5,546 

North America 8,150 6,269 6,296 7,291 7,184 7,474 8,232 7,398 5,407 
USA 6,885 5,135 5,806 6,230 6,130 6,650 7.030 6,190 4,280 
Canada 1,265 1,134 490 1,061 1,054 824 1,202 1,208 1,127 

Other America 4,478 3,952 3,259 3,896 4,076 3,942 4,493 4,398 3,438 

Asia 2,269 2,030 2,291 2,653 2,380 2,456 2,930 2,246 1,181 
Jagan 1,801 1,565 1,662 2,045 1,761 1,822 2,218 1,619 1,212 
Ot er Asia 468 465 629 608 613 634 712 627 569 

Africa (Guinea) 636 639 552 562 622 662 708 679 578 

Australia 4,900 5,129 6,206 6,659 6,776 7,415 7,247 7,079 6,631 
WESTERN 

MORLD 24,402 21,891 22,857 25,459 25,653 27,003 29,182 27,797 23,382 
Eastern Bloc 
Countries 4,713 4,772 5,091 5,262 5,362 5,351 5,422 5,985 6,150 

TOTAL WORLD 29,115 26,663 27,848 30,621 31,015 32,354 34,603 33,782 29,531 

Source: I.B.A. Review, April - June, 1986, 23. 

1983 1984 

5,377 6,499 

5,336 5,806 
4,220 4,680 
1,116 1,126 

4,242 4,970 

1,878 2,148 
1,318 1,488 

500 660 

573 538 
7,100 8,433 

24,648 28,395 

6,457 6,455 

30,963 34,850 

, 
Chan7e 

1984/ 983 

20.9 

8.8 
10.9 
0.9 

11.2 

14.4 
8.0 

32.0 

(6.1) 

18.8 

15.3 

0.0 

12.6 

-J 
co 
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In 1978, 50% of the alumina was produced by countries which were also bauxite and 

aluminum producers, 32% by bauxite producing, non-aluminum producing coun

tries, and 18 percent by non-bauxite producing, but aluminum producing countries. 

The bulk of alumina exports were accounted for by Australia (46%). By economic 

region, the LDCs accounted for 30% of world exports of alumina in 1978, the in

dustrialized countries 65% and centrally planned countries 5%. In 1985, Guinea 

became the largest exporter of alumina, followed by Australia, Jamaica and BraziL 

The major alumina importers are the industrial countries of the world. In 

1978 the U.S. and the other industrial countries accounted for 78% of total world 

imports; 12% went to centrally planned countries, and 10% to the LDCs. Ghana's 

imports (127,000 tonnes) in 1985 came from Jamaica. 

The analysis in this section shows that while Ghana has some comparative 

advantage in aluminum production, that advantage is questionable in the case of 

alumina production. Guinea, Australia, Brazil and Jamaica have vaster reserves 

and higher grade ores, and they enjoy greater economies of scale in production than 

does Ghana. Alumina production may not be competitive. This is the reason for 

the great caution the Government is exercising in undertaking alumina production 

in the country. However, when other domestic input costs fall, Ghana's production 

of aluminum could become competitive. 

3.3.4 Trends in Aluminum Production and Consumption 

Total aluminum production in the world increased from 2.247 million tonnes 

in 1951 to 18.654 million tonnes in 1986. Growth in production was greatest be

tween 1968 and 1980 (see Table 1.2). This growth was described in the first chapter 

of this dissertation. During the period between 1970 and 1984 world primary pro

duction grew at an average rate of 2.7 percent per annum. The rate of aluminum 

production dropped after the 1973-74 recession. The rate of operation increased 

during the 1979 - 1980 recovery period. In spite of this recovery, a number of 

smelters in Japan were closed because of high energy prices between 1980 and 

1986. In the U.S. added costs from pollution controls forced the closures. At the 

same time new capacities have been opened in Australia, Brazil, Canada and the 
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U.S. The driving forces behind the investment growth in the three countries are 

two-fold: In Australia there are large quantities of coal generated electricity with 

large reserves of low cost bauxite. Canada and Brazil both have large supplies of 

hydroelectric power. Like Australia, Brazil has large reserves of low priced baux

ite. A World Bank (1986) estimate put Brazil's output in 1990 at double the 1984 

production level. 

The LDCs are new users of the metal. Their consumption is growing faster 

after 1960 than before. The oil price increase of 1973/74 had discriminatory effects 

on the growth of oil producing and non-oil producing LDCs. On the whole, the oil 

incomes of oil producing LDCs have helped their growth and reflected the general 

growing trend in the consumption of the LDCs. As a result they showed growth 

during the period of recession in the industrial countries. 

The greater part of aluminum production was, and is still located in the 

industrialized consuming countries of the world. In 1978 they accounted for 72% 

of total production capacity. The V.S. was the leading producer, with 30% of 

all smelter capacity. Between 1974 and 1984 primary production grew 1.4% per 

annum. The rate of production during this period was far below the growth rate of 

production in the 1950's and 1960's. Production, however, fluctuated from year to 

year. During the 1973-74 depression, aluminum production declined by 8% in 1975 

and then increased in 1976 (see Table 1.2). The decline in industry followed the 

general depression which was caused by increases in crude oil prices. The energy 

crisis of the time had a great influence on the production costs of aluminum. During 

the 1983 world economic recovery, capacity utilization reached 90%, at the same 

time production reached an all time high of 16 million tons. Between 1980 and 1982 

the world economy slowed down again. The V.S. experienced a drop in production 

of 29.6%, while the decline in Japan was 67%. On the consumption side there was 

a fall of 18.1% in the V.S., while Europe and Japan experienced a fall of 5.5% and 

0.12%, respectively. Table 3.6 shows aluminum consumption by country. It shows 

the differential impact of the depression on the aluminum industry of the V.S. and 

that of Europe and Japan. The economic recovery which started in 1983 created 

the incentive for increased consumption. By 1984 world primary consumption 



Table 3.6 

I«>RLD PRDlARI AIBfiHUIt COHSOMPTIOli BY MAJOR COHS(JWIG COOHTllIES, 1914-1984 ('JHf) 

COUNTRY 1974 1915 1916 1977 1918 1919 1980 1981 1982 1983 1984 

Austrailia 161 133 159 110 184 215 221 235 239 259 263 
Belgium 233 118 244 235 251 242 233 215 254 212 301 
Brazil" 181 211 211 232 240 266 296 262 282 211 289 
Canada 358 286 322 332 339 340 329 331 229 295 240 
China 400 440 470 510 560 580 550 560 580 620 630 
France 480 399 493 534 533 596 601 539 578 613 579 
Germany, DR 200 200 210 215 225 230 230 240 235 230 218 
Germany, FR 873 104 954 912 952 1,068 1,042 1,022 1,000 1,085 1,152 
India 125 145 110 188 205 212 234 250 220 219 310 
Italy 315 210 365 382 404 448 458 413 420 430 438 
Japan 1,303 1,111 1,610 1,420 1,656 1,803 1,639 1,568 1,631 1,801 1,144 
Spain 226 211 223 251 236 235 263 202 223 211 191 
USA 5,128 3,265 4,491 4,156 4,918 5,018 4,454 4,156 3,650 4,219 4,573 
USSR 1,550 1,580 1,690 1,160 1,830 1,865 1,850 1,860 1,880 1,850 1,800 
UK 494 393 445 419 402 418 409 344 326 323 310 
Other 1,959 1,861 2,056 2,224 2,342 2,456 2,481 2,416 2,531 2,762 2,834 

TOTAL 
WORLD 14,058 11,459 14,119 14,540 15,343 ~5,992 15,290 14,619 14,284 15,466 15,932 

TOTAL 
W. WORLD 11,926 8,618 11,095 11,366 12,021 12,618 11,969 ll,318 10,948 12,124 12,621 

Source: I.B.A. Review, April - June, 1986, page 26. 
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reached 15.9 million tonnes. This level was still below the peak consumption in 

1979 (World Bank, 1986). 

Since 1950 the aluminum industry has undergone tremendous shifts in de

mand as well as in supply. Supply patterns of the aluminum industry remain the 

same in the traditional producing areas of the developed countries. There is, how

ever, a great shift in the production of Australia and a few developing countries 

with abundant energy sources. Australia combined large bauxite and coal resources 

to great advantage to become a leading producer and exporter of aluminum after 

North America and Western Europe. There is a greater shift in the production of 

bauxite and alumina away from the traditional aluminum producers. As a result, 

the traditional aluminum producers have increased their importation of alumina. 

While the development of bauxite mines and alumina production increased in the 

LDCs, with the growing interest of the LDC governments in the downstream ac

tivities of the industry, the ownership trend has changed very little. For scarcely 

is there a development of a mine or a refinery in the LDCs without one or more 

of the "Six Sisters" taking part in the venture. Joint ventures are very common in 

the exploitation of mineral resources. An example is the collaboration of the Gov

ernment of Guinea and Halco (Alcoa, Alcan, Pechiney, YAW, Billiton, Reynolds, 

and Comalco).IBA forecasts of the aluminum market can be seen in Appendix D. 

3.4 Aluminum Market Model 

The econometric study of mineral markets has been late, behind the study 

of agricultural products. The main reason mentioned by Fisher (1960) was the 

problem of identification in the estimation of models for industrial products. Fisher 

undertook the earliest study of the demand for aluminum ingot in the United States 

for the period between 1925 and 1940. His model embraced the pre-World War II 

era ofthe industry which was characterized by monopoly in the U.S. and duopoly in 

Europe, where Alussuise and Pechineyoperated. The U.S. market was controlled 

by Alcoa. Fisher observed that, unlike agricultural goods, industrial output cannot 

be assumed to be exogenous with respect to the demand curve. This phenomenon 

has created the identification problem for the estimation of demand curves for 
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industrial goods. In this case it is not possible to use ordinary least squares for the 

estimation of demand. 

Fisher (1960) estimated the demand equation for aluminum in the U.S., as

suming that the price is exogenously determined. His reason was that the market 

was controlled and price was contractually arranged, not competitively determined. 

Fisher used pre-World War II aluminum data in his analysis. The results of his 

estimates showed that, while the index of industrial production was highly signifi

cant, price was not. Both the short and long run price elasticities of demand were 

very small, -0.43 and -0.47 respectively. These results, however were computed 

from coefficients which were not statistically significant. 

Charles River Associates (CRA, 1971) developed a model under contract 

with the General Services Administration for forecasting the demand and supply 

balances and prices of ingot. Their model specification was as follows: 

i = 0, .... 3 3.4 

3.5 

where, D t is consumption of primary aluminum in the year t; Pt is the price 

of primary aluminum in the year t, plJ is the price of substitutes of aluminum 

(copper and steel) in the year tj LRACt is the long run average cost of aluminum 

production; and Yi is the economic activity variable in the year t. The model has 

three parts: U .S. dem~d, which is disaggregated into end use demands; foreign 

demands, which includes consumption in the EEC countries, Japan and the total 

demand of the non-communist world; and a scrap supply model. 

Demand is determined by the level of economic activity, the primary price 

level and the prices of substitutes; primary price levels are determined by the long 

run average costs of aluminum production, and lagged primary price. The model 

used a period when prices reflected the long run average costs of major producers. 

The model was used for assessing the sensitivity of the U.S. market to sales and 

purchases of aluminum for Government stockpiles. The model concentrated on the 

U.S. market more than on the total world sensitivity to exogenous shocks. 
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Mo and Klein (1979) estimated a model for aluminum consumption for the 

U.S. Bureau of Mines. The model is used for estimating the correlation of various 

end uses of aluminum with given macro indices for the period, 1960-1976. It was 

used for forecasting U.S. aluminum consumption to the year 2000. The model is 

stated as: 

3.6 

where, yt is the end-use consumption of aluminum at time t, X t is some macroe

conomic variable at time t, a and b are unknown parameters, and et is the error 

term. 

The model does not elaborate on the sensitivities in the market, as it concen

trates on correlations between end-use and macro variables. It is used to forecast 

end-use consumption of aluminum. 

A well known analysis of the aluminum market is that of Woods and Burrows 

(1980) who formulated a model for aluminum consumption. Like Mo and Klein, 

the model also dwells on the correlation of aluminum consumption with some gen

eral and sectoral indices, like personal disposable income, aluminum price and the 

price of its substitutes. The model relies heavily upon the correlation of consump

tion with given variables for forecasting purposes. In doing so, it concentrates on 

demand and supply trends. 

Following Ertek's (1967) formulation for the copper economy, a simple mar

ket model is used in this analysis to capture the essential features of the aluminum 

industry. The model is given as follows: 

WQSTPt = {3oPAL~lCSTIND~2CAPUf3e2t 

PAL t = .\oST>'lWQSTP(~~1)e3t 

STt = WQSTPt + QTSt - WOQDt 

3.7 

3.8 

3.9 

3.10 

where, WQSTPt is the western world primary production of aluminum in thou

sand tonnesj WOQDt, is the western world consumption of aluminum in thousand 
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tonnes; QT St is secondary production of aluminum in thousand tonnes; P ALt is the 

average of U.S. list price of aluminum and London quoted price (after 1978, LME 

price) in cents per pound, deflated by the manufacturing value index (MUVIND) of 

the World Bank; CSTIND is the cost index of world aluminum production; PCUt 

is the average LME price of copper in cents per pound, deflated by the MUVIND; 

WYTt is the average index of industrial production in the EEC, U.S., Canada, 

and Japan; CAPUt is the rate of capacity utilization in the Western producing 

countries; ST is the stock level at the smelters in thousand tonnes. T (1960 - 1989) 

is a time trend, which is introduced to take into account the secular changes not 

explained by the other variables, and also as a proxy for technological change; 0', 

{3, and oX are unknown parameters of the model; and e~s are the stochastic terms 

usually added to statistical estimations. The model in this study consists of sup

ply, demand and price formation, as well as an equilibrium equation. The basic 

assumption made in the model is that the aluminum market is more competitive 

now than the oligopoly assumed by earlier estimators like Fisher. 

In the estimation of the parameters ordinary least squares method is used 

for estimating the log-linear form of each equation. The results of model 1 are 

found in table 3.7. The demand equation is satisfactory. All the variables are 

statistically significant with the right signs. The adjusted multiple coefficient of 

determination is 97 percent. This indicates that about 97 percent of the change 

in consumption can be attributed to the independent variables estimated. The 

short-run price elasticity of demand is -0.26, while the cross price elasticity is 0.23. 

The short run income elasticity of demand is greater than one (1.25). 

All the variables in the supply equation, have the right signs, but only the 

rate of capacity utilization is statistically significant. Price and cost variables are 

not significant. The coefficients of the rate of capacity utilization is 0.95 and that 

of price and cost are 0.039 and -0.19 respectively. The coefficient of price is very 

low. An adjusted fl2 of 0.99 is obtained. The estimate of the price equation is 

not very satisfactory. The coefficient of the level of stock is small (0.14) and not 

statistically significant. The coefficients of the index of industrial production (0.29) 



Table 3.7 

Results of Hodel 1 

InWOQDt = 3.63 - 0.26 InPALt + 0.23 InpCUt + 1.25 InWYTt (15.75) (2.499) (3.699) (22.39) 
R2 = 0.969 
DW = 1. 78 

InWQSTPt = 8.70 + 0.039 InPALt _1 - 0.19 InCSTIND + 0.95 InCAPUt R2 = 0.995 
(10.977) (0.793) (1.554) (9.618) DW = 1.176 

InPALt = -0.38 + 0.14 InSTt - 0.29 InWYTt - 1.15 InCAPUt (0.789) (1.972) (2.309) (2.664) 
R2 = 0.555 
DW = 1.518 

00 
-J 
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and the rate of capacity utilization (0.95) are statistically significant. The adjusted 

fl2 is 0.56. The Durbin-Watson (D-W) statistic for each equation is low, signifying 

that there is the presence of autocorrelation. This problem can be solved by the 

use of Hildreth-Lu approach in the estimation of the equations. 

The short run price elasticities are computed at the mean prices and income 

(level of industrial production). One advantage of estimating log-linear equations 

is that the coefficients of the variables are also the elasticities. Like the demand 

elasticity, the cross price elasticity is small (0.23) with the right sign. This sug

gests that the demand shifts in the short run respond more than proportionally 

to a change in the industrial activities in the developed countries, rather than to 

price changes in the aluminum or copper markets. The estimated supply equation 

also shows that supply is price inelastic in the short run (0.045) and it is not sig

nificant. The coefficient of capacity utilization in aluminum production is 0.074. 

This indicates that in the short run the effect of the rate of capacity utilization on 

price change in aluminum production is very small. The elasticity of supply with 

respect to change in technology is greater than one. 

Experience shows that for many mineral commodity markets the commodity 

producers and consumers do not respond immediately to price changes (Labys, 

1975, p.10). Rather, they spread their response over some period of time. In 

the case of a mineral like aluminum, various end-use and technological conditions 

determine the extent to which adjustments could be made. The change in the price 

of a commodity influences the response in both the short and the long run. 

Of the different theories proposed for explaining the dynamic behavior of 

markets, the most well known are those of Koyck (1954) and Nerlove (1958). Ac

cording to Koyck the assumption is that a direct form of distributed lag exists be

tween any independent variable and one or more of its explanatory variables. This 

relationship represents one type of the general class of distributed lag functions in 

which the distributed lag weights can, in principle, take on any value. However, 
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the Koyck type assumes that the lag weights decline geometrically (Labys, 1975, 

p.13): 
n n 

WOQDt = £to + £tIL>.iWYTt_i + £t2L>.iPAL t - i (3.11) 
i=O i=O 

where>. is defined as the adjustment coefficient, and takes on values 0 :::; >. :::; 1. 

The estimated values of >. could be obtained through the use of a transformed 

equation. This requires multiplying equation 3.11 lagged one period by>., 

n n 

>.WOQDt_1 = >'£to+aIL>.iWYTt_1 +£t2L>.iPALt_1 (3.12) 
i=1 i=1 

and subtracting it from the original equation to obtain: 

Equation 3.13 can be stated in terms of composite coefficients that would result 

from estimation and a stochastic disturbance term: 

The parameters: £t, and >. can be determined uniquely from /30, /31, /32, /33 and /34. 

>. = /34, al = /31, £to = ex, a2 = /32. 
The usefulness of the Koyck lag function derives from the fact that it permits 

a distinction between the short run and the long run adjustments. 

3.4.1 Long run Supply 

In this model supply is used interchangeably with the production of alu

minum. It is postulated that world aluminum production is a function of the 

expected price. In a Koyck lag form, this is specified as: 

o :::; >. :::; 1, 

n 

WQSTPt = £to +£tl L>.iPALt-i 
i=1 

3.15 
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where, >. is the adjustment coefficient. The above equation is simplified by first 

lagging it one period and multiplying it by>., giving: 

n 

>.WQSTPt - 1 = >'al L >.i PAL t - i - 1 
i=l 

3.16 

Neglecting the term >.n+! PAL t - 1 on the grounds that >.n+! becomes very small 

for large n, and subtracting equation (3.17) from equation 3.16 gives: 

WQSTPt = (1- >.)ao + alPALt + >.WQSTt - 1 3.17 

The above equation can be rewritten in a final form for estimation as: 

WQSTPt = Po + P1PAL t + P2 CSTIND + P3T + P3W QSTt - 1 3.18 

The introduction of the lagged dependent variable facilitates the estimate 

of the long run effects in the model. It introduces adjustments in production to 

changes in the independent variables. 

3.4.2 Price Determination 

Price in the aluminum market was arrived at by contractual agreements. 

However, since 1974 aluminum has been traded on the LME reHecting the compet

itiveness which dawned on the market during the 1960s. Figure 3.1 shows nominal 

and real average London price and the U.S list price of aluminum. The graph shows 

that between 1951 and 1970, the real price of aluminum did not increase with the 

expansion of demand and production. 

As nominal price increased only slightly during the period, real price Huc

tuated and actually fell in 1974. Between World Wars I and II, and immediately 

after World War II, price was controlled by the large companies, and production 

and marketing decisions were more internal decisions within the large producing 

firms than decisions in the open market. 

In 1978 the London Metal Exchange started to publish the LME spot and 

futures prices of aluminum. It is believed that the LME price reHects the true level 

of physical transactions in the industry (Duroc-Danner, 1986, p.56). Price does 



Figure 3.1 

Nominal and Real Aluminum Prices: 1951 - 1990 
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not appear to have responded to a marked increase in demand between 1950 and 

1975. This may be so, because production expanded at the same time. The balance 

between supply and demand appears to have had a stabilizing influence on real 

price for a considerable length of time. The fall in real price in 1974 followed the 

oil price increase and world depression which followed. Price, however, increased 

and reached a peak in 1980 and then fell in 1985. Price in any industry is linked 

to some degree to cost of production and the level of inventories kept by buyers in 

the metals market. In the case of aluminum price it is linked to capital and energy 

costs. 

3.4.3 The Inventory Equation 

The change in stocks is defined as the difference between total supply and 

total demand. Demand for metals inventories behave differently from metals to be . 

used in production. Buyers hold stocks of metals in order to reduce the costs associ

ated with interrupted production, and they accumulate such stocks until additional 

holding costs exceed the potential savings from more production smoothing. 

The flow of supply and demand alone does not determine the level of prices in 

the metal markets. The level of stocks plays an important role in the determination 

of short run prices (Banks, 1983, p.181). When prices are low, buyers increase their 

purchases for inventories; they tend to deplete inventories when prices are high. In 

this analysis it is assumed that the change in the level of stocks is a function of the 

level of production in the previous year and price. 

The complete long term model, Model 2 is therefore: 

WQSTPt = Po + PIPALt + P2W QSTPt- I + P3T + P4 GAPUt + U2t 3.20 

P ALt = So + SISTt + S2 WYTt + P ALt- 1 + Uat 3.21 

STt = >'0 + >'1 WQSTPt- 1 + >'2PALt + U4t 3.22 

Endogenous variables: WOQDt, WQSTPt, PALt , STt. 

Predetermined variables:PGUt , WYTt, WOQDt-1! WQSTt - b PALt- I , and T. 
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Data, period and variables in Model 2 are the same as defined earlier. The 

equations in this simultaneous system must be identified in order to be estimated. 

The two approaches for identification are, the order and rank conditions. The 

order condition or the counting rule, which is a necessary condition, states that for 

an equation to be identified the number of excluded exogenous variables from the 

equation must equal the number of endogenous variables included in the equation 

minus one, ie. K > M - 1. Where K is the number of excluded predetermined 

variables and M is the number of endogenous variables in the equation. If K = M-1 

the equation is just identified, and its coefficients can be uniquely estimated. If 

K ~ M - 1 the equation is not identified, and the coeffients cannot be estimated. 

If K > M - 1 , then the equation is over-identified, and there is no unique solution 

for the coefficients (Goldberger,1964, p.316). 

The rank condition is that there should be no linear combination of equa

tions. The number of equations must be equal to, or greater than, the number of 

unknown parameters for estimation (Maddala, 1977,p.474). The equations in the 

model are therefore identified. When an equation is just or over-identified, then it 

can be estimated. 

There are many methods for the estimation of simultaneous equations. One 

method of estimation is the Two-Stage Least Squares (TSLS). This procedure is 

the most important and widely used single equation method for the estimation of 

simultaneous systems (Johnston, 1968, p.380). In the first stage the endogenous 

variables are regressed on all the exogenous variables, and the actual observations 

are replaced by their estimated values. In the second stage the equations are 

estimated using the replaced estimated endogenous variables. 

3.4.4 The Long run Estimates 

The result of the long run demand estimation is satisfactory (see Table 

3.8). The coefficients of all the variables are statistically significant. All signs 

in the demand equation are correct. The coefficient of WOQD lagged, current 

consumption lagged one period, is 0.48, and it is positive. This agrees with the 



'fable 3.8 

Results of Hodel 2 

IDWOQDt = 2.22 - 0.22 InPALt + 0.16 InPCUt + 0.58 InHYTt + 0.48 InWOQDt _1 (5.669) (2.801) (3.361) (3.686) (4.532) 

lnWQS'!Pt = 1.23 + 0.13 InPAL
t 

+ 0.65 InCAPUt + 0.89 InWQSTPt _1 (4.138) (2.774) (3.874) (27.535) 

InPALt 0.31 - 0.092 InWYTt + 0.12 InSTt + 0.44 InPALt _1 (0.483) (2.422) (1.578) (2.002) 

InSTt 
= -2.77 + 0.84 InWQSTt _1 - 0.57 InPAL

t 
+ 0.37 InSTt _1 (1.948) (3.394) (1.214) (2.080) 

R2 = 0.985 
DW = 1.865 

R2 = 0.988 
DW = 1.431 

i 2 = 0.528 
DW = 1.89 

R2 = 0.139 
DW = 2.115 

CD 
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theory that high consumption in the previous year tends to lead to high consump

tion in the current year. The D-W statistic (1.81) is greater than the upper limit, 

du , in the D-W statistic table for 26 degrees of freedom. This shows that there 

is no autocorrelation of the error terms. When the magnitudes of the coefficients 

are examined closely it is clear that industrial production, not price, is the major 

contributor to demand change in the aluminum market. From the results, the long 

run price elasticity of demand is -0.42, while that of industrial production is 1.12, 

and the cross price elasticity is 0.31. The long run price and cross price elasticities 

are small. The long run elasticities are obtained by dividing the short run elastic

ities for price, cross price and income by one minus the coefficient of the lagged 

dependent variable. The results show that demand is inelastic, both in the short 

run and long run for aluminum. This suggests that a price change does not yield 

any significant change in the quantity demanded. There is, therefore very little 

sensitivity between price and quantity demanded. 

Hojman (1981, p.81) in his estimate of demand concluded that the price 

elasticities of demand for aluminum in both the short and long run are small, while 

the income elasticity is higher in the short run at 0.908 and 1.326 in the long run. 

The substitution elasticities for copper are also low. Hojman used a data period of 

1965 to 1977, which is considered too short for capturing any long term trend in 

the industry. 

In estimating the supply equation Hojman used the index of industrial pro

duction in the OEeD countries to explain the level of activities in those countries. 

His results show that in the short run price elasticity of supply is 0.05, while the 

long run price elasticity is 0.073. In his approach Hojman also corroborated the 

fact that production as well as consumption response in the aluminum industry is 

greater for the index of industrial production than for price. 

The estimate of the long run supply equation in this analysis is satisfactory. 

All the coefficients are statistically significant with the right signs. The equation 

states that supply is a function of price, the rate of capacity utilization in aluminum 

production, and the quantity supplied lagged one year. The long run price elasticity 

of supply is 1.18, and the long run supply elasticity with respect to the rate of 
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capacity utilization is 5.9. The long run elasticities for price and capacity utilization 

are greater than one. The adjusted Jl2 is 0.99, with a DW statistic of 1.43. The 

estimated price equation is not very satisfactory. The coefficient of stock variable 

is not statistically significant. The coefficient of the index of industrial production 

is 0.092 and it is significant. The adjusted Jl2 is 0.53. 

The results of the inventory equation show that both the level of output 

in the previous year and stock lagged are significant. The price coefficient is not 

significant. Elasticity of stock with respect to price is 0.57 in the short run and 0.90 

in the long run, while that of output lagged is 0.84 in the short run and 1.33 in the 

long run. This indicates that inventories held are greatly influenced by previous 

output of producers. The adjusted Jl2 is 0.74 and DW statistic is 2.12. 

So far, the estimates show that in both the short and long run, price elas

ticities of demand and the cross price elasticity, are very small. However, the long 

run supply elasticities with respect to price and capacity utilization are greater 

than one. These results have agreed with the long run trend in real price of alu

minum. When demand and supply shift over time, for real price to remain stable 

(as demonstrated by the aluminum market) the long run supply curve must be 

elastic. 

3.4.5 The Multiplier Analysis 

A general model of the aluminum economy is postulated after the Gold

berger model: 

3.23 

where Yi is a G x n matrix of endogenous variables; ¥i-I is a G x n matrix of 

lagged endogenous variables, X t is a M x n matrix of exogenous variables; Ut is a 

G x n matrix of stochastic disturbance terms; () is a G x G matrix of coefficients 

on the endogenous variables; f3I is a G x G matrix of coefficients on the lagged 

endogenous variables; and f32 is a G x M matrix of coefficients on the exogenous 

variables. The structural form of the model contains as many relations as there are 

dependent variables. From an economic point of view it is a system of M equations 
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in M unknowns. The solutions of the structural coefficients show the contributions 

of each independent variable to the changes in the dependent variables. This in a 

sense is a partial analysis. The reduced form on the other hand shows the total 

effects of a change in an exogenous variable on the endogenous variables in the 

system. 

The reduced form of the model is given by: 

3.24 

where 71"1 = _r-1 (31, 71"2 = _r-1 (32, Vi = r-1ut. 71"1 is a G x G matrix of reduced 

form coefficients On lagged endogenous variables, and 71"2 is G x M reduced form 

matrix of the exogenous variables. 71"2 is also a matrix of multipliers in the simplest 

form. The endogenous and the exogenous variables are the same as in the single 

equation estimates in the preceding model 2. 

One of the methods for the estimation is the application of two stage least 

squares method to the reduced form equations. The reduced form of a model is 

of considerable interest for many applications. In economic terms the coefficients 

of the reduced form are multipliers. These multipliers help to study the effects of 

changes in the predetermined variables on the endogenous variables. The mlutipli

ers are obtained by regressing the endogenous variables on all the predetermined 

variables in the model. The results of the reduced-forms of the model can be seen in 

table 3.9 and the elasticities of variables in table 3.10. Unlike the elasticities from 

the structural estimates (which show partial effects) the reduced-form-elasticities 

indicate "total" effects of a change in a predetermined variable. 

3.5 A General Evaluation of the Results of the Models 

The econometric study of the aluminum market is done at an aggregate 

level. The world demand, supply, price and stock change equations are estimated 

at aggregate levels. The study has addressed the impact of total expansion of 

both production and consumption on price, for which the aggregate model could 

be useful and adequate for our purpose. 



Table 3.9 

Results of the Reduced rom Bquations 

COHSDB'l' liQS'l'Pt - 1 WOODt - 1 PALt - 1 PCUt IIn't 

WOQDt 1769.97 -0.065 0.216 -4150.37 -158.61 203.82 

WQSTPt -8211.67 0.132 0.150 489.17 202.13 39.73 

PALt 0.391 -0.000054 0.000015 0.364 0.117 -0.0056 

STt -11346.6 0.212 -0.072 5839.81 727.73 -99.29 

Source: Computed from the Regression Data. 

r CS'lIHD 

-283.11 -35.39 

137.16 -20.81 

0.027 0.0015 

485.84 -35.69 

CAPUt 

1617.37 

10399.9 

0.031 

11471. 9 
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Table 3.10 

Reduced Fo~ B1asticities 

-QS'lP
t

_
1 WOOO't_1 PALt - 1 PCUt 1fH 

WOODt -0.060 0.221 -0.256 -0.013 1.55 

WQSTPt 0.135 0.171 0.034 0.019 0.337 

PALt -0.805 0.249 0.364 0.128 0.693 

STt 1.711 -0.269 1.315 -0.225 -2.766 

Source: Computed from Table 3.9 

!" CS!"Dm CAPUt 

-0.482 -0.267 0.132 

0.260 -0.175 0.947 

0.746 0.183 -0.041 

3.020 0.983 3.431 

co 
co 
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The multiplier result analyzes the impact of the change in the exogenous 

variables on the endogenous variables in the model. The table of reduced-form 

elasicities (see Table 3.10) shows the total effects of a change in the exogenous 

variables. Assuming the other exogenous variables remain constant, a one percent 

increase in the previous year's production of primary aluminum will lead to an 

increase of 0.06 percent in current demand, a 0.14 percent increase in current 

output, a 0.8 percent fall in price and a 1. 7 percent increase in stock level. Similarly, 

a one percent increase in the level of industrial activities in the developed countries 

will lead to a 1.6 percent increase in current demand for primary aluminum, a 0.3 

percent increase in primary aluminum production, a 0.7 percent increase in price, 

and a 2.8 percent fall in the level of stock held by primary producers. 

The major consumers of aluminum are the industrialized countries of the 

world, and growth in their production is incentive to greater consumption of alu

minum ingot. Current trends have indicated that production capacity in aluminum 

is shifting to low priced energy areas. Production as well as consumption of alu

minum however, are still dominated by the industrial countries. 

The response between price and output lagged is close to one (0.81) and 

positive. Over time the phenomenal growth in consumption and output has main

tained a slightly increasing trend in real price of aluminum between 1955 and 1980. 

Price fluctuated, but has not dropped significantly as a result of supply and demand 

expansion during the period. 

Production expansion is elastic in the long run to price change. The multi

plier effect of price change shows that a one percent increase in previous year's price 

will lead to a 0.3 percent fall in current year demand for alumninum, a 0.03 percent 

increase in production of primary aluminum, a 0.4 percent increase in current price 

and a 1.3 percent increase in the level of stocks. 

The analysis of the aluminum industry shows that demand and supply ex

pansion will have little effect on price, especially when demand and supply effec

tively balance over time. The individual country and regional response to cost 

changes are not felt in this model, because as smelters close in some countries they 

opened in low cost energy producing countries. This tends to balance the total 
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production in the world. Ghana is a low cost energy producing country. Baux

ite processing is done in three stages which have different input requirements and 

are usually geographically separated, although they are dependent on each other. 

Ghana has bauxite and hydroelectric power which gives it some advantage in re

fining bauxite and aluminum smelting, which are resource and energy intensive. 

The analyses show that production of bauxite and alumina in Ghana to feed 

the existing smelter does not necessarily cause surplus in world supply of aluminum. 

What has happened is the substitution of the intermediate alumina import by 

domestic production. Even if Ghana should expand aluminum production, the 

increase will have minimal effect on price. It will take large increases in supply 

with a fall in demand to have a significant effect on price. 

3.6 Conclusion 

This chapter analyses the aluminum market structure and discusses the 

current trends in the market. The concentration ratio shows that the market is 

moving away from concentration to more competition. New producers, especially 

those with bauxite reserves are competing for a share in the market. It is found 

that the control of the 'Six Sisters' is weakening. This appears to be the right time 

for Ghana, a bauxite and aluminum producing country, to integrate the industry 

in the domestic economy. It has been shown that the sensitivity of the industry 

which adjusts capacity of production to demand shifts maintains price stability in 

the market in the long run. Ghana can carefully evaluate the project in detail to 

assess its feasibility at this time, and count on replacing capacity elsewhere without 

affecting price. 
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CHAPTER 4 

THE EVALUATION PROCESS IN PROJECT ANALYSIS 

4.1. Introduction 

Cost Benefit Analysis (CBA) is essentially asset valuation by a project's 

yield to maturity; it is a method of weighing costs against the benefits of a project 

in order to assess its rate of return. By consistently comparing costs and benefits in 

a meaningful way the evaluators are able to critically look at the important issues 

involved in the appraisal of a project. There are some widely accepted criteria 

for deciding whether given benefits justify incurring the costs and expenditures 

required in undertaking a project. Both private investors and governments use 

these criteria for the evaluation of projects. The difference in their evaluation is 

mainly in how they look at the benefits derived from the project and what entails 

costs in building the project. 

The costs of a project are the expenditures on goods and services used by 

the project during the investment and operating stages. These include the real 

costs of the resources employed in the project. Costs also include the externalities 

generated by the existence of the project. The benefits are the values of goods and 

services produced by the project and the externalities generated by the project to 

benefit the people. In weighing the costs against the benefits a private investor 

maximizes the value of the enterprise. He would count as costs only the actual 

purchases for which cash must be spent and as benefits the sales of goods and 

services for which cash is received, or a promise of cash (Roemer and Stern, 1975, 

P. 25). This comparison generates cashflows which are relevant in assessing the net 

benefit streams of the project over time. The discounting of this cashflow gives the 

present value of the project which shows the profitability of the project as a yield 

over project life. 

This chapter is concerned with the criteria applied by the planners of the 

public sector. The question is that of determining the project which will achieve 

the greatest progress for the society as spelt out in the objectives of the planners 
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of the public sector. If a society has a multiplicity of objectives, the problem of 

weighting each objective arises. This assumes weights are assigned. If no weights 

are assigned it becomes impossible to provide quantitative criteria for the evalua

tion of social projects with the highest objectives of the planners. The assignment 

of weights to different economic values drives a wedge between "efficient" and so

cial high points. In almost all LDCs, economic weights of the planners of economic 

development include the contribution of an investment to the gross national prod

uct (GNP), and its contribution to foreign exchange. Other objectives, such as 

increasing employment opportunities, solving problems of regional imbalance, and 

forcing income distributions may require distorting efficiency. Deriving weights 

that achieve all these objectives consistent with efficiency will then be impossible. 

Clearly one of the most important objectives in most countries is to increase the 

goods and services available to the citizens of the country. 

In comparing the outputs of different projects the question which often arises 

is that of which prices should be used in the evaluation of the inputs and output 

of the public sector projects. Should expectations of domestic prices or interna

tional market prices be used? If international prices are chosen for measurement, 

at which rate should the international currency be exchanged for the domestic cur

rency? Even if a set of expected prices is selected, its variance will be a measure 

of its uncertainty. Prices are variables of the problem. A mining project is risky, 

especially in the calculation of prices. 

The value to the society of some of the factors and inputs used in the project 

may not be properly reflected by the market. The private investor is concerned with 

the accrual of factor prices paid. However, a government planner in an economy 

suffering from high unemployment may consider the actual prices to overstate or 

understate the value of factors in the society. Thus, for traded inputs, a dollar 

spent may be worth more or less to society than the value indicated by the official 

foreign exchange rate, and the value of such goods relative to factor inputs. 

In the evaluation of projects one important consideration is the time value 

of money including risk premium. The issue involved is how to compare the stream 

of complex benefits and costs resulting from investing in a given project over time. 
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Different discount rates might be required in comparing the benefits and costs in 

different time periods. The basis for calculating these rates is one of the perennial 

problems of investment decisions, private or public. 

Furthermore, investments differ in the extent to which resulting output is 

traded, consumed, reinvested or saved. Trades, saving and reinvestment are usu

ally desired for the contribution they make to greater consumption in the future. 

The successful solution to a society's problem of appraisal, therefore, incorporates 

growth and future consumption into the criteria for appraising projects. 

Finally, there are side effects of investment projects that should be consid

ered, some of which in a number of cases may not be known to the planners, or 

the effects could appear later. Some effects may be crucial to the decision making. 

These include linkage effects, external economies and diseconomies, both pecuniary, 

like the effects on regional income and income distribution, and nonpecuniary, such 

as effects on population growth, on family stability and a host of other parameters. 

In approving projects, all these issues cannot be evaluated. Certainly they need not 

be evaluated when alternative projects do not differ significantly in their impacts. 

The evaluator's process must be bounded or simplified to some degree be

cause of its complexity. If one tries to measure all dimensions of every possible 

investment project in an economy the result can only be paralysis, since this is a 

task beyond even the most efficient firm or government. The result may be to give 

up the task of quantitative appraisal entirely and fall back on ad hoc judgements 

and prejudices. As a result, one of the crucial questions in project appraisal is 

deciding on the most important criteria, those which are worth quantifying. 

The social appraisal of projects is considered with the welfare objective of 

the society in mind. While the criteria for choosing projects can be applied to both 

private and social appraisals alike, it is practically difficult to incorporate all na

tional objectives within the methods often used. At the very least, the methods are 

limited in affording the inclusion of all national objectives. From a methodological 

point of view it is difficult to incorporate multiple objectives into a yardstick for 

measurement, especially when those objectives are conflicting. Multi-objective de

cision analyses consider conflicting goals within a single framework. The purpose 



105 

of analyzing the effects of each objective in this framework can at best produce 

compromise or satisficing results (Goicoechea,et.al.,1982, p.217). Inspite of these 

limitations, theoretical devices have been developed for the measurement of benefits 

and costs in the social analyses of projects. 

4.2. Decision Criteria in Project Analysis 

Several criteria are used in public and commercial selection of projects. 

Those reviewed here are: 1) cut off period, 2) pay back period, 3) net present 

value, 4) Internal Rate of Return and 5) Benefit-Cost Ratio.· 

1) The Cut Off Period: This criterion is often used in the selection of private 

projects. According to this method a project is selected if its capital cost can be 

recouped before the end of a stated period, if not the project is rejected. The 

cut off period is a suitable criterion for projects using new techniques, or projects 

producing new products which are expected to be produced by other producers by 

the end of the cut off period. Sometimes the demand for a certain new product is 

expected to last for only a certain period. The capital cost of the project must be 

recouped before the demand falls off. In this case the cut off period is determined 

by the period the demand would last. It is seen that this criterion does not give 

explicit weight to the timing of benefits and costs within the cut off period. Benefits 

that occur after the cut off period are considered non-existing. Often, therefore, 

this criterion will not be suitable for choosing public or private projects. For the 

selection of private projects this method may be useful in reducing risk to foreign 

investment of possible expropriation or change of rules after the initiation of the 

project. 

2) The Pay Back Period: In some ways this is similar to the cut off period 

criterion. Each project is ranked according to the period its initial capital is paid 

off. The project with the shortest payoff period is preferred to the one with 

a longer period. Benefits and costs that occur beyond the pay back period are 

ignored. Both the cut off period and pay back period criteria are suitable if used 

in conjunction with other criteria to help in the selection of public projects. They 

are, however, not very useful when used alone in public project decisions. The pay 
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back period considers only the period between the time of initial investment and 

the time when cumulative returns equal investment. This criterion is not meant 

to measure benefits, rather, the time required to recoup the initial investment. As 

mining projects have long gestation periods, the suitability of this method for mine 

investment decisions can be questioned (Gentry and O'Neil, 1984, p.256). In very 

risky foreign environments, however, this criterion can be used in conjunction with 

other detailed criteria for a decision on investment. 

3) Net Present Value (NPV): The above criteria give no consideration to 

weighting the timing of benefits and costs or to the time value of money. The NPV 

is the difference between the sum of the present value of all cash inflows and the 

sum of the present value of all cash outflows (Gentry and O'Neil, 1984, p.260). The 

formula for the NPV is given by: 

where 

C Ft = cashflow net of costs 

C t = capital costs in time t 

r = the discount rate 

T = the total life of the proposed project 

(4.1) 

Unlike the preceding criteria, the NPV looks at all benefits and costs for the 

project, and the decision is based on comparing discounted benefits and costs over 

the total life of the project. By the method of discounting, this approach weights 

the benefits and costs that accrue earlier in the project more heavily than those 

that occur later in the life of the project. The decision rule is to rank projects that 

have positive NPV values and reject all projects having negative NPV. 

The principal problem associated with the use of the NPV is the determi

nation of the appropriate discount rate. This problem, however, is overcome by 

choosing the cost of capital for a private appraisal, and the social discount rate for 

public projects. The choice of these two discount rates is considered later in the 

chapter. 
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Though the NPV criterion provides a sound basis for the selection of public 

and private projects and is very popular with most project analysts it is not free 

from some inherent problems. In comparing projects having different capital size 

and life, it is sometimes preferable to consider growth potential in absolute terms. 

This may, however, not be suitable for public projects. Often the size of the capital 

outlay and its sources influence the cost of capital to be used, especially in project 

choices. 

4) The Internal Rate of Return (IRR): The IRR for a project is that discount 

rate which reduces the NPV to zero. Stated differently, it is the discount rate which 

will equate the present val1.le of net benefits with the present value of costs of the 

project. It is sometimes known as the marginal efficiency of investment (MEl). In 

the choice of a project the decision rule is that the IRR should be greater than or 

equal to a giv~n rate of return, say, the cost of capital or the going market rate of 

interest. The IRR may be found by solving the following equation for R: 

T T 
L Bt(1 + R)-t = L Ct(1 + R)-t 4.2 
t=o t=O 

where, R is the IRR. 

Two problems that may be encountered when IRR is used: a) The R that 

solves equation 4.2 may not be unique. Since the equation is of degree T, it can 

have as many as T different roots. b) The IRR and the NPV criteria can lead 

to different conclusions regarding the relative choice of projects. This situation is 

illustrated in Figure 4.1. For two projects A and B, the present value (PV) is plotted 

as a function of the discount rate. In the diagram the IRR criterion suggests that 

the better project is B, while the PV criterion shows project A as better, if the 

cost of capital is less than 10%. The implication of this is that the PV criterion 

and the IRR can give conflicting answers. Also, the IRR criterion cannot be used 

for the absolute or comparative choice between projects where it is known that the 

discount rate will not remain constant (Gentry and O'Neil, 1984,p.282). 
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Figure 4.1 

Present Value and IRR of Projects A and B 
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5) Benefit-Cost Ratio (BCR) is defined as the discounted cashfiow divided 

by capital costs. The formula for computing the BCR is: 

4.3 

where, B(r) is the benefit-cost ratio, CFt is the cashflow in period t, and Co repre

sents the capital costs of the project, and T is the life of the project. This method 

is sometimes referred to as the profitability index, as it discribes discounted cash

flow per dollar of costs. The decision rule for accept or reject is to accept a project 

when the BCR is greater than one. 

The BCR is sensitive to the definition of benefits and costs. While it would 

seem that a positive benefit is sensitive to a negative cost it makes a difference in 

the calculation of a ratio whether a sum is added to the denominator or subtracted 

from the numerator. 

4.3.The Discount Rate 

Conceptually, the appropriate discount rate for long-lived projects is the 

long run marginal cost of capital, which is equal to the long run weighted average 

cost of capital (LWACC), where costs of specific sources are based upon current 

market prices, not book values. A corporation's cost of capital may be defined as 

that minimum rate of return which the corporation must earn in order to leave 

the owners as well off as they may be if the investment had not been undertaken. 

Although the concept of discounting is widely accepted the selection of discount rate 

has been the source of considerable debate and much disagreement (Gentry,et.al. 

1984, P.321). In order to calculate the LWACC the firm must first determine the 

cost of specific sources of capital, e.g. equity, long term debt, or retained earnings. 

Equity capital can be raised through the issue of common or preferred stocks, and 

involves partial ownership in the firm. The actual cost of any common stock to 

the firm is the expenditure on registration and legal fees, brokers' commission, and 

printing costs, and the periodic payments of dividends (Rudawsky, 1986,p.51). 
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Debt capital is borrowed money. Usually, long term debt capital is obtained 

by the sale of bonds, which require periodic payments of interest and principal 

plus bond discount according to a predetermined schedule and rate. Additionally, 

loans can be taken from financial institutions, government agencies, or insurance 

companies. The sources of funds for the Kibi project are the World Bank, foreign 

governments and international financial institutions. Table 4.1 shows the various 

sources of funds for the project. 

Internally generated funds come from two sources: 1) retained earnings, 

which are the company's undistributed profits, or what is left after payment of 

all costs, taxes and dividends to the stockholders, or 2) noncash charges against 

profits, such as depreciation and depletion, and amortization allowances. The costs 

involved in the use of these funds are their opportunity cost: what the firm could 

have earned on the fund somewhere else. 

The cost of various types of funds is often expressed as an annualized rate. 

This rate is secured by determining the average annual amount that must be paid, 

and stating it as a percentage of the amount of funds obtained. Often, it is the 

after tax rates that are used because the cost of capital is com~ared to rates of 

return that are determined by cashflows after taxes (Wert and Henderson, 1979, 

p.198). 

A general approach to the calculation of specific costs from the different 

sources of funds is used in this analysis. The specific cost, r, is found by solving 

the following fomula for r (Quirin, et.al.,1981, p.145): 

4.4 

where, Qo is the amount received from each source, Ct is the cash earnings necessary 

to pay interest and tax, N is the duration of the loan. 

As the profits of a project are subject to taxation, the computation of the 

weighted average cost of capital (WACC) is done with adjustments for tax deduc

tions and interest payments on long term debt: 
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Table 4.1 

Sources of finance for the libi Project 

Sources of funds Amount Interest Duration Grace 
($Million) (%) (Years) Period 

(Years) 

World Bank (IBRD) 65.00 6.50 5 0 

European Investment 
Bank (EIB) 85.00 6.50 10 5 

African Development Bank 
(ADB) 250.00 8.75 10 5 

Arab Bank for Economic 
Development of Africa (ABEDA) 110.00 8.00 10 5 

Commonwealth Development 
Corporation (CDC) SO.OO 6.00 5 0 

Kuwait Fund (KF) 300.00 3.50 15 5 

OPEC Fund (OPF) 6S.S0 5.25 10 5 

Saudi Fund for 
Development (SFD) 210.00 6.00 10 5 

Private Capital 292.20 15.00 20 0 

1,460.00 
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r = (1- T)R 4.5 

where, r is the cost of capital, T is the marginal tax rate, and R is the rate of 

return on each fund (see Appendix B). After determining the specific cost of each 

source of funds, the cost of capital to the firm can be calculated. The computation 

of the WACC is shown in table 4.2. The result of the estimate is 6.8%. Allowing 

for an inflation rate of 4% the relevant rate use should be 10.8%. 

There are a variety of accepted procedures for determining the cost of cap

ital applicable to projects, and because there are both theoretical and operational 

problems in estimation, most results are only approximations. It seems logical that 

a firm in acquiring funds for investment should at least earn as much money from 

investment of capital as the capital costs. While project analysts agree on the 

concept of cost of capital, there are disagreements on its calculation. 

The weight to use for the individual sources of funds often raises controversy. 

Quirin,et.al.(1981, p.191) discuss some of the current views on the controversy. 

According to Quirin there are two sides to the controversy, both involving the 

assumptions about the shape of the cost function for funds facing the firm. If 

it is assumed that the cost of capital is a rising function of funds raised, then 

determining an optimal capital structure may be relevant in choosing weights. 

However, if it is assumed that the cost function is flat (independent of the volume 

of funds raised), then determining optimum capital structure is not relevant. 

One approach for the determination of weights for the calculation of the 

cost of capital uses the book value method, which is based on what was done in 

the past as indicated by the historical balance sheet of the company. Historical 

costs are not suitable, except to the extent that they help to determine current 

costs; and also because they do not reflect the amount of securities outstanding at 

current market rates. 

Another method which uses market value weights is preferred to the use of 

book value weights. This method is often recommended because market values for 

various securities are observable, and using them with market rates of returns 
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'fable 4.2 

computation of the WACC for Kibi 

Source Specific Cost Component Weighted 
of Funds of Capital Weight Average Cost 

('II) ('II) ('II) 

IBRD 6.5 4.45 0.28925 
EIB 5.6 5.82 0.32592 
ADB 7.6 17.11 1.30036 
ABEDA 6.8 7.53 0.51204 
CDC 6.0 5.48 0.32880 
KF 2.7 20.53 0.55431 
OPF 2.7 4.71 0.32660 
SFD 5.1 14.37 0.68976 
Private Capital 12.2 20.00 2.44000 

100.00 6.76709 



114 

is convenient and suitable (Wert and Henderson,1979, p.204). The market value 

weights based on a desired market structure are regarded as suitable to use. After 

determining the weights, then the weighted average cost of capital (WACC) can 

be calculated. 

In this analysis market value weights, though desirable, are not used because 

they are not relevant for the computation. Component proportions are used as 

weight, because of the nature of the sources of funds used. The calculation of the 

WACe from the computed specific costs can be seen in table 4.2. 

For the social discount rate there are some added problems to the cost of 

capital. It is important that the social discount rate should reflect at least the 

government's cost of borrowed funds. As pointed out by Thuesen,et.al. (1977) 

p.281: 

·"Since activities financed through taxation require payments of funds 

from citizens, the funds expended for public activities should result in 

benefits comparable with those which the same funds would bring if 

expended in the private ventures. It is almost universal for individ

uals to demand interest or its equivalent as an inducement to invest 

their private funds. To maintain public and private expenditures on 

a comparative basis, it seems logical that the interest rate selected 

should represent the opportunity foregone when taxes reflect the rate 

that could have been earned if the funds had not been removed from 

the private sector." 

Opinions differ on the choice of social discount rates. Social rates of dis

counting, if accepted, must be related to a social time preference. There is no 

consensus among economists on this issue. Pigou (1925,P.25) argued that since 

social time preference must be a positive function of individual time preference, if 

the individuals prefer present consumption to future consumption, then the same 

holds for society as a whole. He also pointed out that individuals have inadequate 

foresight, hence social time preferences cannot be solely based on individual time 

preferences. Though Samuelson (1958) has demonstrated that some individuals 
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prefer the future to the present, the argument is often the other way round, that 

individuals prefer the present to the future. 

There are a number of reasons why people should prefer present consumption 

to future consumption. First, an individual knows that he will not live forever, and 

that his capacity to enjoy consumption will decline. Second, the future is always 

more uncertain than the present, and a sure thing is often preferred to a less sure 

thing. Third, in general a person's concern for the welfare of successive generations 

changes as he ages. Fourth, so far it has been true historically that on average per 

capita real income has a marginal utility of future consumption to an individual 

less than that of a unit of present consumption. 

These indicators notwithstanding, it is difficult to construct a social time 

preference due to the well known problems associated with interpersonal and in

tertemporal comparisons. Fisher (1930) one of the first economists to demonstrate· 

present consumption and investment trade-offs in terms of individual time prefer

ence stated that when the interest rate is low the individual saver would forego the 

future. 

An argument centers on whether the social discount rate should be greater 

than, less than, or equal to the market interest rate. The problem is that sometimes 

the issue is not well defined. In considering the individual, any sacrifice made for 

the future involves more risk than for the society taken together. As much as 

we include this category of risk in the discount rate, the social rate will be lower 

than the private rate. Arrow and Lind (1970), argue that private sector discount 

rates reflect the systematic risks associated with a corporation or a single project. 

They pointed out that individual project risks are irrelevant in the public sector, 

because risk is diversified among the numerous public projects and among the 

people, assuming public project budgets to be a negligible part of risky assets, 

which are themselves a small portion of the budget. Off course benefits are neither 

received nor costs borne by society, but by individuals. Again, risks are not reduced 

when portfolios are positively correlated. Finally only systematic risk remains, and 

even should the risk be lowered, only the unsystematic risk will be affected. Public 

sector investments are, therefore, not entirely immune to risk. 
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Baumol (1968) argues that if low-return projects are accepted in the public 

sector, they will displace private-sector projects which offer higher returns and 

higher social yield. It can also be argued that when the social rate is lower than 

the market rate it can lead to an inefficient misallocation and waste of resources. It 

is therefore, better that the social discount rate should not differ markedly from the 

long term market interest rate. It reflects largely the opportunity cost of borrowed 

funds used by the government to finance the project. 

4.4. The Principles of Evaluation 

All investment projects involve outlay of resources. The basic reason for 

evaluating a project is to determine how efficiently the resources committed to a 

project are used. Both the private and public sectors need decision criteria to arrive 

at suitable choices. The aim of project analysis is to compare costs and benefits 

in a consistent and meaningful way in order to derive a conclusion for economic 

policy. Roemer and Stern (1975,P.24) iterated four basic steps which must be taken 

as follows: 1) The project's costs and benefits must be properly identified. 2) Once 

identified, the costs and benefits must be given a value reflecting the point of view 

of the analysts: market prices to assess private investors' prospects, and social 

prices to help determine a public choice. 3) Costs and benefits must be compared 

over time. 4) Once the effects of time have been incorporated, benefits must be 

related to costs for each project so that they may be compared to each other, and 

the decision makers can select among them for implementation. 

The methods used in social appraisal involve value judgements, and very 

much depends on the capabilities of policy makers. Sen (1969) gives a list of 

parameters which are crucial for incorporating national objectives into project ap

praisal:1) the relative weights to be attached to different national objectives; 2) the 

social rate of discount; 3) the rates of social return on investments; 4) the pattern 

of reinvestment and of return on investment; 5) shadow prices of key imports and 

labor. 
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In addition to the above list, other practical considerations are worked into 

the weights which foster each of the parameters. The valuation of goods and ser

vices in an economy should be approached with reference to the principle to be 

followed, and the objective to be achieved. The private objective is the maximiza

tion of equity. The social objective is the maximization of social welfare, and this 

principle is to be followed. The welfare of a society is a function of the utilities 

of its individuals. Ideally, then the valuation of goods and services ought to be 

administerd by democratically constrained officials. 

A second principle, that of shadow prices, must be observed. To clearly ap

preciate the efficiency of shadow pricing, it is useful to view the concept within the 

context of a linear program. Let us assume a simple economy with the following 

features: 1) There are two types of goods, final consumption goods and raw ma

terials, which we shall name X and Y respectively. 2) The members of the society 

have valued the final goods by attaching prices to them. These prices are: 

3) There is a technology through which this country can transform raw 

materials into final consumption goods: 

Xi is the number of units of consumption good i produced, and i goes from 1 

through N. Yij is the number of units of raw material j used in the production of 

the final good i. The aij are the nonnegative parameters. 

4) The total amount of any raw material available for use in any time period 

is limited. The maximum available amounts are Yj(j = 1", M). Thus, society's 

production process must also satisfy: 

Yll + Y12 + ....................... + YiN :::; Yi 

YM1 + YM2 + ....................... + YMN :::; YM 
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5) Society's goal is to maximize the value of its total production. That is, of all 

the feasible sets of final goods (Xl, X 2 , ••••••• , XN ) ,society wants to produce that set 

which maximizes: 

When the above linear programming problem is solved by the planners of the econ

omy they will find values for the dual variables, AI, A2, .... , AM. The dual variable Ai 

cOlTesponds to the constraint on Aj. These A's are the shadow prices of Yj. They 

tell the planners how much the marginal unit of Yj is worth to society. Briefly: 

A linear programming approach to determining shadow prices for an actual econ

omy appears to be the best way to proceed in arriving at values for appraising 

public projects. Truly, the above model captures many of the salient aspects of 

reality in the economy. But this is not the best way to estimate shadow prices. 

One reason is that an actual economy is far too complex for a good, sufficiently 

detailed model to be constructed. In addition to the inherent nonlinearities and 

even nonconvexities (which are major obstacles to analysis) there are also thou

sands of technical relationships which must be estimated in addition to hundreds of 

institutional and other noneconomic types of constraints. Above all shadow prices 

can be computed at less cost and time by use of economic theory. 

In searching for shadow prices one searches for suitable prices which pro

vide the real values of the resources used by the society, and also suitable prices 

for the goods and services produced in the economy. In fact, shadow prices give 

the marginal productivity of resources in their optimal use. In practice shadow 

prices computed are approximations to the shadow prices obtained in a prefectly 

competitive system. Nontheless the approximate shadow prices bear more directly 

upon national welfare calculations than do market prices. (Little and Mirrlee, 

1969,P37). Accounting prices are an approximation to shadow prices. The differ

ence between these two prices stem from the fact that accounting prices are the 
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computable shadow prices, while shadow prices are the ideal prices derived in a 

perfectly competitive model. When shadow prices are unattainable, accounting 

prices are used. 

In the earlier definition of the goals of the private sector and the public 

sector, it was mentioned that the private sector is interested in the stockhold

ers' wealth and commercial profitability of the project while the public sector is 

interested in the national economic wealth and welfare. While market prices are 

obtainable for the evaluation of private projects, shadow prices are often needed for 

the measurement of social costs and benefits of the public sector projects. Market 

prices do not measure every benefit and cost in terms appropriate to the estimate 

of national economic wealth or welfare. This means that market prices alone are 

insufficient in some public sector project analyses. The causes of the divergence 

between private costs and benefits and social costs and benefits can be summed 

under those aspects of the production-consumption process which are not taken 

account of by the market. Market prices only reflect what the private producer or 

consumer takes account of in the evaluation process, while shadow prices consider 

the overall costs and benefits of the project to the society. The computation of the 

shadow values is shown in the next chapter. 

This chapter reviews some of the essential criteria for decision making in 

benefit-cost analysis. Most of the criteria discussed here are suitable for the evalu

ation of private as well as public projects. The three methods discussed which are 

suitable for application in this analysis are the NPV, IRR and BCR. 
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CHAPTER 5 

BAUXITE PRODUCTION, PROCESSING AND COSTS 

5.1 Introduction 

Aluminum is the most abundant of all metallic elements. Of the solid por

tion of the earth's crust to a depth of ten miles, it is estimated that 8 percent is 

aluminum. It is an important constituent of virtually all common rocks, especially 

clay, shale, slate, schist, granite, syenite and anorthosite. Although bauxite is now 

the main source of commercial aluminum production, other aluminum resource~ 

are expected to be used in the future. The potential sources of aluminum include: 

alunite, nepheline syenite, anorthosite, dawsonite, aluminous phosphate rock, alu

minous shale and clClY. Table 5.1 shows the average grades and the chemical con

stituents of the non-bauxitic sources of alumina compared to the bauxitic sources. 

Currently, it is only in the Soviet Union that alunite and nepheline syenite are used 

for the production of aluminum on a commercial scale. In the United States the use 

of non-bauxitic materials is still at an experimental stage. Some of the experiments 

involve the use of resources, such as kaolin clay, anorthosite, limestone and alunite, 

using such processes as, clay/nitric acid leaching, clay/hydrochloric acid leaching, 

anorthosite/lime-sinter option, alunite/reduction roasting-leach option, and a host 

of other methods. Production of alumina from bauxite, however, still remains the 

least costly commercial source (Keefe,1982,p.24). On the whole less bauxite IS 

required in the production of a ton of aluminum than the non-bauxite sources. 

Bauxite, the principal alumina bearing commercial ore used in the produc

tion of alumina, is composed of hydrated aluminum oxide minerals and impurities. 

The three types of bauxite are gibbsite, boehmite, and diaspore. Deposits made 

of gibbsite are trihydrate (.412 0 3 .3H20) with three water molecules, and bauxite 

deposits made of boehmite or diaspore are monohydrate with one water molecule. 

Bauxite is formed by weathering of the parent rock. Ores usually form in 

tropical or subtropical environments, where the underlying rocks are rich in 



Table 5.1 

ECOHaaC AND PO'l'EHTIALLT ECOHCHIC 
ALmmmM-BEAIlIHG MAXElUALS 

Chemical Average % Tonnes ore.needed 
Composition alumina in to produce one 

1 tonne tonne of aluminum 
of ore (average) 

Bauxite: 
Gibbsite Al203 ·3H2O 50 4.75 

Boehmite A1203·2H2O 50 4.75 

Diaspore A1203·H2O SO 4.75 

Clay: 
Kaolinite Al203·2Si02·2H2O 30 6.0 

Shale: impure clay 30 6.0 

Anorthosite: 
Albite Na2O·A1203·6Si02 14 7.0 

Anorthite CaO·A1203·6Si02 14 7.0 

Alunite: K2Al(C03)S·2Al(CH)3 17 7.0 

Dawsonite: Na3Al(C03) S·2Al(CH) 3 30 6.0 

Source: Govett, M.H. and Larsen, J. World Aluminum Industry, 
Vol. 1. p. 5 
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aluminum. However, high aluminum content of the parent rock is not as important 

in the formation of the bauxite as is the intensity and the duration of the bauxite

forming process (Govett and Larsen, 1983, p.10). Table 5.2 shows the analytic 

composition of the parent rocks of the major bauxite deposits of the world. 

Data on measured bauxite reserves put the world total tonnage at about 

28 billion tonnes (Brown and McKern,1987, p.107). Other estimates currently put 

economic and sub-economic resources of bauxite between 36 and 41 billion tonnes 

(Petersen,et.a1.l983,p.6). At the current rate of production existing reserves could 

last more than 100 years. Table 5.3 shows the ranking of bauxite deposits of the 

world by country. Four countries (Guinea, Australia, Brazil, and Jamaica) account 

for about 64.4 percent of total reserve estimates in 1980. Ghana ranks 9th. in the 

world in terms of bauxite reserves. Knowledge of \vorld bauxite resources increased 

considerably after World YVar II, with the increase in demand for aluminum. The 

large increase was due to the discovery of large lat.erit.e deposits in several t.ropical 

countries.(Patterson,1984,p.3). Current reserves can be expected to increase as 

economic conditions and technological progress make more deposits economically 

recoverable. The primary chemical constituents of the most important deposits of 

the world are shown in table 5.4. The table shows the grade, or alumina content 

(.4[203 ) and impurities in each deposit. The grades for reserves in Ghana range 

from 32 to 63 percent. The Kibi ba.uxite shows a silica. (Si02 ) content of 0.3-

2.9 percent. This is far below the ma.ximum acceptable level of 5 percent for the 

American Bayer process. Silica. levels above this requires an additional step in 

processing, known as the lime-soda-sinter process, to recover alumina and soda. 

lost by combination with silica. (Kramer and Peters, 1982). Other impurities are 

iron oxide (Fe203 ) and titanium oxide (Ti02 ). These are easily discarded in the 

red mud. They do not have as deleterious effects on the process as does silica. The 

presence of reactive silica in the bauxite reduces the recovery of alumina, in that 

it forms insoluble alumina silicate, thereby consuming caustic soda and alumina in 

the process at the rat.e of one part soda and one part alumina per part of reactive 

silica.. This loss of caustic soda and alumina imposes an economic limit of about 
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Table 5.2 

'!'he ADalytical ec.poSitOD of Parent Rocks aDd Bauntes 

Al203' 5i02' Fe203' FeO' Ti02' Loss On 
Iqnition, , 

Arkansas. O.S. 
Nepheline syenite 21.11 56.51 l.BO 1.20 0.50 
Bauxite 59.B 5.3 l.9 2.0 30.6 

Auatrailia 
Kaolinitic sandstone 5.2 91.1 9.2 0.3 1.8 
Bauxite 60.53 1.42 9.75 2.2 26.6 

Ghana 
Shale 18.20 60.97 4.69 0.98 7.47 
Bauxite 60.53 1.42 9.75 2.21 25.59 

Guyana 
Epidorite 18.87 49.06 l.B9 4.51 0.88 0.43 
Bauxite 56.42 3.13 11.59 0.83 27.84 

Dolerite 17.29 52.00 2.90 8.26 0.53 
Bauxite 59.00 9.80 l.10 0.97 0..70 28.06 

Guinea 
Diabase 12.36 51.27 3.29 6.16 0.70 0.40 
Bauxite 60.19 2.70 3.91 1.63 32.00 

IDdia 
Basalt 16.75 47.44 4.10 10.79 1.71 2.20 
Bauxite 56.40 1. 66 7.10 8.90 25.36 

SpaiD 
Clay 27.43 44.10 11.63 0.90 11.97 
Bauxite clay 49.70 . 13.20 1.10 Trace 32.95 

Source: Govett, H. H. and Larsen, J. World Aluminum Industry, 
Vol. 1, 1986, p. 10 



Table 5.3 

Ranting of World Bauzite Reserve Estimates by Country 

Country Tonnage I?ercentage 
(Million) of World Total 

Guinea 8200 29.57 
Australia 4572 16.48 
Brazil 3072 11.07 
Jamaica 2032 7.32 
India 1600 5.76 
Guyana 1020 3.67 
Cameroon 1020 3.67 
Mali 800 2.88 
Ghana 780 2.81 
Greece 760 2.74 
Indonesia 710 2.56 
Suriname 500 1.80 
Venezuela 500 1.80 
Yugoslavia 410 1.47 
Colombia 400 1.44 
Hungary 200 0.72 
USSR 150 0.54 
China 150 0.54 
Costa Rica 136 0.49 
Sierra Leone 130 0.46 
Sudan 100 0.36 
I?hilippines 60 0.21 
Tanzania 60 0.21 
Malawi 60 0.21 
Turkey 60 0.21 
France 40 0.14 
USA 40 0.14 
South Korea 38 0.13 
Dominican Republic 32 0.11 
?anama 25 0.09 
South Africa 20 0.07 
Morocco 20 0.07 
Pakistan 19 0.06 
Haiti 14 0.05 

Total 27730 100.00 

Source: ButCher, B., Aluminum: The International 
Perspective, page 7. 
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Table 5.4 

Chemical COnstituents of Major Bauxite Deposits 
COUUtfy aha 
Location of Deposit Al203' Si02' Fe203' Ti02' LOI (1) SM(2) 

Australia: 
Cape York 52-60 2-10 5-13 2.1-3.1 21-29 9.3 
Gove 48 3-4 17 3-4 26 13.7 
D~rliny Ranges 30-48* na na na na na 
KilIIber ey 47-50 2.5-3.5 na na na 16.0 

Brazil: 
Trombetas Nodular 47.1 7.1 8.2 1.3 27.9 6.6 
Trombetas Massive 49.9 4.8 9.3 1.4 28.6 10.3 
Minas Gerais 55-59 1.6-5.6 6.9-9.6 1.1-2.0 25-30 15.8 

Ch.iDa 50-70 9-15 1-13 2 na 5.0 

DalliDican Republic 50 5 20 na 25 10.0 

France 55-70 3-16 4-25 2-3.5 na 4.3 

GbaDa: 
Awaso 48-61 0.4-2.4 4-22 0.8-2.1 26-33 38.9 
Kibi 32-60 0.3-2.9 6-25 2.0-6.2 13-30 28.S 
Nyinahin 41-63 0.3-3.1 1.2-30.9 1.5-5.3 20-29 30.6 

Guinea: 
Fria 48 2.5 21 2.2 25 19.2 
Sangaredi 60-61 0.3-0.7 2-4 3-5 30 121.0 

Gyana 51-61 4-6 1-8 2-3 25-32 11.2 

Bati 48.6 3.4 21.9 2.8 24.1 14.3 

Hungary 50-60 1-8 15-20 2-3 13-20 12.2 

India 45-60 1-5 3-20 5-10 22-27 17.5 

Indonesia 53 4-5 12 na na l1.S 

Jamaica: 
St. Ann 47.3 1.3 19.8 2.4 27.9 36.4 
Clarendon 48.5 0.5 18.8 2.4 26.4 97.0 
Avarage Jamaica 49-51 0.7-1.6 19-21 2.5-2.7 25-27 43.5 

Malaysia 3S-60 1-13 3-21 1.2 na 7.0 

Sierra Leone 51-55 1.5-2 10-18 1.5 27-31 30.3 

Surinam 50-60 2-6 2-15 2-3 29-31 13.8 

Turkey 55-60 5-7 15-20 2-3 12-14 9.6 

U.S.A.: 
Arkansas 45-57 5-24 2-12 1.6-2.4 22-:;:S 3.5 
Oreaon , Washinaton 31-35 5-11 33-35 5-6 16-20 4.1 
Soufheast states 51-56 12-15 1-5 1.5-3.5 :;:2-30 4.0 

USSR 26-52 2-32 1-45 1.4-3.2 na 4.0 

Yugoslavia 48-60 I-S 17-26 2.5-3.5 13-27 13.5 

Romania 55 5 22 1-2 na 11.0 

HI loss on i~ition 
Silica mo ule: A1 203/Si02 

na: not available 

Source: Govett, M. and Larsen, J. World Aluminum Industry, 'Jol. 1, p. 7. 
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5 percent silica content on ores to be refined by the straight Bayer process. The 

silica module, the ratio of alumina to silica in the ore, is a quality index of t.he 

bauxite's suitability for processing (Govett and Larsen, 1983, p.6). 

5.2 Classification of Bauxite Deposits 

Three basic approaches may be considered in the classification of bauxite 

deposits. The first classification from the viewpoint of field geologists distinguishes 

between the karst and laterite types. More than 75 percent of deposits in the world 

are of the laterite t.ype, while the karst type is only about 25 percent.. La.terite 

bauxite is formed by the weathering of any aluminous rock except carbonates. The 

origin of the laterite bauxite is understood because deposits often grade downward 

into parent rock through zones in intermediate stages of weathering. Laterite de

posits are subsoils occurring in tropical countries, and are often found on plateaus 

in stable areas where they had sufficient geologic time to form and were protected 

from erosion. (Pa.tterson,1984,pA). Nearly all laterite bauxites occur close to the 

surface and, as a result, are mined by open-pit methods. 

Karst. deposi t. are ofteu found in depressions on karst. or eroded surfaces 

of carbonate rocks. :tvIost geologists agree that the karst bauxite forms by the 

removal of the more soluble materials from the rocks. However, lack of appreciable 

amounts of aluminum in carbonate rocks has caused uncertainty about how the 

high concentrations in karst bauxite form by the dissolution of the carbonate host. 

rocks. Karst bauxit.e types are mostly found in Europe. They are also found 

in the Caribbean region, especially in Ja.maica. Large karst. deposits occur in 

China (.lacob,1984,p.5). Many karst deposits in Europe are inter-bedded with 

carbonate formations and, in Russia, they are in older rocks. Much of the karst 

bauxites are mined by underground methods. In Jamaica karst deposits occur 

close to the surface and lend themselves to open-pit methods, like the laterite 

deposits.(Jacob,1984,p.5). 

Bauxite deposits may also be classified according to their morphological 

groups, describing the various modes of occurrence. Four broad categories have 



127 

been identified according to the classification by Shaffer (1983). They are: blanket, 

interlayered, detrital, and pocket deposits. 

Blanket deposits: These occur at or near the surface of the earth and consist. 

of flat layers of varying thickness. The average thickness is between 4.5 meters 

to 6 meters, but can sometimes reach over 20 meters. The majority of these 

deposits have mainly residual origin, building up from the decay of alumino-silicate 

minerals that were originally part of the underlying rock. Sometimes these deposi ts 

may be completely exposed, or may have up to 10 meters of overburden. The 

blanket deposits are typically associated with flat plain country,or they occur on 

the upper slopes of plateaux or hills where geomorphological and climatic factors 

have remained st.able for long periods. Some of the largest deposit.s in the world are 

of this type, such as the deposits of northern Australia, Guinea, India, West Africa 

and South America. The ba.uxite deposit at Kibi is also of this type. It occurs 

on the upper slopes of the Atewa range. In many areas the bauxite is covered 

by no overburden, \vhile in some areas it is covered by 2-3 meters of overburden 

(Kesse,1984). The size and closeness of this deposit to the surface recommends it 

for easy removal by surface mining methods, which are relatively cheap. 

Interlayered deposits: These are originally formed as surface deposits, found 

as discontinuolls beds buried under younger sedimentary or volcanic rocks. They 

are normally compacted to a greater extent than blanket deposits, due to the 

weight of overburden. In some regions, such as southern Europe, the surrounding 

rocks have been faulted and deformed to such an extent that deposits have warped 

and folded, resulting in partial alteration of gibbsite and boehmite to diaspore, 

and even corundum. The most important inter-layered deposits can be found in 

Guyana and Surinam, with other significant examples in the United States, Soviet 

Union, China and Southern Europe. The size of individual deposits varies widely 

according to the amount of erosion that occurred prior to their burial. 

Detrital deposits: They appear to be originally of the interlayered type, 

eroded from their parent deposit and transported elsewhere over a period of time 

until the accumulation became significant. A major example of this type of deposit 
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occurs in Arkansas in United States, where bauxite deposits originated as nepheline 

syenite gradually weathering and being buried under younger sedimentary rocks. 

Pocket deposits: These deposits fill depressions in limestone or dolomite 

beds. They may be a few meters to more than 30 meters in thickness. Three 

hypotheses have been advanced to explain how pocket deposits were originated. 

The first is that they result from intensive concentration of minute amounts of alu

minous materials that were already present in the associated limestone, followed 

by bauxitization. It has also been postulated (Patterson,1967) that such deposits 

merely represent a chance concentration of materials transported from elsewhere, 

rather like detrital deposits, but with fortuitous karst depressions available to trap 

them. Another theory is that they may result from the gradual weathering of alu

minous rocks which were buried under younger sedimentary rocks. Pocket deposits 

associated with limestone can be found in Haiti, Jamaica and the Dominican Re

public.They are also found in several areas in Europe. Patterson (1967), however, 

recognised that there was no sharp distinction between the deposits, as some pocket 

deposits are so extensive as to be blanket deposits, while others are interbedded 

with sediment.ary rocks and are, therefore, interlayered pocket deposits. 

Bauxites have been classified on the basis of their color, texture and chemical 

composition, but it is their mineralogical and process characteristics at the alumina 

refineries that have assumed greater importance in their classification (Hill and 

Ostojic, 1984, p.33). In this approach two types are distinguished: trihydrate 

(gibbsite) and monohydra.te (boehmite and diaspore). This classification is of great 

importance to the bauxite processing industry, because the design of an alumina. 

refinery depends on whether the ore is of the trihydrate type (American Bayer) or 

the monohydra.te type (European Bayer), or a mixture of the two types with one 

type dominating, requiring a modification of either of the two types to handle the 

particula.r mixed ore. Table 5.5 shows the input requirements for producing alumina 

by the two commercial processes. The cost per tonne of producing alumina for given 

refinery capacities also differs between the American Bayer and the European Bayer 

processes (see Table 5.6). The monohydrate types are less soluble and more difficult 

to process and require more inputs. As a result they cost more to refine than 



Tabl.e 5.5 

input Requirements for Al.um; Da Pl.ant 

Item 

Bauxite (tons) 

Caustic Soda (NaOH) (Kg) 

Steam (tons) 

Electric Power (Kwh) 

Fuel for calcination (litres 

Labor (Man-hour) 

Maintenance (Dollars) 

Trihydrate 

Bauxite 

2.1 

80.0 

2.0 

200.0 

130.0 

3.0 

3.0 
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Monohydrate 

Bauxite 

2.5 

170.0 

2.4 

275.0 

130.0 

4.0 

4.0 

Source: Brubaker,S., Trends in the World Aluminum Industry 

1967, p.89. 



Tabl.e 5.6 

Bst~te of Pl.ant Investment for Bayer Processes 

(Dol.l.ars per ADDual. tODDe Al.lmj na capacity) 

Pl.ant capacity American Bayer European Bayer 

100,000 

165,000 

300,000 

170-210 

140-180 

110-150 

190-230 

160-200 

140-180 

Source: U.N., Studies in Economics of Industry: 

Preinvestment Data for ~uminum Industry, 

United Nations, New York, 1966, page 6. 
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the more soluble trihydrate type. It is therefore, cheaper to operate the American 

Bayer than the European Bayer refinery. 

5.3 Stages of Production in the Industry 

Primary aluminum production can be divided into three stages: bauxite 

mining, alumina production (refining), and the reduction of alumina to aluminum 

(smelting). There are different input requirements at each stage of production. 

However, bauxite and energy are the two most important factors in the determi

nation of the location of processing facilities. Bauxite mining and refining require 

less energy than smelting. Current energy costs are encouraging smelter locations 

closer to cheap energy sources all over the world. 

5.3.1 Bauxite Mining 

Bauxite is mined by underground and open pit methods. The latter method 

accounts for more than 90 percent of the bauxite produced in the world. Currently, 

most of the underground mines are found in Europe. The most important economic 

distinction between the two methods can be found in the time required to begin 

prod1lction, and the ease with which the rate of production can be varied. Open 

pit mines can respond readily to varia.tions in demand with little effect on a.verage 

cost, as production can be increased or decreased simply by using more or less 

equipment. To increase output from an underground mine requires sinking of 

additional shafts, which takes a substantial amount of time and additional costs 

compared to the open pit mine (Charles River,1971,p.2-11). 

In surface mining, draglines, shovels, and scrapers are used for removing 

overburden, which is known as stripping. The amount of overburden removed in 

relation to the mined ore is known as the stripping ratio. This ratio is important 

in the estimation of mining costs. Ores which are close to the surface are easily 

removed, thus, often cheaper to mine than those that lie under several feet of 

overburden. Many areas of the Kibi bauxite are exposed to the surface and require 

no stripping of overburden in order to mine the bauxite. Surface mining on the 

whole is considered to be more a.dvantageous than underground mining in recovery 
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and grade control of ore, in economy and flexibility of operations, 111 safety of 

workers and the working environment in which they operate. 

5.3.2 Alumina Refining 

About 90 percent of the bauxite produced in the world is used for the 

production of alumina. It is produced by the Bayer process, which was invented in 

1888 by Karl Josef Bayer. The principle of the Bayer process today is the same as 

when it was first developed. The process is basically the separation of the alumina 

(the aluminum oxide) from the impurities. Alternative technologies are available 

for obtaining alumina from non-bauxitic sources. But for commercial production, 

the processing costs are much higher. Bauxite, therefore remains the cheapest 

commercial source of producing alumina. The Bayer plant consists of two facilities 

operating in a series: a hydrate plant and a calcination plant. The hydrate plant 

transforms bauxite into alumina hydrate in a process involving four major stages of 

operations. The processing depends on the differing degrees of solubility of alumina 

in caustic soda solution at different temperatures. The four major stages are the 

following: 

1. Grinding:The bauxite is crushed and ground into fine particles. Recycled 

spent liquor, lime and hot water are added to increase the solubility of alumina 

and for the control of phosphorus. The mixture (slurry) is pumped to the digestion 

circuit. The quantity of caustic soda depends on the reactive silica cont.ent of the 

ore (Brubaker,p.87). 

2. Digestion: The alumina is dissolved with caustic soda under high pressure 

to form a solution of sodium aluminate, leaving the impurities, iron oxide, silica 

and titanium as insoluble red mud. The American Bayer requires a temperature 

of 2900 F and a caustic soda concentration of 180 grams per liter of sodium oxide. 

The European Bayer process requires a temperature of 490 F and up to 240 grams 

per liter of sodium oxide to process boehmite bauxite. In the formation of sodium 

alumina silicate, silica consumes soda and alumina in the process. 

3. Filtration: A flocculant, such as starch, is added to increase the settling 

of residues as red mud. The mud is separated from the alumina-rich caustic liquor 
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which is kept in large tanks and the red mud is pumped out. The sodium aluminate 

solution is pumped into precipitators. 

4. Precipitation: The sodium aluminate solution is drained into precipi

tators, where it is seeded with fine crystals of alumina hydrate. The mixture is 

pumped into thickeners which separate crystals from the caustic solution. The 

caustic solution is sent into a reprocessing plant for use at the next round of diges

tion. 

The alumina hydrate is calcined to remove moisture and chemically bonded 

hydroxide by roasting the hydrate at 1150 to 1250 degrees celsius. (Brubaker,1967, 

P.S7). The calcined alumina is a fine white product of floury or sandy texture. 

The alumina refinery is a complex network of pipes and holding tanks with 

raw material requirements of caustic soda, lime ,starch, and large amounts of ther

mal energy for steam generation and calcination. Processing conditions depend on 

the type of bauxite. The refinery often is designed to process a particular ba.uxite 

type. 

The amount of bauxite required depends on the quality, the silica content, 

and the type of bauxite. Limestone is mixed with bauxite prior to digestion to in

crease its solubility. '~Then it is added to spent caustic liquor it helps to reconstitute 

it for re-use. Steam consumption varies with heat exchanger efficiency. Steam effi

ciency is greater for large plants than for smaller ones (Govett and Lars~n,1983,p.5). 

Refineries vary in size from 150,000 tonnes to 2,000,000 tonnes per year. 

Though, about 330,000 tonne capacity per annum is considered the optimal size 

of an alumina plant, there are larger capacities in the United States and Australia 

which produce outputs ranging from 500,000 to 2 million tonnes. Economies of 

scale are important in the production of alumina, and a capacity less than 150,000 

tonnes may not be cost efficient. There are, however, refineries with smaller ca.

pacities than the optimal size in a number of countries, (e.g., Britain) where their 

existence depends more on government policy and national interests than on eco

nomic factors. Production in the United States and Australia take a.dvant.age of 

economies of scale. 
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5.4 Investment Capital Costs 

The purpose of economic evaluation of an investment proposal is to establish 

whether the expected returns on the project justify the outlay of the capital devoted 

to it. There are four steps to go through in order to achieve this goal of evaluation. 

The first is the estimation of the required capital investment outlay. This will 

depend on the capacity of the process operation. The second step is the estimation 

of working capital and operation costs over the life of the project. The third step 

is the estimation of revenues, and the fourth step is the comparison of revenues 

a.nd costs to determine the financial surpluses to evaluate the profitability of the 

project. As investment in mineral projects is plagued with risks and uncertainties, 

it is important to assess the impact of risk on the project. Often this is done by 

undertaking a sensitivity analysis of the project costs, revenues and discount rates. 

5.4.1 Capital Requirements 

According to 'Vorld Bank (1984) estimates, the cost of open-pit mining of 

bauxite ranges from $8 to $76 per annual tonne. Factors affecting capital invest

ment in mining are location and overburden depth of the deposit, infrastructure 

requirements and local construction costs. Investment requirements for an alumina 

refinery also varies, from $940 to $1400 per annual tonne. In this analysis cost es

timates are ma.de for a bauxite mine and an alumina refinery, based on the data 

published by the United Nations (1984), the ·World Bank (1984), the U.S. Bureau 

of Mines (U.S.BJV1.)(1983), and earlier estimates of the project in Ghana. Recent 

estimates of capital costs of refineries in the world, including the Kibi project were 

made by the U.S.B.!"l. (see Table 5.7). For a refinery capacit.y of 600,000 tons in 

Ghana, total cost was $240 million in 1976. This estimate amounts to $400.00 per 

ton alumina. Another estimate was made for operating costs per pound for the 

stages of producing aluminum in LDCs compared with that in Ghana in 1980. The 

average unit operation costs in Ghana were cheaper than those of the other LDCs 

(see Table 5.8). The refinery cost was 22.41 %, while smelting costs was 73.02% of 

the average operation costs in Ghana. 



'rabl.e 5.7 

Cost Bstimates for HiDe and Refinery 

AI 2 Million tonne Bauxite (1980) 

Pre-production development 

Mine equipment 

Mine Plant 

Total Mine Capital Costs 

Infrastructure 

- $ 12.5 million 

- $ 11.0 million 

- $ 8.0 million 

- $ 31.5 million 

- $ 150.0 million 

BI Refinery Capacity of 600,000 tonnes 

- $ 600.0 million 
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Source: Petersen, G.R. and Arbelbide, S.J., Aluminum 

Availability, Bureau of Mines Information Circular 

8917, 1983, p.1l. 



~ab1e 5.8 

Average Operating Costs of Producing A1U11liDum, 1980 

Stage of Production Cost , of Total Cost 

(cents/lb) 

Mining 1.00 1.41 

Refining 16.60 23.48 

Smelter 49.30 69.74 

Transportation 2.10 2.97 

Royalty or Levy 1.7 2.40 

Total cost per lb 70.70 100.00 

Estimated Average Operating Costs for Ghana (1980) 

Mining 0.50 0.76 

Refining 14.70 22.41 

Smelter 47.90 73.02 

Transportation 1.90 2.90 

Royalty or Levy 1.70 2.40 

Total Cost per lb 65.60 100.00 

Source: Petersen and Arbelbide, Aluminum Availabilty, 

U.S. Bureau of Mines, I.C. 8917, 1983 p.19. 
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Different approaches have been used over the years to estimate project costs, 

with varying degrees of accuracy depending on how detailed is the estimate. Gentry 

and O'Neil (1984,p.104-149) discuss these methods in detail. In this analysis the 

method of estimation considered is the Order-of- Magnitude Method, with some 

adjustments for detailed information on costs and local conditions in Ghana. 

This study does not involve design work for the mine and mineral processing 

facilities in question. The advantage of using this method is that it helps in the 

screening of a large number of projects in a short time. It does not require detailed 

information for estimation. However, it is necessary to know about the project 

location, size and grade of the reserves, mining methods, production rate and 

processing methods. It is the least costly of the methods of estimation and is 

suitable for deciding in the early stages of evaluation whether to continue \vith a 

project or abandon it, given the available information. 

One of the useful short cut estimating techniques employed is the cost

capacity relationship among similar projects of different sizes. This method uses 

an exponent (scaling factor) for scaling capacity in relation to costs. The method 

involves the following steps: 

1) Start wit.h a recent project of known costs, similar in characteristics to the 

one under consideration. 

2) Convert the cost of the previous project to a current basis, using an appro

priate index to adjust historical costs both for time and location. 

3) Define the relative size of the two projects in terms of resources consumed, 

end products and physical dimensions. 

4) Taking the three known quantities: the size and cost of the first project and 

the size of the second project, solve for the unknown costs of the second 

project using an exponential power relationship. The cost function of this 

method can be stated as: 

[
CostofNewproject] [ CapacityofOldProject ] 0 

CosiofOldProject = Capa.cityof N ewProj ect 
5.1 
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The exponent a is the "Lang" factor (scaling factor). If a: = 1, this means 

costs increase proportionally with size. The estimated value of a in an actual cost 

function is usually less than 1; often it is between 0.6 and 0.8, implying that costs 

increase more slowly than size. This can further be expressed as: 

[
CostA] = [CapacitYA]Q [IA] 
CostB CapacityB I B 

(5.2) 

where, A and B represent the new and old projects respectively, and IA and IB are 

the cost indexes of the periods of the new and the old projects (Gentry and O'Neil, 

1984, P.119). 

The limitations of this method are 1) that the method is only meaningful 

when the data used are comparable; 2) that the estimates are more accurate when 

costs for mining and processing stages are estimated separatly; 3) that the estimates 

arc more accurate for small changes in capacity than for large changes. \\Then 

changes are in the ratio of 3: 1, t.he method may not be used. 

Both the initial investment costs and operating costs of bauxite depend on 

different factors other than capacity, such as type of deposit, overburden, thickness, 

haulage distance, ore hardness and the metallurgical qualities of the ore. The 

corresponding costs for a refinery depend on the alumina content of the ore, the 

level of reactive silica and other impurities and the moisture content of the ore. 

The ma.in component of investment costs are: earth moving equipment; plant and 

equipment; and physical infrastructure including roads, railways, power and water 

supply. 

Peterson and Arbelbide (1983, p.ll-16) estimated costs for a wide range of 

mines and refineries in the world for the U.S. Bureau of Mines, using 1980 cost 

data.. Their estimate for Kibi mine capacity of 2 million tonnes bauxite per year 

was $181.5 million, and $600 million for a refinery capacity of 600,000 tonnes per 

annum. The U.N.(1984) estimated the capital cost for a refinery capacity of 500000 

tonnes alumina, using 1981 cost data, to be $375 million. The estimates of the U.S. 

Bureau of Mines was made specifically for the Kibi bauxite project, while that of 

the U.N.was made for a hypothetical refinery in an LDC. The USBM estimate was 
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equC11 to $1,208 per annual tonne capacity in 1981, while that of the UN was $750 

per tonne. 

A feasibility study was made in 1982 to assess the profitability of processing 

bauxite in Ghana (Kesse, 1985, p.145). Four possible capacities of alumina refin

ery (200,000, 400,000, 600,000, 800,000 tonnes) were considered. Two locations 

(Tema and Kibi) were also suggested. The 800,000 tonne capacity was found more 

economical, and the location favored was Kibi, which is closer to the mines, but 

farther away from the capital and the seaport of Tema. The cost estimate for re

finery capacity of 800,000 tonnes in 1982 was given as $492.853 million. Using the 

Marshall and Swift mining and milling equipment cost index (see table 5.9) refinery 

cost is estimated at $853.848 million, and working capital comes to $72.869 million 

in 1085. Total refinery capital is estimated at $926.717 million. This yields capi tal 

cost per tonne of $1,158.396 (see Table 5.10). 

Using the U.S.Bureau of Mines estimates for the Kibi mines and the Mining 

machinery and equipment cost index, the capital cost estimates are made for a 

mine capacity of 2.5 million tonnes and infrastructure (See Table 5.11). Capital 

costs for mine equipment and infrastructure are $278.505 million. Ten percent of 

this amount ($28.573 million) is working capital. 'Vhen interest on the working 

capit.al is projected over t,he life of the project (20 years), and discounted to the 

present, the opportunity cost of mine working capital amounts to $23.71 million. 

Total mine capital costs become $302.215 million. This gives $120.886 per annual 

tonne of bauxite (see table 5.11). 

'~Then mine capital cost is added to refinery capital cost the total cost of 

the project is $1,228.932 million, including working capital for mine and refinery 

of $07.192 million. 

5.4.2 Operating Costs 

Fixed and operating cost estimates for the project in Ghana are shown in 

t.ables 5.12 and 5.13. Table 5.12 shows estimates for fixed capital costs for mine, 

refinery and infrastructure, while table 5.13 shows estimates for annual costs 
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Table 5.9 

Hachineq and Cost Indices 

Year Mining Machinery & Construction Marshall & Swift 

Equipment Index Cost Index Equipment Cost 

(1980 os 100) (1980 - 100) (1980 = 100) 

1971 29.4 48.5 42.1 

1972 30.2 53.5 43.5 

1973 31.3 58.6 44.9 

1974 37.1 62.4 51.7 

1975 47.6 68.2 59.2 

1976 54.7 74.1 63.3 

1977 59.0 79.6 67.1 

1978 64.5 85.7 74.2 

1979 72.4 92.7 81.3 

1980 100.0 100.0 100.0 

1981 108.2 110.3 120.8 

1982 113.9 117.3 152.5 

1983* 131.6 126.6 183.2 

1984 151.9 136.6 219.9 

1985 175.5 147.4 264.2 

1986 202.7 159.0 317.3 

1987 210.8 168.5 400.6 

1988 219.2 178.7 504.7 

1989 228.0 189.4 635.9 

1990 237.1 200.7 801.3 

Source: Computed from Indices in Gentry, D.W. and O'Niel, T.J., 

Mine Investment Analysis, S.M.E. NY, 1984, pages 138 & 140 

* Values from 1983 are estimated, using growth rate of the 

indices. 



Table 5.10 

Refinery Capital Cost Estimate, 800,000 tonne Capacity 

Cost 1982 

Cost 1985 

Working capital 

Opportunity cost of 

= $492.853 million 

== 492.853 (264.2 / 152.5) 

= 492.853 x 1.73245 

= $ 853,847,623.60 

= 10 % ($853.848 million) 

= 85.3848 million 

Working capital 8.53848(8.5136) 

$ 72.869,320.33 

Total Capital Cost = $ 926,716,943.93 

Cost per tonne alumina = $1,158.396 

Source: Computed from data in Kesse (1985). p. 145. 
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Tabl.e 5.11 

Hine Capital. Costs Estimates, 2.5 mil.l.ion tonnes Bauzite 

$19.0 million A/ Mine & Plant Equipment costs 1980 

Mine & Plant Equipment costs 1985 $19 • 0 (2 • 5/2 • 0 ) n. 7 (175/ InO) 

S/ Infrastructure capital cost 1980 

Infrastructure capital cost 1985 

C/ Preproduction costs 1980 

Preproduction costs 1985 

Total capital 

Working capital 

Opportunity cost of working capital 

Total mine, plant and infrastructure 

costs 

Capital cost per annual tonne bauxite 

$19.0 x 1.169 x 1.755 

$38.98 million 

$150.0 million 

$150.0(147.4/100) 

$150.0 x 1.474 

$221.10 million 

$12.5 million 

$12.5 (147.4/100) 

• $12.5 x 1.474 

$18.425 million 

$278.505 million 

10% of (278.505) 

$27.8505 million 

$2.78505 (8.5136) 

$23.71 million 

$302.215 million 

$120.886 

Source: Computed from data in Petersen,G.R. and Arbelbide,S.J., 

Aluminum Availability, Bureau of Mines Information 

Circular 8917, 1983, page 11. 



Table 5.12 

capital Costs for Mine, Refinery and Infrastructure 

($ Million) 

Fixed Capital (Refinery) 
Fixed Capital (Mine equipment) 
Infrastructure 
Working Capital 

Total Capital 

853.85 
64.63 

221.10 
97.19 

1236.77 

143 

Source: Computed from Kramer, D. and F. Peters, Cost Estimates of Eayer 
Process for Producing Alumina; U.S.E.M., I.C.8958, 1982; Peters, G. 
and Arbelbide, Aluminum Availability, U.S.E.M., I.C.8917, 1983 



Table 5.13 

Operating COst Estimate for Hine and Refinery 

Direct Cost: 
Raw Materials: 
Limestone at $ 2.75 per tonne 
Sodium Hydroxide (50% at $150 / tonne) 
Starch at $90 / tonne 
Replacement rods for grinding at $0.35 / lb 
Chemicals for steam plant treatment 

Utilities: 
Electric power at $0.017 / kwh (300 kwh / tonne) 
Process water at $0.25 / Mgal. 
Coal at $ 27.0 / tonne 

Direct Labor: 
Labor at $0.75 / hr. (2.5 hrs / tonne) 
Supervision (15% of labor cost) 

Plant Maintenance: 
Labor 
Supervision (20% of maintenance labor) 
Materials (imported) 

Operating Overhead: 
Payroll overhead (35% of payroll) 
Operating supplies (10% of plant maintenance) 

Total Direct cost: 

Indirect Costs: 
Fixed cost 
Insurance (1% total plant cost) 

Total indirect costs 

Total operating costs 

Capital payments (Interest and Depreciation) 
Cost per tonne alumina 

Annual Cost 
($Million) 

0.28 
6.82 
0.50 
0.45 
0.44 
8.49 

4.08 
0.57 

10.80 
15.45 

1.50 
0.23 
1. 73 

2.80 
0.56 

14.80 
18.16 

1. 66 
1. 82 
3.48 

59.47 

7.82 
13 .09 
18.44 

65.75 
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Cost/Tonne 
($) 

0.35 
8.53 
0.63 
0.56 
0.55 

10.61 

5.10 
0.71 

13.50 
19.31 

1.88 
0.28 
2.16 

3.50 
0.70 

18.50 
22.70 

2.07 
2.28 
4.35 

74.33 

9.77 
16.36 
23.05 

82.19 

117.63 
199.82 

Source: Computed from Kramer, D. and F. Peters, Cost Estimates of Bayer 
Process for Producing Alumina; U.S.B.M., I.C.8958, 1982; Peters, G. 
and Arbelbide, Aluminum Availability, U.S.B.M., I.C.8917, 1983 



145 

of materials and inputs for operating the mine and refinery. The estimate show 

material costs, utility and energy costs, labor and maintenance costs, and capital 

charges (depreciation and interest). Capital chru'ges per tonne account for 58.9% of 

alumina production cost. Depreciation is calculated on mine and plant equipment 

costs, infrastructure and buildings, and refinery capital. This comes to $ 54.61 

million. 

Interest payment is according to the specific costs of capital of each of the 

sources of funds used. It is assumed that capital is amortized at a rate depending on 

the grace period and the duration of the loan. Interest is computed on the remain

ing capital every year. Normally, interest payments sta.rt from the pre-production 

perioel through the life of the project. Here it is assumed that payments start from 

year one of production. This assumption is ma.de to simplify t.he computat.ion. 

Depletion is computed, first by the cost depletion method and then by the -

statutory method; the lesser of the two is used in the evaluation. The assumpt.ions 

about. each item in the operation costs are stated below (sec Appendix E). 

Raw ma.terials for processing bauxite are, limest.one, caust.ic soda, st.eam, 

fuel oil and starch. Except. for oil, these are produced locally in the count.ry. 

Estimates are based on cost.s in the country, adjusted for exchange rates. 

Apart from bauxite t.he most important input in alumina production IS 

caustic soda. This is locally produced by electrolytic treatment of brine. Caustic 

is produced at 50% concentration at $150 per tonne. It requires 0.09 to 0.14 tonne 

of caustic to produce one tonne of alumina. Caustic requirements in processing 

\'ar)' with the reactive silica content of the ore, and the amount of washing the ore 

undergoes before processillg. 

Oil, gas, or coal is used for heating in the production of steam, and also for 

calcination of hydrat.ed alumina. Power is hydroelectric and is sold at $0.017 per 

kilowat hour. Process water is locally produced. Coal is imported from Nigeria, 

the closest producing mine in Africa to Kibi, at $27 per tonne. 

Labor and maintenance costs: '~lorkers at the mine and refinery are divided 

into t.hree cat.egories-unskilled, skilled, and supen-isors. All unskilled laborers are 

hired from the pool of workers in the country. Unskilled workers are paid 7500 cedis 
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per month for wages, allowances and benefits. This is more than the minimum 

wage for laborers in the country. At an exchange rate of 55 cedis to the dollar, this 

amounts to $1636.36 per person per year (West Africa,1986,p.980). It is assumed 

that the skilled workers are drawn from domestic sources, and they are paid at the 

rate of 20,000 cedis in salaries, benefits and allowances per month. This amount.s 

t.o $43634 per year annum. Supervisors are drawn from the Ghanaian economy 

and are paid 30% more than skilled workers. This is $56723 per year. In 1985 

a managing director of a corporation in Ghana earned 22022 cedis per month in 

salaries and allowances. If the director is drawn from top management positions 

in the country, and is paid 40000 cedis per month, this amounts to only $8727 per 

annul11. Adding all remunerations and benefits the total wage bill comes to $6.75 

million annually. 

Corporate income ta.-..;: is charged at 45% of net earnings after depletion. The 

government gives a tax holiday of five years to all newly opened busineses as an 

incentive to investors in the economy. 

Transportat.ion involves moving ore from the mine to t.he refinery by trucks 

(7 miles), and moving alumina from the refinery to the smelter, a distance of about 

70 llliles by rail. This will require re-allocation of the existing railway trucks t.o 

accommodate the present traffic load. It costs $0.50 per tonne to haul ore from 

mine to refinery, a distance of 7 miles, and $1.50 per tonne to haul alumina by 

railway truck from refinery to the smelter, a distance of 70 miles. 

5.4.3 An Appraisal of the Project 

The determination of the profitability of a project requires two important 

components: revenue and cost.s. The annual cost components are shown in table 

5.13. In order to compute the revenue, price and output are required. Alumina 

pncc is usually 14-16% of aluminum price (\Vorld Bank, 1984, p.21). A price 

forecast over the life of the project is needed for the evaluation of the project. 

Forecasting price is one of the most difficult and uncertain tasks in project 

e\Oaluationo An expedient way to arrive at price is to take the current price, or take 

an average of the previous years' prices. As metal prices fluctuate cyclically, it. is 
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obvious that the current price may be higher or lower than the long term trend of 

aluminum price. A most suitable approach to arriving at an appropriate price is 

to take an average of the previous real prices (see Table 1.2). Another approach to 

getting the price of alumina for the estimate is to take the most recent delivered 

price of $356.20 for 1988 (see Appendix A, Table A-3) as the price. When the most 

recent price is taken, the problem is that future prices may be higher or lower than 

this price. Taking the alumina price as 15% of the aluminum price as estimated 

by the \Vorld Bank, the delivered price of $356.20 per tonne for alumina is only 

possible when aluminum price is $1.08 per pound. 

Recalculating the above 1985 capital costs for 1990, and adjusting for in

flation and differential depreciation in foreign exchanges, the current value of the 

project has been altered. Mine and plant equipment costs are shown in table 5.14 

Infrastructure costs are reduced tremendously if it is assumed that most of t.he 

materials used in building the infrastructure are produced domestically. This is 

because of the marked depreciation in the foreign exchange of the country within 

this period. The infrastructure is estimated at $81.04 million. Mine and plant 

equipment costs are $63.225 million if they are bought in Britain. British currency 

has fallen 20 percent vis a vis the dollar between 1985 and 1990. Mine and plant 

auel infrastructure cost.s are $144.26 million, with a working capita.l of $12.28 mil

lio11. Total mine anel plant and infrastructure costs therefore, are $156.54 million. 

This comes to $62.62 per annual tonne of bauxite for a mine capacity of 2.5 million 

tonnes. 

Refinery capital cost for 1990 with foreign exchange adjustment for Brita.in 

comes to $2071.717 million. \:Vorking capital is $176.378 million. This brings 

total refinery capital cost to $2248.095 million, which is $2810.12 per annual tonne 

alumina for a refinery capacity of 800,000 tonnes per annum (see Table 5.15). 

Straightline depreciation is computed for refinery and infrastructure over 20 

years, with a salvage value of 10 percent. TIns comes to $130 million per annum. 

Similarly, the depreciation of mine and plant equipment over 5 years, with a salvage 

value of 20 percent is $10.116 million. Total annual depreciation is therefore, 
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Tabl.e 5.14 

HiDe, Pl.ant and :Infrastructure capital. costs Estimate 

A/ Mine and pl.ant capital c~sts: 

[
CostA] [CapacitYA]a [IA] 
CostB = CapacityB IB 

CostA = 19.0 (2.5/2.0)0.7(355.8/100) 

= $ 79.031 mil.lion 

Foreign exchange effect - 0.8 (79.031) 
= $63.225 mill.ion 

B/ Infrastructure capital costs: 

Costs 

Foreign exchange effect 

= 150.0 (216.1/100) 
= $324.15 mil.l.ion 
= 0.25 (324.15) 
= $81.0375 million 

C/ Preproduction development = 12.5 (216.1/100) 

= $27.0125 million 

Capital costs 
Working capital. 

Opportunity cost of 

working capital 

Total capital costs 

Capital. cost per annual 

tonne bauxite 

= $171.275 million 

= 10% (171.275) 

- $17.1275 million 

= 1.71275 (8.5136) 

= $14.58 mil.lion 

= $185.855 million 

= $74.34 



149 

'l'ab1e 5 .15 

Refinery Capita1 Cost Estimate 

Capital costs = 492.853 (801/152.5) 

= $2589.6468 million 

Foreign exchange effect = 0.8(2589.6468) 

= $2071.717 million 

Working capital = 10% ($2071.6468) 

.. 207.16468 million 

Opportunity cost of 

working capital ... 2.0716468 (8.5136) 
1:1 $17.637 

Total capital :.: $2089.354 million 

Cost per annual tonne 

alumina = $2611.69 

Source: Computed from data in Petersen,G.R. and Arbelbide, 

S.J., ~uminum Availability, Bureau of Mines 

Information Curcular 8917, 1983, page 11. 
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$140.116 million. This is more than double the depreciation computed for 1985. 

5.4.4 Financial Appraisal 

Financial appraisal of projects involves the computation of shadow prices to 

reflect the priorities of the planners of the economy. This involves adjustments to 

reflect the public view of the project, rather than the private view. To achieve this, 

shadow prices are used for the factors of production and output to reflect their 

opportunity costs. 

The shadow wage rate is one of the most important to consider. The oppor

tunity cost of labor employed to work on the project is not the money wage rate 

paid to labor. They will be equal only when the money wage rate is equal to th~ 

output foregone elsewhere in the economy due to hiring workers for the project.; the 

cl'eation of the jobs on the project does not reduce the level of investment elsewhere 

in the economy; and the shadow price of investment is equal to one, which means 

t.hat. im'cstmcnt and consumption are marginally equally valuable to the economy 

(Dasgupta, et.al., 1972, p.151). 

'v hen the creation of a project helps to remove workers from peasant. agri

culture or traditional home services and industries to the public sector projects, it 

111l-l'y decrease out.put very little in those sectors. In the case of mobilizing unem

ployed workers in the economy, it will not result in any reduction in output. The 

increase in employment ill the public sector may change the composition of total 

ont.put in the economy. 

In the computation of t.he shadow wage rate, 'V*, UNIDO Guidelines use 

the formula: 

Ttl,'* = Z + S(P - l)ll' 

where 

S = propensity to save out of private income 

Z = opportunity cost of labor, u = unskilled, sk = skilled 

lV = wage rate in the industrial sector 

p =. shadow price of investment 

(5.3) 
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The values of the above parameters are given for 1985 as follows: 

P = 1.14, S = 0.40, Zu = e3500.0, Zsk = c14,000.0, l¥u = e7,500.0, 

lVsk = e20,000.0 (Bank of Ghana, 1985). 

Using these values, a. factor of 0.523 was derived for unskilled labor, and 

0.756 for skilled labor. The high rate of unemployment among university graduates 

(40%) in the country has lowered the opportunity cost for skilled labor within the 

country, making the shadow price lower than one. It is assumed supervisors are 

paid the competitive salary in this job. Their efficiency weight, therefore is one. It 

is assumed that both skilled and unskilled labor are employed from the Ghanaian 

labor force. 

The Shadow Foreign Exchange: This is an important parameter for t.he ex

port. oriented projects in the LOCs. In the presence of ma.rket distortions resulting 

from tariffs, subsidies, import dut.ies, and import cont.rols, t.he official exchange rat.e 

does not reflect the real value (the opportunity cost) of foreign exchange. 'Vhile 

the official exchange rate may be useful for private purposes, the opportunity cost 

of foreign exchange is needed for social evaluation of projects. One of the reasons 

why a problem exists with the balance of payments of the LOCs is the process of 

development itself. As an LDC embarks on development it increases its demand for 

imports of capital goods. This leads to increased foreign exchange needs causing 

imbalance in payments. In the allocation of any incremental foreign exchange l'lYail

able for imports, the value of such imports bears the premium society attaches to 

the goods. The approach of the Guidelines (1972) in calculating the shadow price of 

foreign exchange is that the shadow price of foreign exchange should be calculated 

in terms of a weighted average of domestic and international prices. The formula 

used is: 

Pf = fi(PD/Pei.f) (5.4) 

where, Pf is the shadow price of foreign exchange. This is regarded as a weighted 

average of the ratios of market-clearing prices (PO) to official cif prices (Pcif), 

with the weights (fi) reflecting the content of the marginal bill (Dasgupta and Sen, 
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1072, p.216). In computing the shadow price offoreign exchange, Harberger (1972) 

showed the importance of foreign trade elasticities in the calculation. The formulae 

he used are: 

N = X(E) - M[E(l + t)] (5.5) 

Es = eE - n(M/X)E(l + t)/e - n(_~1/X) (5.6) 

where, X is the private sector exports, M is the private sector imports, N is net 

public sector demand for foreign exchange, E is the social opportunity cost of 

foreign exchange, e and 11 are the elasticities of the private sector's supply of exports 

and of its demand for imports, respectively, and t is the uniform ad valorem duty 

on private sector imports. Harberger's formulation expresses the shadow price of 

foreign exchange as the weighted average of the exchange rate governing exports 

and the internal values that a dollar's worth of foreign exchange produces when 

spent on imports. Given the parameters for the Ghanaian economy, Es was found 

to be 1.85 using 1985 data. As the value of Es depends on the demand and supply 

of foreign exchange, the magnitude of the shadow value can vary between 0.86 aud 

2.26. 

The shadow price of investment: This is assumed to depend on two im

port.aut components which are, the productivity of capital and the propensity to 

reinvest profits. The shadow price may also he regarded as t.he return on invest

ment, and the discount ra.te. In computing investment in LDCs it is assumed that 

whatever the planners ha.ve taken from current consumption is unavailable for fu

ture consumption. As a result, the opportunity cost of investment is the present 

consumption foregone. It is also assumed that with an investment of 1 today, the 

economy has an opportunity for consuming more than 1 in the future. If there is in

sufficient savings in the economy, the Guidelines postulates that the productivity of 

capital, q, is greater than the social discount rate, i. Therefore, PiT/v. = q/i > 1. In 

this case the social opportunity cos~ of investment, (q/i )K, will exceed its nominal 

cost., k. 



153 

,iVorking into the above formula the propensity to reinvest, the Guidelines 

suggests a more suitable formula, thus: 

Pint .. = (1 - s)qj(i - sq) (5.7) 

where, s is the propensity to reinvest. If s = 0.20, q = 0.20, and i = .18, then, 

Pinv. = 1.14. The result of the financial appraisal using the accounting prices and 

weights is found in table 5.16. To apply the shadow price of foreign exchange we 

distinguish foreign from domestic components of the project. There are a number 

of conceptual and operational factors which come to play when evaluating a public 

project. The first things to consider are the benefits which will be derived from the 

project. In the present case, by replacing imports with the domestic production 

of alumina, the cif import value is saved per tonne of alumina. This should be . 

valued at the shadow price of foreign exchange which reflects the opportunity cost 

of the foreign exchange saved for society. The shadow weight for foreign exchange 

in this case is, 1.85 . Using this value as a multiplier for prices of imported goods 

and export values the revenue and cost streams are computed. (See Table 5.17). 

The shadow weight. is sensitive t.o changes in export and import values and to the 

elasticities of demand for import and the supply of export. 

All imported equipment costs are also multiplied by the factor, 1.85, to 

reflect their shadow values. It. is assumed that 80% of capital invested goes to 

the importation of mine and refinery equipment, and the remaining 20 percent are 

supplied from domestic sources. A second assumption is that capital imports are 

GO%. For operating costs, the foreign component is 60%. 

Since taxes are not. socia.l costs they are normally dropped from the cost.s 

used in the commercial analysis. In the financial analysis, however, they arc in

cluded, as taxes on mineral projects are crucial, and projects are very sensitive to 

the taxing policies of the country. Import and export duties should be eliminated 

also, but are retained in the financial analysis. 



Table 5.16 

Financial Appraisal 

Original Adjustmnt Year Year Year Year Year 
Amount Factor 0 1 2 3 4 

--------- --------- ---------- ---------- ---------- ---------- ----------
A. Imported Eqpt. I~HillionJ 80\ ~940.11 1.85 $16739.32 

Domestic Eqpt. Hillion 20\ 235.04 1.00 235.04 

B. Bauxite Production 11000 tons) 1,250.00 2,500.00 2,500.00 2,500.00 
Bauxite Processed I 000 tons) 1,000.00 2,000.00 2,000.00 2,000.00 
Bauxite Exported (1000 tons) fO.oo ro,OO ro,OO ro

,
OO 

Bauxite Prlce (f.o.b. fer ton) 1.00 1.85 63.60 63.60 63.60 63.60 
Bauxite Revenuer ($Hil ion) 15.90 31.80 31.80 31.80 
Alumina Product on (1000 tonsl 00.00 00.00 00.00 00.00 
Price Rer ton atumint ($J 1.00 1.85 ~458.80 ~458.80 $458.80 ~458.80 
Gross evenue J Hill ons 199.42 318•84 $318•84 398.84 
Less: RoyaltI I) 13.99 7.98 7.98 ~7.98 
Less: Hinera uty 110', f 9.94 J 9.88 J 9.88 J 9.88 
Gross Hine Income ($Hillionsl $ 75.49 $ 50.98 $ 50.98 $ 50.98 

C. Annual Costs: 
Mages and Salaries ($Hillion) r· 3O 1.00 f· 3O ,1.34 ,1.38 11.42 a. Supervisor 

b. Skll1ed Labor 2.38 0.756 1.80 1.85 1.91 1.91 
c. Unskilled Labor 2.76 0.556 1.53 1.58 1.63 1.68 

operating Expenses: 
~25.58 1.85 ~41.33 in •33 ~n.33 i41 •33 a. Forei~n Expenses 40' 

b. Domes ic Expenses 60' 38.38 1.00 38.38 38.38 38.38 38.38 

Defreciation IIHillionl r3
•
85 ~53.85 ~53.85 ~53.85 

He Earnin~s Million rl
! 

$ 06.65 $ 06.51 $ 06.36 
Defletion $M1 lionl 155 •84 i55 •84 i55 •84 
He Income Before Tax 3.38 $ io. 8l $ io. 67 $ 50.52 
Income Tax (45'l 0.00 0.00 0.00 ~O.OO 
Net Earnings Af er Tax 3.38 il 0.81 it 0.67 il 0.52 
Depreciation and Depletion $ 1.77 109.69 109.69 109.69 

D. Salavage Value of Equiptment 

E. External Benefits $19.94 $39.88 $39.88 $39.88 

F. External Costs $8.51 $8.57 $8.57 $8.51 

G. Cash Flow ($Hillionl ($1,914.361 $120.45 $339.68 $339.53 $339.39 

P""., V.,", I" "''""''! is,223.08 Het P.V. i5,223.08 IRR • 15.8 , 
Present Value 5' Di~count 2~283.06 Het P.V. 2~283.06 
Present Value 10' Dlscoun I 846.68 Het P.V. 846.68 
Present Value 15' Discount ~89.15 Het P.V. ~89.15 ...... 
Present Value 20' Discount ($ 36.221 Het P.V. ($ 36.221 BeR • 1.862 en 

"'" 



A. Imported Eqpt. (~HilliOnr 80t 
Domestic Eqpt. Hillion 20t 

B. Bauxite Production ll000 tons, 
Bauxite Processed ( 000 tons, 
Bauxite Exported (1000 tons, 
Bauxite PrIce (f.O.~ ~er ton, 
Bauxite Revenue~ ($ lion, 
Alumina ProductIon (1000 tons) 
Price &er ton alumina (SI 
Gross evenue j~HilliOns 
Less: RoyaltI t, 
Less: Hinera uty (lOt) 
Gross Mine Income ($Hillion, 

C. Annual Costs: 
Mages and Salaries ($Hillion) 

a. Supervisor 
b. SkIlled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40t 
b. Domes ic Expenses 60' 

Defreciation tjMillionJ 
He Earnin~s Million 
Defletion $Ml lion, 
Ne Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E •. External Benefits 

F. External Costs 

G. Cash Flow ($Million, 

Table 5.16 

Financial Appraisal 

Year Year Year Year Year Year Year 
5 6 7 8 9 10 11 

---------- ---------- ---------- -------.-- ---------- ---------- -----.-.--
$42.29 $42.29 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

ro
,

OO ro
,

OO ro
,

OO ro
,

OO ro
,

OO ro
,

OO ro
,

OO 
63.60 63.60 63.60 63.60 63.60 63.60 63.60 
31.80 31.80 31.80 31.80 31.80 31.80 31.80 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~45B.BO ~458.80 ~458.80 ~458.80 ~458.80 ~458.80 ~458.80 
398.84 398.84 398.84 398.84 398.84 398.84 398.84 
~7.98 ~7.98 ~7.98 ~7.98 ~7.98 ~7.98 ~7.98 

~ 9.88 ~ 9.88 i 9.88 ~ 9.88 ~ 9.88 ~ 9.88 ~ 9.88 
$ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 

11.46 11
•
51 

1
1

•
55 11.60 11

•
65 11

•
70 11

•
75 

2.03 2.09 2.15 2.21 2.28 2.35 2.42 
1. 73 1. 78 1.83 1.89 1.94 2.00 2.06 

~47.33 
38.38 

~47.33 38.38 i47 .33 
38.38 i47 •33 

38.38 
~47.33 
38.38 in .33 

38.38 i47 •33 
38.38 

~53.85 ~53.85 ~53.85 ~53.85 ~53.85 ~53.85 ~53.85 
$ 06.21 $ 06.05 $ 05.89 $ 05.73 $ 05.55 $ 05.38 $ 05.20 
p5.84 i55 •84 i55 •84 i55 •84 i55 •84 i55 •84 155 .84 

$ 50.37 $ 50.21 $ 50.05 $ 49.89 $ 49.72 $ 49.54 $ 49.36 
~O.OO r7

•
6O 167

•
52 167

•
45 r7

•
37 167

•
29 167

•
21 

~1 0.37 82.62 82.53 82.44 82.34 82.25 82.15 
109.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 

$197.44 $197.44 

$39.88 $39.88 $39.88 $39.88 $39.88 $39.88 $39.88 

$8.57 $8.57 $8.57 $8.57 $8.57 $8.57 $8.57 

$494.38 $339.08 $338.92 $338.75 $338.58 $493.55 $338.22 

...... 
C}1 
C}1 



A. Imported Eqpt. liHillionl 00' 
Domestic Eqpt. Hillion 20' 

B. Bauxite Production ll000 tons) 
Bauxite Processed ( 000 tons) 
Bauxite Exported (1000 tons) 
Baux te Pr1ce (f.o.b. ~er ton) 
Bauxite Revenues ($Hil ion) 
Alumina Production (1000 tons) 
Price ~er ton alumina ($1 
Gross evenue I~Hi1lions 
Less: Royalty') 
Less: Hinera Duty (10') 
Gross Hine Income ($Hillion) 

C. Annual Costs: 
Mages and Salaries ($Hillion) 

a. Supervisor 
b. Sk1lled Labor 
c. Unskilled Labor 

operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Defrecia~ion IIH~ll~onJ He Earn1n1s H1ll10n 
Defletion $Ki lion) 
He Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 
F. External Costs 

G. Cash Flow ($Hillion) 

Table 5.16 

Financial Appraisal 

Year Year Year Year Year Year Year 
12 13 14 15 16 17 10 

-------.-- ---------- ---------- -----.---- ---------- ----.----- ----------$42.29 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 ro

,
OO 

r
o
,
oo ro,oo ro,OO 

r
o
,

OO ro, oo fO.oo 
63.60 63.60 63.60 63.60 63.60 63.60 63.60 
31.80 31.80 31.80 31.00 31.80 31.00 31.80 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~450.00 ~458.80 ~458.80 ~458.80 ~458.80 ~450.80 ~450.00 
398.84 398.84 398.84 398.84 398.84 318. 84 398.84 
~7.98 ~1.98 ~1.98 ~7.98 ~1.98 1.98 ~1.98 

~ 9.88 ~ 9.88 ~ 9.88 ~ 9.88 ~ 9.88 ~ 9.88 ~ 9.88 
$ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 

!1.80 r· 8S 11.91 f·91 !2.03 12
•
09 12

•
15 

2.49 2.51 2.64 2.12 2.80 2.89 2.91 
2.12 2.19 2.25 2.32 2.39 2.46 2.54 

~41.33 
38.38 i41 •33 

38.38 
~41.33 
38.38 i41 •33 

38.38 
~41.33 
38.38 

~41.33 
38.38 

~41.33 38.30 

~53.85 ~53.85 ~53.85 $~53.85 ~53.85 ~51.85 ~51.85 
$ 05.01 $ 04.82 $ 04.62 04.42 $ 04.20 $ 01.99 $ 03.11 

i55 .84 i 55 •84 i55 .84 $i55 •84 i 55 •84 i55 .84 i55 . 84 
$ 49.11 $ 48.98 $ 48.18 48.58 $ 40.31 $ 48.15 $ 41.93 

161
•
13 161

.
04 166

•
95 166

.
86 r6

.
11 166

.
61 r6

•
51 

82.04 81.94 81.83 81.12 81.60 81.48 81.36 
$ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 

$191.44 

$39.88 $39.88 $39.88 $39.88 $39.88 $39.88 $39.88 

$8.57 $8.51 $8.51 $8.51 $8.51 $8.51 $8.51 

$338.03 $331.04 $331.64 $492.59 $337.23 $337.01 $336.19 

...... 
01 
0) 
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Table 5.16 

Financial Appraisal 

Year Year 
19 20 

---------- ----------A. !Jnported Eqpt. UMillionl 80' 
Domestic Eqpt. Million 20' 

B. Bauxite Production (1000 tons) 2,500.00 2,500.00 
Bauxite Processed (1000 tons) 2,000.00 2,000.00 
Bauxite Exported (1000 tons) fO.oo 500.00 
Bauxite Pr1ce (f.o.b. ~er ton) 63.60 163

•
60 

Bauxite Revenues ($Mil ion) 31.80 31.80 
Alumina Production (1000 tons) 00.00 00.00 
Price ~er ton alumina ($J ~458.80 ~458.80 
Gross evenue ~~Millions 398.84 398.84 
Less: Royalty') r· 98 ~7.98 Less: Minera ,Dutv (10') ~ 9.88 ~ 9.88 
Gross Mine Income ($Millions) $ 50.98 $ 50.98 

C. Annual Costs: 
Wages and Salaries ($Hillion) 12

•
21 ~2.28 a. Supervisor 

b. Sk1lled Labor 3.06 3.16 
c. Unskilled Labor 2.61 2.69 

Operating Expenses: 
~47.33 ~47.33 a. Foreign Expenses 40' 

b. Domes ic Expenses 60' 38.38 38.38 

De~reciation !~MillionJ ~53.85 ~53.85 
Ne Earnin1s Million $ 03.54 $ 03.30 
De~letion SMillion) t55 •84 f55.84 Ne Income Before Tax $ 47.70 $ 47.46 
Income Tax (45't ~66.46 ~66.36 Net Earnings Af er Tax 81.23 81.10 
Depreciation and Depletion $109.69 $109.69 

D. Salavage Value of Equiptment $186.90 

E. External Benefits $39.88 $39.88 

F. External Costs $8.57 $8.57 

G. Cash Flow ($Million) $336.56 $523.23 



Table 5-17 

Financial Appraisal 

Original Adjustmnt Year Year Year Year Year 
Amount Factor 0 1 2 3 4 

--------- --------- ---------- ---------- ---------- .--------- ----------
A. Imported Eqpt. I~Hillionl 60\ ~705.13 1.85 $1§304.49 

Domestic Eqpt. Million 40\ 470.09 1.00 470.09 

B. Bauxite Production (1000 tons) 1,250.00 2,500.00 2,500.00 2,500.00 
Baux~te Processed (1000 tons) 1,000.00 2,000.00 2,000.00 2,000.00 
Bauxite Exported (1000 tons) 250.00 ro

,
OO ro

,
OO ro

,
OO 

Bauxite Pr~ce (f.o.b. ~er ton) 1.00 1.85 r3
•

6O 63.60 63.60 63.60 
Bauxite Revenue~ ($Hil ionl 15.90 31.80 31.80 31.80 
Alumina Product~on (1000 tons) 00.00 00.00 00.00 00.00 
Price ~er ton alumina (SI 1.00 1.85 ~458.80 ~458.80 ~458.80 ~458.80 
Gross evenue I~Millions 199.42 398.84 398.84 398.84 
Less: RoyaltI ') p.99 ~7.98 ~7.98 ~7.98 
Less: Minera .Dutv (10\, ~ 9.94 ~ 9.88 ~ 9.88 ~ 9.88 
Gross Mine Income ($Millions) $ 75.49 $ 50.98 $ 50.98 $ 50.98 

C. Annual Costs: . 
Wages and Sa~aries ($Hillion) 

11.30 1.00 11.30 11
•
34 11.38 11.42 a. SuperVlsor 

b. Sk~lled Labor 2.38 0.756 1.80 1.85 1.91 1. 97 
c. Unskilled Labor 2.76 0.556 1.53 1.58 1.63 1.68 

Operating Expenses: 
~25.58 1.85 ~47.33 ~47.33 ~47.33 ~47.33 a. Forei~n Expenses 40\ 

b. Domes ic Expenses 60' 38.38 1.00 38.38 38.38 38.38 38.38 

Defreciation I ril lion I 153
•
85 ~53.85 ~53.85 ~53.85 

Ne Earnin~s Million 31.30 $ 06.65 $ 06.51 $ 06.36 
Defletion $H1 lion) 27.92 f55.84 f55.84 f5S.84 
Ne Income Before Tax r· 38 $ 50.81 $ 50.67 $ 50.52 
Income Tax (45't 0.00 ~O.OO ~O.OO ~O.OO 
Net Earnings Af er Tax 3.38 ~1 0.81 ~1 0.67 ~1 0.52 
Depreciation and Depletion $ 1.77 109.69 109.69 109.69 

D. Salavage Value of Equiptment 

E. External Benefits $19.94 $39.88 $39.88 $39.88 

F. External Costs $8.57 $8.57 $8.57 $8.57 

G. Cash Flow ($Hillion) ($1,774.!l7) $120.45 $339.68 $339.53 $339.39 

Present Value 0' Discountt ~5,319.45 Net P.V. ~5,319.45 IRR '" 17.5 , 
Present Value 5' Discount 2 421. 99 Net P.V. 2 421. 99 
Present Value 10' Discoun I !99y.80 Net P.V. !999.80 
Present Value 15' Discount 245.50 Net P.V. 245.50 
Present Value 20' Discount ( 181.14) Net P.V. ( 181.14) BeR = 2.048 

...... 
01 
00 



Table 5-11 

Financial Appraisal 

Year Year Year Year Year Year Year 
5 6 1 8 9 10 11 

---------- ---------- ---------- ---------- ---------- ---------- ----------
A. Imported Eqpt. !SMillion! 60U $42.29 $42.29 

Domestic Eqpt. SMillion 40U 
B. Bauxite Production (1000 tons) 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 

Bauxite Processed (1000 tons) 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 
Bauxite Exported (1000 tons) JOO.OO 100 . 00 iOO ' OO iOO

.
oo iOO

.
oo iOO

'
OO iOO

'
OO 

Bauxite Prlce (f.o.b. per ton) 63.60 63.60 63.60 63.60 63.60 63.60 63.60 
Bauxite Revenues ($Million) 31.80 31.80 31.80 31.80 31.80 31.80 31.80 
Alumina Production (1000 tons, 00.00 00.00 00.00 00.00 00.00 00.00 00.00 
Price per ton alumina ($! $458.80 $458.80 $458.80 S458.80 $458.80 $458.80 $458.80 
Gross Revenue !SMillionS $398.84 $398.84 $398.84 $398.84 $398.84 $398.84 $398.84 
Less: Royalty 2') S7.98 S7.98 S7.98 S7.98 $7.98 $1.98 S1.98 
Less: Mineral Duty no" $39.88 $39.88 $39.88 $39.88 S39.88 $39.88 $39.88 
Gross Mine Income ($Millions) $350.98 $350.98 $350.98. $350.98 $350.98 $350.98 $350.98 

C. Annual Costs: 
Wages and Salaries ($Million) 

a. Supervisor 11.46 11.51 11.55 11.60 11.65 11.10 11.75 b. Skllled Labor 2.03 2.09 2.15 2.21 2.28 2.35 2.42 
c. Unskilled Labor 1.13 1. 78 1. 83 1. 89 1. 94 2.00 2.06 

Operating Expenses: a. Foreign Expenses 40' $47.33 $41.33 $41.33 $41.33 $47.33 $41.33 $41.33 
b. Domesfic Expenses 60' $38.38 $38.38 $38.38 $38.38 $38.38 $38.38 $38.38 

Depreciation (IMilliOn! $53.85 $53.85 $53.85 $53.85 $53.85 $53.85 S53.85 
Net Earnings J Million $206.21 $206.05 $205.89 $205.73 $205.55 $205.38 $205.20 
Depletion ($Ml lion) $55.84 $55.84 S55.84 S55.84 $55.84 S55.84 $55.84 
Net Income Before Tax $150.37 $150.21 $150.05 $149.89 $149.12 $149.54 $149.36 
Income Tax (45" SO.OO 161.60 167.52 167.45 167 . 31 167 . 29 167 . 21 
Net Earnings After Tax IS0.31 82.62 82.53 82.44 82.34 82.25 82.15 
Depreciation and Depletion ~109.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 

D. Sa lavage Value of Equiptment $177.46 $117.46 

E. External Benefits $39.88 $39.88 $39.88 $39.88 $39.88 $39.88 $39.88 

F. External Costs $8.51 $8.51 $8.51 $8.51 $8.57 $8.57 $8.51 

G. Cash Flow ($Million) $474.40 $339.08 $338.92 $338.15 $338.58 $473.51 $338.22 

...... 
C;1 
to 



A. Import~d Eqpt. 1~~II~onl 60\ 
Domestlc Eqpt. Mllllon 40\ 

B. Bauxite Production pO'bO tons) 
Bauxite Processed ( 000 tons) 
Bauxite Exported (1000 tons I 
Bauxite Prlce (f.o.b. ~er ton) 
Bauxite Revenues (SHil ion) 
Alumina Production (1000 tons) 
Price ~er ton alumina ($1 
Gross evenue I~Millions 
Less: Royalty tl 
Less: Minera Duty (10\1 
Gross Mine Income ($Millions) 

C. Annual Costs: 
Wages and Salaries ($Million) 

a. Supervisor 
b. Skllled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60\ 

De~recia~ion IIM~ll!onl 
He Earnln1s Hililon 
De~letion $Ml lion) 
He Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Sa lavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow (SMillion) 

Table 5-17 

Financial Appraisal 

Year Year Year Year Year Year Year 
12 13 14 15 16 17 18 

---------- ---------- ---------- ---------- -------~-- ---------- ----------
$42.29 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

500.00 
ro,

oo ro,oo ro,OO ro,OO ro,OO ro,OO r3
•

6O 63.60 63.60 63.60 63.60 63.60 63.60 
31.80 31.80 31.80 31.80 31.80 31.80 31.80 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

i458.80 i458.80 ~458.80 i458.80 i458.80 i458.80 i45B.BO 
398.84 398.84 398.84 39B.84 39B.84 39B.B4, 39B.84 
~7.98 ~7.98 ~7.98 ~7.98 ~7.98 r· 9B ~7.98 

~ 9.88 ~ 9.88 ~ 9.8B ~ 9.B8 ~ 9.88 ~ 9.B8 ~ 9.88 
$ 50.9B $ 50.98 $ 50.98 $ 50.98 $ 50.9B $ 50.98 $ 50.98 

r· BO r· 85 11
•
91 11.9"7 r· 03 12

.
09 12

•
15 

2.49 2.57 2.64 2.72 2.BO 2.89 2.97 
2.12 2.19 2.25 2.32 2.39 2.46 2.54 

i 47 . 33 
38.38 

~47.33 
38.38 i47 . 33 

38.38 i41 •33 
38.38 i47 •33 

38.38 
~47.33 
38.38 i47 .33 

38.38 

~53.85 ~53.85 ~53.85 ~53.85 ~53.85 ~53.85 ~53.85 
$ 05.01 $ 04.B2 $ 04.62 $ 04.42 $ 04.20 $ 03.99 $ 03.77 
i55 . 84 i55 •84 i55 •84 i55 •84 i55 •84 i55 •84 i55 .84 

$ 49.17 $ 48.98 $ 48.78 $ 48.58 $ 48.37 $ 48.15 $ 41.93 r7
.
13 167

.
04 r6

•
95 166

•
86 166

•
77 r6

•
67 r6

.
57 

82.04 81.94 81.83 81.72 81.60 81.48 81.36 
$ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 

$177.46 

$39.88 $39.88 $39.88 $39.8B $39.88 $39.88 $39.88 

$8.57 $8.57 $8.57 $8.57 $8.57 $8.57 $8.57 

$338.03 $337.84 $337.64 $472.61 $337.23 $337.01 $336.79 

~ 

C) 
o 



A. 

B. 

C. 

D. 

E. 

F. 

G. 

Table 5-17 

Financial Appraisal 

Import~d Eqpt. 
Domest~c Eqpt. !~Million! Million 

60% 
40% 

Bauxite Production (1000 tons) 
Bauxite Processed (1000 tons) 
Bauxite Exported (1000 tons) 
Bauxite Pr1ce (f.o.b. ~er ton) 
Bauxite Revenues ($Mil ion) 
Alumina Production (1000 tons) 
Price ~er ton alumina ($! 
Gross evenue t~Millions 
Less: Royalty %) 
Less: Minera Dutv (10%) 
Gross Mine Income ($Millions) 
Annual Costs: 
Wages and Salaries ($Million) 

a. Supervisor 
b. Sk~lled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40% 
b. Domes ic Expenses 60% 

Derreciation !~Million! 
Ne Earnin1s Million 
Depletion $Million) 
Ne~ Income Before Tax 
Income Tax (45%t 
Net Earnings Af er Tax 
Depreciation and Depletion 

Sa1avage Value of Equiptment 

External Benefits 

External Costs 

Cash Flow ($Million) 

161 

Year Year 
19 20 

---------- ----------

2,500.00 2,500.00 
2,000.00 2,000.00 

500.00 500.00 

163
•
60 !63.60 31.80 31.80 

00.00 00.00 
~458.80 ~458.80 
398.84 398.84 
~7.98 ~7.98 

~ 9.88 ~ 9.88 
$ 50.98 $ 50.9B 

!2.21 !2.2B 3.06 3.16 
2.61 2.69 

~47.33 
38.38 

~47.33 
38.38 

~53.85 ~53.85 
$ 03.54 $ 03.30 
i55 . 84 j55.84 

$ 47.70 $ 47.46 
~66.46 ~66.36 
81.23 81.10 

$109.69 $109.69 

$143.42 

$39.88 $39.88 

$8.57 $8.57 

$336.56 $479.74 
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Labor costs are adjusted to reflect the opportunity costs of hiring labor away 

from their best employment. In this analysis skilled workers and supervisors are 

assumed to be paid the competitive wage. An adjustment factor of 0.756 is used 

for adjusting the wage for skilled workers. Unskilled workers are assumed to be 

hired from the pool of unemployed in the area, and from the farms where their 

opportunity costs are low. A factor of 0.523 is derived for the adjustment of their 

wages. 

The salvage value of earth moving equipment, replaced every five years, is 

valued upward. They go to replace equipment for making roads and other public 

construction jobs. The equipment would have been imported, had the old ones 

from the mines not been transfered for use on public works. There is, therefore, a 

foreign exchange savings involved. The salvage value (about 20 percent of original 

cost) must be adjusted by the foreign exchange adjustment factor. 

The connection road built has opened an area, which hitherto had not. been 

accessible. It is a benefit to the people of the area. Similarly, the schools built in 

the area for the education of t.he workers' children are an added benefit. 

Following the work of Stern and Roemer (1975), it is assumed that the 

external cost of undertaking the project is 10% of operating costs while the external 

benefit is 10% of gross revenue from sales of output. This gives a fair account of 

ext.ernality issues in the evaluation of the project. 

It is appropriate to select a social discount rate which reflects the oppor

tunity cost of capital. Financial appraisal is undertaken in order to improve a 

project's profitability. Shadow foreign exchange improves the value to society of 

the beaefits as well as increa.ses the foreign components of the costs. The elimi

nation of taxes because they are not part of social costs reduces cost by a factor. 

The shadow wage rate also helps to reduce the wage bill for public projects. On 

the whole there are improvements which can be seen in the worksheet. There are 

improvements in thecashflows, which can be seen in the work sheets (see Table 

5.16 and 5.17). The assumptions ll'ade about the foreign and domestic components 

of capital are that 80 percent and then 60 percent of capital are imported. For the 
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operating costs, the assumption is that 40 percent of operating costs are spent on 

foreign imports. 

VVhen 80 percent of capital are imported, the IRR is 15.8 percent. and 

the BCR is 1.86. However, when the imported component of capital is 60 percent 

the IRR is 17.5 percent and the BCR is 2.048. The project is commercially and 

financially feasible. 

5.5 Risk Analysis 

Risks exist in project analysis because investment funds are committed to 

the project now, while the returns on the investment extend far into the future. As 

Quirin,et.al. (1981, p.346) pointed out, we are unable to make a perfect forecast of 

the future. Risk, therefore, entails the possibility of unforeseen fluctua.tions in the 

cashflow of an investment from its probable or expected value. Mine investment is 

a high risk business. Risk in the mining industry may come from geologic factors 

like variable ore grade, technologic risk involves equipment and system failures. 

Risk also arises from market and financial situations in the industry and from the 

political environment in t.he host country (Gent.ry and O'Neil, 1984, p.376). In t.he 

evaluation of mineral property, risk must be accounted for. This means identifying 

a.nd showing how risk influences the deviations in the cashflows. 

There are several methods for analysing risk in mining projects. Harris 

(1970, p.194), Quirin, et.al. (1981, p.258), Hertz (1968, p.96) and others have 

discussed the different methods of treating risk in project analysis. Harris (1970) 

pithily discusses the utility approach in which cardinal measurement of the outcome 

is in nt.ils with given probabilities. There are many problems in applying this 

met.hod to the practical problems of corporations, as iterated by Harris. 

In order to account for risk, firms use a risk-adjusted payout period. In this 

approach the investor demands a shorter payout period in which to recoup invested 

funds from very risky projects. The problem with this approach is that while it 

measures profitability, it does not measure risk directly. HO\vever, by adjusting the 

pay-out period, risk could be resolved when the invested capit.al has been recovered. 
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Another approach is the use of a risk-adjusted discount rate. In this case 

risky projects are required to earn higher rates of return on investments. The prob

lem with this method is establishing a hurdle rate to which returns on investment 

are compared. As this choice may be subjective and sometimes arbitrary, a good 

project may be rejected when the hurdle chosen is too high. 

Often risk-adjusted input parameters are used to account for risk. Projects 

may be screened by considering costs, grades, tonnage available and other factors. 

Changes in any of the parameters will affect the cashflow. In this case, conservative 

values for the paramet.ers when they are compounded, can cause the project to be 

rejected. 

A probability distribution for each variable in project analysis can be done 

by attaching probabilities of their occurrence to them in order to find the various 

possibilities of outcome. For example, in the computation of investment costs, a 

proba.bility may be attached to ea.ch cost estimate i.e. 

$1,063 million (p = 0.15) 

$900 million (p = 0.30) 

$750 million (p = 0.55) 

The sum of the probabilities is one. By so doing, different outcomes of the 

investment are considered wit.h a change in variable values. Computer simulations 

have become popular in the evaluation of projects. A popular approach to sim

ulation is the Monte Carlo simulation. According to Harris (1970 , p.197) this 

approach is a process by which random sampling from a probability distribution 

for the values of a parameter are made. Each parameter is treated as a stochastic 

variable. In this case various outcomes are also considered for given distributions. 

In all problems of risk analysis, the main issue that each approach addresses 

is how large are the possible deviations from the most probable outcome, and how 

does this deviation impact the project and hence the choice decisions. However 

elegant an approach may be, the problem to resolve is that of deviations in the 

cashflows. In this case past experiences are useful in judging correctly. 
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Many analysts often account for risk by undertaking sensitivity analyses of a 

project. In this case also different scenarios are considered in the analyses, instead 

of g single point estimate. 

In the present analysis, both the commercial and financial analyses of the 

project are feasible at current costs and prices. The various alternatives considered 

are to change the capital cost levels, or to change the prices. Each parameter is 

varied within a specific range (10%, 25%, 50%) while the others are held constant 

with the aim of finding the possible price and cost levels at which the project is 

profitable. In this analysis costs, prices and the discount rates are varied, one at 

a time. '~Then costs are constant the critical price for alumina is $0.55 per tonne 

aluminum (see and Appendix C Ta.bles C-1 to C-S). 

Examining t.he project. in terms of its sensitivity to foreign exchange, it is 

foulld that as the shadow price of foreign exchange falls from 2.26 to 1.5 the IRR 

falls to 9.8 % which is below the hurdle rate of 10.8 percent. The NPV is positive. 

Appendix C shows the sensitivity tables of the financial appraisal. The tables show 

the sensitivity of the results to a changes in the shadow price of foreign exchange 

and foreign components of the project. 
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CHAPTER 6 

SUMMARY AND CONCLUSIONS 

The purpose of this dissertation is to evaluate the project at Kibi for domes

tic production of alumina in Ghana to replace the current importation of alumina 

into the country. The research examined the costs of production in Ghana, the 

capital and operating costs and assessed the expected returns on investment in 

bauxite processing. The approach used in the evaluation is financial and social 

appraisal, which reflects the economy's benefits from the project. The estimates 

are first made as viewed by the private firm, then a.ccounting weights are used for 

adjusting costs and benefits to society's values. The results of the analyses show 

that at current costs and prices, the project is feasible and should be undertaken. 

The original idea of developing hydroelectric power in Ghana was linked 

to building an integrated aluminum industry (including bauxite mining, refining 

bauxite into alumina, smelting the alumina into aluminum, and fabricating the 

aluminum into end use products). When the power project was finished only the 

smelter was built, to use alumina imported from Jamaica. After ten years, the 

refinery could not be built, because the delivered price of imported alumina from 

Jamaica was lower than the cost of production in Ghana at the beginning of the 

project. Because of penalty taxes the delivered price is now higher (about $350 

per tonne alumina). 

The study shows that VALCO enjoys large subsidies in the price of power 

from VRA, which in the first ten years amounted to more than $300 million. This 

subsidy is important in maintaining VALCO's present form of operation in Ghana. 

In order to assess the impact of demand and supply expansion on prices, the 

study examines the structure of the aluminum market. The multiplier approach is 

used to analyse the tota.l effect of changes in the exogenous variables on the endoge

nous variables. The own price and cross price elasticities of demand are inelastic 

in both the short run and long run. Supply is inelastic in the short run, but elastic 

in the long run with respect to the own price and the rate of capacity utilization. 

The multiplier analysis shows that price effects are very small, indicating a less 
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than proportional response in quantity to price changes, so that the expansion of 

demand and supply has very little effect on price. The historical growth of the in

dustry during the study period (1951 -1990) showed a phenomenal increase in both 

supply and demand, but during this period the real price of aluminum remained 

stable. This indicates that future expansions in the industry may not have much 

effect on price, as long as there is a continued balance between demand and supply. 

The elasticity estimates show that the main influence on supply and de

mand are the rate of capacity utilization and the level of industrial production in 

the developed countries, respectively. The income elasticity of demand (index of 

industrial production) is larger in the short run than are the price elasticities. In 

the long run it is greater than one. 

In this study the market analysis is done at an aggregate level. It could be 

more desirable to examine the impact of the disaggregate area expansions on the 

world aluminum economy. In the future, the model could be disaggregated and 

simulated to see the full impact of each individual producing and consuming area 

change on the world aluminum industry. 

The study examines the tonnage, grade, and the quality of bauxites in Ghana 

and finds them suitable for processing into alumina using the American Bayer 

process because the ore is predominantly of the trihydrate type. 

Capital cost estimates are made by the order of magnitude approach, which 

normally provides a very low level of accuracy, usually varying from -30% to 50%. 

This is a limitation in the method used for the estimates. The computation is, 

however, based on related and relevant data from earlier studies of the same project, 

and on data from operations in other LDCs. The method used is generally accepted 

for making decisions as to whether to continue a project or discontinue it, and this 

is what this investigation is about. 

In the analyses of the project both externalities and salvage values are con

sidered in the financial appraisal. It is assumed that external costs are 10% of total 

operating costs, while external benefits are 10% of gross revenue. It is also assumed 

that the project has an 80% foreign component, which is valued at the opportunity 

cost of foreign exchange, which is 1.85 for the economy of Ghana. All benefits 
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are also valued at this shadow price of foreign exchange, because the output of the 

project is for import substitution, the value to the economy of the foreign exchange 

saved is evaluated at its opportunity cost. 

A major problem in cost-benefit analysis is the computation of the shadow 

or accounting prices to take care of the economy's values of the project rather than 

the private view. In the computation there are conceptual problems, and also a 

number of subjective judgements which are sometimes difficult to quantify. There 

are, however, standard approaches established by UNIDO and the World Bank for 

incorporating these value judgements into the projects. 

The salvage value of the mine and refinery equipment during and at the end 

of the project enters the benefits section of the evaluation. This has contributed 

to benefits of the project. The internalization of externalities in the appraisal also _ 

contributed to the project's feasibility. The sensitivity analyses of the project shows 

that the results are sensitive to foreign exchange changes. 

Often the desirability of projects is over emphasized, considering the envis

aged forward and backward linkages to other sectors of the economy. Projects are 

also found desirable because of the income creation envisaged and the impact of 

that income on aggregate demand and generation of tax revenues for the govern

ment. The greatest impact of mineral projects in LDCs is the supply of foreign 

exchange to the economy. Like most LDCs, foreign exchange has been a major 

constraint on the ability of Ghanaians to import both investment and consumer 

goods into the country. It is, therefore, desirable if additional foreign exchange 

could be generated by any sector of the economy. 

Because of the large investments involved, and the impact of income and 

foreign exchange generated, mineral projects often have impor~ant fiscal and mon

etary implications for the LDCs. Ghana is not an exception. Especially during this 

period when the economy is experiencing stagnation and unemployment, a project 

with income and foreign exchange generating potential is desirable. But a project, 

whatever its expected potentials, cannot be undertaken, unless it is feasible, else 

instead of contributing to the productive capacity of the economy, it will drain 

resources from the economy. 



APPENDIX A 169 

Data For Regression Hode1s 

Table A-1: Price, Income and Costs 

Table A-2: Aluminum Production and Consumption, 1951-1989 

Table A-3: Alumina Import Costs per Tonne, 1970-1988 

, " 



Table A-I 170 

Data For Regression Model 

Year PAL PCU WYT CSTIND HUVIND CSTIND CAPU 
(c/lb) (c/lb) 

1951 60.0 86.7 27.8 42.1 27.9 42.1 0.98 
1952 66.0 84.3 28.6 47.4 28.7 47.4 0.97 
1953 71.5 104.7 30.8 47.4 27.5 47.4 0.95 
1954 73.5 109.9 30.5 50.9 27.0 50.9 0.91 
1955 77.5 135.8 33.5 51.5 27.6 51.5 0.92 
1956 84.5 147.7 35.3 50.9 28.3 50.9 0.89 
1957 84.8 100.2 36.3 52.6 29.5 52.6 0.81 
1958 76.9 82.8 35.2 55.6 31.1 55.6 0.79 
1959 79.9 105.3 38.5 53.7 29.6 53.2 0.79 
1960 81.5 106.1 39.9 55.0 30.2 55.0 0.80 
1961 79.9 98.1 44.9 56.1 30.5 56.1 0.77 
1962 77.5 101. 9 46.2 55.0 30.0 55.0 0.78 
1963 75.2 101. 6 49.1 55.6 30.1 55.6 0.79 
1964 77 .0 103.4 53.6 55.6 30.9 55.6 0.78 
1965 78.8 112.6 57.2 56.1 31.1 56.1 0.77 
1966 74.5 109.9 61. 7 56.1 32.9 56.1 0.78 
1967 69.6 114.8 65.1 58.5 33.3 58.5 0.80 
1968 81.2 134.1 70.4 59.6 31.2 59.6 0.80 
1969 85.5 150.8 76.7 63.2 31.5 63.2 0.80 
1970 79.8 166.3 79.7 67.8 34.7 67.8 0.85 
1971 72.5 136.4 82.0 69.6 37.7 69.6 0.82 
1972 60.4 122.5 87.5 71.9 41.3 71.9 0.83 
1973 46.7 119.4 96.2 74.3 49.3 74.3 0.88 
1974 50.4 124.0 96.3 76.6 61. 8 76.6 0.92 
1975 49.8 90.5 88.6 78.9 70.2 78.9 0.81 
1976 64.0 88.9 96.0 81.3 71.5 81.3 0.81 
1977 65.7 76.9 100.0 83.6 77.3 83.6 0.87 
1978 58.4 68.2 105.7 86.5 90.9 86.5 0.88 
1979 60.8 89.0 109.9 88.9 101.1 88.9 0.89 
1980 68.0 81. 0 111.2 91.2 109.5 91. 2 0.91 
1981 64.1 .' 90.4 112.5 94.2 104.0 94.2 0.88 
1982 58.9 75.3 113.8 97.1 103.1 97.1 0.77 
1983 75.2 65.1 115.2 100.0 100.0 10Q,0 0.79 
1984 68.7 72.2 116.5 102.9 103.5 102.9 0.91 
1985 58.7 62.9 118.0 106.4 lll. 8 106.4 0.86 
1986 58.4 65.7 119.4 109.4 121. 8 109.4 0.86 
1987 63.9 70.7 120.8 113.1 123.7 ll3.1 0.91 
1988 79.2 73.9 122.3 116.5 125.7 116.5 0.93 
1989 68.7 70.2 123.7 120.0 127.7 120.0 0.99 
1990 56.3 83.6 125.2 123.1 129.8 205.1 0.99 

Source: Govett and Larsen, 1986; IBA Review, 1990; Schmitz, 
Christopher, 1976; U.S.B.M., Minerals Year Book, 1987. 
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Table A-2 

Western World A1uminum Production and Consumption, 1951 - t989 

Year 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Primary 
Production 

1570.5 
1772.5 
2135.6 
2393.1 
2590.5 
2794.6 
2752.1 
2814.2 
3238.1 
3612.3 
3521.4 
3869.7 
4251.0 
4797.9 
5095.2 
5992.2 
6160.5 
6577.9 
7438.6 
8055.9 
8020.6 
9204.5 

10129.0 
11096.0 

9B97.8 
10207.8 
11292.9 
11612.1 
11986.0 
1277B.5 
12456.0 
10729.0 
11101.0 
12790.0 
12303.0 
12257.0 
12959.0 
13880.0 
14464.0 

Secondary Total 
Production Production 

(' 000 Tonnes) 

475.1 
484.9 
563.2 
523.0 
611.1 
611.2 
648.8 
618.6 
727.6 
752.5 
791.3 
882.3 

1205.1 
1327.9 
1511.0 
1649.9 
1687.7 
1932.5 
2255.B 
21B2.6 
2290.4 
2447.6 
2814.2 
28B1.7 
2599.B 
3126.9 
3400.9 
3590.8 
3848.6 
3815.5 
3732.0 
3678.0 
3970.0 
3880.0 
3988.0 
4200.0 
4518.0 
5047.0 
5176.0 

2045.6 
2257.4 
2698.8 
2916.1 
3201. 6 
3405.8 
3400.9 
3432.8 
3965.7 
4364.8 
4112.7 
4752.0 
5456.1 
6125.8 
6714 .1 
7242.1 
7848.2 
8510.4 
9694.4 

10238.5 
10920.0 
11652.1 
12943.2 
13977.7 
12497.6 
13334.7 
14693.8 
15202.9 
15834.6 
16594.0 
161BB.O 
14407.0 
15071.0 
16670.0 
16291. 0 
16457.0 
17477.0 
18927.0 
19640.0 

Primary 
Consumption 

1553.3 
1648.3 
2059.6 
2099.3 
2604.6 
2700.6 
2374.3 
2480.4 
3209.1 
3238.9 
3466.2 
3887.6 
4349.3 
4793.4 
5244.0 
6111.7 
6075.3 
7057.5 
7733.1 

10003.5 
10663.3 

9449.1 
11187.9 
11293.8 

8613.6 
11093.5 
11372.6 
12077.2 
12587.4 
12011. 6 
11318.0 
10949.0 
12124.0 
12627.0 
12796.0 
13024.0 
13746.0 
14480.0 
14617.0 

Source: Govett and Larsen, 1986; IRA Review, 1987 and 1990. 
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A1umina Import Costs per Tonne, 1970 - 1988 

Year F.O.B.Cost Freight C.I.F.Cost 

per tonne ($) per tonne 

($) ($) 

1970 66.93 6.00 72.93 

1971 66.12 6.00 72.12 

1972 53.32 7.30 60.62 

1973 65.78 7.50 73.28 

1974 64.49 7.60 72.09 

1975 62.19 8.75 70.94 

1976 121.03 8.75 129.78 

1977 135.73 10.50 146.23 

1978 134.07 10.50 144.57 

1979 152.07 9.45 161.52 

1980 177.84 9.30 187' .14 

1981 208.07 9.50 217.57 

1982 243.45 9.50 252.95 

1983 284.83 9.50 294.33 

1984 305.12 9.50 314.62 

1985 315.80 9.50 325.30 

1986 326.85 10.55 337.40 

1987 338.29 10.65 348.94 .. 

1988 345.00 11.20 356.20 

Source: Computed from U. S . B . M. , Commodity Year 

Book, Various Issues. 
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Table B-1: World Bank (IBlUl) 
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Tab~e B-1 

Wor~d Baak (lBRD) 

65.0 =- 13.0 + (65.0) (0.065) + 13.0 + (65.0-13.0) (0.065) 

1. 

2. 

3. 

4. 

5. 

(1 + r)l (1 + r)2 

+ -------- + 13.0 +(65.0-4(13.0» (0.065) 
(1 + r)5 

£! 6% 

17.225 (0.9434) .. 16.2501 

16.380 (0.8900) ... 14.5782 

15.535 (0.8396) ... 13.0432 

14.690 (0.7921) =- 11.6359 

13.845 (0.7473) .. 10.3464 

65.8538 > 

r ... 6.0 + 65.8538 - 65.0 

65.8538 - 64.1645 

.. 6.0 + 0.8538 

1.6893 

... 6.5% 

2! 
(0.9346) = 16.0985 

(0.8734) ... 14.3063 

(0.8163) = 12.6812 

(0.7629) =- 11.2070 

(0.7130) :IS 9.8715 

65.0 > 64.1645 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Tabl.e B-2 
175 

European Investment Bank (BIB) 

85.0 =t (85.0) (0.065) 

(1 + r) 1 

+ ------- + (85.0) (0.065) 
(1 + r)5 

+ 17.0 + (1-0.45) (85.0) (0.065) 

(1 + r)6 

+ 17.0 + (1-0.45) (85.0-17.0) (0.065) + -----
(1 + r) 7 

+ 17.0 + ~1-0. 45) ~85. 0-4 ~17. O)} ~O. 065) 
(1 + r) 10 

9: 5% !! 
5.525 (0.9524) - 5.2620 (0.9434) ::II 5.2123 

5.525 (0.9070) - 5.0112 (0.8900) .. 4.9173 

5.525 (0.8638) - 4.7725 (0.8396) - 4.6388 
5.525 (0.8227) = 4.5454 (0.7921) = 4.3764 

5.525 (0.7835) :II 4.3288 (0.7437) - 4.1089 

20.0388 (0.7462) .. 14.9530 (0.7050) ... 14.1274 

19.4310 (0.7107) - 13.8096 (0.6651) - 12.9236 

18.8233 (0.6768) .. 12.7396 (0.6274) ::II 11.8097 

18.2155 (0.6446) - 11.7417 (0.5919) - 10.7818 
17.6078 (0.6139) ... 10.8094 (0.5584) ::II 9.8322 

87.9732 > 85.0 > 82.7284 

r = 5.0 + 87.9732 - 85.0 

87.9732 - 82.7284 

= 5.0 + 2.9732 

5.2448 

::II 5.6 % 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

'.rab1e B-3 

African Deve1op.ent B&Dk (ADB) 

250 • (250.0) (0.0875) + ------- + 
(1 + r) 1 

(250.0) (0.0875) 

(1 + r) 5 

+ 50.0 + (1-0.45) (250.0) (0.0875) 

(1 + r) 6 

+ 50 + ~1-0. 45! ~250-50! ~O. 08752 + ----------
(1 + r)7 

+ 50 + ~1-0.45! ~250-4 ~502 ~0.08752 

(1 + r)10 

CF 1! 
21.875 (0.9346) - 20.4444 
21.875 (0.8573) - 19.1056 

21.875 (0.8163) - 17.8566 

21.875 (0.7629) - 16.6884 
21.875 (0 . .n30) - 15.5969 
62.0313 (0.6664) • 41.3376 
59.6250 (0.6228) - 37.1345 
57.2188 (0.5820) - 33.3013 

54.8125 (0.5439) - 29.8125 

52.4063 (0.5084) - 26.6434 
257.9212 > 

r - 7.0 + 257.9212 - 250.0 

257.9212 - 243.8340 

7.0 + 7.9212 

14.0872 

.. 7.6% 

II 
(0.9259) 

(0.8573) 

(0.7938) 

(0.7350) 

(0.6806) 

(0.6302) 

(0.5835) 

(0.5403) 

(0.5003) 

(0.4632) 

250.0 > 

- 20.2541 

- 1B.7534 

- 17.3644 

- 16.0781 
- 14.8881 

- 39.0921 

- 34.7912 

"" 30.9153 

- 27.4227 

- 24.2746 
243.8340 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 

'fable 8-4 

Arab BaDk :for Bccn:soeic Devel~t o:f A:frica (ABBDA) 

110 - (110.) (.08) + ------ + (110.0) (0.08) 
(1 + r) 1 (1 + r) 5 

+ 22.0 + (1-0.45) (110.0) (0.08) 

(1 + r) 6 

+ 22.0 + (1-0.45) (110.0-22.0) (0.08) + -------
(1 + r)7 

+ (1-0.45) (110-4(22.0» (0.08) 
(1 + r) lO 

9: !! 
8.80 (0.9434) - 8.3019 

8.80 (0.8900) - 7.8320 

8.80 (0.8396) - 7.3885 
8.80 (0.7921) - 6.9705 

8.80 (0.7437) - 6.5446 

26.84 (0.7050) - 18.922 
25.872 (0.6651) - 17.2075 
24.904 (0.6274) - 15.6248 

23.936 (0.5919) - 14.l677 

22.968 (0.5584) - 12.8253 
115.7848 > 

r - 6.0 + 115.7848 - 110.0 

115.7848 - 108.7727 

- 6.0 + 5.7848 

7.0121 

- 6.8% 

1! 
(0.9346) 

(0.8734) 

(0.8163) 

(0.7629) 

(0.7130) 

(0.6664) 

(0.6228) 

(0.5439) 

(0.5439) 

(0.5084) 

110.0 > 

.. 8.2245 

- 7.6859 

- 7.1834 

- 6.7135 

- 6.2744 

- 17.8862 

- 16.1131 

- 13.9960 

- 13.0188 

- 11.6769 

108.7727 
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Commonweal.th Devel.opment Corporation (CDC) 

80 - 16.0 + (80.0) (0.06) 

(1 + r) 1 

+ 16.0 + (80.0-16) (0.06) 
(1 + r) 2 

+ ----- + 16.0 + (80.0-4 (16» (0.06) 

(1 + r)5 

20.80 (0.9434) - 19.6227 (0.9346) 

19.84 (0.8900) - 17.6576 (0.8734) 

18.88 (0.8396) - 15.8516 (0.8163) 

17.92 (0.7921) :lit 14.1944 (0.7629) 

16.96 (0.7473) "'" 12.6742 (0.7130) 

80.0005 > 80.0 > 

r ,. 6 + 80.0005 - 80.0 

80.0005 - 77.9434 

= 6 + 0.0005 

2.0571 

::I 6.0% 

.. 19.4397 

"'" 17.3283 

:lit 15.4117 

.. 13.'6712 

"'" 12.0925 

77.9434 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

Tab~e B-6 

~t l!'aDd (D) 

300 .. (300.0) (0.035) 

(1 + r) 1 

+ ------ + (300.0) (0.035) 
(1 + r) 5 

+ 30.0 + (1-0.45) (300.0) (0.035) 

(1 + r) 6 

+ 30 + (1-0.45) (300.0-30) (0.035) 

(1 + r) 7 

+ ----- + 30.0 + (1-0.45) (300.0-9(30>; (0.035) 
(1 + r) 15 

2% 

10.50 (0.9804) .. 10.2940 
10.50 (0.9612) .. 10.0926 
10.50 (0.9423) OIl 9.8915 
10.50 (0.9231) .. 9.7010 
10.50 (0.9057) - 9.5099 
35.775 (0.8880) - 31.7682 
35.1975 (0.8706) .. 30.6429 
34.6200 (0.8535) .. 29.5482 
34.0425 (0.8368) ... 28.868 
33.4650 (0.8204) .. 27.4547 
32.8875 (0.8043) "" 26.4514 
32.3100 (0.7885) = 25.4764 
31.7325 (0.7730) = 24.5292 
31.1550 (0.7579) .. 23.6124 
30.5775 (0.7430) .. 22.7191 

320.1785 < 

r .. 2.0 + 322.1785 -300.0 
322.1785 -293.2434 

... 2.0 + 20.1785 
26.9351 

r .. 2.8% 

~ 
(0.9709) .. 10.1945 
(0.9426) ... 9.8973 
(0.9152) .. 9.6096 
(0.8885' - 9.3293 
(0.8626) - 9.0573 
(0.8375) - 29.9616 
(0.8131) .. 28.6191 
(0.7894) .. 27.3290 
(0.7664) "" 26.0902 
(0.7441) .. 24.9013 
(0.7224) ... 23.7579 
(0.7014) .. 22.6622 
(0.6810) = 21.6098 
(0.6611) .. 20.5966 
(0.6419) .. 19.6277 

300.00 < 293.2434 
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'l'able 8-7 

OPEC B'und (OP!') 

68.80 - (68.80) (0.0525) + ___ n + (68.80) (0.0525) 

(1 + r)l (1 + r)5 

+ 13.76 + (1-0.45) (68.80) (0.0525) 

(1 + r)6 

+ 13.76 + (1-0.45) (68.80-13.76) (0.0525) 

(1 + r) 7 

+ ----- + 13.76 + (1-0.45) (68.80-4(13.76» (0.0525) 
(1 + r)10 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

£! !! 
3.612 (0.9615) - 3.4729 

3.612 (0.9246) - 3.8848 

3.612 (0.8890) • 3.2ll1 

3.612 (0.8548) • 3.0875 

3.612 (0.8219) - 2.9687 

15.747 (0.7g0J) ~ 12.4445 

15.349 (0.7599) • 11.6639 

14.952 (0.7307) • 10.9254 

14.555 (0.7664) - 10.2261 

14.157 (0.6756) · 9.5647 

71.4496 

r - 4.0 + 71.4496 - 68.80 

71.4496 - 66.4820 

• 4.0 + 2.7696 

4.9676 

• 4.6' 

II 
(0.9524) - 3.4401 

(0.9050) - 3.2689 

(0.8638) . 3.1200 

(0.8227) - 2.9716 

(0.7835) - 2.8300 

(0.7462) - 11.7501 

(0.7107) • 10.9087 
(0.6768) - 10.1195 

(0.6446) - 9.3819 

(0.6139) - 8.6912 

< 68.80 < 66.4820 
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l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

'1'ab~. B-8 

210 - (210.0) (0.06) + ------ + 
(1 + r) 1 

(210. 0) (0. 06) 

(1 + r)5 

+ 21.0 + (1-0.45) (210.0) (0.06) 

(1 + r)6 

+ 21.0 + (1-0.45) (210.0-21.0) (0.06) 

(1 + r)7 

+ ----- + 21. a + (1-0.45) (210. 0-9 (21. 0)) (0. 06) 
(1 + r) 15 

g: 5% 4%: 

12.60 (0.9524) .. 12.0002 (0.9615) - 11.1149 
12.60 (0.9070) - 11.4282 (0.9246) '" 11.6500 
12.60 (0.8638) - 10.8839 (0.8890) - 11.2014 
12.60 (0.8227) - 10.3660 (0.8548) - 10.7705· 
12.60 (0.7835) - 9.8721 (0.8219) - 10.3559 
27.930 (0.7462) - 20.8414 (0.7903) - 22.0731 
27.237 (0.7107) - 19.3573 (0.7599) - 20.6974 
26.544 (0.6768) - 17.9650 (0.7307) ,. 19.3957 
25.851 (0.6448) - 16.6687 (0.7026) - 18.1629 
25.158 (0.6139) - 15.4445 (0.6756) - 16.9967 
24.465 (0.5847) - 14.3047 (0.6496) - 15.8925 
23.772 (0.5568) - 13.2362 (0.6246) ,. 14.8480 
23.079 (0.5303) - 12.2388 (0.6006) - 13.8612 
22.389 (0 .5051) - 11.3087 (0 .5775) - 12.9296 
21.693 (1)..4810) - 10.4343 (0.5553) - 12.0461 

206.3500 < 210.0 < 222.9959 

r - 4.0 + 222.9959 - 210.0 
222.9959 - 206.3500 

- 4.0 + 12.9959 
16.6459 

- 4.8" 
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'l'abl.e B-9 

Private capital. 

292.20 - 14.61 + (292.0) (0.15) + ---------
(1 + r) 1 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

+ 14.61 + (292.0 - 4(14.61» (0.15) 

(1 + r) 5 

+ 14.61 + (1-0.45) (292.20-5(14.61» (0.15) 

(1 + r) 6 

+ ------ + 14.61+(1-0.45) (292.0-19(14.61» (0.15) 
(1 + r) 20 

9: ll&! 
58.440 (0.8696) IZ 50.8194 
56.2485 (0.7562) - 42.5351 
54.4470 (0.6575) ,. 35.7989 
51.8655 (0.5718) - 29.6567 
49.6740 (0.4972) - 24.6979 
32.6899 (0.4323) - 14.1318 
31.4846 (0.3759) - 11.8351 
30.2792 (0.3269) - 9.8982 
29.0739 (0.2842) - 8.2657 
27.8686 (0.2472) - 6.8891 
26.6633 (0.2150) .. 5.7326 
25.4579 (0.1869) .. 4.7581 
24.2526 (0.1625) .. 3.9410 
23.0473 (0.1413) .. 3.2566 
21.8420 (0.1229) - 2.6644 
20.6366 (0.1069) - 2.2061 
19.4313 (0.0929) - 1.8052 
U.2260 (0.0808) .. 1.4727 
17.0207 (0.0303) - 1.1966 
15.8153 (0.0611) .. 0.9663 

262.5475 < 

r = 12.0 + 300.0629 - 292.20 
300.0629 - 262.5475 

12.0 + 7.8629 
37.5154 

12.2% 

.ll.:..Q! 
(0.8929) '" 52.1811 
(0.7972) .. 44.8413 
(0.7118) = 38.7554 
(0.6355) .. 32.9605 
(0.5674) .. 28.1850 
(0.5066) - 16.5607 
(0. (524) .. 14.2436 
(0.4039) - 12.2298 
(0.3606) .. 10.4840 
(0.3220) - 8.9737 
(0.2875) '" 7.6657 
(0.2567) 6.5650 
(0.2292) '" 5.5587 
(0.2046) .. 4.7155 
(0.1827) .. 3.9905 
(0.1631) '" 3.3658 
(0.1457) - 2.8311 
(0.1300) = 2.3694 
(0.1166) - 1.9761 
(0.1037) - 1.6400 

292.20 < 300.0629 
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S8DII:i.titivity ADa.l.ysea o~ E"iDaDcial. Appra:isaL 

Table C-l: 80t Imported and 20% Domestic Capita1, with 2.17 
Opportunity Cost o~ !'o:eign Ezch&Dqe 

Table C-2: 60% Imported and 40' Domestic Capital, with 2.17 
Opportunity Cost o~ !'o:eign Exch&nqe 

Table C-3: 80' Imported and 20' Dom •• tic Capita1, with 1.50 
Opportunity Cost o~ !'o:eign EXch&nqe 

Table C-4: 60' Impo:ted and 40% Domestic Capita1, with 1.50 
Opportunity Coat of !'o:eign EXch&nqe 

Table C-5: "SO, Imported anel 20' Domestic Capita1, with 2.26 

Opportunity Cost o~ !'o:eiqn EXch&nqe 

Table C-6: 60% Imported anel 40' Domestic Capita1, with 2.26 
Opportunity Coat o~ !'o:eign Exch&nqe 

Table C-7: 80% Impo:ted anel 20% Domestic Capita1, with 1.85 
Opportunity Cost o~ !'o:eign Ezch&Dqe 

Table C-S: 60% Imported and 40% Domestic Capita1, with 1.85 

Oppo:tunity Cost o~ !'o:eiqn Exchanqe 



A P P E H D I X C 

Table C-I 

Sensitivity Analysis: Financial Appraisal 

Original Adjustmnt Year Year Year Year Year 
Amount Factor 0 I 2 3 4 

--------- --------- ---------- ---------- .--------- ---------- ----------
A. Import~d Eqpt. !~M~ll~onl 80' ~940.17 2.17 $2~040.17 

Domestlc Eqpt. Mlillon 20' 235.04 1.00 235.04 

B. Bauxite Production 11000 tons) 1,250.00 2,500.00 2,500.00 2,500.00 
Bauxite Processed ( 000 tons) 1,000.00 2,000.00 2,000.00 2,000.00 
Bauxite Exported (1000 tons, 250.00 fO.oo 

f
O

'
oo fO.oo 

Bauxite Prlce (f.o.b. ~er ton) 1.00 2.17 f4
•

6O 74.60 74.60 74.60 
Bauxite Revenue~ ($Hil ion, 18.65 37.30 37.30 37.30 
Alumina Productlon (1000 tons, 00.00 00.00 00.00 00.00 

Price Rer ton alumina ($1 1.00 2.17 i538.16 i538.16 i538.16 ~538.16 
Gross evenue j Millions 233.92 467.83 467.83 467.83 

Less: Royaltr " ~4.68 19•36 19•36 i9•36 
Less: Minera utv (10" ~ 3.39 i 6.78 $ 6.78 i 6.78 
Gross Mine Income ($Million) 

$ 05.85 $ 11.69 $411.69 $ 11.69 

C. Annual Costs: 
Wages and Salaries ($Million) r· 3O 1.00 r· 3O r· 34 11.38 a. Supervisor 1

1
•
42 

b. Skliled Labor 2.38 0.756 1.80 1.85 1.91 1.97 

c. Unskilled Labor 2.76 0.556 1.53 1.58 1.63 1.68 

operating Expenses: i25 .58 2.17 i55 •52 i55 •52 a. Forei~n Expenses 40' i 55 •52 i55 •52 
b. Domes ic Expenses 60' 38.38 1.00 38.38 38.38 38.38 38.38 

Defreciation llHillionl r3
•
85 ~53.85 ~53.85 ~53.85 

He Earnin~s Hillion 53.47 $ 59.17 $ 59.03 $ 58.88 
Defletion $Hl lion) 32.75 f65 •5O f65 •5O i65 •5O 
He Income Before Tax 20.72 $ 93.68 $ 93.54 $ 93.39 

Income Tax (45't ~O.oo iO. oo iO. oO iO' OO 
Het Earnings Af er Tax ~ 0.72 i1 3.68 i1 3.54 i1 3.39 
Depreciation and Depletion 86.60 119.35 119.35 119.35 

D. Salavage Value of Equiptment 

E. External Benefits $23.39 $46.78 $46.78 $46.78 

F. External Costs $9.39 $9.39 $9.39 $9.39 

G. Cash Flow ($Hillion) ($2,275.22, $149.39 $406.56 $406.41 $406.27 

.,",., V.1", I" '1"'""'! ~6,322.55 'Het P.V. ~6,322.55 IRR "" 16.5 , 
Present Value 5' Discount 2,808.26 Het P.V. 2,808.26 
Present Value 10' Discoun I 1 089.62 Het P.V. 1 089.62 
Present Value 15' Discount ~181. 71 Het P.V. ~181. 77 
Present Value 20' Discount . (329.25) Het P.V. ( 329.25) BCR .. 1. 931 

.... 
00 
.j:'o 



A. Import~d Eqpt. I~H+ll+on~ 80' 
Domestlc Eqpt. Hililon 20' 

B. Bauxite Production 11000 tons) 
Bauxite Processed ( 000 tons) 
Bauxite Exported (1000 tons) 
Bauxite Prlce (f.o.b. ~er ton) 
Bauxite Revenues ($Hil ion) 
Alumina Production (1000 tons) 
Price Rer ton alumina ($l 
Gross evenue I~MilliOnS 
Less: ROyalty') 
Less: Hinera Duty (10'1 
Gross Hine Income ($Mil ion) 

C. Annual Costs: 
Wages and Salaries ($Million) 

a. Supervisor 
b. Skliled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Derreciation jlMilliOn~ 
He Earnin~s Hillion 
De~letion $Hi lion) 
Ne Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Sa lavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Million) 

A P PEN D I X C 

Table C-1 

Sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
5 6 1 8 9 10 11 

---------- ---------- ---------- ---------- ---------- ---------- ----------
$49.60 $49.60 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

500.00 ro
,

OO 500.00 ro
,

OO ro
,

OO ro
,

OO ro
,

OO 

f 4
.

6O 14.60 f 4
•

6O 14.60 14.60 14.60 14.60 
31.30 31.30 31.30 31.30 31.30 31.30 31.30 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~538.16 ~538.16 ~538.16 ~538.16 ~538.16 ~538.16 ~538.16 
461.83 461.83 461.83 467.83 461.83 467.83 461.83 

19•36 19•36 19•36 19•36 i9•36 19.36 19•36 
$ 6.18 ~ 6.18 ~ 6.78 $ 6.78 i 6.18 i 6.18 $ 6.18 

$411.69 $ 11.69 $ 11.69 $411.69 $ 11.69 $ 11.69 $411.69 

r· 46 11.51 r· 55 r· 6O 11.~5 r· 7O 11. 75 
2.03 2.09 2.15 2.21 2. 8 2.35 2.42 
1. 73 1. 78 1.83 1.89 1.94 2.00 2.06 

~55.52 
38.38 

~55.52 
38.38 

~55.52 
38.38 

~55.52 
38.38 

~55.52 
38.38 

~55.52 
38.38 

~55.52 
38.38 

~53.85 ~53.85 ~53.85 ~53.85 ~53.85 ~53.85 ~53.85 
$ 58.73 $ 58.58 $ 58.41 $ 58.25 $ 58.08 $ 57.90 $ 57.12 

f 65 •5O f 65 •5O f 65 •5O f 65 . 5O f65 •5O f65 •5O i65 . 5O 
$ 93.24 $ 93.08 $ 92.92 $ 92.15 $ 92.58 $ 92.41 $ 92.22 

~O.OO f86.89 i86 .8l i86 •74 i86 •66 i86 •58 186 .50 
~1 3.24 ~ 06.19 ~ 06.10 ~ 06.01 ~ 05.92 ~ 05.82 ~ 05.12 
119.35 119.35 119.35 119.35 119.35 119.35 119.35 

$221.52 $221.52 

$46.18 $46.18 $46.18 $46.18 $46.18 $46.18 $46.18 

$9.39 $9.39 $9.39 $9.39 $9.39 $9.39 $9.39 

$584.04 $405.96 $405.80 $405.63 $405.46 $583.20 $405.10 

..... 
00 
U1 



A. Imported Eqpt. UHillionJ 80\ 
Domestic Eqpt. Hillion 20\ 

B. Bauxite Production 11000 tons) 
Bauxite Processed I 000 tons) 
Bauxite Exported (1000 tons) 
Bauxite Price (f.o.b. ~er ton) 
Bauxite Revenue~ ($Hil ion, 
Alumlna Productlon (1000 tons) 
Price Rer ton alumina (SI 
Gross evenue J~Hillions 
Less: RQyaltI \, 
Less: Hinera ~ty. (10') 
Gross Hine Income (SHill ions) 

C. Annual Costs: 
Wages and Salaries ($Million) 

a. Supervisor 
b. Skilled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60\ 

Defreciation lfHillionl 
He Earnin1s Hillion 
Defletion $Hl lion) 
He Income Before Tax 
Income Tax (45'l 
Het Earnings Af er Tax 
Depreciation and Depletion 

D. Sa lavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Million) 

A P PEN D I X C 

Table C-l 

Sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
12 13 14 IS 16 11 18 

---------- --------.- ---------- ---------- ---------- ---------- ----------
$49.60 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
;;,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

500.00 500.00 500.00 SOO.OO 500.00 ro
,

OO SOO.OO 

f 4
•

6O f4
.
6O 174

•
60 f 4

•
6O f 4

.
6O 14.60 f 4

.
6O 

37.30 31.30 31.30 31.30 31.30 31.30 31.30 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~538.16 ~S38.16 i538.16 iS38.16 i538.16 iS38.16 iS38.16 
461.83 461.83 461.83 461.83 461.83 461.83 461.83 

i9.36 i9•36 i9•36 i9. 36 i9•36 i9•36 i9•36 
$ 6.18 $ 6.18 $ 6.18 $ 6.18 i 6.18 i 6.18 i 6.18 

$411.69 $411.69 $411.69 $411.69 $ 11. 69 $ 11.69 $ 11.69 

r· 8O f·85 f·91 11
•
91 r· 03 r· 09 r· 15 

2.49 2.S1 2.64 2.12 2.80 2.89 2.91 
2.12 2.19 2.25 2.32 2.39 2.46 2.54 

~55.S2 
38.38 

~55.52 
38.38 

~55.52 
38.38 

~55.52 
38.38 

~55.52 
38.38 

~55.52 
38.38 i55 . 52 

38.38 

~53.85 ~53.85 ~53.85 ~53.85 ~53.85 ~53.85 ~53.85 
$ 51.53 $ 51.34 $ 51.14 $ 56.94 $ 56.13 $ 56.51 $ 56.29 
f65.S0 f 65 . 5O f 65 •5O f 65 •5O f 6S •5O f 6S . 5O f 65 . 5O 

$ 92.04 $ 91.84 $ 91. 65 $ 91. 44 $ 91. 23 $ 91.02 $ 90.19 
f86.42 f86.33 f86.24 f86.15 f86.05 f8s.96 f85.86 

~ OS.62 i 05.51 ~ OS.41 ~ OS.29 ~ OS.18 ~ 05.06 ~ 04.94 
119.35 119.35 119.35 119.3S 119.3S 119.35 119.3S 

$227.S2 

$46.18 $46.78 $46.78 $46.18 $46.78 $46.18 $46.18 

$9.39 $9.39 $9.39 $9.39 $9.39 $9.39 $9.39 

$404.92 $404.12 $404.53 $582.24 $404.11 $403.89 $403.67 

t-' 
00 

'" 



A. Import~d Eqpt. I!M!ll!Onl 80' 
Domestic Eqpt. Mlll10n 20' 

B. Bauxite Production (1000 tonsl 
Bauxite Processed (1000 tonsl 
Bauxite Exported (1000 tonsl 
Bauxite Pr1ce (f.o.b. ~er tonI 
Bauxite Revenues ($Mil ion, 
Alumina Production (1000 tonsl 
Price ~er ton alumina ($J 
Gross evenue J~Millions 
Less: Royalty I, 
Less: Minera utv (101' 
Gross Mine Income ($Millionsl 

C. Annual Costs: 
Hages and Salaries ($Millionl 

a. Supervisor 
b. Sk111ed Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 401 
b. Domes ic Expenses 601 

Defrecia~ion JIM~II~onl He Earn1n~s Ml1110n 
Defletion $Hl lionl 
He Income Before Tax 
Income Tax (45't 
Het Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Millionl 

A P P E H D I X C 

Table C-l 

Sensitivity Analysis: Financial Appraisal 

Year Year 
19 20 ---------- ----------

2,500.00 2,500.00 
2,000.00 2,000.00 

500.00 ro
,

OO 

f 4
.

6O 14.60 
31.30 37.30 
00.00 00.00 

~538.16 ~538.16 
461.83 461.83 
i9•36 i9•36 i 6.18 $ 6.18 

$ 11.69 S411.69 

r· 21 12
•
28 

3.06 3.16 
2.61 2.69 

i55 . 52 
38.38 

~55.52 
38.38 

~53.85 ~53.85 
$ 56.06 $ 55.82 
165 . 50 f65 . 5O 

$ 90.56 $ 90.33 
f85.15 i85 •65 

~ 04.81 i 04.68 
119.35 119.35 

$219.21 

$46.18 $46.18 

$9.39 $9.39 

$403.44 $622.42 

...... 
00 
....... 



A P PEN D I X C 

Table C-2 

Sensitivity Analysis: Financial Appraisal 

Original Adjustmnt Year Year Year Year Year 
Amount Factor 0 1 2 3 4 

--------- --------- ---------- ---------- ---------- ---------- ----------
A. Imported Eqpt. nHillionl 60' ~705.13 2.17 $1~530.13 

Domest ic Eqpt. Hi 11 ion 40' 470.09 1.00 4'10.09 
" 

B. Bauxite Production (1000 tons I 1,250.00 2,500.00 2,500.00 2,500.00 

Bauxite Processed (1000 tonsl 1,000.00 2,000.00 2,000.00 2,000.00 

Bauxite Exported (1000 tons) 250.00 ro
,

OO ro
,

OO ro
,

OO 

Bauxite Pr~ce (f.o.b. ~er ton) 1.00 2.17 174
•
60 74.60 74.60 74.60 

Bauxite Revenuer ($Hil ion) 18.65 37.30 37.30 37.30 

Alumina Product on (1000 tons) 00.00 00.00 00.00 00.00 

Price Ger ton alumina ($1 1.00 2.17 ~538.l6 ~538.l6 i538.16 ~538.l6 

Gross evenue I~Hillions 
233.92 461.83 467.83 461.83 

Less: Royaltr ') ~4.68 19•36 i9•36 19•36 

Less: Hinera Dutv (10" ~ 3.39 1 6.78 i 6.18 1 6.78 

Gross Hine Income ($Hillions) 
$ 05.85 $ 11.69 $ 11.69 $ 11.69 

C. Annual Costs: 
Wages and Salaries ($Hill ionl 

~1.30 1.00 ~1. 30 ~1.34 r· 38 r· 42 
a. Supervisor 
b. Skilled Labor 2.38 0.156 1.80 1.85 1. 91 1. 97 

c. Unskilled Labor 2.76 0.556 1.53 1.58 1. 63 1. 68 

Operating Lxpenses: 
~25.58 2.17 ~55.52 ~55.52 ~55.52 ~55.52 

a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 38.38 1.00 38.38 38.38 38.38 38.38 

Defrecia~ion IIH!llionl r3
.
85 ~53.85 r3

.
85 ~53.85 

He Ea[n~n1s Hill on 53.41 $ 59.17 $ 59.03 $ 58.88 

Defletion $Hl lion) 
32.75 i65 . 5O 65.50 f65 . 5O 

He Income Before Tax 20.72 $ 93.68 $ 93.54 $ 93.39 

Income Tax (45't ~o.oo iO.oo iO' oo . iO' oo 
Net Earnings Af er Tax ~ 0.72 ~l 3.68 ~l 3.54 il 3.39 

Depreciation and Depletion 86.60 119.35 119.35 119.35 

D. Salavage Value of Equiptment 

E. External Benefits 
$23.39 $46.18 $46.18 $46.78 

F. External Costs 
$9.39 $9.39 $9.39 $9.39 

G. Cash Flow ($Hillionl ($2,000.22) $149.39 $406.56 $406.41 $406.27 

P"""' V.l", 10' °"'"""'1 16,464.05 Het P.V. ~6,464.05 IRR '" 1B.6 , 

Present Value 5' Discount 3,002.66 Het P.V. 3,002.66 
Present Value 10\ Discoun 1 301. 58 Het P.V. 1 301.58 
Present Value 15' Discount 
Present Value 20' Discountl 

~397.45 Het P.V. ~391.45 
( 115.591 Het P.V. ( 115.59) BCR - 2.168 

..... 
00 
00 



A. Import~d Eqpt. UM~ll~onf 60' 
DomestIc Eqpt. Hilllon 40' 

B. Bauxite Production 11000 tons) 
Bauxite Processed I 000 tons) 
Bauxite Exported 11000 tonsl 
Bauxite PrIce (f.o.b. fer ton) 
Bauxite Revenues ($Hil ion) 
Alumina Production (1000 tons) 
Price Ger ton alumina I$f 
Gross evenue J~Hillions 
Less: Royaltr 'I 
Less: Hinera Dutv JlP'l-
GrosS Hine Income I MIl 10nst 

C. Annual Costs: 
Wages and Salaries (SMillion) 

a. Supervisor 
b. SkIlled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60\ 

Derreciation Itillionf He Earninys Hillion 
Defletion $H1 lion) 
He Income Before Tax 
Income Tax (45'l 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 

F. External,Costs 

G. Cash Flow ($Millionl 

A P PEN D I X C 

Table C-2 

Sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
5 6 1 8 9 10 11 

---------- ---------- ---------- .--------- ---------- ---------- ----------
$49.60 $49.60 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

500.00 500.00 500.00 ro
,

OO 500.00 ro
,

OO 500.00 

f 4
•

6O f 4
•

6O f 4
•

6O 14.60 f 4
•

6O 14.60 f 4
•

6O 
31.30 31.30 31.30 31.30 31.30 31.30 31.30 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~538.16 ~538.16 i538.16 ~538.16 i538.16 i538.16 iS38.16 
461.83 461.83 461.83 461.83 461.83 461.83 467.83 

i9. 36 i 9•36 i9•36 i9•36 $it~ft i9. 36 i9.36 
$ 6.78 $ 6.78 $ 6.78 $ 6.78 $ 6.78 $ 6.18 

$411.69 $411.69 $411.69 $411.69 $411.69 $411.69 $411.69 

r· 46 r· 51 ,1.55 11.60 f·65 r· 1O r· 75 
2.03 2.09 2.15 2.21 2.28 2.35 2.42 
1.13 1. 78 1.83 1.89 1.94 2.00 2.06 

~55.52 
38.38 

~55.52 
38.38 

~55.52 
38.38 

~55.52 
38.38 i55 . 52 

38.38 i55 .52 
38.38 i55 . 52 

38.38 

~53.85 ~53.85 ~53.85 ~53.85 ~53.85 ~53.85 ~53.85 
$ 58.73 $ 58.58 $ 58.41 $ 58.25 $ 58.08 $ 57.90 $ 51.72 

165 •50 165 •50 165 •50 165 .50 165 •50 165 .50 165 •50 
$ 93.24 $ 93.08 $ 92.92 $ 92.75 $ 92.58 $ 92.41 $ 92.22 

~O.OO 186 •89 f86.81 f86.74 f86.66 186 •58 186 .50 

~I 3.24 ~ 06.19 ~ 06.10 ~ 06.01 i 05.92 ~ 05.B2 ~ 05.72 
119.35 119.35 119.35 119.35 119.35 119.35 119.3S 

$200.02 $200.02 

$46.18 $46.18 $46.18 $46.18 $46.18 $46.78 $46.78 

$9.39 $9.39 $9.39 $9.39 $9.39 $9.39 $9.39 

$556.54 $405.96 $405.80 $405.63 $405.46 $555.10 $405.10 

..... 
00 
\0 



A. Import~d Eqpt. I~H!ll!onl 60' 
Domestlc Eqpt. Hlillon 40' 

B. Bauxite Production 11000 tons) 
Bauxite Processed ! 000 tons) 
Bauxite Exported (1000 tons) 
Bauxite Prlce (f.o.b. ~er ton) 
Baux!te Revenue~ ($Hi1 ion) 
Alumlna Production (1000 tons) 
Price ~er ton alumina (SI 
Gross evenue J~Hillions 
Less: Roya1tr ') 
Less: Hinera utv 110'1 
Gross Mine Income !$Hlllions) 

C. Annual Costs: 
Wages and Salaries !$Hillion) 

a. supervisor 
b. Skilled Labor 
c. unskilled Labor 

operating Expenses: 
a. Forei~n Expenses 40\ 
b. Domes ic Expenses 60' 

Derrecia~ion IfHilllonJ He Earnlnys Hlillon 
Derletion $Hl lion) 
He Income Before Tax 
Income Tax (45't 
Het Earnings Af er Tax 
Depreciation and Depletion 

D. Sa lavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Million) 

A P P E H D I X C 

Table C-2 

Sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
12 13 14 15 16 11 18 

---------- ---------- ---------- ---------- ---------- --.------- ----------
$49.60 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

500.00 fO.oo fO.oo fO.oo fO.oo 500.00 fO.oo f4
.

6O 14.60 74.60 74.60 74.60 f4
•

6O 74.60 
37.30 31.30 37.30 37.30 37.30 37.30 37.30 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~538.l6 ~538.16 ~538.l6 ~538.16 ~538.16 ~538.16 ~538.16 
467.83 467.83 467.83 467.83 467.83 467.83 467.83 
~9.36 ~9.36 ~9.36 ~9.36 ~9.36 ~9.36 ~9.36 

$ 6.78 i 6.78 ~ 6.78 ~ 6.78 ~ 6.78 ~ 6.78 i 6.78 
$411.69 $ 11. 69 $ 11.69 $ 11.69 $ 11.69 $ 11.69 $ 11. 69 

r· 8O r· B5 r· 91 11. 97 12
•
03 r· 09 r· 15 

2.49 2.57 2.64 2.72 2.BO 2.89 2.97 
2.12 2.19 2.25 2.32 2.39 2.46 2.54 

~55.52 
38.38 

~55.52 
38.38 

~55.52 
38.38 

~55.52 
38.38 

~55.52 
38.38 

~55.52 
38.38 

~55.52 
38.38 

~53.8S ~53.8S ~S3.85 ~S3.85 ~S3.85 ~S3.85 ~53.85 
$ 57.53 $ 57.34 $ 57.14 $ 56.94 $ 56.73 S 56.51 $ 56.29 

i65 . 5o i65 .5o f 65 •5O f 65 •5O i65 . 5O i65 . 5O i 65 . 5O 
$ 92.04 $ 91. 84 $ 91. 65 $ 91. 44 $ 91. 23 $ 91.02 $ 90.79 
f86.42 f86.33 f86.24 f86.15 f86.05 f85.96 i85 .86 

~ 05.62 ~ 05.51 ~ 05.41 ~ 05.29 i 05.18 i 05.06 i 04.94 
119.35 119.35 119.35 119.35 119.35 119.35 119.35 

$200.02 

$46.78 $46.78 $46.78 $46.78 $46.78 $46.78 $46.78 

$9.39 $9.39 $9.39 $9.39 $9.39 $9.39 $9.39 

$404.92 $404.72 $404.53 $554.74 $404.11 $403.89 $403.67 

...... 
-0 
o 



A. Import~d Eqpt. I~H~lllonl 60' 
Domestlc Eqpt. Hlilion 40' 

B. Bauxite Production (1000 tons) 
Bauxite Processed (1000 tons) 
Bauxite Exported (1000 tons) 
Bauxite Prlce (f.o.b. ~er ton) 
Bauxite Revenue~ ($Hil ion) 
Alumina Productlon (1000 tons) 
Price Ger ton alumina ($1 
Gross evenue I~Hillions 
Less: Royaltr ') 
Less: Hinera Duty (10" 
Gross Hine Income ($Hillions) 

C. Annual Costs: 
Wages and Salaries (SHillionl 

a. Supervisor 
b. Skliled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Defrecia~ion JIH!ll~onl He Earnln1s Hlillon 
Derletion $Hl lion) 
He Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Hi 11 ion) 

A P PEN 0 I X C 

Table C-2 

Sensitivity Analysis: Financial Appraisal 

Year Year 
19 20 

---------- ----------

2,500.00 2,500.00 
2,000.00 2,000.00 

500.00 ro
,

OO f t
.

6O 14.60 
31.30 l1.l0 
00.00 00.00 

i53B.16 i53B.16 
461.83 461.83 
i9•36 i9•36 i 6.18 i 6.18 

$ 11.69 $ 11.69 

r· 2l r· 28 
3.06 3.16 
2.61 2.69 

i55 •52 
l8.38 i55 . 52 

38.38 

~5l.85 ~5l.85 
$ 56.06 $ 55.82 
165 •50 165 •50 

$ 90.56 $ 90.33 
185 •15 185 . 65 i 04.81 i 04.68 
119.l5 119.l5 

$168.21 

$46.18 $46.18 

$9.39 $9.39 

$40l.44 $511. 42 

..... 
\0 .... 



A P PEN D I X C 

Table C-3 

Sensitivity Analysis: Financial Appraisal 

Original Adjustmnt Year Year Year. Year Year 
Amount Factor 0 1 2 3 4 

--------- --------- ---------- ---------- ---------- ---------- ----------
A. Import~d Eqpt. I~M!ll!Onl 80\ ~940.11 1.50 $1§410.26 

Domestlc Eqpt. Mlillon 20\ 235.04 1.00 235.04 

B. Bauxite Production 11000 tons) 1,250.00 2,500.00 2,500.00 2,500.00 
Bauxite Processed ( 000 tons) 1,000.00 2,000.00 2,000.00 2,000.00 
Bauxite Exported ~1000 tons) 250.00 ro

,
OO ro

,
OO ro

,
OO 

Bauxite Prlce (f.o.b. ~er ton) 1.00 1.50 r1
.
51 51.51 51.51 51.51 

Bauxite Revenues ($Mil ion) 12.89 25.19 25.19 25.19 
Alumina Production (1000 tons) 00.00 00.00 00.00 00.00 
Price Ker ton alumin~ (SI 1.00 1.50 ~312.00 ~312.00 ~312.00 ~372.00 
Gross evenue J~Milllons 161.69 323.39 323.39 323.39 
Less: Royalty') p.23 ~6.41 ~6.41 ~6.n 
Less: Hinera utv (10') f 6.11 ~ 2.34 ~ 2.34 ~ 2.34 
Gross Mine Income ($Hillions) $ 42.29 $ 84.58 $ 84.58 $ 84.58 

C. Annual Costs: 
Wages and Salaries ($Million) r· 3O 1.00 r· 3O r· 34 11.38 11.42 a. supervisor 

b. Skliled Labor 2.38 0.156 1.80 1.85 1. 91 1. 91 
c. Unskilled Labor 2.16 0.556 1.53 1.58 1.63 1.68 

Operating Expenses: 
~2S.S8 1.50 i38 •38 i38 •38 i38 .38 i38 .3B a. Forei~n Expenses 40\ 

b. Domes ic Expenses 60' 38.38 1.00 38.38 38.38 38.38 38.38 

Defreciation IIMillionl $53.85 f53.85 f S3 •8S 153 .85 
Ne Earnin~s Million ~1.05 $ 49.20 $ 49.06 $ 48.91 
Defletion $Ml lion) ~ 2.64 f45.21 f45.21 f45.21 
Ne Income Before Tax ( 15.58) $ 03.93 $ 03.19 $ 03.64 
Income Tax (45't fO.OO gO.OO go.OO 80.00 
Net Earnings Af er Tax (~ 5.58) $1 3.93 $1 3.19 $1 3.64 
Depreciation and Depletion 16.49 $99.12 $99.12 $99.12 

D. Salavage Value of Equiptment 

E. External Benefits $16.11 $32.34 $32.34 $32.34 

F. External Costs $7.6B $1.68 $1.68 $1.6B 

G. Cash Flow (SMillion) ($1,645.30) $BB.BO $266.52 $266.38 $266.23 

Present Value 0' Discountl ~4,020.S4 Net P.V. ~4,020.54 IRR ,. 14.9 , 
Present Value 5\ Discount 1~10B.63 Net P.V. 1~708.63 
Present Value 10' Discoun I 580.91 Net P.V. SBO.91 
Present Value 15' Discount !~12.151 Net P .V. HI2. ISI 
Present Value 20' Discount ( 43.84 Net P.V. ( 43.84 BCR a 1. 757 

..... 
\0 
N 



A. Imported Eqpt. I~Hillionl 80\ 
Domestic Eqpt. Hillion 20\ 

B. Bauxite Production 11000 tons) 
Bauxite Processed ( 000 tons) 
Bauxite Exported (1000 tons) 
Bauxite Prlce (f.o.b. ~er ton) 
Bauxite Revenue~ (SHil ion) 
Alumina Productlon (1000 tons) 
Price Ger ton alumina ($1 
Gross evenue J~Hillions 
Less: Royaltr ') 
Less: Hinera uty (10') 
Gross Hine Income ($Hillions) 

C. Annual Costs: 
Mages and Salaries ($Million) 

a. SuperviSor 
b. Skliled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60\ 

Defrecia~ion IIH~llfonl Ne Earnln~s HIll on 
Defletion SHl lion) 
Ne Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 
F. External Costs 

G. Cash Flow ($Million) 

A P PEN 0 I X C 

Table C-3 

Sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
5 6 7 8 9 10 11 

---------- ---------- ---------- ---------- ---------- ---------- ----------
$14.29 $34.29 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

ro, OO 500.00 ro,oo ro, oo ro, OO ro,oo ro, oo 
51.57 r1.57 51.57 51.57 51.57 51.57 51.57 
25.79 25.79 25.79 25.79 25.79 25.79 25.79 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~372.00 ~372.00 ~372.00 ~372.00 i372.00 ~372.00 ~372.00 
323.39 323.39 323.39 323.39 323.39 323.39 323.39 
~6.47 ~6.47 ~6.47 ~6.47 ~6.47 ~6.47 ~6.47 

~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 
$ 84.58 $ 84.58 $ 84.58 $ 84.58 $ 84.58 $ 84.58 $ 84.58 

r· 46 r· 5l r· 55 r· 6O r· 65 !1. 70 !1. 75 
2.03 2.09 2.15 2.21 2.28 2.35 2.42 
1. 73 1. 78 1.83 1.89 1.94 2.00 2.06 

~18.18 
38.38 i18 •38 

38.38 i38 •38 
38.38 i18 •38 

38.38 i38 •38 
38.38 i38 •38 

38.38 i38 .38 
38.38 

153 •85 153 •85 153 •85 153 •85 153 •85 r3
•
85 153 •85 

$ 48.76 $ 48.60 $ 48.44 $ 48.28 $ 48.11 $ 41.93 $ 47.75 

145 •27 145 •21 f45.21 f45.21 i45 . 27 45.27 f45.27 
$ 01.49 $ 03.33 $ 03.11 $ 03.00 $ 02.83 $ 02.66 $ 02.48 

gO.OO f 6
•

5O f6.43 f6.35 f6.27 f6
•
2O J46.11 

$1 3.49 56.83 56.74 56.65 56.56 56.46 56.36 
$99.12 99.12 99.12 99.12 99.12 99.12 99.12 . 

$164.53 $164.53 

$32.34 $32.34 $32.34 $32.34 $32.34 $32.34 $32.34 

$7.68 $7.68 $7.68 $1.68 $7.68 $1.68 $1.68 

$396.32 $265.92 $265.76 $265.60 $265.43 $395.49 $265.07 

t-' 
\0 
\.oJ 



A. Imported Eqpt. I~Million! BO\ 
Domestic Eqpt. Million 20\ 

B. Bauxite Production 11000 tons) 
Bauxite Processed ( 000 tons) 
Bauxite Exported (1000 tons) 
Bauxite Prlce (f.o.b. ~er ton) 
Bauxite Revenuer ($Hil ion) 
Alumina Product on (1000 tons) 
Price Ger ton alumina ($! 
Gross evenue J Millions 
Less: Royaltr ') 
Less: Hinera utv UP". 
Gross Mine Income ($H1ll1ons) 

C. Annual Costs: 
Mages and Sa~aries ($Million) 

a. SuperVlsor 
b. Skilled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Defreciation ifHilliOn! 
He Earnin~s Hillion 
Defletion $Ml lion) 
He Income Before Tax 
Income Tax (45'~ 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Sa lavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Mil1ion) 

A P P E H D I X C 

Table C-3 

Sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
12 13 14 15 16 11 1B 

---------- ---------- ---------- ---------- ---------- ---------- ----------
$34.29 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

500.00 ro
,

OO 500.00 ro
,

OO ro
,

OO ro
,

OO 500.00 
151. 51 51.51 151.51 51.51 51.51 51.51 151

•
51 

25.19 25.19 25.19 25.19 25.19 25.19 25.79 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~312.00 ~312.00 ~312.00 p'2.00 i312•00 ~312.00 ~312.00 
323.39 323.39 323.39 323.39 323.39 323.39 323.39 
~6.47 j6.41 ~6.47 ~6.47 ~6.41 ~6.47 i6•41 

~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 
$ 84.58 $ 84.58 $ 84.5B $ 84.58 $ 84.58 $ 84.58 $ 84.58 

r· 8O r· 85 11.91 11.97 1
2

.
03 r· 09 12

•
15 

2.49 2.57 2.64 2.12 2.BO 2.89 2.91 
2.12 2.19 2.25 2.32 2.39 2.46 2.54 

~38.38 
38.38 

~3B.38 
38.38 

~38.38 
38.38 

~38.38 
3B.38 

~38.3B 
38.38 

~38.38 
38.38 i38 •38 

38.38 

f53.85 f53.85 153 .85 f53.85 153 •85 f53.85 153 •85 
$ 47.56 $ 41.31 $ 47.17 $ 46.91 $ 46.16 $ 46.54 $ 46.32 

145 . 21 145 •21 145 •27 145 •21 145 •21 145 •27 f4S.27 
$ 02.29 $ 02.10 $ 01. 90 $ 01.69 $ 01.48 $ 01.21 $ 01.04 

146
•
03 r5

•
94 fS.85 fS.76 fS.61 fS.S7 f5.47 

56.26 56.15 56.04 55.93 55.82 55.10 55.57 
99.12 99.12 99.12 99.12 99.12 99.12 99.12 

$164.53 

$32.34 $32.34 $32.34 $32.34 $32.34 $32.34 $32.34 

$7.68 $1.68 $1.68 $1.68 $1.68 $1.68 $1.68 

$264.B8 $264.69 $264.49 $394.53 $264.08 $263.86 $263.64 

..... 

.0 

.j:-. 



A. Imported Eqpt. ISMilliOn! 
Domestic Eqpt. SMillion 

80' 
20' 

B. Bauxite Production 11000 tons) 
Bauxite Processed ( 000 tons) 
Bauxite Exported (1000 tons) 
Bauxite Prlce (f.o.b. ~er ton) 
Bauxite Revenue~ (SHil ion) 
Alumina Productlon (1000 tons) 
Price Rer ton alumina ($! 
Gross evenue J~Hillions 
Less: ROyalty') 
Less: Hinera utv (10') 
Gross Mine Income ($Millions) 

C. Annual Costs: 
Wages and Salaries (SMillion) 

a. Supervisor 
b. Skliled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Derreciation liMilliOn! 
Ne Earnin~s Million 
Defletion $Hi lion) 
Ne Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Sa lavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Million) 

A P PEN D I X C 

Table C-3 

Sensitivity Analysis: Financial Appraisal 

Year Year 
19 20 

2,500.00 2,500.00 
2,000.00 2,000.00 ro

,
OO ro

,
OO 

51.57 51.57 
25.79 25.79 
00.00 00.00 

~372.00 ~372.00 
323.39 323.39 
~6.47 ~6.47 

~ 2.34 ~ 2.34 
$ 84.58 $ 84.58 

j2.21 j2.28 3.06 3.16 
2.61 2.69 

~38.38 
38.38 

~38.38 
38.38 

f53.85 fS3.85 
$ 46.09 $ 45.85 
f45.27 f45.27 

$ 00.81 $ 00.58 
1"5.37 r5

.
26 

55.45 55.32 
99.12 99.12 

Sf51.56 

$32.34 $32.34 

$7.68 $7.68 

$263.41 $414.73 

..... 
\0 
VI 



A P PEN 0 I X C 
Table C-4 

Sensitivity Analysis: Financial Appraisal 

Original Adjustmnt Year Year Year Year Year 
Amount Factor 0 1 2 3 4 --------- --------- ---------- ---------- ---------- ---------- .---------

A. Imported Eqpt. 1$~lliOnl 60' $705.13 1.50 $l L057.69 
Domestic Eqpt. $Million 40' $470.09 1.00 ~470.09 

B. Bauxite Production (1000 tons) 1,250.00 2,500.00 2,500.00 2,500.00 
Bauxite Processed (1000 tons) 1,000.00 2,000.00 2,000.00 2,000.00 
Bauxite Exported (1000 tons) 250.00 iOO ' OO iOO ' OO iOO ' OO 
Bauxite Prlce (f.o.b. per ton) 1.00 1.50 151.51 51.51 51.57 51.57 
Bauxite Revenue~ ($Hillion) 12.89 25.79 25.79 25.79 
Alumina Productlon (1000 tons) 00.00 00.00 00.00 00.00 
Price per ton atumin~ 1$) 1.00 1.50 $372.00 $372.00 $372.00 $372.00 
Gross Revenue J Hil11ons) $161.69 $323.39 $323.39 $323.39 
Less: Royalty \) 53.23 56.47 56.47 56.41 
Less: Hineral utv (10\) 516.11 532.34 532.34 532.34 
Gross Hine Income ($Hillions) $142.29 $284.58 $284.58 $284.58 

C. Annual Costs: 
Wages and Salaries ($Hillion) 

a. supervisor 11.30 1.00 11.30 11. 34 11.38 11.42 b. Skliled Labor 2.38 0.756 1.80 1.85 1.91 1.97 
c. Unskilled Labor 2.76 0.556 1. 53 1. 58 1. 63 1. 68 

Operating Expenses: a. Foreign Expenses 40\ $25.58 1.50 $38.38 $38.38 $38.38 $38.38 
b. Domesfic Expenses 60\ $38.38 1.00 $38.38 $38.38 $38.38 $38.38 

Depreciation IIHillionl $53.85 553.85 553.85 553.85 
Net Earnings j Million 57.05 $149.20 $149.06 $148.91 
Depletion 15Hl lion) $22.64 545.21 545.27 $45.21 
Net Income Before Tax ($15.58) $103.93 $103.19 $103.64 
Income Tax (45'1 $0.00 50.00 $0.00 50.00 
Net Earnings After Tax ($15.58) $103.93 $103.79 $103.64 
Depreciation and Depletion $76.49 $99.12 $99.12 $99.12 

D. Sa lavage Value of Equiptment 
E. External Benefits $16.17 $32.34 $32.34 $32.34 

F. External Costs $7.68 $7.68 $7.68 $7.68 

G. Cash Flow ($Million) ($1,527.78) $88.80 $266.52 $266.38 $266.23 

Present Value 10' Discountt $4,061.55 Net P.V. $4,061.55 IRR ~ 16.0 \ 
Present Value 5' Discount $l l 786.87 Net P.V. $ll786.87 
Present Value 10' Discoun ~669.14 Net P.V. ~669.14 
Present Value 15\ Discount 79.31 Net P.V. 19.31 
Present Value 20\ Discountl ($~52.83) Het P.V. ($~52.83) BCR ~ 1.875 I-' 

'.0 
0\ 



A. Import~d Eqpt. I~H!ll!Onl 60' 
DomestIc Eqpt. Hl1110n 40' 

B. Bauxite production 11000 tons) 
Bauxite Processed ( 000 tons) 
Bauxite Exported (1000 tons) 
Bauxite PrIce (f.o.b. ~er ton) 
Baux~te Revenue~ ($Hil ion) 
Alumlna ProductIon (1000 tons) 
Price &er ton alumina ($1 
Gross evenue J~Millions 
Less: Royalty') 
Less: Hinera uty (10') 
Gross Hine Income i$Millions) 

C. Annual Costs: 
Mages and Salaries ($Hillion) 

a. Supervisor 
b. SkIlled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Defreciation IIHill!onl He Earnin~s Hill on 
Defletion $Hi lion) 
He Income Before Tax 
Income Tax (45't 
Het Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Million) 

A P P E H D I X C 

Table C-4 

Sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
5 6 7 8 9 10 11 

---------- ---------- ---------- ---------- ---------- ---------- ----------
$34.29 $34.29 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

500.00 . ro,OO ro
,

OO ro
,

OO ro
,

OO ro
,

OO ro
,

OO 

f1.51 51.57 51.57 51.57 51.57 51.57 51.57 
25.79 25.79 25.79 25.79 25.79 25.79 25.79 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~372.00 i372 •00 ~372.00 i372 •00 ~312.00 i372 .00 i372 •00 
323.39 323.39 323.39 323.39 323.39 323.39 323.39 
~6.47 ~6.47 ~6.47 ~6.47 ~6.47 ~6.47 ~6.47 

~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 
$ 84.58 $ 84.58 $ 84.58 $ 84.58 $ 84.58 $ 84.58 $ 84.58 

11.46 11.51 11.55 r· 6O r· 65 r· 7O 11
•
75 

2.03 2.09 2.15 2.21 2.28 2.35 2.42 
1. 73 1. 78 1.83 1.89 1. 94 2.00 2.06 

~38.38 
38.38 

~38.38 
38.38 i38 •38 

38.38 i38 .38 
38.38 i38 .38 

38.38 i38 •38 
38.38 i38 •38 

38.38 

f53.85 f53.85 f53.85 153 •85 153 •85 153 •85 153 •85 
$ 48.76 $ 48.60 $ 48.44 $ 48.28 $ 48.11 $ 47.93 $ 47.75 
f45.27 145 •27 145 •27 145 •27 145 •27 f45.27 

1""21 $ 03.49 $ 03.33 $ 03.17 $ 03.00 $ 02.83 $ 02.66 $ 02.48 
go.OO r6

•
5O r6

•
43 r6

.
3S 146

•
27 r6

•
2O 46.11 

$1 3.49 56.83 56.14 56.65 56.56 56.46 56.36 
$99.12 99.12 99.12 99.12 99.12 99.12 99.12 

$152.18 $152.78 

$32.34 $32.34 $32.34 $32.34 $32.34 $32.34 $32.34 

$7.68 $7.68 $7.68 $7.68 $7.68 $7.68 $7.68 

$384.57 $265.92 $265.76 $265.60 $265.43 $383.74 $265.07 

...... 
1.0 
...... 



A. Import~d Eqpt. I~H~ll~onl 60' 
Domestlc Eqpt. Hlillon 40' 

B. Bauxite Production (1000 tons, 
Bauxite Processed (1000 tons' 
Bauxite Exported (1000 tons) 
Bauxite Prlce (f.o.b. fer ton) 
Bauxite Revenue~ ($Hil ion, 
Alumina Productlon (1000 tons, 
Price Ger ton alumina (SI 
Gross evenue I~Hillions 
Less: Royalty" 
Less: Hinera Dutv (10', 
Gross Mine Income ($Millions, 

C. Annual Costs: 
Wages and Salaries ($Hillion, 

a. Supervisor 
b. Skllled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Derreciation I~Hillionl 
He Earnin1s Hillion 
Derletion $Hlilion, 
He Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Million, 

A P PEN D I X C 

Table C-4 

Sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
12 13 14 15 16 17 18 

---------- -.-------- ---------- ---------- ---------- ---------- .--------. 
$34.29 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

500.00 ro
,

OO 500.00 500.00 ro
,

OO ro
,

OO ro
,

OO 
r1.57 51.57 r1. 57 151

•
51 51.51 51.51 51.51 

25.79 25.79 25.19 25.19 25.79 25.79 25.79 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~312.00 ~312.00 p72.00 ~372.00 ~]72.00 ~]12.00 ~]72.00 
32].]9 ]2].]9 ]2].]9 ]23.]9 ]2].39 ]23.39 323.39 
~6.47 ~6.41 ~6.47 ~6.47 ~6.41 ~6.41 ~6.41 

~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 ~ 2.34 
$ 84.58 S 84.58 $ 84.58 $ 84.58 $ 84.58 $ 84.58 $ 84.58 

r· 8O ~1.85 r· 91 r· 91 r· 03 r· 09 ~2.15 
2.49 2.51 2.64 2.72 2.80 2.89 2.91 
2.12 2.19 2.25 2.32 2.39 2.46 2.54 

p8.38 
38.38 

p8.38 
38.38 

~38.38 
]8.38 

~38.]8 
38.38 

~38.38 
38.38 

~38.38 
38.38 

~38.38 
38.38 

p3.85 153 .85 153 •85 153 .85 f53.85 f53.85 f53.85 
$ 47.56 $ 47.37 $ 41.17 $ 46.97 $ 46.16 $ 46.54 $ 46.32 
f45.21 f45.21 f45.27 f45.27 i45 . 27 f45.27 i45 •27 

$ 02.29 $ 02.10 $ 01. 90 $ 01. 69 $ 01.48 $ 01.27 $ 01. 04 
f6.03 f5.94 f5.85 r5

•
76 r5

•
67 f5.57 r5

.
47 

56.26 56.15 56.04 55.93 55.82 55.70 55.57 
99.12 99.12 99.12 99.12 99.12 99.12 99.12 

$152.78 

$32.34 $32.34 $32.34 $32.34 $]2.34 $32.34 $32.34 

$7.68 $7.68 $7.68 $7.68 $7.68 $7.68 $7.68 

$264.88 $264.69 $264.49 $382.78 $264.08 $263.86 $263.64 

.... 
\0 
0) 



A. Imported Eqpt. I~MilliOn! 60t 
Domestic Eqpt. Hillion 40' 

B. Bauxite Production 11000 tons) 
Bauxite Processed ( 000 tons) 
Bauxite Exported (1000 tons) 
Bauxite Prlce (f.o.b. fer ton) 
Bauxite Revenues (SMil ion) 
Alumina Production (1000 tons) 
Price Ger tOil alumina ($! 
Gross evenue J~Millions 
Less: Royalty') 
Less: Hinera uty (lOt) 
Gross Hine Income (SH!llions) 

C. Annual Costs: 
Wages and Salaries (SMillion) 

a. Supervisor 
b. Skliled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Foreiln Expenses 40t 
b. Domes ic Expenses 60t 

Derreciation llHilliOn! Ne Earnin~s Hillion 
Derletion $Hl lion) 
He Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Million) 

A P PEN D I X C 

Table C-4 

Sensitivity Analysis: Financial Appraisal 

Year Year 
19 20 

---------- ----------

2,500.00 2,500.00 
2,000.00 2,000.00 ro

.
oo 500.00 

51.57 f1.57 25.79 25.79 
00.00 00.00 

~372.00 p72.00 
323.39 323.39 
~6.41 ~6.47 

~ 2.34 ~ 2.34 
$ 84.58 $ 84.58 

12
.
21 r· 28 

3.06 3.16 
2.61 2.69 

~38.38 
38.38 

~38.38 
38.38 

p3.85 f53.85 
$ 46.09 $ 45.85 
f4S.27 f45.27 

$ 00.81 $ 00.58 
f5.37 f5.26 55.45 55.32 
99.12 99.12 

$116.31 

$32.34 $32.34 

$7.68 $7.68 

$263.41 $379.48 

...... 
1.0 
\0 



A P PEN D I X C 

Table C-5 

Sensitivity Analysis: Financial Appraisal 

Original Adjustmnt Year Year Year Year Year 
Amount Factor 0 1 2 3 4 

--------- --------- ---------- ---------- ---------- ---------- ----------
A. Import~d Eqpt. I~M~II~onl 

Domestic Eqpt. Million 
80\ $1~913.89 2.26 $4§325.38 
20\ 478.47 1.00 478.47 

B. Bauxite Produced (1000 tonnes) 1,250.00 2,500.00 2,500.00 2,500.00 
Bauxite Processed 11000 tonnes) 1,000.00 2,000.00 2,000.00 2,000.00 
Bauxite Exported 11000 tonnesl 250.00 500.00 ro

,
OO fO.oo 

Bauxite Prlce (fob. per tonne 1.00 2.26 177
•
70 r7

•
7O 77.70 77.70 

Bauxite Revenues liHillion) 19.42 38.85 38.85 38.85 
Alumina Produced 000 tonnes} 00.00 00.00 00.00 00.00 
Price Ger ton alumina ($1 1.00 2.26 i560.48 i560.48 i560.48 i560.48 
Gross evenue J~MilliOnS 243.62 481.23 481.23 481.23 
Less: Royaltr \1 ~4.81 i9•14 i9•14 i9.14 
Less: Minera uty (10'1 ~ 4.36 ~ 8.12 ~ 8.12 $ 8.12 
Gross Mine Income ($Mil ions) $ 14.38 $ 28.11 $ 28.11 $428.11 

C. Annual Costs: 
Wages and Sa~aries ($Million) r· 3O 0~lg2 r· 3O r· 34 11.38 r· 42 a. Supervlsor 

b. Skliled Labor 2.38 1.80 1.85 1.91 1.91 
c. Unskilled Labor 2.16 0.S56 1.S3 1.58 1.63 1.68 

Operating Expenses: i25 .S8 2.26 i 51 . 82 i 51 •82 iS1 •82 iS1 .82 a. Forei~n Expenses 40\ 
b. Domes ic Expenses 60\ 38.38 1.00 38.38 38.38 38.38 38.38 

Defreciation IIMillionl Sf4.48 i 144 •48 i 144 •48 i 144 •48 
He Earnin~s Million ( 30.93) 183.32 183.11 183.03 
De~letion SMl lion) 34.11 168 •21 168 •21 168 . 21 
Ne Income Before Tax ( 6S.03) $ IS.10 $ 14.96 $ 14.81 
Income Tax (45\t lO'OO fO.oo 10•00 fO.oo 
Net Earnings Af er Tax ~I 5.03) ~1 5.10 it 4.96 i1 4.81 
Depreciation and Depletion 78.59 212.69 212.69 212.69 

D. Salavage Value of Equiptment 

E. External Benefits $24.36 $40.12 $48.12 $48.12 

F. External'Costs $9.62 $9.62 $9.62 $9.62 

G. Cash Flow ($Million) ($4,803.8S) $151.53 $425.31 $425.23 $425.08 

',e.en' V.loe I" .i.eoon,! ~5, 141. 02 Net P.V. i5,141.02 IRR ,.. 7.6 \ 
Present Value 5\ Discount 1§144.56 Net P.V. 1~144.56 
Present Value 10\ Discoun I ( 751. 351 Net P.V. 1 751.351 
Present Value 15\ Discount I~I, 721. 41 Net P.V. 1~1, 721.41 
Present Value 20\ Discount 2,231.23 Net P.V.. 2,231.23 BCR - 1.049 

N 
0 
0 



A. Imported Eqpt. I~Hi11ionl 80' 
Domestic Eqpt. Hi1lion 20' 

B. Bauxite Produced (1000 tonnes) 
Bauxite Processed (1000 tonnes 
Bauxite Exported (1000 tonnesl 
Bauxite Pr1ce (fob. per tonne 
Bauxite Revenues liH111ion, 
Alumina Produced 000 tonnes, 
Price Ger ton alumina ($1 
Gross evenue J~Hillions 
Less: RQyaltI " 
Less: Hinera uty ~1Q'" 
Gross Mine Income I Hill10ns' 

C. Annual Costs: 
Mages and Sa~aries ($Killion, 

a. SuperVlsor 
b. Sk111ed Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Defreciation JIHillionl 
He Earnin~s Hillion 
Defletion $H1 lion) 
He Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Hillion) 

A P PEN D I X C 

Table C-5 

Sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
5 6 1 8 9 10 11 

---------- -------.-- ---------- -----.---- ---------- --.------- ----------
$51. 66 $51.66 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 ro

,
OO 500.00 ro, OO ro

,
OO ro

,
OO ro

,
OO ro

,
OO 

11.10 r1
.
1O 11.10 11.10 11.10 11.10 11.70 

38.85 38.85 38.85 38.85 38.85 38.85 38.85 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~560.48 ~560.48 ~560.48 ~560.48 ~560.48 ~560.48 ~560.48 
481.23 481.23 481.2] 481.2] 481.2] 481.23 481.2] 

i9•14 19•14 19•14 19. 74 19•14 i9.14 i9•14 
$ 8.12 1 8.12 1 8.12 $ 8.12 ~ 8.12 $ 8.12 i 8.12 

$428.11 $ 28.71 $ 28.11 $428.11 $ 28.11 $428.11 $ 28.11 

11
•
46 11.51 11.55 11.60 11.65 11.10 1

1
.
15 

2.03 2.09 2.15 2.21 2.28 2.]5 2.42 
1.13 1.18 1.83 1.89 1. 94 2.00 2.06 

~51.82 
38.38 

~51.82 
38.38 

~S1.82 
38.38 

~51.82 
38.38 

~51.82 
38.38 

~51.82 
38.38 

~51.82 
38.38 

~144. 48 i144 . 48 i144 •48 ~lU.48 i144 •48 i1U •48 i144 •48 
182.81 182.12 182.56 182.39 182.22 182.04 181.86 

t68 •21 i68 •21 168 . 21 i68 . 21 168 . 21 168 •21 168 •21 
$ 14.66 $ 14.50 $ 14.34 $ 14 .18 $ 14.01 $ 13.83 $ 13.65 

i O'
OO r1.53 151

•
45 r1.38 r1. 3O r1.22 151

.
14 

~1 4.66 62.98 62.89 62.80 62.10 62.61 62.51 
212.69 $ 12.69 $ 12.69 $ 12.69 $ 12.69 $ 12.69 $ 12.69 

$480.39 $480.39 

$48.12 $48.72 $48.72 $48.12 $48.12 $48.12 $48.12 

$9.62 $9.62 $9.62 $9.62 $9.62 $9.62 $9.62 

$853.65 $424.11 $424.61 $424.44 $424.21 $852.82 $423.91 

N 
o ..... 



A. Import~d Eqpt. nH!l1~onl 80' 
Domestlc Eqpt. Mll1lon 20' 

B. Bauxite Produced (1000 tonnes) 
Bauxite Processed (1000 tonnes 
Bauxite Exported (1000 tonnesl 
Bauxite Prlce (fob. per tonne 
Bauxite Revenues tfHi11iOn) 
Alumina Produced 000 tonnes) 
Price Ger ton alumina ($1 
Gross evenue J~Hillions 
Less: Royalty" 
Less: Minera uty (10') 
Gross Hine Income ($Hillions) 

C. Annual Costs: 
Wages and Salaries ($Hillion) 

a. Supervisor 
b. Skilled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Derreciation llHillionl 
He Earnin~s Hillion 
Derletion $Mi lion) 
He Income Before Tax 
Income Tax (45't 
Het Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Hillion) 

A P PEN D I X C 

Table C-5 

Sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
12 13 14 15 16 11 18 

---.------ ---------- ---------- ---------- ---------- ---------- ----------$51.66 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

500.00 500.00 500.00 ro
,

OO 500.00 ro
,

OO ro
,

OO 

f l
•
10 f l

•
10 f l

.
70 71.10 f l

•
10 11.10 11.10 

38.85 38.85 38.85 38.85 38.85 38.85 38.85 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~560.48 ~S60.48 ~S60.48 i560.48 ~S60.48 ~560.48 ~560.48 
481.23 481.2] 481.23 481.2] 487.23 487.23 481.23 

i9•14 i9•14 t9.14 19.14 19•14 t9•14 t9•14 
$ 8.12 $ 8.12 $ 8.12 1 8.12 $ 8.12 $ 8.12 i 8.12 

$428.11 $428.11 $428.11 $ 28.11 $428.11 $428.11 $ 28.11 

11.80 11.85 11.91 11.91 12
•
03 r·0

9 r· 15 
2.49 2.57 2.64 2.12 2.80 2.89 2.91 
7..12 2.19 2.25 2.32 2.39 2.46 2.54 

~51.82 
38.38 

~57.82 
38.]8 

~57.82 
38.]8 

~51.82 ]8.]8 
~57.82 
38.38 

~51.82 ' 38.38 
~51.82 
38.38 

~144 .48 ~144 .48 ~144 .48 !144.48 ~144.48 ~144.48 ~144. 48 
181. 68 181. 48 181. 28 181. 08 180.81 180.65 180.43 
j68.21 f68.21 f68.21 f68.21 j68.21 j68.21 j68.21 

$ 13.46 $ 13.27 $ 13.01 $ 12.81 $ 12.66 $ 12.44 $ 12.22 

r1.06 150
•
91 150

.
88 rO. 19 rO. 1O rO. 6O 150

•
50 

62.40 62.]0 62.19 62.08 61.96 61.84 61.12 
$ 12.69 $ 12.69 $ 12.69 $ 12.69 $ 12.69 $ 12.69 $ 12.69 

$480.39 

$48.12 $48.12 $48.12 $48.12 $48.12 $48.12 $48.12 

$9.62 $9.62 $9.62 $9.62 $9.62 $9.62 $9.62 

$423.13 $423.53 $423.34 $851.86 $422.92 $422.11 $422.48 

N 
o 
N 



A. Import~d Eqpt. ~~H~ll~onl 80' 
Domestlc Eqpt. Hllllon 20' 

B. Bauxite Produced (1000 tonnes) 
Bauxite Processed (1000 tonnes 
Bauxite Exported (1000 tonnes! 
Bauxite Prlce (foD. per tonne 
Bauxite Revenues IfHllliOn) 
Alumina Produced 000 tonnes) 
Price Ger ton alumina ($1 
Gross evenue J~Hillions 
Less: Royaltr ') 
Less: Hinera uty (10') 
Gross Hine Income ($Hillions) 

C. Annual Costs: 
Wages and Salaries (SHillion) 

a. Supervisor 
b. SkIlled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Defreciation liHillionl 
He Earnin1s Hillion 
Defletion $Hl lion) 
He Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Sa lavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Million) 

A P P E H D I X C 

Table C-S 

Sensitivity Analysis: Financial Appraisal 

Year Year 
19 20 

---------- ----------

2,500.00 2,500.00 
2,000.00 2,000.00 

500.00 ro
,

OO f1
.
1O 11.10 

38.85 38.85 
00.00 00.00 

~560.48 ~560.48 
481.23 481.23 
~9.14 t9•14 

$ 8.12 $ 8.72 
$428.11 $428.77 

r· 21 12
.
28 

3.06 3.16 
2.61 2.69 

~51.82 
38.38 

~51.82 
38.38 

~144.48 ~144.48 
IBO.20 179.96 
f68.2l f6B.2l 

$ 11.99 $ 11.75 

150
.
39 150

•
29 

61.59 61.46 
S 12.69 $ 12.69 

$448.36 

$48.12 $48.72 

$9.62 $9.62 

$422.25 $870.38 

tv 
o 
w 



A £I £I END I X C 

Table C-6 

Sensitivity Analysis: Financial Appraisal 

Original Adjustmnt Year Year Year Year Year 
Amount Factor 0 123 4 

--------- --------- --------.- ---------- ---------- ---------- -.-.------
A. Import~d Eqpt. I~M!ll!Onl 60' $1~435.41 2.26 $3~244.04 

Domest~c Eqpt.; Million 40' 956.94 1.00 956.94 

B. Bauxite Produced (1000 tonnes) 1,250.00 2,500.00 2,500.00 2,500.00 
Bauxite Processed (1000 tonnes) 1,000.00 2,000.00 2,000.00 2,000.00 
Bauxite Exported (1000 tonnesl 

1.00 
250.00 ro

,
OO ro

,
OO ro

,
OO 

Bauxite Price (foo. per tonne 2.26 f1
.
1O 11.10 11.10 11.10 

Bauxite Revenues tfMlllion) 19.42 38.85 38.85 38.85 
Alumina Produced 000 tonnes) 00.00 00.00 00.00 00.00 
Price &er ton alumina ($j 1.00 2.26 i560.48 ~560.48 ~560.48 ~560.48 
Gross evenue J~Millions 243.62 481.23 481.23 481.23 
Less: Royalt! ') ~4.81 i9•14 i9•14 i9.14 
Less: Hinera uty (10') ~ 4.36 $ 8.12 ~ 8.12 i 8.12 
Gross Hine Income ($Hillions) $ 14.38 $428.11 $ 28.11 $ 28.11 

C. Annual Costs: 
Wages and Salaries ($Million) 

11.30 a. Supervisor 1.00 11.30 r· 34 r· 38 11.42 
b. Skilled Labor 2.38 0.156 1.80 1.85 1.91 1.91 
c. Unskilled Labor 2.16 0.556 1.53 1.58 1.63 1.68 

Operating Expenses: 
~25.58 2.26 a. Forei~n Expenses 40\ ~51.82 ~51.82 i51 •82 ~51.82 

b. Domes ic Expenses 60' 38.38 1.00 38.38 38.38 38.38 38.38 

Defreciation IIMilliOnj $144.48 ~144.48 ~144.48 ~144.48 
Ne Earnin~s Million (rO•93) 183.32 183.11 183.03 
Def1etion $H1 lion) 34.11 i68 •21 i 68 •21 168 . 21 
Ne Income Before Tax ( 65,03) $ 15.10 $ 14.96 $ 14.81 
Income Tax (45't lO'OO iO.OO iO' OO iO' OO 
Net Earnings Af er Tax H 5.03) ~1 5.10 il 4.96 i1 4.81 
Depreciation and Depletion 18.59 212.69 212.69 212.69 

D. Sa lavage Value of Equiptment 

E. External Benefits $24.36 $48.12 $48.12 $48.12 

F. External Costs $9.62 $9.62 $9.62 $9.62 

G. Cash Flow (SMillion) ($4,200.98) $151.53 $425.31 $425.23 $425.08 

", ... , V.lo' 10' Ol"oo.,! ~5,454.90 Net P.V. ~5,454.90 IRR = 9.0 \ 
Present Value 5\ Discount 1~572.06 Net P.V. 1~512.06 
Present Value 10\ Discoun I ( 292. 181 Net P.V. (292.181 
Present Value 15\ Discount W,248.39 Net P.V. n1,248.39 
Present Value 20\ Discount 1,162.15 Net P.V. 1,162.15 BCR .. 1.170 

N 
0 
.po 



A. Import~d Eqpt. I~H~ll~onl 60' 
Domest1c Eqpt. H1ll10n 40' 

B. Bauxite Produced (1000 tonnes) 
Bauxite Processed (1000 tonnes 
Bauxite Exported (1000 tonnesl 
Bauxite Pr1ce (fob. per tonne 
Bauxite Revenues liHilliOn) 
Alumina Produced 000 tonnes) 
Price Rer ton alumina ($1 
Gross evenue j~Hillions 
Less: RoyaltI ') 
Less: Minera utv (10'1 
Gross Mine Income ($Millions) 

C. Annual Costs: 
Wages and Salaries ($Million) 

a. Supervisor 
b. Sk1l1ed Labor 
c. Unskilled Labor 

operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Defreciation IIHi11ioni 
He Earnin~s Million 
Defletion $H1 lion) 
He Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Sa1avage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Million) 

A P PEN D I X c 
Table C-6 

Sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
5 6 7 8 9 10 11 

--------.- ---------- ---------- ---------- ---------- ---------- ----------
$51.66 $51.66 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

500.00 ro
.

OO ro
.

OO ro
.

OO 500.00 ro
•

OO ro
.

OO f7
•

7O 77.70 77.70 77.70 r7
•

7O 77.70 77.70 
38.85 38.85 38.85 38.85 38.85 38.85 38.85 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~560.48 ~560.48 ~560.48 i560.48 ~560.48 iS60.48 i560.48 
487.23 487.23 487.23 487.23 481.23 487.23 487.23 

i9.74 i9•74 i9•74 i9•74 i9•74 i9•74 i9•74 
$ 8.72 $ 8.72 $ 8.12 $ 8.12 i 8.12 $ 8.12 $ 8.12 

$428.77 $428.77 $428.71 $428.11 $ 28.77 $428.71 $428.77 

11.46 11.51 11.55 r· 6O r· 65 r· 7O f·75 
2.03 2.09 2.15 2.21 2.28 2.35 2.42 
1. 73 1. 78 1. 83 1.89 1.94 2.00 2.06 

~57.82 
38.38 

~57.82 
38.38 

~57.82 
38.38 

~57.82 
38.38 

~57.82 
38.38 

~57.82 
38.38 i57 .82 

38.38 

~144.48 ~144.48 i1U•48 i144 •48 i144 •48 i144 •48 i144 . 48 
182.81 182.72 182.56 182.39 182.22 182.04 181.86 
f68.21 i 68 •21 f68.21 168 •21 168 •21 168 •21 168 •21 

$ 14.66 $ 14.50 $ 14.34 $ 14 .18 $ 14 .01 $ 13.83 $ 13.65 
fO.OO r

1
•
S3 r1.45 r1.38 r1.30 151

•
22 151.14 

~1 4.66 62.98 62.89 62.80 62.10 62.61 62.51 
212.69 $ 12.69 $ 12.69 $ 12.69 $ 12.69 $ 12.69 $ 12.69 

$420.10 $420.10 

$48.72 $48.72 $48.72 $48.72 $48.12 $48.12 $48.72 

$9.62 $9.62 $9.62 $9.62 $9.62 $9.62 $9.62 

$793.36 $424.77 $424.61 $424.44 $424.27 $792.53 $423.91 

N 
o 
U1 



A. Imported Eqpt. I~Hi11ionl 60\ 
Domestic Eqpt. Million 40\ 

B. Bauxite Produced (1000 tonnes) 
Bauxite Processed (1000 tonnes 
Bauxite Exported (1000 tonnest 
Bauxite Pr1ce (fob. per tonne 
Bauxite Revenues ltM11lion) 
Alumina Produced 000 tonnes) 
Price ~er ton alumina ($) 
Gross evenue J~Millions 
Less: Royaltl " Less: Minera uty (10\1 
GrosS Mine Income ($Millions) 

C. Annual Costs: 
Wages and Salaries ($Million) 

a. Supervisor 
b. Skliled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic EXpenses 60' 

Derreciation IIMillionl 
Ne Earnin~s Million 
Derletion $Ml lion) 
Ne Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Million) 

A P PEN D I X C 

Table C-6 

sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
12 13 14 15 16 17 18 

---------- ---------- ---------- ---------- ---------- ---------- ----------
S5l. 66 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

500.00 ro
,

OO 500.00 
r

o
,

OO ro,oo ro, oo ro, oo r7
.
7O 77.70 f 7

.
7O 77.70 77.70 77.70 77.70 

38.85 38.85 38.85 38.85 38.85 38.85 38.85 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~560.48 ~560.48 ~560.48 ~560.48 ~560.48 ~560.48 ~560.48 
487.23 487.23 487.23 487.23 487.23 487.23 487.23 
~9.74 ~9.74 ~9.74 ~9. 74 ~9. 74 ~9. 74 ~9.74 

$ 8.72 $ 8.72 $ 8.72 i 8.72 $ 8.72 S 8.72 $ 8.72 
$428.77 $428.77 $428.77 $ 28.77 $428.77 $428.77 $428.77 

11.80 11.85 11
•
91 r· 97 r·0

3 
1

2
.
09 12

.
15 

2.49 2.57 2.64 2.72 2.80 2.89 2.97 
2.12 2.19 2.25 2.32 2.39 2.46 2.54 

~57.82 
38.38 

~57.82 
38.38 

~57.82 
38.38 

~57.82 
38.38 

~57.82 
38.38 

~57.82 
38.38 

~51.82 
38.38 

~144.48 ~144. 48 ~144.48 ~144.48 ~144.48 ~144.48 ~144.48 
181.68 181.48 181.28 181.08 180.87 180.65 180.43 

168 •21 168 •21 168 •21 t 68 •21 168 •21 168 •21 168 •21 
$ 13.46 $ 13.27 $ 13.07 $ 12.81 $ 12.66 $ 12.44 $ 12.22 rl. 06 150

•
97 150

•
88 rO. 79 rO. 7O rO

•
6O rO

•
5O 

62.40 62.30 62.19 62.08 61.96 61.84 61.12 
$ 12.69 $ 12.69 $ 12.69 $ 12.69 $ 12.69 $ 12.69 $ 12.69 

$420.10 

$48.72 $48.12 $48.12 $48.12 $48.12 $48.72 $48.72 

$9.62 $9.62 $9.62 $9.62 $9.62 $9.62 $9.62 

$423.73 $423.53 $423.34 $791.57 $422.92 $422.71 $422.48 

N o 
0\ 



A. Imported Eqpt. I~Millionl 60' 
Domestic Eqpt. Million 40\ 

B. Bauxite Produced (1000 tonnes) 
Bauxite Processed (1000 tonnes 
Bauxite Exported (1000 tonnesJ 
Bauxite Prlce (fob. per tonne 
Bauxite Revenues ItMlllion) 
Alumina Produced 000 tonnes) 
Price eer ton alumina (SI 
Gross evenue J~Hillions 
Less: ROya1tr " Less: Minera utv (10" 
Gross Mine Income ($Millions) 

C. Annual Costs: 
Wages and Salaries ($Hillion, 

a. Supervisor 
b. Skliled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Defreciation llMillionl 
Ne Earnin~s Million 
Defletion $Hi lion) 
Ne Income Before Tax 
Income Tax (45'l 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Million) 

A P PEN D I X C 

Table C-6 

Sensitivity Analysis: Financial Appraisal 

Year Year 
19 20 

---------- ----------

2,500.00 2,500.00 
2,000.00 2,000.00 

500.00 500.00 f1
•
1O f1

•
1O 

38.85 38.85 
00.00 00.00 

~560.48 ~560.48 
481.23 481.23 
i9.14 i9.14 

S 8.12 $ 8.12 
S428.11 $428.11 

!2.21 !2.28 3.06 3.16 
2.61 2.69 

~51.82 
38.38 

~51.82 
38.38 

~144 .48 ~144.48 
180.20 119.96 
168 .21 168 •21 

$ 11.99 $ 11.15 rO
.
39 rO

•
29 

61.59 61.46 
$ 12.69 $ 12.69 

$340.23 

$48.12 $48.12 

$9.62 $9.62 

$422.25 $162.24 

N 
o 
--.,J 



A P P E H D I X C 

Table C-7 

Sensitivity Analysis: Financial Appraisal 

Original Adjustmnt Year Year Year Year Year 
Amount Factor 0 1 2 3 4 

--------- --------- ---------- ---------- ---------- ---------- ----------
A. Imported Eqpt. I~Hillionl 80' ~940.17 1.85 $1~739.32 

Domestic Eqpt. Hillion 20' 2]5.04 1.00 235.04 

B. Bauxite Production 11000 tons) 1,250.00 2,500.00 2,500.00 2,500.00 
Bauxite Processed ( 000 tons) 1,000.00 2,000.00 2,000.00 2,000.00 
Bauxite Exported (1000 tons) 250.00 ro

,
OO 500.00 500.00 

Bauxite Prlce (f.o.b. ~er ton) 1.00 1.85 163
•
60 63.60 r3

•
6O r3

•
6O 

Bauxite Revenues ($Mil ion) 15.90 31.80 31.80 31.80 
Alumina Production (1000 tons) 00.00 00.00 00.00 00.00 

Price Ger ton alumina ($1 1.00 1.85 ~458.80 ~458.80 ~458.80 ~458.80 

Gross evenue l~Hillions 199.42 398.84 398.84 398.84 
Less: RoyaltI ') p.99 ~7.98 ~7.98 ~7.98 
Less: Hinera utv J1O'l f 9.94 ~ 9.88 ~ 9.88 ~ 9.88 
Gross Mine Income ( Hil ions) $ 75.49 $ 50.98 $ 50.98 $ 50.98 

C. Annual Costs: 
Wages and Salaries ($Hillion) 

~1.30 a. Supervisor 1.00 ~1.30 11.34 r· 38 11. 42 
b. SkIlled Labor 2.38 0.756 1.80 1. 85 1.91 1. 97 
c. Unskilled Labor 2.76 0.556 1.53 1.58 1.63 1. 68 

Operating Expenses: 
~25.58 1.85 i 47 . 33 a. Forei~n Expenses 40' ~47.33 i41 .33 i n .33 

b. Domes ic Expenses 60' 38.38 1.00 38.38 ]8.38 38.38 38.38 

Defreciation I~Hillionl r]·85 ~53.85 ~53.85 ~53.85 
He Earnin~s Hil1ion 31.30 $ 06.65 $ 06.51 $ 06.36 
Defletion $Hl11ion) 21.92 i55 . 84 i55 .84 i55 .84 
He Income Before Tax r· 38 $ 50.81 $ 50.61 $ 50.52 
Income Tax (45't 0.00 ~0.00 ~O.OO ~o.oo 
Het Earnings Af er Tax 3.38 il 0.81 ~l 0.67 ~1 0.52 
Depreciation and Depletion $ 1.77 109.69 109.69 109.69 

D. Salavage Value of Equiptment 

E. External Benefits $19.94 $39.88 $39.88 $39.88 

F. External Costs $8.57 $8.57 $8.57 $8.57 

G. Cash Flow ($Million) ($1,914.36) $120.45 $339.68 $339.53 $~39.39 
Amortization $43.60 $43.60 $43.60 43.60 

P,'"" V.I., I" .i,CO •• '! ~5,223.08 Het P.V. p,762.28 IRR = 11.7 , 
Present Value 5' Discount 2~283.06 Het P.V. 1 364.35 
Present Value 10' Discoun I 846.68 Het P. V. j236.91 
Present Value 15' Discount ~89.15 Het P.V. I 334. 431 
Present Value 20' DIscount ($ 36.22) Het P.V. 642.21 BCR a 1.862 

N 
0 
CO 



A. Import~d Eqpt. I~H~ll~onl 80\ 
Domest1c Eqpt. H11110n 20\ 

B. Bauxite Production (1000 tons) 
Bauxite Processed (1000 tons) 
Bauxite Exported (1000 tons) 
Bauxite Pr1ce (f.o.b. ~er ton) 
Bauxite Revenue~ ($Hi1 ion) 
Alumina Product10n (1000 tons) 
Price &er ton alumina ($1 
Gross evenue J~Hillions 
Less: RoyaltI \) 
Less: Hinera utv 110\' 
Gross Hine Income ($Millions) 

C. Annual costs: 
Wages and Salaries ($Million) 

a. Supervisor 
b. Sk1l1ed Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40\ 
b. Domes ic Expenses 60\ 

Defrecia~ion IIH~ll~onl 
Ne Earn1n~s H11l10n 
Derletion $H1 lion) 
He Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Million) 
Amortization 

A P PEN D I X C 

Table C-7 

Sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
5 6 7 8 9 10 11 

---------- ---------- -------.-- ------.--- ---------- ---------- ------.---
$42.29 $42.29 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

500.00 500.00 500.00 500.00 fO.oo ro
,

OO ro
,
oo 

163
.
60 163

•
60 163

.
60 163

•
60 63.60 63.60 63.60 

3l.80 31.80 31. 80 31.80 31.80 31.80 31.80 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~458.80 3458.80 ~458.80 ~458.80 ~458.80 ~458.80 i458.80 
398.84 398.84 398.84 398.84 398.84 398.84 398.84 
~7.98 ~7.98 ~7.98 ~7.98 ~7.98 P·91 p.98 

~ 9.88 ~ 9.88 ~ 9.88 ~ 9.88 ~ 9.88 ~ 9.8 ~ 9.88 
$ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 

r· 46 r· 51 ~1.55 11.60 r· 65 11. 70 r· 75 
2.03 2.09 2.1S 2.21 2.28 2.35 2.42 
1.13 1. 78 1.83 1. 89 1.94 2.00 2.06 

~47.33 
38.38 

~47.33 38.38 
~47.33 
38.38 

~41.33 
38.38 

~47.33 38.38 
~47 .33 
38.38 

~47.33 
38.38 

~S3.8S ~53.8S ~S3.8S ~S3.8S ~S3.8S ~S3.8S ~S3.8S 
$ 06.21 $ 06.0S $ OS.89 $ 05.13 $ OS.SS $ OS.38 $ OS.20 

i55•84 i5S •84 i55 . 84 IS5 •84 iSS •84 i5S •84 iSS . 84 
$ SO.37 $ 50.21 $ 50.0S $ 49.89 $ 49.72 $ 49.54 $ 49.36 

~O.OO r7
•

6O r7
.
52 167

•
4S 167

.
37 r7

•
29 167

.
21 

i1 0.37 82.62 82.53 82.44 82.34 82.2S 82.1S 
109.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 

$197.44 $197.44 

$39.88 $39.88 $39.88 $39.88 $39.88 $39.88 $39.88 

$8.57 $8.S7 $8.57 $8.57 $8.S7 $8.S7 $8.S7 

$494.38 
$43.60 

~339.08 
168.36 

~338.92 
168.36 

p38.7S 
168.36 

~338.58 
168.36 

~493.S5 
168.36 

$338.22 
$6S.60 

N 
o 
\0 



A. Importli!d Eqpt. I~H~ll~onl 80\ 
Domestlc Eqpt. Hllilon 20\ 

B. Bauxite production l1000 tons) 
Bauxite processed ( 000 tons) 
Bauxite Exported (1000 tons) 
Bauxite Prlce (f.o.b. ~er tonI 
Bauxite Revenue~ ($Hil ion) 
Alumina p[Oductlon (1000 tons) 
Price Rer ton alumina ($1 
Gross evenue I Millions 
Less: RoyaltI " Less: Hinera Dutv (10", 
Gross Mine Income ($Mililons) 

C. Annual Costs: 
Wages and Salaries ($Million) 

a. Supervisor 
b. Skliled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Derreciation IIHillionl 
He Earnin~s Hillion 
Derletion $Hl lion) 
He Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Sa lavage Value of Equiptment 

E. External Benefits 

F. External Costs 
G. Cash Flow ($Hillion) 

Amortization 

A P P E HOI X C 

Table C-1 

Sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
12 13 14 15 16 11 18 

-----.---- ---------- ---------- ---------- ---------- ---------- ----------
$42.29 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

ro
,

OO 500.00 ro
,

OO 500.00 ro
,

OO ro
,

OO ro
,

OO 
63.60 163

•
60 63.60 r3

•
6O 63.60 63.60 63.60 

31.80 31.80 31.80 31.80 31.80 31.80 31.80 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~458.80 ~458.80 ~4S8.80 ~4S8.80 ~4S8.80 ~4S8.80 ~458.80 
398.84 398.84 398.84 398.84 398.84 398.84 398.84 
~1.98 p.98 p.98 p.98 p.98 p.98 ~1.98 

~ 9.88 ~ 9.88 ~ 9.88 ~ 9.88 ~ 9.88 ~ 9.88 ~ 9.88 
$ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 

~1.80 r· 85 r· 91 r· 91 r· 03 12
.
09 ~2.l5 

2.49 2.51 2.64 2.12 2.80 2.89 2.91 
2.12 2.19 2.25 2.32 2.39 2.46 2.54 

~41.33 38.38 
~41.33 
38.38 

~41.33 
38.38 

~41.33 
38.38 

~41.33 
38.38 

~41.33 
38.38 

~41.33 
38.38 

~53.85 ~53.85 ~53.85 ~53.85 ~53.8S ~53.85 ~53.85 
$ 05.01 $ 04.82 $ 04.62 $ 04.42 $ 04.20 $ 03.99 $ 03.11 

i55 •84 iS5 .84 iSS .84 i55 •84 i55 •84 i5S .84 i5S •84 
$ 49.11 $ 48.98 $ 48.18 $ 48.58 $ 48.31 $ 48.15 $ 41.93 r1

.
13 161

•
04 166

•
95 166

.
86 166

•
11 166

•
61 166

•
51 

82.04 81.94 81.83 81.12 81.60 81.48 81.36 
$ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 

$191.44 

$39.88 $39.88 $39.88 $39.88 $39.88 $39.88 $39.88 

$8.51 $8.57 $8.57 $8.57 $8.51 $8.51 $8.57 

$338.03 $331.84 $337.64 $492.59 $~37.23 $~37.01 $336.79 
$65.60 $65.60 $65.60 $65.60 14.60 14.60 $14.60 

N .
o 



A. Imported Eqpt. I~Hillionl 80' 
Domestic Eqpt. Hillion 20'& 

B. Bauxite Production (1000 tons) 
Bauxite Processed 11000 tons) 
Bauxite Exported (1000 tons) 
Bauxite Prlce (f.o.b. ~er ton) 
Bauxite Revenues ($Hil ion) 
Alumina Production (1000 tons) 
Price Ger ton alumina ($1 
Gross evenue I~Hillions 
Less: Royalty " 
Less: Hinera Dutv 110') 
Gross Hine Income ($Hillions) 

C. Annual Costs: 
Wages and Salaries (SMillion) 

a. Supervisor 
b. Skliled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Defreciation IIMillionl 
He Earnin~s Hillion 
Defletion SHl lion) 
He Income Before Tax 
Income Tax (45't 
Het Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 

F. External Costs 
G. Cash Flow (SMillion) 

Amortization 

A P PEN D I X C 

Table C-7 

Sensitivity Analysis: Financial Appraisal 

Year Year 
19 20 

---------- ----------

2,500.00 2,500.00 
2,000.00 2,000.00 

500.00 500.00 

163
•
60 r3

.
6O 

31.80 31.80 
00.00 00.00 

~458.80 ~458.80 
398.84 398.84 

F· 98 F· 98 
~ 9.88 ~ 9.88 

$ 50.98 $ 50.98 

r· 2l r· 28 
3.06 3.16 
2.61 2.69 

~47.33 
38.38 

~47.33 
38.38 

~53.85 ~53.85 
$ 03.54 $ 03.30 
p5.84 i55 .84 

$ 47.70 $ 47.46 

166
.
46 r6

.
36 

81.23 81.10 
$ 09.69 $ 09.69 

$186.90 

S39.88 $39.88 

S8.57 $8.57 

$336.56 
$14.60 

$523.23 
$14.60 

N ...... 
...... 



A P PEN D I X C 

Table C-8 

Sensitivity Analysis: Financial Appraisal 

original Adjustmnt Year Year Year Year Year 
Amount Factor 0 1 2 3 4 

-----.--- .-.------ ---------- --------.- --------.- ---------- --------.-
A. Imported Eqpt. I~Million~ 60' ~105.13 1.85 $1~304.49 

Domestic Eqpt. Hi~lion 40' 470.09 1.00 470.09 

B. Bauxite Production (1000 tons) 1,250.00 2,500.00 2,500.00 2,500.00 
Bauxite processed (1000 tons) 1,000.00 2,000.00 2,000.00 2,000.00 
Bauxite Exported (1000 tons) 250.00 500.00 ro,OO ro

,
OO 

Bauxite Prlce (f.o.b. ~er ton) 1.00 1.85 163
•
60 163

.
60 63.60 63.60 

Bauxite Revenuer ($Hil ion) 15.90 31.80 31.80 31.80 
Alumina Product on (1000 tons) 00.00 00.00 00.00 00.00 
Price Rer ton a~umina ($1 1.00 1.85 i45B.BO i45B.80 i458.80 i458.80 
Gross evenue J Hillions 199.42 39B.84 39B.84 398.84 
Less: RoyaltI ') fl·99 ~7.9B ~1.9B ~1.98 
Less: Hinera uty (10') i 9.94 ~ 9.8B ~ 9.88 ~ 9.8B 
Gross Hine Income ($Mil1ions) $ 75.49 $ 50.98 $ 50.98 $ 50.9B 

C. Annual Costs: 
Wages and Salaries ($Million) 

f· 3O 1.00 r· 3O r· 34 J1.38 r· 42 a. Supervisor 
b. Sk111ed Labor 2.38 0.756 1.80 1.85 1.91 1.97 
c. Unskilled Labor 2.76 0.556 1.53 1.58 1.63 1.6B 

Operating Expenses: 
~25.5B 1.85 ~41.33 ~41.33 ~47.33 ~47.33 a. Forei~n Expenses 40' 

b. Domes ic Expenses 60' 38.38 1.00 38.38 38.3B 38.38 38.38 

Derreciation flHillionl 153
.
85 ~53.85 ~53.85 ~53.85 

Ne Earnin~s Hi11ion 31.30 $ 06.65 $ 06.51 $ 06.36 
Defletion $H1 lionl 21.92 i55 •B4 fS5.84 p5.B4 
Ne Income Before Tax r· 38 $ 50.81 $ 50.61 $ 50.52 
Income Tax (45't 0.00 ~O.OO ~O.OO ~O.OO 
Net Earnings Af er Tax 3.3B i1 0.81 ~1 0.67 !1 0.52 
Depreciation and Depletion $ 1.11 109.69 109.69 109.69 

D. Sa lavage Value of Equiptment 

E. External Benefits $19.94 $39.88 $39.88 $39.88 

F. External Costs $8.51 $8.51 $8.51 $8.51 

G. Cash Flow ($Million) ($1,114.57) $120.45 $339.68 $~19.51 $339.39 
Amortization $43.60 $43.60 43.60 $43.60 

P",'o' V.,u, 10' ."'OUO'! ~5,l19.45 Net P.V. ~3,B58.6S IRR .. 11.1 , 
Present Value 5' Discount 2 421. 99 Net P.V. 1 501.27 
Present Value 10' Discoun f 1999.BO Net P.V. · r90

•
09 

Present Value 15' Discount 245.50 Het P.V. f 178.0Bl 
Present Value 20' Discount ( IB1.14) Net P.V. 487.18 BCR - 2.048 

N 
...... 
N 



A. Import~d Eqpt. I~Hpl!On' 60' 
Domestlc Eqpt. Hlillon) 40\ 

B. Bauxite Production (1000 tons) 
Bauxite Processed (1000 tons) 
Bauxite Exported (1000 tons) 
Bauxite Prlce (f.o.b. ~er ton) 
Bauxite Revenues ($Hil ion) 
Alumina Production (1000 tons) 
Price Rer ton alumina ($J 
Gross evenue I~Millions 
Less: RoyaltI I) 
Less: Hinera Dutv (10" 
Gross Mine Income ($Millions) 

C. Annual Costs: 
Wages and Salaries ($Million) 

a. Supervisor 
b. Skliled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Derreciation IIHillionl Ne Earnin~s Million 
Der1etion $Ml lion) 
Ne Income Before Tax 
Income Tax (45't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 

F. External Costs 
G. Cash Flow ($Million) 

Amortization 

A P PEN D I X C 

Table C-8 

Sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
5 6 7 8 9 10 11 

---------- ---------- ---------- -----.-.-- ---------- -----.---- .-.-------
$42.29· $42.29 

2,500.00 2,500.00 2,500.00 2,SOO.00 2,500.00 2,SOO.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

500.00 ro
.

OO 500.00 500.00 ro
•

OO ro
.

OO ro
.

OO 

163
.
60 63.60 r3

.
6O 163

•
60 63.60 63.60 63.60 

31.80 31.80 31.80 31.80 31.80 31.80 31.80 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~458.80 ~458.80 ~458.80 ~458.80 ~458.80 ~458.80 ~458.80 
398.84 398.84 398.84 398.84 398.84 398.84 398.84 
~1.98 ~7.98 ~7.98 ~7.98 ~7.98 p.98 ~7.98 

~ 9.88 ~ 9.88 ~ 9.88 ~ 9.88 J 9.88 ~ 9.88 ~ 9.88 
$ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 

11.46 11.51 !1.5S 11.60 11.65 r· 1O 11.15 
2.03 2.09 2.15 2.21 2.28 2.3S 2.42 
1.13 1. 78 1.83 1.89 1.94 2.00 2.06 

~41.33 
38.38 

~41.33 
38.38 

~41.33 
38.38 

~41.33 
38.38 i41 •33 

38.38 
~41.33 
38.38 i41 •33 

38.38 

~53.85 ~53.B5 ~53.B5 ~53.85 ~53.8S ~53.8S ~53.85 
$ 06.21 $ 06.05 $ 05.89 $ 05.13 $ 05.55 $ 05.38 $ 05.20 
f55.84 i5S •84 i5S •84 i55 •84 i55•84 i55 . 84 f55.84 

$ 50.37 $ 50.21 $ 50.05 $ 49.89 $ 49.12 $ 49.54 $ 49.36 
~O.OO r1

.
6O r1

•
52 161

•
45 161

•
31 161

•
29 161

•
21 il 0.37 82.62 82.53 82.44 82.34 82.25 82.15 

109.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 

$111.46 $111.46 

$39.88 $39.88 $39.88 $39.88 . $39.88 $39.B8 $39.88 

$8.51 $8.51 $8.51 $8.51 $8.51 $8.51 $8.51 

$414.40 
$43.60 

~339.08 
168.36 

f338.92 
168.36 

~338.15 
168.36 

f338.58 
168.36 

f413.51 
168.36 

$~38.22 
65.60 

N 
I--' 

W 



A. Imported Eqpt. I~Millionl 60\ 
Domestic Eqpt. Million 40\ 

B. Bauxite Production (1000 tons) 
Bauxite Processed (1000 tons) 
Bauxite Exported (1000 tons, 
Bauxite Price (f.o.b. ~er ton) 
Bauxite Revenues ($Mil ion, 
Alumina Production (1000 tons, 
Price Rer ton alumina ($1 
Gross evenue t~Millions 
Less: Royalty" 
Less: Minera Duty (10') 
Gross Mine Income ($Hillions) 

C. Annual Costs: 
Wages and Salaries ($Million) 

a. Supervisor 
b. Skliled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Forei~n Expenses 40' 
b. Domes ic Expenses 60' 

Defreciation IIHillionl 
Ne Earnin~s Million 
Defletion SKI lion, 
Ne Income Before Tax 
Income Tax (4S't 
Net Earnings Af er Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash flow. ($Million) 
AmortlZatlon 

A P PEN D I X C 

Table C-8 

Sensitivity Analysis: Financial Appraisal 

Year Year Year Year Year Year Year 
12 13 14 15 16 17 18 

---------- ---------- --------~- ---------- ---------- ---------- ----------
$42.29 

2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 2,500.00 
2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 2,000.00 

500.00 500.00 500.00 ro
,

OO ro
,

OO 500.00 ro
,

OO 

163
.
60 r3

•
6O r3

.
6O 63.60 63.60 163

.
60 li3.60 

31.80 31.80 31.80 31.80 31.80 31.80 31.80 
00.00 00.00 00.00 00.00 00.00 00.00 00.00 

~458.80 ~458.80 ~458.80 ~458.80 ~458.80 ~458.80 ~45B.80 
398.84 398.84 398.84 398.84 398.84 398.84 398.84 
~7.98 p.98 p.98 p.98 p.98 p.98 ~7.98 

~ 9.88 ~ 9.88 ~ 9.88 ~ 9.88 ~ 9.8B ~ 9.88 ~ 9.BB 
$ 50.9B $ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 $ 50.98 

11.80 11.85 11.97 11.91 1
2

•
03 12

•
09 12

•
15 

2.49 2.57 2.64 2.72 2.80 2.89 2.97 
2.12 2.19 2.25 2.32 2.39 2.46 2.54 

~47. 33 
38.38 

~47.33 
38.38 

~47.33 
38.38 

~47.33 
38.38 

~47.33 
38.38 

~47 .33 
38.38 

~47 .33 
38.38 

~53.85 ~53.8S ~53.85 ~S3.85 ~53.85 ~S3.85 ~53.8S 
$ 05.01 $ 04.82 $ 04.62 $ 04.42 $ 04.20 $ 03.99 $ 03.77 

i55 •84 fSS.84 i5S •84 iSS •84 i5S •84 iS5 •84 i55 •84 
$ 49.17 $ 48.98 $ 48.78 $ 48.58 S 4B.37 $ 48.15 $ 47.93 

167
.
13 167

.
04 166

.
95 166

•
86 166

.
77 166

•
67 166

.
57 

82.04 81.94 81.B3 Bl.72 81.60 81.48 81.36 
$ 09.69 $ 09.69 $ 09.69 $ 09.69 $ 09.69 S 09.69 S 09.69 

$177.46 

$39.88 $39.88 $39.88 $39.88 $39.88 $39.88 $39.88 

$8.57 $8.57 $8.57 $8.57 $8.57 $8.57 $8.57 

$338.03 $337.84 $~37.64 $472.61 $337.23 $337.01 $~36.79 
$65.60 $65.60 65.60 $65.60 $14.60 $14.60 14.60 

N 
.--' 
,I:>. 



A. Imported Eqpt. (SMillionl 
Domestic Eqpt. (SMillion 

60% 
40% 

B. Bauxite Production (1000 tons) 
Bauxite Processed (1000 tons) 
Bauxite Exported (1000 tons) 
Bauxite Pr~ce (f.o.b. per ton) 
Bauxite Revenues ($Million) 
Alumina Production (1000 tons) 
Price per ton alumina (Sl 
Gross Revenue !$Mi1lions 
Less: Royalty 2%) 
Less: Mineral Duty (10%) 
Gross Mine Income ($Millions) 

C. Annual Costs: 
Wages and Salaries ($Million) 

a. Supervisor 
b. Skllled Labor 
c. Unskilled Labor 

Operating Expenses: 
a. Foreign Expenses 40% 
b. Domestic Expenses 60% 

Depreciation ($Million) 
Net Earnings ($Million) 
Depletion {$Million) 
Net Income Before Tax 
Income Tax (45%) 
Net Earnings After Tax 
Depreciation and Depletion 

D. Salavage Value of Equiptment 

E. External Benefits 

F. External Costs 

G. Cash Flow ($Million) 
Amortization 

A P PEN D I X C 

Table C-8 

Sensitivity Analysis: Financial Appraisal 

Year Year 
19 20 

2,500.00 
2,000.00 

500.00 

!63.60 
31.80 
00.00 

$458.80 
$398.84 

$7.98 
$39.88 

$350.98 

~
2.2l 
3.06 
2.61 

$47.33 
$38.38 

$53.85 
$203.54 
$55.84 

$147.70 

1
66.46 
81.23 

$ 09.69 

$39.88 

$8.57 

$336.56 
$14.60 

2,500.00 
2,000.00 

500.00 

163.60 
31.80 
00.00 

$458.80 
$398.84 

$7.98 
$39.88 

$350.98 

~
2.28 
3.16 
2.69 

$47.33 
$38.38 

$53.85 
$203.30 
$55.84 

$147.46 
$66.36 
$81.10 

$109.69 

$143.42 

$39.88 

$8.57 

$479.74 
$14.60 

N 
I-' 
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Table D-1 

Table 0-2 

APPENDDt D 

l!'orecasts in theAl.uai.nua l:ndustxy 

Bauxite Mining Capacity by Region (KTY): 

1985-1995 

Bauxite Mining Capacity in lBA Memeber Countries: 

1985-1995 

Table 0-3 Alumina Refinery Capacity by Region (KTY): 

1985-1995 

Table 0-4 Alumina Refining Capacity in lBA Member Countries: 

1985-1995 

Table 0-5 Aluminum Smelting Capacity by Region (KTY): 

1985-1995 

Table 0-6 Aluminum Smelting Capacity by lBA Member Coutries: 

1985-1995 
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Forecasts in the Aluminum Industry 

Tab~e D-1 

Bauxite Mjnjng capacity by Region (~): 1985 - 1995 

% of % of % of 

Region 1985 Tota~ 1989 Total 1995 Total 

World Wor~d World 

U.S.A. 800 0.77 400 0.33 

W. Europe 4760 4.60 4475 3.71 3830 2.64 

Australia 39550 38.26 39550 32.75 44650 30.80 

Africa 15900 15.38 18550 15.36 20650 14.25 

L.A.& Carib. 22250 21.52 28000 23.19 41950 28.94 

Asia 4355 4.21 5905 4.89 8005 5.52 

Other 4800 4.64 4860 4.02 4860 3.35 

Western World 92415 89.40 101740 84.26 123945 85.51 

CPEs 10960 10.60 19010 15.74 21010 14.49 

Source: IBA Review, July - September, 1990, p.24. 
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'.rabl.e D-2 

Bauzite HiDing Capacity 

in mA Hamler Countries (It'.fY): 1985-1995 

% of % of , of 

Country 1985 Western 1989 Western 1995 Western 

World World World 

Australia 39550 42.80 39550 38.80 44650 36.02 

Ghana 400 0.48 400 0.39 500 0.40 

Guinea 14150 15.31 16650 16.37 18650 15.05 

Guyana 3000 3.25 3200 3.15 5600 4.52 

India' 2305 2.49 3805 3.74 5905 4.76 

Indonesia 1300 1.41 1300 1.28 1300 1.05 

Jamaica 6550 9.25 10850 10.66' 16300 13.15 

Sierra Leone 1200 1.30 1500 1.47 1500 1.21 

suriname 5700 6.17 5000 4.91 3000 2.42 

Yugoslavia 4400 4.75 4400 4.32 4400 3.55 

Total IBA 80555 87.16 86655 85.17 101805 82.14 

W. World 92415 100.00 101740 100.00 123945 100.00 

Source: IBA Review, July-September, 1990, p.25. 
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'rabl.e D-3 

Al.uaiDa Bafinery capacity by Region (K'rr): 1985-1995 

% of % of % of 

Region 1985 total 1989 total 1995 total 

World World Worl.d 

U.S.A. 4350 11..38 4945 12.12 5535 11.29 

Canada 1125 2.94 1140 2.79 1140 2.32 

W.Europe 4782 12.51 4270 10.47 4270 8.71 

Australia 9420 24.64 10525 25.80 13225 26~97 

Africa 620 1.62 620 1.52 670 1.37 

L.A.& Caribbean 5325 13.93 6935 17.00 10110 20.62 

Asia 653 1.71 1607 3.94 1807 3.69 

Other 2320 6.07 2520 6.18 2396 4.89 

western Worl.d 29955 78.36 33472 82.06 40063 81.71 

CPEs 8270 21.64 7320 17.94 8970 18.29 

Total World 38225 100.00 40792 100.00 49033 100.00 

Source: IBA Review, July-September, 1990. p. 27. 
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'rabl.e D-4 

Al.umiDa Refining' capac.ity 

in IBA U bar Countries (It'I'r): 1985-1995 

, of , of , of 

Country 1985 Western 1989 western 1995 Western 
World Worl.d Worl.d 

Austral.ia 9420 31.45 10525 31.45 13225 33.01 

Ghana 
Guinea 620 2.07 620 1.85 670 1.67 

Guyana 315 0.79 

India 653 2.19 1607 4.90 1807 4.51 

Indonesia 
Jamaica 1795 5.99 2495 7.45 3595 8.97 

Sierra Leone 
Suriname 1350 4.51 1450 4.33 1450 3.62 

Yugosl.avia 1320 4.41 1320 3.94 1180 2.95 

Total lBA 15158 50.60 18017 53.82 22242 55.52 

W.World 29955 100.00 33472 100.00 40063 100.00 

Source: lBA Review, Jul.y-September, 1990, p. 29. 
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'!rabl.e D-5 

~UIIl Smel.ting capacity by Region (~,: 1985-1995 

% of % of % of 

Region 1985 '!rotal 1989 Total. 1995 Total. 

Worl.d World Worl.d 

U.S.A 4168 22.69 3973 20.76 4070 16.86 

Canada 1347 7.33 1596 8.34 2328 9.64 

W.Europe 3197 17.40 . 3246 16.96 3487 14.44 

Oceania 1117 6.08 1467 7.66 2142 8.87 

Japan 711 3.87 64 0.33 64 0.27 

Africa 80S 4.38 636 3.32 636 2.63 

L.A.& Carib. 1258 6.85 1641 8.57 3015 12.49 

Asia 828 4.51 1121 5.86 2221 9.20 

Other 618 4.44 826 4.32 816 3.38 

w. Worl.d .14247 77.56 14570 76.12 18779 77.78 

CPEs 4123 22.44 4570 23.88 5365 22.22 

Total. Worl.d 18370 100.00 19140 100.00 24144 100.00 

Source: lBA Review, July-September, 1990, p. 30. 
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~e D-6 

by ma. 5 bar Ccnmtriea (K'l'Y) :1985-1995 

, of " of " of 
Country 1985 western 1989 Western 1995 W •• tern 

Worl.d Worl.d Worl.d 

Austral.ia 823 5.78 1223 8.39 1758 9.36 

Ghana 200 1.41 200 1.37 200 1.07 

Guinea 
Guyana 
India 379 2.66 488 3.35 742 3.95 

Indonesia 225 1.58 225 1.54 225 1.20 

Jamaica 
Sierra Leone 
Suriname 66 0.46 30 0.21 30 0.16 

Yugosl.avia 361 2.53 407 2.79 397 2.11 

Total. lBA 2054 14.42 2573 17.66 3352 17.85 

W.World 14247 100.00 14570 100.00 18779 100.00 

Source: lBA Review, July-September, 1990, p. 35. 



Table E-1 

Table E-2 

'lable E-3 

Depletion Calculation 

AI Cost or Unit Depletion 

BI Statutory Depletion Calculation 

Depreciation Calculation baaed on capital Coat 

Eatimate in Table 5.11 

Depreciation Calculation baaed on Capital Coat 

Esimate in Tables 5.14 and 5. 15 
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Table E-l 

Depletion calculation 

AI Cost or Unit Depletion Calculation 

Preproduction expenses 

Size of Kibi Deposit 

unit Depletion rate 

Production in year 1 

Adjusted reserve 

Unit depletion rate 

Production in year 2 

Depletion allowance 

$ 19.678 million 

180 million tonnes 

Depletion Basis 
Reserve to~age 

19.678 x 106 

180 x 10 6 

$0.1093 - 10.9 cents I tonne 

1.25 x 106 tonnes 

$ 109,322.22 

(180 - 1.25) x 106 

178.75 million tonnes 

19.56867778 

178.75 

$ 0.1094 

2.5 million tonnes 

$ 0.1094 x 2.5 106 

$ 273,500.00 
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B/ Statutory Depletion Calculation: 

Year 1: 0.14 (Gross Income) = 0.14($199.42) = $27.92 million 

0.50 (Net Income) 

Depletion allowance 

Year 2: 0.14 (398.84) 

0.50 (206.65) 

Depletion allowance 

0.50(31.30 ) = $15.65 million 

$15.65 million 

= $55.84 million 

= $103.33 million 

$55.84 million 

* Note: Unit Depletion is less in both years, so the greater is chosen 
as Depletion Allowance. 



'Tabl.e g-2 

Depreciation Cal.cul.ation 

A/ Refinery Capital. = 0.05 ($853.848 - $85.3848) 

= 0.05 ($768.4632) 

= $38.423 mil.l.ion 

B/ Mine and Pl.ant = 0.20 ($38.98 - $7.796) 

= 0.20 ($31.184) 

= $6.2368 mi1l.ion 

C/ Infrastructure = 0.05 ($221 - $22.11) 

= 0.05 ($198.99) 

= $9.9495 mill.ion 

Annual Depreciation = $38.423 + $6.2368 + $9.9495 

= $54.61 

Source: Computed from /tabl.e 5.11 

226 



227 

'I'abl.e B-3 

A/ Refinery Capita~ -0.05 ($2071.717 - $207.1717) -0.05 ($1864.5453) 

- $93.227 mi~~ion 

B/ Mine and P~ant Capita~ -0.20 ($79.031 - $15.806) -0.20 ($63.225) -$12.645 mi~~ion 

C/ Infrastructure - 0.05 ($81.0375 - $8.1075) 

- 0.05 ($72.93) -$3.6465 million 

Total Annua~ Depreciation -$93.227 + $12.645 + $3.647 -$109.519 million 

Source: Computed from Tab~e 5.14 and 5.15 
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