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ABSTRACT 

This study explore~ the impacts of physical and policy variables on the economics of the 

development of a hypothetical 500 tid underground polymetallic (Zn-Ag-Pb) vein deposit 

in the Sud Upez region of the Bolivian Altiplano. Because of recent changes in the legal 

system, it is more attractive, interesting and worthwhile to examine the effects of policy 

variables that reflect the implications of the new legal system. For this purpose, an 

holistic investment methodology defined as the Investment-Worth model is developed 

to evaluate the risks and rewards to capital investments. Results of the study confirm 

that even in risky environments development of mining activities remain primarily driven 

by the quality of the ore reserves and the market conditions for the commodities of 

interest. Under the most probable scenario, the deposit of interest would remain a viable 

investment opportunity at zinc ore grades greater than 9%. Furthermore, the model 

demonstrates that the investment worth of a project is not the same across firms in the 

industry. Attractiveness of a project varies with economic and risk-related characteristics 

of firms. Specifically, investment in the zinc-based polymetallic deposit in the Altiplano 

will be more attractive to firms of at least moderate size that possess the required 

technical knowledge and skills but are not currently involved in zinc production. 
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1.- INTRODUCTION 

1.1 Objective of this Study 

The past decades have seen many of the formerly closed economies of the 

resource rich Third World countries adopt free market policies. Nationalistic policies, 

which for decades have discouraged private sector participation in the exploration and 

development of their mineral wealth, are being rapidly replaced by policies designed to 

provide a level playing field to attract foreign investment. In fact during the last few 

years, many of these countries, acknowledging their lack of investment capital necessary 

for the development of large mining projects, have actively pursued the involvement of 

international companies. These philosophical and economic changes have considerably 

increased the number of potential mining projects available in these countries. As a 

result, the interest of multinational companies in mining investment opportunities within 

these regions has revived. However, in order to select the best project among the 

numerous alternatives, mining companies must be able to identify the principal factors 

affecting the investment worth of the proposed projects. Put differently, does the 

expected rewards to capital outweigh the risk of the venture? To this end, this study 

provides an analytical tool which incorporates the principal economic and physical 

variables affecting the worth of the project. This tool, defined as the Investment - Worth 

model, aids decision-makers to address critical issues such as: 

What are the principal parameters affecting the worth of the project? How 
sensitive is the investment worth to changes in prices, ore grades, exchange 
rates, additional capital expenditures, and infrastructure costs? What Is the effect 
of taxation on the profitability of the project? Are current rates prohibitive for 
development? How sensitive is the value of the project to infrastructure costs? 
What are the partial elasticities regarding the level of output? What, if any, is the 
role of the size of the investing firm? Does the business structure of the firm 
affect the worth of the project? If so, to what extent? 

These issues can be quantitatively examined using the investment worth model. 



1.2 Background 

1.2.1 Country Risk 
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In Latin America, expropriation of private assets began in Mexico in the 1930s, 

in Bolivia and Argentina in the 1950s, followed by Venezuela, Peru, Brazil, and Chile in 

the 1960s and 1970s (Duncan 1991). With respect to mining, by and large, the newly 

created state mining corporations often became large bureaucracies respondent to the 

governments' political agenda within a very short period of time, if not from the onset. 

In an effort to examine the role of mineral wealth in the economic growth of less 

developed countries, J. Tilton (1992) edited Mineral Wealth and Economic Development. 

Part of this section examines those studies. Moran (1992) proposes the obsolescing 

bargain hypothesis to explain why the mining industry is more vulnerable than other 

industries to nationalization, forced renegotiations, expropriations and other types of 

disruptions on their operations. Basically, Moran suggests the degree of leverage on 

contract negotiations is a function of time. In the earlier periods of the project, during 

the exploration and pre-production stages, the private firm assumes all of the financial 

risk and provides technological know-how, and thus bears dominance on the terms of 

the contract. However, during subsequent stages, after incurring large sunk costs in 

exploration and development activities, the private firm becomes much more vulnerable 

to forced contract renegotiations, expropriations, and other restrictions dictated on the 

terms of the government. In essence, after the large sunk costs the private corporation 

is held captive by the immobility of the deposit. Moran argues the mining industry is not 

really suited to take advantage of brand recognition, rapid technological changes, and 

other conditions which may deter hostile actions from Third World governments. 

Nationalization policies embarked upon in past decades have not produced the 

outcomes desired or envisioned by their proponents. In a recent study Bomsel (1992) 

concludes that most low income mining countries used their mining rents exclusively to 

postpone necessary structural economic adjustments. By and large, revenues from the 
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mining sector were dissipated in non-productive investments, as reflected by a decline 

on per capita income since 1975 in 75 percent of the 15 mining countries surveyed. 

Somsel, along with Looney and Knouse (1987) point to an earlier World Sank study 

(Nankani, 1980) which identifies common problems encountered in low income mining 

countries. Among· the negative patterns observed in these economies are: the 

emergence of a sectorial wage differential, a decline of the agricultural sector, a limited 

export base, and a general shift towards consumption rather than savings and 

investments. These trends were exacerbated by nationalization policies sweeping Third 

World countries. 

Looney and Knouse (1987) also find the economies of low income mineral 

countries to be considerably distinct from their non-mineral counterparts. Although they 

attribute the high levels of external debt as the principal factors for this difference, their 

overall results reinforce the general characteristics of low income mining economies. On 

the positive side, the mining sector generates foreign exchange, employment, and fiscal 

revenues through taxes and royalties. However, on the negative side, these authors 

note that the mining sector has a tendency to: create an enclave environment, provide 

limited downstream economic integration, generate foreign exchange revenues which are 

often unstable because these depend on international market prices, maintain a 

constricted export base, limit substantial improvement on worker standard of living, often 

damage the environment, employ a relatively small work force (mining is a capitaJ 

intensive industry rather than labor intensive). As Somsel (1992) accurately points out, 

most of the negative outcomes mentioned above can be, to a great extent, attributed to 

the governments' administration of their mining rents. Moreover, expropriations policies 

have not been limited to the natural resources industries. As J. Duncan relates (1991). 

before the 1969 expropriation of sugar plantations in Peru, the country was not only self 

sufficient but exported this commodity. Today, Peru is presently a net importer of sugar 

Walde (1990) and Moran (1992) argue that high commodity prices prevailing 
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around the early 1970s greatly contributed to the efforts of various governments to 

pursue forced renegotiations and nationalization policies. Furthermore, the existence of 

surplus investment capital in the global market, generated by substantial economic rents 

in the oil industry, not only facilitated but encouraged state enterprises to obtain 

international credit. In addition, countries rich in natural resources felt, in many cases 

justifiably, that mUltinational corporations were exploiting their national patrimony without 

concern for their economic welfare. For example, contract agreements in the 1960s 

between the governments of recently independent nations and private firms were biased 

in favor of the private firms, as if negotiations were still being conducted under colonial 

rule (Radetzki, 1992). Leaders of these mineral rich countries also objected to the loss 

of added value opportunities resulting from a lack of downstream economic links. They 

noted the ore extracted from their regions was not only processed in foreign markets, 

but eventually returned to the Third World economies as finished products commanding 

premium prices. As a result, a new economic ideology advocating high import taxes, 

tariffs, and other barriers to trade were recommended throughout these countries to 

protect the domestic industry (Prebisch, 1963). Twenty years later, there is ample 

evidence of the failure of most of these nationalistic policies to act as engines for 

economic growth. 

1.2.2 The Bolivian Case 

The following paragraphs present Bolivia as a representative example of a mining 

country whose economy has experienced many of the negative repercussions discussed 

above. In addition, steps taken to alleviate and reverse such conditions are also 

discussed. 

Even before colonial times the rich mineral occurrences encountered in the region 

now comprising Bolivia have attracted significant interest. In fact, silver mined in Potosi 

during the colonial era facilitated the emergence of the Spanish Crown as a powerful 



18 

world empire. However, these deposits were rendered unprofitable as prices declined 

significantly after the discoveries of large deposits in Mexico, Peru, and elsewhere. The 

abandonment of silver workings in Bolivia at the end of the nineteenth century, led to the 

exploitation of different ores in which a new metal, tin, replaced silver as the principal 

product. In fact, tin became the pillar of the Bolivian economy throughout most of the 

twentieth century. In 1929 exports of tin (contained in concentrates) reached close to 

47,000 tons. Overall, exports of this commodity accounted for the bulk of Bolivia's 

foreign exchange earnings. As revenues from this commodity increased, the economic 

rents accruing to the three individuals who controlled tin production in the nation (Patino, 

Hochschild, and Aramayo) made them the most powerful men in Bolivia. However, a 

series of negative factors, including their low levels of tax payments, the low wages patd 

to the work force, and their manipulative political clout provoked a deep resentment 

among the Bolivian population. Discontent with the mining oligarchy proved to be one 

of the principal catalysts that produced the 1952 revolution. 

With the 1952 nationalization of the mines decree, Bolivia became the forerunner 

of a movement that would eventually sweep Third World mineral rich countries. 

Although Bolivia preceded Chile, Peru, Zambia, Zaire and other countries by several 

decades, the general objective behind the nationalization movement was the same: to 

allow the state rather than private interests to collect the economic rent derived from the 

exploitation of the country's minerals. That is, to allow the state to collect excess profits. 

Movimiento Nacionalista Revolucionario (MNR), the political party architect of the 1952 

Bolivian revolution, adopted two transcendental policies upon assuming power: the 

agrarian reform, and the nationalization of the "Iarge" private mining sector. The 

agrarian reform transferred ownership of land from landowners to those workers 

(peasants) who actually cultivated the land. The nationalization of the mines revoked 

to the state the largest tin mines formally under the control of Patino, Hochschild, and 

Aramayo. To administer and operate these new mining assets, the government 
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established the Corporacion Minera de Bolivia (COMIBOL). In a similar fashion, during 

the 1960s and 1970s, other developing nations with high mineral endowment 

nationalized the mining assets of multinational corporations and established state mining 

corporations. 

Upon its creation, COMIBOL (Corporacion Minera de Bolivia), the Bolivian state 

mining enterprise, became one of the largest mining companies in the world. However, 

from the onset Comibol experienced a series of difficulties, including lack of autonomy 

from the state, a corporate strategy centered on short term goals (Le. export revenue 

and employment maximization), almost a total neglect of exploration efforts, use of 

obsolete technology, and the evolution of "social mines" (e.g. employment sources). 

Disintegration of the International TIn Council in 1985, accompanied by a 50% fall in tin 

prices, accelerated Comlbol's route to financial collapse. The impact of plummeting tin 

prices was not limited to Comibol, but rather it affected the whole Bolivian economy as 

evidenced by the hyper-inflation, high unemployment, and general demonstrations 

reflecting the population discontent. As a result, President Siles Zuazo was no longer 

able to hold a national mandate and thus opted to call for general elections in 1985, one 

year prior to the official completion of his four year term. In late 1985 Paz Estenssoro 

assumed power and immediately launched decree 21060, a blue print for the New 

Political Economy which endorsed free market policies to reverse the state of chaos of 

the Bolivian economy. 

Congress has solidified the principles stipulated in decree 21060 by passing the 

Investment Law, the Mining Law, the Hydrocarbons Law, the Privatization Law, and the 

Law of Public Administration and Control. This set of new legislation is expected to 

provide a favorable climate for private investment, both foreign and domestic. Among 

the principal features present'in the above legislation to attract foreign private investment 

are: unrestricted remittance of funds, free currency convertibility, inflation under control, 

and reduced barriers to trade. Equally important, exchange rates, interest rates, prices, 
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and wages in the private sector are now market determined, thus encouraging the 

establishment of a liberal economy rather than a controlled system. With respect to 

mining, the most salient features of the revised mining code or new mining law (1991) 

are: i) to implement a new mining taxation system, based on a 30% profits tax replacing 

royalties on production, ii) to permit Comibol to form joint ventures, leasing agreements, 

and other types of partnerships with private foreign or domestic firms, iii) to allow foreign 

companies to engage in the development of mining activities along the previously off

limits 50km international border zone, and iv) to eliminate most fiscal reserve areas 

previously under Comibol's control and open to private firms, either foreign or domestic. 

Although Bolivia is embarking on its second decade of continuous democratic 

rule, investors remain hesitant to commit capital funds in this nation with such a long 

history of political and economic turmoil. This is of particular concern for mining 

companies, as their projects require considerable capital and often last several decades. 

Today, investors are not as much concerned about the recurrence of extreme hostile 

policies, such as nationalization of their assets, as they are about other forms of breach 

of contracts. The recent legislation should definitely appease these fears as it provides 

guarantees against political risk and other forms of abuse that would prevent the 

establishment of a propitious climate for private investment. 

1.2.3 Social and Political Climate of Bolivia 

Bolivia consists of 1.1 million square kilometers and has a population of about 

7.6 million, with an annual growth rate of 2.8% (1991). Around half the population lives 

in the Altiplano, a third in the highland valleys, and the other third in the lowlands. La 

Paz, Cochabamba, and Santa Cruz, the ttvee largest cities in Bolivia, account for over 

75 percent of the population. Per capita Income in 1991 was about $630. 

Education is compulsory for all children under 14 years of age. The state 

provides human and financial resources for rnuch of the education establishment which 
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is gratis to all children. For higher education there are ten state funded universities and 

several private colleges. Literacy rate in 1985 was 76 percent. 

The political structure ·of the country consists of executive, legislative, and 

judiciary branches. The executive branch is made up of the president of the republic 

who (along with the vice president) is elected every four years. The president is 

responsible for the appointment of a seventeen-member cabinet. The legislative branch 

consists of: the Senate chamber with 27 members, and the chambers of Deputies with 

130 members. Both, senators and deputies are elected every four years. The judiciary 

branch is composed of the Supreme Court, located in Sucre, and the rest of the district 

and regional courts. 

Stability of Currency has been achieved through the implementation of a new 

system of hard currency auctions that guarantees a real exchange rate. In this manner, 

the gap between the official exchange rate and the parallel market rate has practically 

been eliminated. Between the end of 1985 and the beginning of 1993 the boliviano 

(national currency) has gradually devaluated from 2Bs/$ to 4Bs/$. 

Bolivia is a safe place to live, work, and visit. Unlike other nations in Latin 

America, terrorism, guerrilla warfare, and other violent activities have failed to flourish 

in this nation. Cities and towns throughout Bolivia remain unquestionably secure to 

conduct business activities. Foreign personnel enjoy the same rights and privileges as 

all nationals regarding their working conditions, holidays, social benefits and other 

benefits and obligations. 

1.3 Related Work 

1.3.1 Markowitz's Mean - Variance HypotheSiS 

In 1952, Harry Markowitz, introduced the concept of variance as a measure of 

risk to evaluate investment portfolios. Addressing the relationship between risk and 

reward he reMed the prevalent notion that investment portfolios should be based ()('t 
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maximization of discounted expected returns. He argued instead for the use of mean 

and variance of expected returns for the selection of investment portfolios. The 

underlying premise of Markowitz's hypothesis states that investors will attempt either to 

maximize expected returns (mean) for a given risk, or minimize risk (variance) for a 

given expected return. Furthermore, variance (risk) is treated as a non-homogeneous 

factor in its economic consequences to the investment portfolio. In this context 

Markowitz developed a set of efficient mean-variance combinations identified as the 

"efficientfrontier" from which investment portfolios should be selected. Movements along 

the efficient frontier require trade-offs between risk and return: higher expected returns 

are accompanied by greater risk, lesser returns by smaller risk. 

Although the mean-variance hypothesis does not eliminate the possibility of 

undiversified efficient portfolios, in practically all cases the hypothesis suggests 

diversification of the right kind and for the right reason. High positive covariance among 

securities within a portfolio should be avoided. In other words, since the objective is to 

mitigate risk through diversification, each portfolio should be composed of securities 

covering a spectrum of industries with different economic characteristics. In an empirical 

study, Fama (1976) selected at random, one at time, 50 securities from the New York 

Stock Exchange. At each step Fama calculated the standard deviation of return of the 

new portfolio. He concluded the optimum number of securities to successfully achieve 

diversification (i.e. approaching minimum variance) is between 10 and 15. 

Capital Asset Pricing Model and Arbitrage Pricing Theory 

Although Markowitz postulated modern portfolio theory in the early 1950s, it was 

not until twenty years later, with the advent of the Capital Asset Pricing Model (CAPM), 

that the mean-variance hypothesis was adopted by the finance community. The principal 

architects of this model were W. Sharpe (1964), J. Lintner (1965), and J. Mossin (1965). 

Subsequently, in the 1970s, a new equilibrium model called the Arbitrage Pricing Theory 
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(APl) was developed by S. Ross (1976). The principal difference between these two 

models is that the CAPM is a single factor model (i.e. one explanatory variable) while 

the APT is a multi-factor model. Copeland and Weston (1988) suggest the CAPM ia a 

special case of the APT. In essence, both models measure the value of an asset in 

terms of its risk and return. 

1.3.2 Capital Asset Pricing Model (CAPM) 

Harrington (1983) indicates the CAPM is essentially a risk premium model, 

meaning low risk is accompanied by low returns while high risks is associated with high 

returns. Specifically, expected return for a particular asset is related to the riskiness of 

such asset through beta, B, the asset's coefficient of risk. 

Although, investors demand higher returns on the riskier assets, the market will 

compensate investors only for unavoidable risk, defined as systematic risk. Conversely, 

the risk which can be eliminated by diversification is labelled unsystematic risk. Put 

differently, the market would not compensate for poor managerial performance, or other 

non-market related risk. On the other hand, the market will compensate for systematic 

risk which may evolve from socioeconomic and political events that affect the whole 

market (Harrington, 1983). 

In the CAPM, B (beta) is the parameter which measures the level of systematic 

risk peculiar to the security of interest. In theory, B should be based on the complete 

market portfolio, meaning to the complete portfolio of stocks, bonds, real state, and 

human capital. However, in practice, the market portfolio is usually represented by stock 

market indices such as the Standard & Poor's 500-Stock Price Index, and the Wilshire 

5000 Stock Index. By definition, B=1 for the market portfolio. B's greater than 1 imply 

the asset is more volatile than the market, conversely B's less than 1 imply securities 

less volatile than the market. According to Van Horne (1992), those assets with B's 

greater than 1 are often referred as "aggressive" investments, while those securities with 
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B less than 1 are labelled as "defensive" investments. 

Expected returns from an asset (or portfolio) j using the CAPM model can be expressed 

as: 

(1.1 ) 

Bj = (covariance[E(R~,RAF)] / variance M) 

where E(Rj) is the expected rate of return for the asset (portfolio) j, RAF is the risk free 

rate of return, Bj is asset's j coefficient of risk with respect to the market, E(R~ 

represents the market expected rate of return, and variance M is the variance of the 

market portfolio. Letting RAP equal the risk premium (E(R,J-RAF), equation 1.1 can be 

written as: 

E(R~ = 

The CAPM therefore establishes a positive linear relationship between the rate of return 

of a given asset and risk (i.e. risk premium). 

1.3.3 Risk Premium 

Risk premium is defined as the return in excess of the risk free rate that investors 

demand on their capital exposed in risky assets. Risk free rate of return is usually the 

yield on short term U.S. Treasury Bills, or long term U.S. government bonds. Empirical 

relations between the risk free assets (Le. proxies) versus riskier assets can be 

illustrated by using Ibbotson Associates (1988) computations of the geometric mean, 

arithmetic mean, and standard deviation of returns for common stocks (Standard & 

Poor's 500), small stocks (last quintUe on the New York Stock Exchange), long-term U.S. 

government bonds, U.S. Treasury Bills instruments, long-term high-grade corporate 

bonds, and the consumer Price Index for the period 1926-1987. As expected, the 

highest average standard deviation (35.9%) is for a small company. On the other hand, 

the average standard deviation for the highly liquid U.S. Treasury Bills is only 3.4%, 

while for long-term U.S. government bonds the average is 8.5% for the 1'926-87 period. 
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With respect to the risk premium, using the index for common stocks as the market 

portfolio and U.S. long term government bonds as the risk free assets, the geometric 

mean is equal to 6.9% for the 1926-87 period. Van Horne (1988) suggests the 

geometric mean is better suited to examine long term capital investments, while for 

analysis of just 1 period he recommends using the arithmetic mean. In terms of the 

arithmetic mean, the above risk premium for this same time period would be 7.4%. 

However, if U.S. Treasury Bills were employed as the proxy for risk free assets, rather 

than long-term U.S. government bonds, the arithmetic mean of the risk free rate would 

climb to 8.5%. Some prefer long term bond rates over Treasury Bill rates because the 

latter may reflect a preference by investors for their greater liquidity, which would cause 

the rates to understate the true risk free rate. 

1.3.4 CAPM Assumptions 

As with any theoretical model, the CAPM rests on a series of assumptions, some 

of which have been challenged by its critics. Sharpe and Alexander (1988) cite the 

principal assumptions of the CAPM; 

- investors evaluate portfolios by looking at the expected returns and standard 

deviations of the portfolio over a one period-horizon; 

- investors are never satiated, they will select the portfolio with higher expected 

returns (assuming same risk among alternatives); 

- investors are risk-averse; 

- individual assets are infinitely divisible; 

- there exists a risk-free rate at which investors may lend or borrow; 

• taxes and transaction costs are Irrelevant; 

• all investors have the same one-period horizon; 

• the risk-free rate is the same for all investors; and, 

• investors have homogeneous expectations regarding returns, variance, and 
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covariance of securities. 

Another assumption that often is invoked to facilitate estimation is that inflation affects 

only the risk-free rate. Although many researches (Roll, 1977; Mullins, 1982; Breeden 

et.aL,1989) have questioned the validity of the above assumptions and the performance 

of the CAPM in real world applications, the model remains a useful tool for corporate 

finance. As Harrington (1983) points out, analysts must be aware of the assumptions 

and limitations of the model to apply it successfully. 

1.3.5 Arbitrage Pricing Theory 

Arbitrage pricing theory (APl) developed by S. Ross (1976) is also an equilibrium 

model similar to the CAPM. The APT argues returns on a security are linearly 

dependent on several factors (i.e. multi-factor model), as contrasted to the single factor 

CAPM, whose expected returns depend on the assets B. As the name implies, APT 

assumes that arbitraging across factors drives the model to equilibrium. The general 

form of the model can be expressed by: 

E(R) = CXo + a1b 1j + ~b2j + ... + <Xr,bnj (1.2) 

where E(R) is the expected return on asset (portfolio) j, CXo represents the risk free rate, 

and a j represent the risk premium associated with factor b1j (Van Horne, 1992). Use of 

the APT is further complicated because the factors b1j in equation 1.2 are not given. 

Chen, Roll, and Ross (1983) suggest four macroeconomic factors are the most 

significant in the APT model. These are: i) index of industrial production, ii) changes in 

bond risk premium, iii) changes in the yield curve (Le. difference between long and short

term U.S. government bonds), and iv) changes in unanticipated inflation. Clearly the 

APT removes the restrictions of the CAPM's exclusive reliance on B as the measure of 

risk. This multi-factor model allows investors to assign different risk premiums according 

to their individual risk preference (e.g. inflation tolerance, industrial production, price

earnings ratio, etc.). In summary, both the CAPM and the APT models suggest a linear 
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relationship between expected returns and risk. 

The trend in the last few years has been towards the development of more 

sophisticated asset pricing models. Harrington, rightly concludes future directions may 

lead back to the complicated statistical-mathematical dynamic portfolio postulated by 

Markowitz over 40 years ago. 

1.4 Plan of the Dissertation 

Chapter 2 presents the conceptual framework of the investment worth model 

developed in the study. Chapter 3, discusses salient features of the proposed Bolivian 

polymetallic deposit, providing an overview of the Sud Lipez region. In addition, the 

chapter examines selective polymetallic workings in the area and recent studies 

conducted by the U.S. Geological Survey and the Servicio Geologico de Bolivia 

regarding undiscovered polymetallic deposits. Furthermore, Chapter 3 also presents the 

economic profiles of the zinc, lead, and silver industries, the principal commodities of the 

case study. Chapter 4 reviews the organizational structure of the Corporacion Minera 

de Bolivia (COMIBOL), the State Mining Enterprise. This institution has been, for over 

three decades since its inception in 1952 until the collapse of world tin prices in 1985, 

the bastion of the Bolivian economy. Today it is experiencing a major economic crisis, 

this has lead COMIBOL to actively seek foreign partners for both their existing and future 

operations. Chapter 5 provides an overview of recently enacted Bolivian legislation 

designed to create a favorable investment climate. Legislation discussed in chapter 5 

includes the Mining Law (1991), Investment Law (1990), and Privatization Law (1992). 

In this context, the legal, fiscal, and administrative mining investment conditions both 

from the domestic and the foreign private industry perspectives are analyzed. Chapter 

6 reviews the environmental legislation passed by Congress in 1992. The analysis 

examines possible economic consequences of environmental legislation in the 

development and planning of mining activities in Bolivia. Estimation of the model relation 
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and parameters is conducted in Chapter 7. These derivations enable us to estimate the 

cost of capital-risk relationship, as reflected by capital markets. Chapter 8 develops and 

demonstrates, the Investment~Worth functional relationship. Furthermore, the effects of 

physical and economic variables on the investment worth are examined. A series of 

sensitivity analyses including the effects of firm size on investment worth of the project 

are also discussed. General conclusions of the study are presented in Chapter 9. 
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2.- CONCEPTUAL FRAMEWORK 

Investment worth of a mining project is not the same across firms in the industry. 

The attractiveness of a proposed project changes when the investment evaluation 

explicitly evaluates the economic consequences of risk to the firm. Moreover, as 

corporations are owned by stockholders who bear the consequences of risk, the 

economic evaluation of risk ultimately is determined by capital markets. Accordingly, an 

estimate of the investment worth of a project should imitate and estimate this ultimate 

market evaluation. 

Project net present value (NPV) , has been embraced by the business community 

as a useful financial measure of an investment when cash flows are discounted at the 

long run marginal cost of capital (LRMCOC). However, a considerable shortfall of relying 

exclusively on NPV for investment evaluations is that project NPV alone has limited 

value if investment were to modify the firm's risk, hence LRMCOC. Because NPV alone 

does not link the firm's business risk to that of the project, business diversification, which 

may reduce shareholders' overall exposure to risk and thus increase the investment 

worth of the project, is not reflected in the analysis. 

Investors expect a minimum rate of return from the firm's securities in accordance 

with economic characteristics of the industry, the firm's risk class, and its capital 

structure. This rate of return on investors' funds becomes the corporation's cost of 

capital. According to risk premium models, including the capital asset pricing method, 

firm risk and cost of capital are directly related (Harrington, 1983): 

RI = RRI' + RI + RRP (2.1) 

where, Ri represents expected returns on the assets of firm j, RAF the risk free rate of 

return in real terms, RI the inflation rate, and RAP the risk premium. Thus, a project that 

diversifies the firm's investments decreases the required risk premium and, therefore, the 

firm's cost of capital. This decrease in cost of capital is a feature of the project and its 

value (+ or -) should be ascribed to the investment worth of the project.· 



30 

A comprehensive investment framework, denoted as the Investment-Worth model 

(Harris, 1990) is developed to demonstrate the main hypothesis that investment worth 

of a project is not the same across firms in the industry. The investment-worth function 

evaluates the economic worth of the project within the overall context of the firm. 

Specifically, the worth of the investment is assessed by estimating the market value of 

the firm prior to and after hypothetical annexation of the proposed project. Put 

differently, the value of the firm, including contributions from the project, is reevaluated 

at the firm's new cost of capital (Le. revised risk to shareholders). Accordingly, to 

determine the project's contribution to the creation of value to the firm's stockholders, 

decision makers can examine the outcome of the investment-worth, W: 

W = .V + NPV(k') , 

where .V equals change in the initial value of the firm in response to revised cost of 

capital, k', and NPV(k') which is equal to the net present value of the project discounted 

at the new cost of capital k' due to investment in the project. 

Theoretically the firm should pursue those projects for which W is greater than 

or equal to zero, as these projects would create value to the corporation. However, 

budget constraints may force management to impose economic filters (i.e. minimum 

acceptable W) to select the most promising investment opportunities. Clearly, the 

estimation of investment worth requires a relationship that relates rate of return (or cost 

of capital) to risk. 

2.1 Rate of Return - Risk Relationship 

Risk-premium models are a subset of capital market models which operate on 

the principle that equity holders demand a level of return on their capital investment 

commensurate to the degree of risk (Hanington 1983). Compensation for risk varies 

widely, ranging from instruments defined as risk free (e.g. U.S. Government bonds) at 

the low end of the scale, to highly risky assets (e.g. junk bonds) at the high end. 
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Shareholders, therefore demand a premium on their investment according to the level 

of risk above the risk free rate. Although risk-premium models are traditionally employed 

in portfolio theory, they can also be utilized to establish the rate of return-risk relationship 

for individual firms. 

In portfolio theory, expected return on assets of firm j, Rj, can be described in 

terms of the risk free rate of return in real terms, RRF' the inflation rate, RI , and return 

that compensates for risk, or risk premium, RRP (see equation 2.1). 

Letting R· represent the nominal risk free rate (R·=RRF+R,), equation 2.1 can be written 

as: 

(2.2) 

Suppose, following Quirin (1967) and Harris (1970), we adopt as a measure of risk the 

coefficient of variability of the firm's value ovN: the ratio of the firm's dispersion of value 

(ov) from its expected value to the firms expected value, V, as determined by capital 

markets. Suppose that we postulate that the firm's risk premium, RRP' is the product of 

its coefficient of risk aversion, a, with its coefficient of variation, ovN: RRP= a(crvN) , then 

substituting for RRP in equation 2.2 yields: 

RJ = R* + a (o.jV) (2.3) 

High dispersions (ov) relative to the firm's mean value M are accompanied by a high 

levels of uncertainty or risk, thus increasing the required return Rj• Similarly, a drop in 

the level of the firm's expected value, V, relative to the firm' variance, ceteris paribus, 

would increase the firm's risk level, raising the required return Rj• Conversely, a small 

standard deviation in relation to the mean, would indicate low levels of risk" hence 

decreasing Rj• 

As new projects are undertaken by the firm, capital markets will reflect these 

activities through demand for and prices of the corporation's stocks. For exampe. 

investment that diversifies the business of the firm and, therefore, its risk reduces 0./'1. 

which reduces the required return. For a given level of firm profits and associated 
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dividends, this lesser risk, whether real or simply perceived by investors, is attended by 

higher stock prices, thus increasing the market value of the corporation. 

2.2 Cost of Capital - Risk Relationship 

As the rate of return required by investors becomes the corporation's cost of 

capital we rewrite equation 2.3 in terms of the firm's cost of capital: 

k = k* + a (oJV) (2.4) 

where k is the firm's cost of capital, k* the risk free rate, a the risk coefficient of the firm, 

and ojV the firm risk. Risk preference theory, as well as statistical investigations, 

indicate that a is positive, as an increase in risk would be attended by an increase in 

ojV and thus an increase in k. The higher the risk, the higher the cost of capital to the 

firm. By this model, economic consequences resulting from adoption of a project are 

reflected by a change in ojV to oy'N' and a change in k to k': 

k' = k* + a (ov'N') 

where: V' = V(k) + NPV(k) 

oy' = (ov2+op2+2rovop)'II 

Although the new cost of capital, k', is determined by the same cost of capital 

relationship (intercept k*, and slope a), k' generally differs from k because of change in 

the value and variance of the firm from V to V', and from (Oy)2 to (Oy)2. The new 

estimated value of the firm, V, after adoption of the project, is equal to the sum of its 

initial market value, V, and the net present value of the project, NPV. The new variance 

of value (ov)2 incorporates two additional factors: the variance of the project (O~2, and 

r, the correlation coefficient between the value of the firm and value of the project. The 

coefficient r reflects potential diversification benefits to the firm to be gained from 

adoption of the project. In other words, r indicates the degree to which the project can 

provide economic counter-cyclicity to the investing firm. Clearly, the revised variance of 

the firm's value (Ov)2 could fall when r is less than 0 and OV is large relative to Op. When 
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r=O, the variance of V' is simply the sum of the variance of the initial firm value and 

project value. Of course, oy'N' may increase or decrease or remain the same depending 

upon the magnitudes of V, P, av, op, and r. In essence, the cost of capital relationship 

is a crucial component in the investment-worth model, because it links the economic 

characteristics of the proposed project to the overall value and risk of the firm (Quirin, 

1967 and Harris, 1990). 

2.3 Investment - Worth 

2.3.1 The Conceptual Model 

The investment-worth, W, of the project is the sum of the change in value of the 

firm ( ... V), and the net present value of the project when evaluated at the revised cost of 

capital: W= ... V+NPV(k1. In general, those projects for which the worth, W, is greater 

than or equal to zero are acceptable investments. In summary, W, provides a simple 

but comprehensive economic criteria for the investment decision. 

W = .V + NPV(k') 

= V(k') - V(k) + NPV(k') (2.5) 

where 

k' = k* + a (oy'N') 

V' = V(k) + NPV(k) 

a' y _ (2 2 2 )~ - Oy +op + royop 

2.3.2 A Generalized Function Model (8) of Investment Worth 

The foregoing presents the basic conceptual framework for a comprehensive 

evaluation of investment worth. Clearly, once the required equation and measures have 

been estimated, the computation of W is trivial. But as W varies with physical and 
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economic determinants, the conceptual model does not reveal easily how W changes 

with these determinants. In this study the investment-worth model is illustrated on a 

hypothetical 500 tid underground mining and milling polymetallic (Zn-Ag-Pb) operation 

in the Bolivian Altiplano. Consequently, in addition to considering the physical and 

economic parameters required for project evaluation for operations located in more 

politically and economically stable regions, such as the U.S., the model must also 

explore the risk of policy variables peculiar to Bolivia. Among these are: recent changes 

in the minerals taxation system, enactment of comprehensive environmental legislation, 

monetary policies (e.g. exchange rate), and tax shelters (e.g. depreciation). Accordingly, 

the conceptual model is generalized to be a function of economic and physical 

determinants of the project, given the firm's value and variance of value as shift 

parameters: 

W = 9 (p, q, t, tx, infr, Infp, inc, er, r, sdp; V, Oy2) (2.6) 

where p is the price of zinc ($/1 b) , q is the average zinc ore grade (fraction), t is the 

annual ore production (000 mt), tx is the profits tax rate (fraction), infr is the infrastructure 

capital expense ($ million), infp is a categorical variable that takes a value of 1 or 0 

according to whether infrastructure capital expenditure is depreciable (1) or not (0), inc 

is the incremental capital investment ($ million), er is the exchange rate (Bs/$), r is the 

correlation coefficient between the value of the firm and value of the project, sdp is the 

standard deviation of the project's net present value ($ million), V and 0/ are the initial 

market value and variance of value of the firm ($ million) for the model of interest (i.e. 

firm size). If e were known or estimated, a mining firm could examine the effects of 

changes in key parameters on the investment worth of the project. 

2.3.3 Response Function as an Estimate of 9, Conditional Upon V and 0v 

Results of equation 2.5, for all possible combinations of the variables present in 

the conceptual model 2.6, were subjected to stepwise statistical regression analysis 
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which indicates the functional relationship of the response function, W, to the explanatory 

variables Xj's defined above is best described by a log-log relationship of the form: 

In (w+c) = A + I al In(xl) 

where c and A are constants. Any log-log relationship requires all data fall in the 

positive domain. Consequently, a constant is added to the dependent variable (W+c) 

and to three independent ones (Xj+ 1). 

The log-log functional relationship expressed in its product form yields: 

pa1 qa2 ta3 (infp+1)a4 era6 
W = [(exp (A» ] - c 

txae infra7 (inc+1)a8 (r+1)aIII sdpu10 

As expected, the response variable, W, is directly related to price, grade, output, and 

exchange rate, while inversely related to taxes, infrastructure expenses, incremental 

capital investment (e.g. environmental equipment), degree of correlation between the 

value of the firm and value of the project, and to the standard deviation of the project's 

NPV. Quasi1 partial elasticities or sensitivity of the response function W to the 

explanatory variables are indicated by the exponents <lj. Generally speaking, as 

measured by the quasi partial elasticities, the two principal factors having the greatest 

impact on investment-worth are price of zinc and average grade of ore, followed by 

output, project risk (measured by the standard deviation, sdp), and the correlation 

coefficient, with the order of importance depending on the size of the firm. 

2.3.4 Effects of Firm Size and Gene .... Results 

Investment-worth of the project is assessed separately for three different firm 

sizes: $25, $50, and $250 million firms. The general effect of each of the explanatory 

variables on the response function W is the same for all three models , although their 

1These are referred to as quasi partial elasticrties because they do not take into consideration 
the constant c. 
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partial elasticities change according to the firm size. For example, among the three 

models, the investment-worth sensitivity to the correlation coefficient is least for the small 

firm. Another variable which plays a key role in the outcome of the investment-worth is 

the variance of the project's profitability. The higher the uncertainty of profits, the higher 

the risk and thus the cost of capital. The higher the firm's cost of capital the lower the 

investment-worth of the project. This outcome is substantially accentuated for the 

smaller firms. However, these results cannot be extrapolated to the larger firms in the 

industry. For the large firm, the size of this project is insufficient to alter significantly 

shareholders exposure to risk, regardless of the uncertainty or variance of this small 

project. In general, the model indicates larger firms would not be attracted to this size 

of project. Overall zinc prices, followed by zinc ore grade have the highest partial 

elasticity. These results reiterate the conventional wisdom which states development of 

mining activities are primarily driven by expected commodity prices and quality of ore 

reserves. 

Interestingly, contrary to a priori expectations, infrastructure capital expenditure 

for the conditions of this particular project (e.g. location, accessibility, water and power 

supply) has a low impact on the investment-worth of the project. Of course, a small firm 

exhibits a low tolerance to additional cost increases in this activity. The same 

observations are true for the incremental capital investment variable. For example, the 

project would become Inviable to the small firm if new environmental regulations were 

to require further capital expenditures. The tax rate is inelastic for each of the models, 

meaning a 1 % change in the level of taxes would cause less than a 1 % chang~ in the 

investment-worth. Furthermore, for all three models the type and level of taxes (30% on 

profits) seems to be acceptable, as taxes alone should not discourage private investment 

in the proposed Bolivian polymetallic project. On the other hand, the exchange rate has 

a SUbstantial effect on W. For example, appreciation of the dollar, ceteris paribus, would 

lower production costs in the dollar denominated cash flow, while a swing on the other 
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side (i.e dollar depreciation) would reduce the profitability of the project. With respect 

to the level of output, partial elasticity for the smaller firm indicates a 1 % loss in 

production would reduce the investment-worth of the project by over 1 %, while for the 

larger firms an equal loss in production would cause W to drop by less than 1 %. 
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3.- FEATURES OF THE CASE STUDY 

Chapter 3 provides a description of the geographical, geological, and economic 

characteristics associated with Bolivian polymetallic deposits located on the San Pablo 

de Lipez 1 :250,000 scale quadrangle, concentrating on the Sud Lipez mining district . 

Although, geologic and geographic properties are critical parameters for an adequate 

economic evaluation of the deposit prospects, the economics of the commodities and 

industries involved are just as crucial. Hence, overall analysis must fully integrate both 

regional and global economic and market conditions of the commodities of interest. The 

second part of this chapter provides an assessment of the lead, zinc, and silver 

industries, as well as Bolivia's role within these international markets. 

3.1 General Description of the Sud Lipez Region 

3.1.1 Location and Accessibility 

San Pablo de Lipez, capital of the Sud Lipez province and principal population 

center of the mining district under study, has close to 300 inhabitants. It is located 

approximately 600 km southeast of La Paz, 400 km south of Oruro, 130 km south of 

Uyuni and practically on the border with Argentina (Figure 3.1). 

San Pablo de Lipez can be accessed from La Paz by road or by train-road 

combination in approximately two or three days. Uyuni, located about 180 road 

kilometers north of San Pablo de Lipez, can be reached from La paz in approximately 

12 hours. Atocha, three hours south of Uyuni by train, is located about 1 00 road 

kilometers from San Pablo de Lipez. To proceed from Uyuni or Atocha to San Pablo de 

Lipez, the use of a 4 wheel-drive is highly recommended. Road conditions are in 

general quite deficient, especially in the rainy season. Road travel to San Pablo de 

Lipez from La Paz can proceed either through the cities of Oruro and Potosi (1150 km), 

or through an alternate route via Crura, Challapata, and Uyuni (1000 km) which runs 

parallel to the railroad tracks. Roads covered through the second option receive 
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considerably less maintenance, hence, any advantage resulting from a shorter distance 

(about 150 km) is eliminated by an inferior infrastructure. The Port of Antofagasta 

(Chile) on the Pacific Ocean can be easily accessed by train from Uyuni via Ollague, a 

journey of approximately 600 kilometers. Transportation costs are incorporated in the 

cash-flow analysis (Chapter 8). 

3.1.2 Topography 

The Cordillera de Lipez comprises the southernmost section of the Eastern 

Cordillera. It extends from east to west, 66° to 68° W, until it practically encounters the 

Western Cordillera. The Cordillera de Lipez, which contains over 70 peaks exceeding 

5,000 meters, acts as a physical barrier which prevents the extension of the Bolivian 

Altiplano into Argentinean territory (Montes de Oca, 1989). Among the principal peaks 

are: Bonete 5,630 m, Lipez 5,903 m, Nuevo Mundo 6,020 m, and Zapaleri 5,650 meters. 

Sugaki et al. (1986) divide the topography of the Sud Lipez into northern and 

southern regions. They indicate the northern section is underlain by Ordovician, Tertiary, 

and Quaternary rocks that form a gentle hilly mountain range with peaks not exceeding 

4,500 meters. On the other hand, the southern section is characterized by a mountain 

range underlain by Miocene volcanic rocks with many peaks over 5,000 meters. 

The principal rivers in the Sud Upez region are: Rio Grande de Lipez, Quetena, 

and San Juan del Oro. Quetena, along with other smaller rivers including Alota, San 

Pablo, and Galera flow into the Rio Grande de Lipez river, which progresses into the 

Uyuni salt pan. Other rivers encountered in the Cordillera de Lipez, including San 

Antonio and Rondai, flow into the San Juan del Oro river. Unlike the Rio Grande de 

Lipez, San Juan del Oro does not flow into the Uyuni salt pan, but rather it becomes part 

of La Plata river which continues east to the Atlantic Ocean. As Montes de Oca (1989) 

and Sugaki et al. (1986) point out, many of the smaller rivers remain dry most of the 

time. Nevertheless, sporadic rains often produce rivers with high volumes of water, 
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which in many cases flood adjacent areas. However, most of the water is rapidly 

absorbed by the extremely dry soil before it has a chance to traverse any significant 

distance. 

3.1.3 Climate 

As opposed to the usual four distinct climatic seasons present in a year, the 

Bolivian Altiplano typically experiences only two: wet and dry seasons. The shorter wet 

season which spans the summer (December to March) brings on average 400 mm of 

rain to the San Pablo de Lipez district (Montes de Oca, 1989). In reality 400 mm of 

precipitation hardly justifies "wet" season classification, however, given the prevalent 

conditions during the rest of the year, it becomes an appropriate description. On 

average, humidity reaches 60 percent in the wet season but less than 20 percent the 

rest of the time. Low humidity at such altitudes (around 5,000 m) prevents heat 

accumulation and diffusion. Hence significant temperature gradients develop between 

adjacent areas where the only difference is the degree of direct sunshine. For similar 

reasons, it is not uncommon to experience temperature fluctuations of over 30°C 

between daytime and nighttime. In the wet season (summer), daytime temperature can 

be expected to average 19°C, while dropping to -3°C during the night. In the dry season 

(winter), the average daytime temperature is 12°C decreasing to -18°C during the night. 

3.1.4 Regional geology 

Geologic evaluation of the Sud Lipez region by Sugaki et aJ.(1986) indicates a 

region underlain by Ordovician, Cretaceous, Tertiary, Quaternary rocks and intrusive 

dacitic stocks. These authors claim Cretaceous rocks are limited to a small area, while 

Tertiary rocks, composed of several formations and volcanic complexes, underlie a large 

section of the Sud Lipez region. Ludington et al.(1992) have characterized the Bolivian 

polymetallic vein deposits as a group of vein and veinlet deposits related to mesozonaJ 
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and epizonal intrusions. Among the mineral components found in these veins are: 

sphalerite, galena, cassiterite, pyrite, chalcopyrite, argentite, native gold, stibnite, native 

bismuth, and complex sulfosalt minerals. Pyrite, sphalerite, and galena are identified as 

the principal mineral components of the polymetallic deposits in Sud Lipez, followed by 

marcasite, chalcopyrite, and arsenopyrite. Quartz is identified as the major gangue 

mineral. Figure 3.2 exhibits the distribution of polymetallic vein deposits in the Bolivian 

Altiplano; approximately 40 percent of those indicated in the figure were studied by 

Ludington et al. (1992). Table 3.1 provides a list of the known polymetallic deposits or 

districts located in the San Pablo de Lipez 1 :250,000 scale quadrangle. 

Ludington and others (1992) believe most Bolivian polymetallic deposits are 

closely associated to andesitic and dacitic intrusive rocks rather than to the effusive 

volcanic rocks. They indicate that the intrusive rocks contain 60 to 70 percent Si02• 

These investigators believe these polymetallic vein deposits fill tension fractures which 

have resulted from intrusions. They also affirm that most of the Bolivian polymetallic 

deposits appear to be of Miocene age, formed at a depth of 0.5 to 2 km from the 

surface. Emphasis is placed by Ludington et al. (1992) on the high sulfide content of the 

veins. In general, over 90 percent of the volume of ore is composed of sulfide minerals 

including pyrite, marcasite, and pyrhotite. 

3.2 Selective Polymetallic Workings in the Sud Lipez Region 

At present very few mines in this once important mining region remain active. 

The few in operation are worked on a small scale using rudimentary technology and 

management methods. The following section provides a brief history of the polymetallic 

deposits in the Altiplano with emphasis on the Sud Lipez region. This brief history is 

followed by an overview of the geological characteristics of selected deposits in the Sud 

Lipez area. 
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TABLE 3.1 Tertiary Polymetallic Vein Deposits in the San Pablo 
de Lipez Quadrangle of the Bolivian Altiplano 

Deposit or 
district 

San Cristobal 
Tatasi 
San Vicente 
Esca!a 
Santa Isabel 
Todos Santos 
Buena vista 
Bonete 
Esmoraca 
Horokho 
San Antonio 
Jaquega 

· ........ · ........ 
......... 
· ........ 
......... 
......... · ........ · ........ · ........ · ........ · ........ 
· ........ 

Principal 
metals 

••••••• Pb-Zn-Ag 
••••••• Pb-Zn-Ag-Sn-Bi-Sb 
••••••• Pb-Zn-Ag-Sn-CU-Au-Sb 
••••••• Pb-Zn-Ag 
• •••••• Pb-Zn-Ag-Sn-Bi-Sb 
••••••• Pb-Zn-Ag-sb 
••••••• Pb-Zn-Ag-Au-Sb 
• •••••• Pb-Zn-Ag-Bi 
• •••••• Pb-Zn-Ag-Sn-Bi-W-Au 
• •••••• Pb-Zn-Ag 
••••••• Pb-Zn-Ag-Au 
• •••••• Pb-Zn-Ag 

Source: USGS Bulletin 1975, 1992 p.70 
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3.2.1 History 

Historians assert that extraction of silver from polymetallic vein deposits of the 

Altiplano during Spanish colonial times produced such immense wealth as to have had 

profound effects on the economic, cultural, and military development of Europe 

throughout the seventeenth and eighteenth centuries. In the 1800s silver production 

declined considerably as deposits were exhausted without replacement. However, as 

silver production began to fade, a new metal, tin, emerged as the main commodity 

extracted from the polymetallic deposits of the Bolivian Altiplano. Indeed, tin replaced 

silver as the backbone of the Bolivian economy for the next one hundred years. Today, 

as tin production rapidly becomes of secondary importance, other metals including zinc 

and lead are viewed as the next generation of commodities to be supplied by these 

richly endowed polymetallic deposits. 

The Sud Lipez region has had a mining tradition spanning several centuries. 

Arduz Eguia (1986) claims the district flourished as the principal silver mining center prior 

to the discovery of the fabulous Cerro Rico de Potosi in 1545. Ever since, Sud Lipez 

has remained a secondary mining center. Most of the mining has been intermittently 

conducted by local miners in deposits abandoned since the Spanish colonial era. Not 

a single major deposit has been discovered and brought into production since the 

colonial period. 

Ironically, the Sud Lipez region, believed to possess important mineral wealth 

remains one of the most impoverished areas in Bolivia. The inhospitable weather. 

extremely dry soil, dearth of livestock, absence of vegetation, and lack of adequate 

modern roads and communication facilities discourage the establishment' of any 

significant population centers. To entice mining operations to this region, the Bolivian 

Mining Corporation (COMIBOL) is considering the development of a mining nucleus next 

to the town of San Pablo de Lipez. The proposed center at Cocani Pampa would 

provide housing, a health center, schools, and other necessary infrastructure for the wof1( 
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force (COMIBOl 1990). For this reason social infrastructure is not considered part of 

capital investment in this study. 

Geologic Outline of Selected Deposits 

The next section provides an outline of the geologic environment of the San 

Antonio de Lipez district, Buena Vista mine, Santa Rosa mine, and Candelaria de Santa 

Isabel mine; all are typical polymetallic districts and deposits located in the Sud Lipez 

region. This outline is entirely based on the extensive analysis conducted by ludington 

et al. (1992) and Sugaki et al. (1986). These researchers provide a detailed description 

of the regional and local geology of these and numerous other Bolivian polymetallic 

deposits. 

3.2.2 San Antonio de Lipez District 

According to ludington et al. (1992) there are at least four deposits with high 

mineral potential in the San Antonio de Lipez district. The deposits in this area are 

believed to be related to a large Miocene dacitic volcanic center. 

The San Antonio de Lipez mining district is located approximately 35 km 

southwest of San Pablo de Lipez and about 200 km sout~ of Uyuni, at altitudes 

exceeding 4,500 m above sea level. The district contains several separate mineralized 

systems, including the Mesa de Plata polymetallic vein deposit, which is believed to be 

among the initial Spanish discoveries during the 1500s. As mining activities expanded 

at Mesa de Plata, the population in the original town of San Antonio de Lipez swelled 

to approximately 15,000 inhabitants. Several years later, workings at this site were 

suddenly terminated as the Spanish moved to the newly discovered "silver mountain" or 

Cerro Rico de Potosi. Adjacent to the abandoned Mesa de Plata mine, ruins attest to 

the existence of a once prosperous town. 

Mesa de Plata is described as a typical Bolivian polymetallic vein deposit which 
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may contain considerable silver, lead, and zinc resources. Sugaki and others (1986) 

describe a Miocene dacite stock and pyroclastic rocks of a volcanic complex with 

significant hydrothermal alteration. Veins in Mesa de Plata consist mainly of pyrite, 

quartz, marcasite, sphalerite, galena, hematite, and barite. In general, these veins trend 

from east to west, dip steeply to the south, and span several hundred meters. Although 

width typically ranges from 50 to 100 cm, some were found to reach 300 cm. Ore 

grades range from 200 to 240 g/t silver, 1.2 to 2.6 percent lead, and 0.5 to 3.4 percent 

zinc. Sugaki et al.(1986) indicate the presence of high grade ore reaching up to 5,000 

g/t silver. Significance of these values can be appreciated in Chapter 8, where a set of 

economic filters is developed in terms of tonnage and grade. 

3.2.3 Buena Vista Mine 

The Buena Vista mine is located about 5 km south of San Pablo de Lipez and 

210 km south of Uyuni, at an altitude of 4,400 m above sea level. The mine, discovered 

and exploited for silver during the Spanish colonial period, is currently being worked by 

a small mining cooperative. Ludington et al. (1992) report most of the host rocks in the 

mine consist of several layered outflow sheets of ash-flow tuff. 

The ores are sulfide rich with stibnite, galena, and sphalerite as the principal 

mineral components. Argentite, chalcopyrite, and pyrargarite are also encountered but 

in lesser amounts. Veins trend N 75° Wand range in width from 1 to 100 cm. The 

lateral extent of the larger veins is reported to be at least 500 m. Typical grades are 0 

to 5 g/t gold, 10 to 15 g/t silver, 1 to 10 percent lead, 2 to 15 percent zinc, and 0.5 to 2 

percent antimony. Sugaki et al.(1986) report the occurrence of high grade ore, 

consisting of 1.2 percent copper, 33 percent lead, 27 percent zinc, and 610 g/t silver. 

Ludington and others (1992) believe the potential minable tonnage is significant, 

however, diamond drilling must be conducted before reliable estimates can be produced. 
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3.2.4 Santa Rosa Mine 

The Santa Rosa Mine is located in the Cerro Bonete mining district. The mine 

is approximately 10 km south of San Pablo de Lipez, and 140 km south of Uyuni, at an 

altitude surpassing 4,400 m above sea level. The deposit, which was worked for silver 

during Spanish colonial times, is currently abandoned. According to Sugaki and others 

(1986) the surrounding area is underlain primarily by andesite, dacite, and pyroclastic 

rocks of a volcanic complex. 

Ores are reported to be sulfide rich with galena and sphalerite as the main 

components. Pyrite, hematite, quartz, and tetrahedrite are also present but in much 

lower concentrations. The principal vein system trends N 500 W to N 750 E, and its 

width ranges from 10 to 160 cm. Typical ore contains 1.1 percent lead and 400 g/t 

silver. Ludington and others (1992) indicate results from geochemical and geophysical 

exploration suggest that the mineralized structure continues at shallow depths. They 

obtained encouraging analysis results from the dump samples and suggested additional 

work in the Mina Santa Rosa area. 

3.2.5 Candelaria de Santa Isabel Mine 

The Candelaria mine is located about 15 km southeast of San Pablo de Lipez 

and approximately 135 km southeast of Uyuni, at an elevation of 5,146 m above sea 

level. The mine was discovered and extensively exploited during the Spanish colonial 

period. At present, private owners intend to develop the mine for the production of 

silver, tin, gold, lead, and zinc (Richter et aI., 1992). Sugaki and others (1986) describe 

the geology surrounding the mine as a dacite stock with significant hydrothermal 

alteration including kaolinization, silicification, and carbonization. The principal mineral 

components of the sulfide rich ore vein are pyrite, sphalerite, galena, arsenopyrite, 

marcasite, and chalcopyrite. 

Richter et aI. (1992) indicate the presence of extensive workings that follow 
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individual vein-filled fracture zones. The principal vein systems are: Vein 2, Escalara, 

and Consuelito. Vein 2, the major vein, has been developed over 300 m vertically, and 

in excess of 450 m horizontally. Vein 2 trends between east-west and N 65° W, and 

ranges in width from 15 to 180 cm. Grades in Vein 2 are measured and reported 

separately for the oxide and sulfide zones. For the oxide zone grades are 400 glt silver, 

2.1 percent lead, 1.0 percent tin, and 3.5 gft gold. The sulfide zone grades are 155 glt 

silver, 4.4 percent zinc, 1.8 percent lead, 0.655 percent tin, and 0.13 glt gold. Known 

and inferred ore tonnages for Vein 2 are estimated at 120 and 67 thousand tons for the 

oxide and sulfide zones, respectively. 

3.3 Undiscovered Bolivian Polymetallic Deposits 

3.3.1 Geology 

Ludington et al. (1992) suggest that polymetallic deposits are associated with 

dacitic intrusions, as in the area of Sud Lipez. Consequently, they expect most of the 

undiscovered polymetallic deposits to be located in this region and suggest that most of 

the undiscovered deposits are covered by younger rocks because the deposits which 

crop out are likely to have been already discovered. 

Although many of the polymetallic deposits have been exploited for long periods 

of time, investigators have not been able to compile reliable data to formulate and 

construct grade and tonnage characteristics, because most of these deposits were 

extensively worked during the Spanish colonial period when silver was of paramount 

interest. Base metals including lead and zinc were discarded as waste, thus no 

production statistics on these minerals was ever recorded. In addition, the lack of drilling 

prior to underground development, does not allow calculations of pre-mining sizes nor 

grades for these deposits. 

3.3.2 Tonnage and Grade Distribution 
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Ludington and others (1992) have developed subjective probability estimates of 

the size and grade of Bolivian polymetallic deposits. These estimates are based upon 

limited data compiled from second-best sources including: mine dumps, width of veins, 

partial records of a few tin workings, and estimates of pre-mining grades. Grade 

estimates were limited to silver and tin, the two most valuable metals in the past. 

Assessment of other substantial elements present was not undertaken for lack of 

sufficient information. 

Ludington et al. (1992) provide the following estimates of size for the Bolivian 

polymetallic vein deposits: a 90 percent chance of containing at least 50 thousand tons, 

a 50 percent probability of containing at least 11 million tons, and a 10 percent chance 

of containing at least 250 million tons of ore. With respect to silver grades, there is a 

90 percent probability of at least 20 glt, 50 percent chance of at least 140 g/t, and 10 

percent probability of at least 1,000 grams per ton of ore. These authors' estimates for 

tin concentrations are: 90 percent probability of at least 0.1 % Sn, 50 percent chance of 

at least 0.4% Sn, and 10 percent probability of at least 2% Sn. These authors believe 

the figures are correct within a factor of three, and as such, they believe that these 

estimates can be employed to conduct resource estimations of the region. 

3.3.3 Resource Assessment 

In a resource assessment for polymetallic deposits in the Altiplano to a depth of 

one kilometer, Ludington et al. (1992) indicate a 90, 50, and 10 percent probability for 

the occurrence of at least 3, 6, and 10 undiscovered deposits, respectively. As for the 

size and grade of each of these deposits, they estimate a 50 percent probability of at 

least 11 million tons, 140 glt silver, and 0.4 percent tin. They do not anticipate the 

discovery of numerous polymetallic vein deposits in the region. However, although they 

expect the number of undiscovered deposits to be relatively small, they believe there are 

economically unexploited reSOIJrces within the known deposits. Even though troe 
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resources contained in undiscovered deposits are estimated to be economically 

significant, resources remaining within known deposits are expected to be even larger. 

3.4 Economics of the Zinc, Lead, and Silver Industries 

This section provides an economic profile of the zinc, lead, and silver industries, 

the principal commodities present in the Bolivian polymetallic deposits under study. For 

the project under study at approximate current market prices (60¢/lb Zn, 30¢/lb Pb, and 

$4/oz Ag) zinc, silver, and lead account for about 85%, 10%, and 5% of total revenues, 

respectively. The Bolivian project under study is not large enough to impact world prices 

of zinc, silver, or lead. For forecasted zinc prices of 50 to 60¢/lb (1990 dollars), the 

project would have to be in the lower third of the marginal cost curve of all zinc 

producers to remain a viable investment. 

A series of industrial policies imposed by the governments of both developed and 

developing countries during the past two decades has produced a profound change in 

the structure of most mineral industries, including zinc, lead, and silver. Asymmetric 

industrial policies involving the metals industries have considerably altered traditional 

trade patterns among producing and consuming markets. Among these principal policies 

are: trade barriers (eg. import tariffs, quotas), subsidies to ~omestic industries (eg. 

energy, infrastructure development), exchange rate adjustments, and environmental 

regulations. 

Zinc smelters and refineries located in protected areas have been able to expand 

capacity despite a global comparative disadvantage in natural resources, especially 

energy and zinc ore. For example, in Japan, successful protection of its domestic 

industry encouraged the development of clean and efficient smelters. Its capacity moved 

from fifth to second place among world producers (I. Dobozi, 1990). This expansion has 

been accomplished despite two energy crises and a substantial appreciation of the yen 

vis a vis the U.S. dollar. Contrary to the Japanese experience, the U.S. zinc smelter 
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industry lacked effective protectionist policy, and this to a large extent contributed to the 

severe contraction of this industry. Approximately between 1965 and 1975, smelter 

capacity in the U.S. declined by over 50 percent. 

3.4.1 Overview of Supply, Demand, and Prices 

As noted by the International Lead and Zinc Study Group, close to two-thirds of 

total lead and zinc mine output has been produced from mixed lead-zinc ore deposits. 

These deposits, in many cases, contain co-products and by-products including copper 

and tin as well as precious metals such as silver. Consequently, the same countries, 

and in many cases the same companies, have become the principal world producers of 

both lead and zinc. As for silver, over three-quarters of total primary supply today is a 

by-product of gold, copper, lead, and zinc deposits. Hence supply has become price 

inelastic; it is no longer driven only by its own prices but rather by prices of the main 

product. 

In 1984, the four leading mining firms controlled 31 % of the lead and 25% of the 

world's zinc mineral supply (Dammert and Chabbra, 1990). Furthermore, 60% of mine 

capacity and over 75% of primary refinery capacity was controlled by fewer than 10 

mUltinational corporations along with 17 local companies, including state mining 

enterprises. With respect to the silver industry a permanent transformation has taken 

place: the major gold and base metals companies have become the principal primary 

producers. The 1992 Engineering and Mining Journal Annual Mine Project Survey, listed 

fourteen lead and zinc projects, valued at over one billion dollars, currently in the 

proposal stages of development. Not a single primary silver project was listed in this 

survey. 

Environmental regulations imposed on mining industries, especially in the 

developed nations, have produced adverse investment climates for the development of 

new mining activities. In North America, Canada has rapidly progressed towards an 
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environmental agenda which can significantly restrict minerals development. A similar 

trend persists in the United States, where environmental concerns have encouraged 

proposals to revise the Mining Law of 1872. These proposed changes would severely 

restrict access to mineral exploration and development on Federal lands, thus eliminating 

a vast area in which the probability of finding new economic deposits rem'ains attractive. 

Although environmental issues have been of most concern in industrialized countries, 

they are increasingly becoming of importance in developing nations. The recent 

environmental legislation proposed in Bolivia is treated in Chapter 6. In response to the 

increasing level of restriction, several major corporations established in 1991 the 

International Council on Metals and the Environment (ICME). The objective of this new 

organization is to provide a coherent and unified global platform from which mining 

companies can respond and lobby against excessive environmental, health, and safety 

pressures (Financial Times International Year Book, 1992). 

During the last few years (1990-1992) leading economies, including those of the 

United States, Canada, and the United Kingdom, have experienced economic recession. 

Western World economic growth rates steadily declined from over 3% in 1989 to 

approximately 1 % in 1990 (Financial Times International Yearbook, 1992). As expected, 

the transportation (principally the automobile) and construction industries, two key 

components of the Western economies which represent the principal consuming sinks 

for lead and zinc, have been severely affected. Moreover, during the same period, 

impressive growth in the economies of Southeast Asia shifted metal consumption 

patterns to offset or prevent falls in total world consumption of base metals, including 

lead and zinc. 

Refined metals traded in commodity markets have significantly less product 

differentiation characteristics than finished and semi-finished products. Once processed, 

the physical and chemical properties of a particular metal commodity are the same, 

irrespective of its place of origin, hence stimulating competition among producers. In 
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addition, excess supply is often encouraged by state producers whose objective 

functions are not always profit maximization (e.g. being driven instead by production, 

employment, or export maximization policies). As an example of the last, since 1991, 

Eastern European countries in need of hard currency, have increased metal exports 

contributing to an oversupply of several mineral commodities thereby disturbing world 

metal prices, including those of lead, zinc, and sliver. The net result is a global 

environment which limits the establishment of successful cartels by public or private 

corporations. 

In 1991, average LME zinc prices (in constant 1990 dollars) decreased by 18¢/lb 

to 50.6¢/lb, a decline of 26%. Lead prices, for the same time period followed a similar 

trend, a decline of 31 % or 11.5¢/lb to 25.3¢/lb. Analysts attribute part of this drop to 

excess supplies originating in Eastern Europe. By February 1993, however, average 

zinc prices declined to 47¢/lb. This drop is largely attributed to the global economic 

recession resulting in excess supply and growing metal and concentrate stocks. Silver 

prices remain depressed and the outlook for the near future is not encouraging. For the 

polymetallic deposit of interest silver is a by-product, hence prices of this commodity are 

not the determining factor in the investment decision, but they do influence such 

decision. The 1991 and 1992 annuaJ average price of silver was $4.04/toz and 

$3.94/toz, respectively. 

The short run evaluations of the mining and metals industries by financial and 

investment institutions remain unfavorable. The view of the financial community towards 

the mining industry can best be summarized by the advice given by Value Line 

Investment Survey on January 1992 which suggests that for 1993 mining stocks will 

underperform the market. Out of 97 industries recently analyzed by Value Une, the 

mining and metals sector is placed at the lowest investment level. In the longer run, 

however, prospects for several firms in the mining industry are viewed by these financial 

analysts as promising investment 0ppC'rtun.ties. 



3.5 Economic Profile of Zinc 

3.5.1 Zinc Supply Structure 

55 

Annual average world production of slab zinc for five recent years (1986-90) has 

surpassed 7 million metric tons. Canada, the United States, Mexico, Peru, and Australia 

accounted for approximately 48% of total world production during 1990. Bolivia's mine 

output for 1990 was about 110,000 mt (contained metal in concentrate) or around 1.5% 

of total world mine zinc production. The value of these expolts reached almost 150 

million dollars, or about 37% of total Bolivian mineral export value. 

Among the principal economic factors which impact the level of zinc supplies in 

the long run, Tikkanen (1986), Vice President of Cominco American Inc., cites high 

capital investment requirements for the development of new mines, smelters, and 

refineries; commodity prices; and prohibitive transportation costs from remote less 

developed areas. Exchange rate shifts (which can contribute to oversupply or 

undersupply in the short run) affects the freely traded patterns of supply and demand, 

as will public good investment decisions in the producing countries (e.g. roads, rails, 

etc.). Secularly low prices may also discourage technological advances; thus, Tikkanen 

suggests potential world class deposits such as the McArthur River in Australia have not 

been developed for lack of appropriate process technology, acquisition of which would 

be accelerated under excess demand conditions. 

In 1950 world zinc production was approximately two million metric tons. During 

the next 20 years annual growth averaged 4%, with production reaching close to 4.5 

million mt by 1970. Nearly two decades later, by 1987, world production exceeded 7 

million metric tons. According to Yates (1991), manager of market research at Cominco 

Ltd., continuous low zinc market prices are certain to produce closures of high cost 

mines, particularly in those European nations with subsidized production and strong 

currencies. Many analysts conclude zinc prices must necessarily be driven up in the 

long run because of the possibilities for adverse supply conditions and demand growt~ 
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Such an environment would encourage the development of new zinc projects for soft 

currency countries such as Bolivia, but only if deposits are relatively low cost. 

3.5.2 Zinc Demand Structure 

In terms of metal consumption, zinc along with iron, aluminum, and copper 

constitute the principal commodities in our society. Zinc's salient properties include high 

corrosion resistance, ease of formation, and low melting temperature. 

World consumption of zinc over the last five years (1986-90) has averaged 

around 7 million metric tons. The principal consumer regions during this time period 

have been the United States, the (former) Soviet Union, Japan, China, and Germany. 

Together these five nations accounted for over 50% of total world consumption. In 1990, 

these countries consumed 3.7 million metric tons, or about 53% of total world demand. 

The structure of Western world zinc consumption in 1988 portrays past, present 

and most likely future end uses for this metal. Auto-based steel galvanizing represented 

45.1 %, brass and bronze 20.4%, zinc based alloys 15%, chemicals 8.1 %, zinc 

manufacturers 7.1 %, and other 4.3% (U.S. Bureau of Mines). Specifically, in 1990 steel 

galvanizing accounted for 52% of total slab zinc consumption in the United States, 64% 

in Japan, 32% in West Germany, and 42% in the United Kingdom. Yates (1991) states 

the galvanizing market will constitute approximately 75% of total zinc consumption 

growth during the next several years. He claims while other end uses are forecast to 

grow at annual rates close to 1 %, the galvanizing market is expected to exceed 3.5%. 

Traditionally the auto-based industries in the United States, Japan and Western 

Europe have accounted for over 50% of the world's total consumption of zinc. However, 

as the twenty-first century approaches, another set of nations, collectively known as the 

resource rich and newly industrializing countries (NIC's), are expected to provide new 

force, strength, and dynamism to the zinc market. While demand in mature economies 

is predicted to grow at an annual rate of 2% at best, in Southeast Asia it is anticipated 

to grow at twice that rate (King, 1986). In Europe, Germany on its way to rebuild former 
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East Germany, has become the principal consumer market for zinc. As Eastern 

European nations transform themselves into market economies, their demands for 

metals, including zinc, are expected to experience significant increases, albeit at a more 

distant future. Trade policies play a key role in explaining the differences in demand 

growth rates between NIC's and developed nations. Total world trade in metals 

stagnated in the early 1980s along with total world trade in manufactured goods in an 

environment of increased protectionism in the Asian and European markets. Regional 

growth in Asia and Germany for example, progressed at the expense of stagnation 

elsewhere. 

3.5.3 Zinc Price Structure 

Zinc prices, as for most mineral commodities, are dictated by market forces. As 

the number of competitors grows, it is no longer possible for a few major producers or 

consumers to eliminate or control inherent price volatility through long term contracts or 

"producers prices". International and domestic zinc concentrate and refined metal 

business transactions are now almost exclusively based on spot prices quoted on 

COMEX or the London Metals Exchange (LME). 

As with most mineral commodities, excess supply in the 1980s put downward 

pressure on zinc prices. Only twice during the 1980-87 period did annual average 

prices, measured in constant 1990 dollars, exceed 60 ¢/Ib in the North American market. 

Toward the end of 1987 an upward trend began to develop. The U.S. Producer zinc 

delivery price (in constant 1990 dollars) increased from an average of 48.2 ¢/Ib in 1987, 

to 66.5 ¢/Ib in 1988, and to 86.4 ¢/Ib in 1989, the highest value in the last 14 years. 

During 1990, zinc prices declined with respect to the previous year, nevertheless the 

annual average of 74.6 ¢/Ib represented the second highest level in over a decade. A 

sharp drop in automobile production, declines in the construction industry, and strike 

settlements in Canada, produced a drastic fall in US producer zinc prices from 74.6 ¢/Ib 
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in 1990 to 50.6 ¢/Ib in 1991 (about 48 ¢/Ib in constant 1990 dollars). LME prices reflect 

the same trend. Long run zinc prices are projected to hold in the 50 t() 60 ¢/Ib range (in 

constant 1990 dollars), demonstrating no scarcity of this metal. For the 1920-1988 

period the U.S. Bureau of Mines reports an annual average of 58.5 ¢/Ib (in 1990 dollars). 

Figure 3.3 exhibits the zinc price series in nominal and real (1987) terms for the 1900-

1987 period. 

3.5.4 Zinc Trade Pattern 

Traditionally the principal export countries of zinc concentrate have been Canada, 

Peru, and Australia. However, within the last couple of years Com in co's new Red Dog 

mine in Alaska has transformed the United States into a significant exporter of zinc and 

lead concentrates. The combined mine output of North, Central, and South America 

was close to three million metric tons of contained metal in 1990, its slab production was 

about 1.5 million mt. For the same year, Australia's mine output was three times larger 

than its slab production (940,000 mt versus 308,000 mt), confirming its status as a major 

exporter of zinc concentrates. 

Western Europe along with Japan and South Korea restrict imports with barriers 

to finished products, but they constitute the two major import regions for zinc 

concentrates. During 1990 the combined mining output of Japan and South Korea was 

approximately 150,000 metric tons, while slab production was about 936,000 mt or over 

six times greater (World Metal Statistics, 1992). Similarly, Western Europe during the 

same year reached a total mine output of 950,000 metric tons, while its slab production 

exceeded 2 million mt, or over twice the level of its mine output. As for trade of refined 

metal, Canada, Peru, Mexico, and Western Europe were among the principal exporting 

regions during 1990, while the United States, Japan, and Southeast Asian countries 

were the major importers. Consumption in Southeast Asia, including Japan exceeded 

1.5 million mt, contrasted with a local production level of about 1.1 million metric tons. 
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Although, slab consumption for the United States was approximately 600,000 mt higher 

than its domestic production (400,000 mt), this figure would significantly increase if 

embodied trade in finished products was accounted for in the trade matrix. 

3.5.5 Zinc Industry Structure 

Although there are numerous mine and smelter zinc producers worldwide, the 

number of companies (private and state) that control the majority of the world's output 

is relatively small. The U.S. Bureau of Mines reports that close to 40 % of total zinc 

mine and smelter output in the world depends on state owned corporations, spanning 

centrally planned economies to such developed market economies as Italy. 

Approximately twenty private companies control the bulk of the remaining 60% of the 

world's production. Among the principal private companies in the zinc industry today 

are: MIM Holding Co. (Australia), Acer-Union Miniere (Belgium), Cominco Ltd. and 

Noranda Ltd. (Canada), Asarco Inc. (USA), Metaleurope S.A. (France), 

Metallgesellschaft AG (Germany), Grupo Industrial Minero Mexico, S.A. (Mexico), Anglo 

American Corp. (South Africa), RTZ Corp. (United Kingdom), and Mitsui Mining and 

Smelting (Japan). 

As noted by James Jolley (1992), zinc mineral specialist with the U.S. Bureau of 

Mines, the zinc industry has recently undergone major structural changes. Recent 

patterns of vertical and lateral integration, diversification, creation of holding companies, 

and equity sharing ventures, make it increasingly difficult to determine the extent of 

independence or interdependence of each of these major companies. But the fact that 

they are still traded in the commodity markets indicates that competition exists. 

3.6 Economic Profile of Lead 

3.6.1 Lead Supply Structure 

Galena or lead sulfide (PbS) is the principal source of primary lead. In genera!. 
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the grade of lead in most ore bodies ranges from 1 % to 5%. Lead and zinc are 

frequently components of the same deposit. In addition, these two metals are often 

associated with significant amounts of silver, as is the case with Bolivian polymetallic 

vein deposits. 

A considerable proportion of world primary production is associated with zinc 

ores. In the U.S., the largest lead producing mines, located in Missouri, zinc-lead ores 

are the principal sources of lead. In 1990 world mine production was about 3.3 million 

metric tons, compared to the recent high of 3.4 million tons attained in 1987. Combined 

production of approximately 1.7 million metric tons in Australia, United States, Canada, 

Peru, and Mexico accounts for about 71 and 50 % of the Market Economy Countries and 

world total respectively. 

In 1990, Bolivian mine production of lead reached 20 thousand metric tons 

(contained metal in concentrate), an increase of almost 17,000 tons (over 500%) from 

the low levels of 1986. Nevertheless, this value represents less than 1 % of the total 

world production. Bolivia's export earnings of twelve million dollars from lead production 

was about 3% of the country's total minerals export earnings during 1991. 

With an annual production of more than 2.2 million metric tons in the Western 

world, 1990 can be described as a bench mark year for the se,?ondary industry. During 

1990 secondary output for the first time exceeded the level of primary production in the 

Western world. In fact, in the United States, refined lead from secondary sources 

accounted for more than two-thirds of total annual supply. These market gains are 

expected to con1inue into the future, as environmental pressures and regulations 

imposed on the lead industry have produced a recycling rate exceeding 90 % of used 

automobile batteries, by far the dominant source of secondary scrap. In fact, the 

evolution and growth of secondary supply continues to remove pressure for the 

development of new primary sources of lead, and for any significant price increase. 

World production of refined lead has not experienced growth during the last several 
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years. In 1990 world refined production was approximately 5.7 million metric tons, 

compared to an annual average throughout the 1980s of about 5.5 million tons. 

3.6.2 Lead Demand Structure 

Among the physical properties which make lead a valuable commodity are: high 

corrosion resistance, softness, ease of formation or high ductility, high density, and low 

melting point. During the past five years (1986-1990) world refined lead consumption 

has stagnated at about 5.6 million tons per year. Storage batteries constitute the single 

dominant market for lead. Overall, 65 % of the Western world's consumption of lead is 

in the form of storage batteries. This auto-based dependency produces a cyclical 

demand not only driven by the general state of the global economy, but also by existing 

trade policies and the effect of recycle of batteries. Technological innovations are 

expected to lower current levels of lead content in conventional batteries, while 

simultaneously extending their life. However, these reductions may be somewhat offset 

by the higher lead content in the newer high performance batteries. Two sectors in 

which demand for lead is expected to grow at a considerable rate are: electric cars, and 

uninterrupted power supply equipment. 

As mature economies reach a saturation level for the demand of automobiles, 

opportunities for growth in lead consumption will be limited in this market (Dammert and 

Chabbra, 1990). Environmental regulations on lead currently enforced in the United 

States and rapidly expanding to other nations continue to produce a significant reduction 

in various traditional end uses. For the 1990s decade, the U.S. Bureau of Mines annual 

average lead consumption growth forecast for the United States and rest of the world 

is less than 1 and 1.5%, respectively. 

3.6.3 Lead Price Structure 

Prices in the lead industry are competitive. Competition is fueled by close to 200 
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secondary producers in the Western world, whose combined output presently accounts 

for over 50% of total supply. Annual average lead prices in 1991 dropped by 12¢/lb from 

the previous year, from 37 to 25¢/lb on the LME, and from 46 to 34¢/lb in the U.S. 

Producer Price series. This drop in prices is attributed to the economic recession 

experienced in parts of the Western world and aggravated by sUbstantial additional 

metals supply from Eastern Europe. Overall, price trends in the lead industry are 

expected to continue depressed, extending the pattern exhibited in recent years. Figure 

3.4 presents the lead price series in nominal and real (1987 dollars) terms for the 1900-

87 period. According to Dammert and Chabbra (1990), smelting and refining charges, 

depending on the type and quantity of impurities present, may range from 20 to 50% of 

the total value of lead content in the concentrate. 

3.6.4 Lead Trade Patterns 

Exports of lead concentrate continue to be the domain of Australia, Peru, 

Canada, Morocco and South Africa, with Japan and Western Europe as the dominant 

import markets for concentrates, including those from Bolivia. 

Similar to the trade patterns of concentrates, the principal exporting countries of 

metallic lead continue to be Australia, Canada, Mexico, Peru, and Morocco, while the 

two major import markets are Japan and Western Europe. In recent years Southeast 

Asia has become the fastest growing market for refined lead. Within recent five years 

(1986-90), imports of metallic lead have more than doubled in South Korea and India to 

about 72,000 and 32,000 metric tons respectively. Impressive growth has also occurred 

in Taiwan, Singapore, and Indonesia. In Europe, an interesting trade pattern has 

evolved during the last few years (1990-92). Former Soviet block countries, in search 

of hard currency, have reversed the traditional regional net flow, from imports to one of 

metallic exports to the West. As with zinc, these trade patterns do not account for 

embodied trade. If the United States and other mature economies supporting open trade 
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FIGURE 3.4 
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policies were to significantly restrict their auto-based trade, the current demand and trade 

patterns for lead would change considerably. 

3.6.5 Lead Industry Structure 

The lead industry has recently undergone a period of sUbstantial restructuring. 

A critical series of endogenous and exogenous factors including adverse environmental 

legislation, industrial trade policies, and explosive growth of secondary capacity have 

forced the industry to readapt itself to the new challenges. Many companies have been 

aggressively involved in mergers, acquisitions, product diversification, vertical and lateral 

integration, joint ventures, and expansion into foreign markets. Other corporations which 

were once important components of the industry have opted to leave the lead industry 

altogether. As with the zinc industry, it is difficult to discern the dependence and 

interdependence between the major lead companies. 

Profound restructuring has not been limited to producers. The principal 

consumers of batteries have also been involved in new business strategies including 

multinational mergers. In the recent past, Exide Corp., the largest battery manufacturer 

in the United States, has signed a joint venture contract with Yuasa Electric Storage 

Battery Corp. of Japan. Under the contract, Exide Corp. will supply batteries for 

Japanese automobiles manufactured in the United States (U.S. Bureau of Mines 1989). 

3.7 Economic Profile of Sliver 

3.7.1 Sliver Supply Structure 

In 1990, world mine production was 14,560 metric tons (468 million ounces), fairly 

close to the last four years annual average of 14,280 mt (460 million ounces). During 

this period, Mexico, Peru, the United States, and Canada accounted for about 50% of 

the world's total primary silver production. Outside of the Americas, the other maior 

producers in 1990 were Australia, with an output of 1,173 mt (8% of the world's tot81). 
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the former Soviet Union, with 1,380 mt (9.5% of the total), and Poland, with 832 mt 

(5.7% of total world production). 

In 1990, Bolivia produced 311 metric tons of primary silver, an increase of over 

5% frolTl the 1989 level and over three times greater than the 95 mt produced in 1986. 

Although Bolivia's production is very small compared to its neighbor Peru (1,762 mt), it 

is higher than any of the Western European, African or Asian countries. Silver exports 

generated close to $50 million during 1990, approximately 13% of total mineral export 

values. 

The United States provides an excellent example of the recent transformation 

undergone by the silver industry worldwide. In spite of several primary silver mine 

closures within the last decade, the United States doubled its production to over two 

million metric tons (66.5 million ounces). By 1990, U.S. primary production reached the 

same level as that of Mexico, which until then had been the largest producer in the 

world. Such a significant increase in the United States can be directly attributed to by

product output from the tremendous expansion in gold and copper projects. Specifically, 

between 1987 and 1990 U.S. primary production of gold and copper increased by 80% 

and 33%, respectively. By-product silver from zinc-lead ores has been considerably less 

than that from primary production of gold. 

Today over three-quarters of total world primary production is obtained as a by

product or co-product of gold, copper, lead, and zinc ores. As the U.S. Bureau of Mines 

(1991) indicates, the level of primary silver output is not respondent to own-metal market 

conditions, but rather to market forces experienced by the main product of the ore body. 

As opposed to primary supply, where own-price is of secondary importance, own-price 

elasticity for secondary supply is significantly higher. At an annual average price of 

$4.82/oz in 1990 world secondary supply from demonetized coin was only 187 mt (6 

million ounces). A decade earlier, when prices soared to a record high of $20.63/oz in 

1980 ($32.72/oz in constant 1990 dollars), secondary supply from demonetized coin 
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reached 2,934 mt (94 million ounces), or over fifteen times the level of 1990. As long 

as silver prices remain depressed, it is very unlikely that secondary supply will 

experience any significant growth. Overall world recovery of silver scrap in 1990 was 

approximately 10% less than the 1989 level (Silver Institute 1991). 

3.7.2 Silver Consumption Structure 

. World consumption of silver in 1990 was 17,727 metric tons (about 570 million 

ounces), near the 1986-90 annual average of 17,095 mt ( 550 million ounces). 

Traditionally, silver consumption, as opposed to base metals, responds to two distinct 

forces: industrial and investment demand. However, recent market conditions, including 

depressed prices, low inflation in industrialized countries, and availability of numerous 

competing investment instruments, have produced low silver price expectations in the 

investment community. Many investment managers have removed all silver from their 

portfolios. Investors' attitudes can best be summarized by echoing the voice of the 

financial community, which claims silver should no longer be regarded as a precious 

metal but rather as an industrial commodity (E&MJ March 1991). 

Industrial consumption, on the other hand, has remained very strong with a 

positive growth maintained throughout most of the 1980s. In 1990, world consumption 

for industrial use was about 16,950 mt (545 million ounces), approximately 96% of total 

demand. During the last five years (1986-90), 'the industrial application share of total 

silver consumption has ranged from a high of 97% in 1986 to a low of 94% in 1989. 

Demand for industrial use is dominated by the photographic industry. During 1990, 

approximately 40% (6,220 mt) of the total industrial use in the United States, Western 

Europe, and Japan was absorbed by the photographic industry. The fastest growing 

segment within this industry has been the medical sector. New technological 

developments and applications in the medical profession have resulted In a considerable 

increase In the number of hard images requested by doctors and other health specialists. 
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Overall, consumption growth rates for silver in the photographic industry during the 

1980s, have averaged 3% per year. Two other important markets, classified under 

industrial demand are jewelry and silverware, along with electronic and electrical 

equipment. In 1990, combined demand in the United States, Western Europe, and 

Japan in each of these two areas reached about 2,100 mt (70 million ounces), or 

approximately 24% of total industrial consumption. World consumption in the jewelry 

and silverware markets has increased every year since 1984. In 1990, demand in 

Western Europe and Japan reached about 60 million ounces (1 ,866 mt), and four million 

ounces (124 mt). Total silver use in electronics and electrical equipment has remained 

strong in spite of both diminishing silver per unit of output and substitution. Excluding 

1987, this segment has experienced a positive growth since 1984. 

3.7.3 Silver Price Structure 

With the exception of 1987 and 1988, the annual price of silver has declined in 

real and nominal terms every year since 1983. In 1991, the annual average price 

dropped from $4.82/oz in 1990 to $4.04/oz in 1991, a decline of 16 % or 78¢/oz. Figure 

3.5 presents the silver price series in nominal and real (1987 dollars) terms for the 1900-

87 period. As long as by-product silver production continues to satisfy most silver 

demand, and inflation rates in the mature economies are under control, the outlook for 

price increases or price volatility remains implausible. The inability to operate under 

prevailing silver prices has forced traditional primary producers to shut operations in 

many parts of the world, Bolivia is no exception. 

3.7.4 Sliver Stockpiles and Futures Trading 

During 1990 worldwide bullion stocks, excluding India, surpassed 16,000 mt (519 

million ounces), of which 6,530 mt (21 ° million ounces) were held by governments, 9,081 

mt (292 million ounces) by market exchanges, and 529 mt (17 million ounces) by market 
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FIGURE 3.5 
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dealers. The magnitude of these world stocks becomes apparent when such levels are 

compared against world total consumption, which in 1990 reached 17,727 mt (570 million 

ounces) (World Metal Statistics, 1992). As long as these high stock levels are 

maintained, they will continue to exercise downward pressure on silver prices. 

The Silver Institute (1991) estimates net stocks in India are close to 124,000 

metric tons (4 billion ounces). They note this magnitude is over 30 times the size of the 

U.S. Government silver stocks, about eight times the total world mine output of 1990, 

and about eight times current annual world industrial demand. Nevertheless, M. Kaiser, 

vice president of Amax Gold, claims this immense volume is not expected to have a 

significant impact on the silver market as long as the India judges international price 

levels to be unattractive. Obviously, this huge level of inventories may produce severe 

market distortions throughout the world at any given time. 

For the third consecutive year total trading volume of silver future contracts 

declined at both the New York Commodities Exchange (COMEX), and the Chicago 

Board of Trade (CBOl). Future contracts at COMEX declined from a peak of 786,155 

metric tons in 1987 to 679,000 and 608,580 mt in 1989 and 1990, respectively. At the 

CBOT, the trend was similar: traded contracts decreased from a high of 18,567 mt in 

1987 to 8,294 and 5,971 mt in 1989 and 1990, respectively. 

3.8 Summary of the Zinc, Lead, and Silver Industries 

In the short run, supply and demand for metals is inelastic, so price exhibits 

pronounced cyclical characteristics. In general, periods of economic growth are 

accompanied by upswings in demand for durable goods and, therefore, input' factors, 

while an economic contraction produces a fall in demand, causing a drop in the 

consumption of input factors, especially of basic industries including metals. Empirical 

evidence shows that consumer demand for metals-intensive consumer durables are 

reduced considerably with decreases in the level of incomes and global economic activity 
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(Roberts, 1988). As Roberts (1988) points out, periods of economic recession, which 

reduce the purchasing power of consumers, produce shifts in the product mix away from 

metal intensive goods. In the long run consumption is influenced by technological 

changes, materials substitution, and shifts in preferences often associated with new 

industry regulations, as well as the level of economic activity. In essence, cyclical 

inefficiencies which create pressures on excess or shortfalls from eXisting capacities are 

experienced in the short run, while secular inefficiencies are those deviations from the 

long run trend of average quantities. 

The implication to the Bolivian Altiplano mines is that they must have some global 

comparative advantage in the production of these essentially competitive commodities. 

On a weighted average basis, these mines must fit into the long-run supply/demand 

world market equilibrium somewhere on the supply hierarchy so that these are infra

marginal either" at the concentrate or smelting level. 
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4.- STRUCTURAL ORGANIZATION OF THE CORPORACION MINERA DE BOLIVIA 

No mining study of Bolivia would be complete without discussing the role of the 

Corporacion Minera de Bolivia (Comibol) or the State Mining Enterprise which has 

accounted for over 50% of total mineral production in Bolivia over the past three 

decades. This chapter provides an overview of the organizational structure of Comibol. 

That is, Comibol's reaction to internal and external political and economic pressures, to 

international market signals in regards to its export commodities, and to the general state 

of its mineral deposits (i.e. quality of ore reserves). 

In the late 1980s Rolando Jordan, Director of the Centro de Estudios de Mineria 

y Desarrollo, or CEMYD (Center for Mining and Development Studies) in La Paz, Bolivia, 

led a team of economists and engineers in a research study of Comibol. CEMYD's 

research was focused on the technical, economical, social, and organizational structure 

of Comibol, that is, each major structural component of the Corporation. Their analysis, 

published in Desempeflo y colapso de la mineria nacionalizada en Bolivia (1990), 

provides the basis for this review, complemented by Roberto Arce's Pasado y futuro de 

la mineria en Bolivia (1990), R. Arce and O. Davila's Consideraciones generales sobre 

la mineria Boliviana (1990), and personal discussions with current and past Comibol 

personnel. 

4.1 Origin of COMIBOL 

From 1948 to 1951, mineral exports accounted for approximately 97% of total 

Bolivian export earnings. Over 70% of the export value was generated by the three 

major private mining groups of Patino, Hochschild, and Aramayo, collectively known as 

the "TIn Barons". As a result, rent from the principal productive sector of the Bolivian 

economy was crucial for the success of any real political and social change. In the 1952 

revolution, Movimiento Nacionalista Revolucionario (MNR) assumed power with a 

platform of radical economic and social changes. The party advocated total control of 
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the "Iarge" private mining sector to enable Bolivia to free its economy and to permit the 

State to act as the catalyst to produce fundamental social, political, and economic 

changes from within the country and with no or minimal foreign interference. 

In October of 1952, soon after the April revolution, a decree nationalized the gran 

minerfa and established Comibol as the State Mining Enterprise. Overnight, Comibol 

became one of the largest mining corporations in the world in charge of administering 

and developing world class tin deposits. "Medium" and "small" private enterprises, whose 

combined output represented about 25% of total Bolivian minerals output value circa 

1950, were not directly affected by the nationalization decree. 

4.2 Development of COMIBOL 

Ever since its creation Comibol has experienced difficulties in its political, 

economical, and technological structure. The involvement and support of the mining 

work force during the 1952 revolution was instrumental in the national triumph of the 

MNR, a relatively new political party. The influence of the Federaci6n Sindical de 

Trabajadores Mineros de Bolivia (Mining Workers Union), grew even stronger with the 

abrogation (temporary) of the Bolivian armed forces. The workers turned this influence 

into pressure on Comibol policies, attempting to establish a "social" function for ·the 

mines, thus creating and maintaining employment as a legitimate operating activity. 

Soon after nationalization of the mines, Comibol's revenues declined dramatically 

as the price of tin fell by over 40%, from $1.21 per pound to $0.70/lb. The sudden drop 

in world tin prices caused a severe set-back to the social and economic plans envisioned 

by the "revolutionary" party. This decrease in hard currency exchange along with other 

government policies, yielded high inflation, a deficit in the balance of payments, and the 

preferential exchange rates of over-valued currency. To compound this problem, Bolivia 

became ostracized from international financial markets in response to the nationalizing 

policies. At the time, Bolivia's tin was being sent abroad for smelting. The former private 
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sector mines were integrated, with processing performed by the Patino group, which also 

smelted much of the world's tin. Hence, from the onset of the nationalization decree, 

Bolivian tin concentrates experienced large IIhold-backll deductions on their smelter 

payments as the partially compensated private sector demanded in international court 

appropriate compensation for their confiscated assets. Deductions on smelter payments 

during the 1953-61 period amounted to approximately $20 million (Arce, 1990). These 

deductions ceased over a decade later only after intervention by the United States 

government, the West German government, and the Inter-American Development Bank. 

In addition to the above problems, to satisfy the work force during the nationalization 

process, the government, in a political maneuver, spent vast amounts of funds 

indemnifying each worker. 

Besides these difficulties, Comibol faced considerable technological difficulties 

in most of its operations. Existing equipment and machinery were not properly 

maintained, leading to decreases in labor productivity and increases in production costs. 

During the years of uncertainty regarding the possibility of nationalization policies, the 

mining industry under the three major groups (Patino, Hochschild, and Aramayo) had 

permitted its capitalization to fall to dangerous levels. In addition to technological 

problems, a significant exodus of professionals and high level technicians left Comibol 

with a substantial deficit of skilled labor. In many instances, positions which required 

specialized personnel were either vacant or staffed by unqualified personnel. 

In order to fulfil the ambitious economic and social changes in Bolivia, the 

government required vast amounts of hard currency to import machinery, equipment, and 

spare parts. In this light, as discussed by CEMYD and R. Arce, the nation's principal 

source of revenue, Comibol, was assigned the task of generating foreign exchange as 

fast and as much as possible. Despite the significant fall in metal prices, political 

pressure caused Comibol's labor force to increase from 24,000 in 1951 to 29,000 in 

1954, and to swell to 36,000 in 1956, wrthcut commensurate increase in output. 
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After the first major organizational crisis in 1956. The government proceeded to 

hire the consulting firm of Ford, Bacon, and Davis to assess the state of the Bolivian 

mining industry. The consulting firm strongly criticized government interference at all 

levels of management and operations within Comibol. The report also noted a complete 

absence of a long-term strategic master plan for Comibol. Analysts concluded Comibol 

was never allowed to define nor to develop its own corporate strategy; instead it had to 

accommodate demands, often simultaneously, from several institutions, including the 

Ministry of Mines, the ruling political party, and the workers' mine union. 

Ford, Bacon, and Davis developed for Comibol a set of guidelines to strengthen 

its financial operational independence. As indicated by CEMYD, the consultants 

principal recommendations to provide stability and growth for Comibol were: i) to 

concentrate on exploration projects, ii) to reduce operating costs and improve managerial 

skills, and iii) to improve metallurgical efficiency. The first recommendation, crucial for 

the growth of any mining company was frustrated from the start, since it implied long 

term commitment of capital and labor, hence in conflict with established corporate policy 

of concentrating in short-term gains. With respect to the second, an attempt was made 

by Comibol to improve labor discipline, to increment technical supervision, to increase 

the amount of material treated, and to replace obsolete equipment. As to improving 

metallurgical efficiency, the Corporation channeled its resources to existing equipment 

and technology rather than to seek new technological innovations that might have proved 

beneficial in the longer-run. 

4.3 Minerai Exploration and Exploitation 

Throughout the years, exploration projects were of secondary importance; in fact, 

budget constraints limited the recruitment and retention of skilled exploration geologiSts. 

As a result, high grade ore bodies were depleted at an accelerated rate without 

provisions for their replacement. It was only through a 1961 decree that the government 
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allocated $4 million to Comibol's exploration and geological projects. 

As noted by CEMYD, consistent with the bureaucracy ingrained within Comibol, 

these fresh funds led to the establishment of a new Geology Department, which in turn 

created an exploration branch. Although the mission of the new department was to 

explore for additional reserves, the long-lead times required from exploration to 

production were once again in conflict with Comibol's short-term policies. As a result, 

ongoing exploration projects were routinely abandoned, with the remaining funds, 

equipment and personnel transferred to the production stages. In essence, exploration 

programs, paramount to any serious mining company, had no real support in one of the 

world's largest mining enterprises. 

Comibol concentrated its capital and labor in mineral exploitation and processing. 

Decreases in tin ore grade were compensated by treating higher volumes of material, 

even though the metallurgical complexity of the ore had increased. These problems 

were reflected in the ascending cost per ton of metal produced. For example, in the 

mining center of Catavi, approximately 1 million tons of ore with an average tin grade of 

1.28% were treated in 1950, while four years later the quantity had increased to 1.5 

million tons to compensate for a drop in the average tin ore grade to 0.84%. Likewise, 

tin recovery at the processing plants in Catavi dropped frOrT) about 70% in 1950 to 

around 60% in 1955. 

4.4 CEMVD'S Investigation 

A brief summary of CEMYD's findings is helpful to understand the complexities 

of operations after the nationalization of mines. CEMYD indicates that among the 

various government policies, devaluation of the Bolivian currency has had the most 

powerful impact in reducing the costs of Comibol's operations. However, although 

periodic currency devaluations lowers operating costs in the short-run, this action fails 

to provide real cost controls in the longer run if the basic reformation is to take place 
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effectively. Significant cost control actions such as the elimination of redundant 

personnel, and a reduction in real wages could not be practiced at Comibol because of 

the continuous governmental domestic policy of interference. In summary, CEMYD 

concludes mechanisms embraced by the state failed to provide a solid foundation for the 

development and growth of Comibol. 

CEMYD identifies the 1961 to 1985 as the period in which Comibol's str.uctural 

policies were established, solidified, and expanded. While the post 1985 period is 

characterized by major organizational changes. CEMYD employs figures 4.1 and 4.2 

to analyze the different policies implemented by Comibol and the government from 1967 

to 1985. Specifically, Figure 4.1 exhibits line plots of production and price indices, while 

Figure 4.2 shows an index for mining operating costs, both as a function of time . 
. 

Production and price indices are based in 1967 values. Cost indices are deflated to 

1967 dollars using the general price index for industrialized nations. CEMYD suggests 

decreases in the cost curve in Figure 4.2 were not the result of actual cost controls but 

rather of governmental policies, hence CEMYD prefers to link only the ascending cost 

indices. Note, production and prices of tin define the shape of the curves because this 

metal is by far Comibol's principal commodity. 

4.4.1 1967-1972 Period 

From 1967 to 1972, the price index (Figure 4.1) remained relatively constant 

while that for production rose by a small amount, producing a small but nevertheless 

steady increase in earnings. During the same time period, the cost index experienced 

two different patterns. Initially, 1967-69, costs dropped as the then new government 

succeeded in laying off a sizable portion of the work force. However, from 1969 to 1972 

costs were on the rise again as a new military government, responding to political 

pressures, reinstated most of the labor force that had been cut under the previous 

regime. Nevertheless, a drop in the index of real costs occurred during 1972 after the 
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FIGURE 4.1 
COMIBOL's Production and Price Indices as a Function of Time 
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FIGURE 4.2 
COMIBOL's Real Mining Cost Index as a Function of Time 
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Bolivian currency was devaluated by 60% with respect to the U.S. dollar. 

4.4.2 1973-1980 Period 

Between 1973 and 1980, tin prices (constant dollars) more than double. This is 

reflected by a significant increase in the price index (Figure 4.1). The sharp increases 

in commodity prices allowed Comibol to temporarily find itself financially secure. This 

perception was shared by external lending agencies which eagerly provided considerable 

amounts of fresh funds to Comibol. This period of high tin prices and easy access to 

credit, masked Comibol's true state of affairs, no attention was given to depletion of high 

ore grade reserves, nor to the expansion of the work force (by more than 12%), nor to 

the general discontent of the labor force against the repressive military regime (unions 

were banned), nor to the management of surplus funds. The Corporation's method of 

spare-parts (equipment) inventory management is given as an example to illustrate 

Comibol's modus operandi regarding the time value of money. As the Corporation's 

revenues and credit increased throughout the 1970s, a policy of huge inventory build up 

evolved without careful consideration for the opportunity cost of capital. Specifically, as 

CEMYD indicates, total inventory, reported in 1965 constant dollars, increased from 

under $24 million in 1970 to almost $56 million in 1975. 

Towards the end of the 1970s a series of endogenous and exogenous factors 

severely affected the Bolivian economy. First of all, real interest rates on outstanding 

loans increased considerably Bolivia's access to additional external credit became very 

limited, and the country's level of reserve currencies dropped considerably. These 

conditions had a negative impact on Bolivia's gross domestic product (GDP) growth rate 

which declined from around 4% in 1977 to about 0.6% in 1980. In an attempt to mitigate 

the macro economic problems facing the nation, the government reacted in 1979 by 

depreciating the Bolivian currency by approximately 25% with respect to the U.S. dollar. 
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4.4.3 1981-1985 Period 

The next stage, 1981 to 1985, was characterized by a significant decrease in the 

price of tin, with devastating effects to Comibol. Depressed earnings forced Comibol to 

reexamine its capital and operating budget. The Corporation's response was to 

drastically reduce investment funds throughout all of its operations. The sharp decline 

in technological and equipment capital investment over several years led to ascending 

production costs with a significant decline in minerals output. This combination of lower 

tin prices and higher production costs, caused Comibol's revenues to fall by 70% during 

the 1981-85 period. 

The substantial drop in revenues obviously had an adverse impact on the 

earnings and benefits accrued to the miners. Workers' discontent was reflected in the 
. . 

significant number of days lost to strikes. Discord between labor and management was 

exacerbated by demands imposed by the Bolivian Mining Workers Union to 

co-participate at the highest levels of management within the Corporation. Their 

demands were met with support by the then "populist" Siles Zuazo Administration. 

Eventually, this Administration succumbed to political pressure and allowed the Mining 

Workers Union to gain control of Comibol's management. With the Union in control of 

Comibol's management during this financially difficult period, the Corporation's work 

force increased by approximately 8%, from 25,700 employees in 1981 to around 27,700 

in 1984, while production declined by about 33% during the same time period. During 

this period, Comibol required state subsidies to maintain their operations running. 

However, given the general state of the Bolivian economy, resources for such bail-outs 

were no longer available. In summary, by 1985 Comibol was at the verge of total 

collapse. 

4.4.4 1985-1988 Period 

To capture the setting of CEMYD's last period of investigation, 1985-88 period, 
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it is helpful to cite the state of the national economy prior to 1985 as a framework of 

reference. As the country returned to democracy in the early 1980s, the newly elected 

administration was unable to restore political and economic order after a turmoil of power 

struggle produced eight presidents in less than four years (1978-82). In brief, years of 

unsound macro-economic policies imposed by military dictators, coupled with the 

democratically elected "populist" Siles Zuazo Administration, led the Bolivian political 

arena and economy to a state of chaos. Inflation skyrocketed from 25% in 1980-81 to 

over 25,000% in the first half of 1985. The country's real GDP fell by approximately 4%, 

7% and 2% during 1982, 1983 and 1985, respectively. Not surprisingly, workers 

routinely demonstrated their discontent by organizing marches, road blocks, strikes, and 

other actions which in many cases were closer to anarchy than to democracy. Under 

the existing economic and political turmoil, the ruling party was unable to continue its 

mandate. In 1985, President Siles Zuazo stepped down one year before the completion 

of his term. 

A new President, Paz Estenssoro, eager to implement drastic economic changes 

was elected into office. Less than a month in office, the President launched Decree 

21060, the document which provided the blue-print necessary to reverse the economic 

chaos present in the nation. In essence, this instrumental document liberates and 

restores order to the fragile Bolivian economy. Under decree 21 060, market forces were 

adopted in favor of the protectionist polices of the past. Floating exchange rates were 

introduced and were allowed to fluctuate according to supply and demand forces, 

eliminating arbitrage caused by multiple exchange rates. 

Foundations for a thorough rehabilitation program for Comibol were also 

stipulated in Decree 21 060. First and foremost, the Corporation was to be decentralized, 

establishing four autonomous mining subsidiaries. Comibol would no longer be required 

to sell its output to the state tin smelter company, ENAF (Empresa Nacional de 

Fundiciones), instead it could now negotiate its own contracts with any national or 
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foreign buyer. Equally important, Comibol was now allowed to shut down non-profit 

operations and adjust the level of employment according to market conditions and thus 

the solvency of its operations. Basically, the strategy of the new economic plan 

encouraged radical changes within Comibol, including private sector participation, and 

free employment contract negotiations. Ironically, President Paz Estanssoro, architect 

of decree 21060, is the same man who, as President of Bolivia, dictated the mining 

nationalization decree 33 years earlier. 

As indicated by CEMYD, two months after launching Supreme Decree 21 060 and 

before Comibol's rehabilitation program had a chance to be implemented, the 

International Tin Agreement collapsed. Immediately, tin prices fell by more than 50%, 

from $5.40 per pound to around $2.50/lb. The ensuing turmoil was accompanied by an 

abrupt suspension of tin trade at the London Metals Exchange. In response to these 

new events, the Bolivian government elaborated decree 21377 (August 1986), a 

document which provided specific administrative guidelines for Comibol. In decree 

21377 about a dozen "core mines" were designated for direct administration and 

operation by one of the newly independent subsidiaries of Comibol. A second set of 

mining centers, approximately nine, were to be administered and operated under leasing 

contracts with mining cooperatives, which would preferentially be staffed by former 

Comibol miners. If no satisfactory contracts could be negotiated, these operations would 

then be terminated. 

In addition, as part of the rehabilitation program, the government appointed a 

Mining Task Force to investigate the state of the mining industry and to provide 

conclusive recommendations. The task force argued Comibol should limit its resources 

to those operations in which it has a comparative global cost advantage. As discussed 

by CEMYD, the task force identified two strategies for Comibol. First, they suggested 

Comibol ought to concentrate in high-grading relatively small operations within its "core 

mines". The second proposal, a much more ambitious one, is to develop a set of 
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mega-projects envisioned to become world class operations. Among these projects are: 

Cerro Rico de potosr (Ag-Sn), Pulacayo (Ag-Au), Ulla-Ulla (Au) and San Antonio del Rio 

(Au). In addition the task force also recommended the elimination of most areas that fall 

under IIFiscal Reversell protection, reforms in taxation policies, and improvement of the 

mine cadastral service (Le. registry of mine concessions) with the aim to encourage 

private sector participation. Many of these suggestions are addressed in the new Mining 

Law of 1991 (Chapter 5). 

In regards to the principal recommendations formulated by the Mining Task 

Force, CEMYD argues that adoption of the strategy to continue operations in selected 

or IIcore minesll will just prolong the decay of Comibol. They argue Comibol must focus 

on a comprehensive long-term strategic plan that will permit the survival of the 

Corporation beyond the near future. With respect to the development of mega-projects, 

CEMYD suggests Comibol may lack adequate access to financial markets that would 

allow the Corporation to actively participate in the exploration, development, and 

production stages of such projects. CEMYD submits that unless Comibol goes beyond 

the current reorganizational scheme, it may end up being just a passive holding 

company with no significant operations of its own. 

4.5 COMIBOL Reorganization Efforts 

CEMYD is quite critical of COMIBOL. Fiscal and monetary policies, attempts to 

maintain oligopoly influence, lack of corporate autonomy along with problems emerging 

from labor discontent, are probably the four most detrimental issues that prevented 

Comibol from realizing a successful transformation. Indeed, government interference 

continues to restrain Comlbol from adopting its own corporate policy. With respect to 

labor discontent, a glance at the level of employment serves well to indicate the workers 

apprehension towards further corporate structural changes. Comibol pursued a massive 

reduction of its work force, from over 30,000 employees in 1985 to approximately 7.000 
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in 1988. About 7,000 laid-off workers were absorbed by the newly formed mining 

cooperatives, while the rest, or approximately 16,000, were left jobless at a time of great 

economic uncertainty in the nation. In spite of these actions, costs for the producing 

mines increased, in real terms by almost 30% between 1988 and 1989. As a matter of 

fact, CEMYD claims Comibol posted sizeable losses for the first quarter of 1990, thus 

consuming rather than generating national revenues. As production costs ascend, 

workers continue to experience great uncertainty regarding the Corporation's policy 

towards employment levels. Under current economic conditions, Comibol is in no 

position to provide much hope for improvements in real wages, fringe benefits, or the 

overall standard of living of its workers. Consequently, workers morale, discipline, and 

efficiency remains below their full potential, thus negatively affecting the stability and 

growth of the Corporation. 

CEMYD provides a set of recommendations they claim would help to transform 

Comibol into an efficient mining enterprise capable of competing in the global market. 

Among these suggestions are: 

- to eliminate the central and subsidiary offices and create a holding enterprise with a 

central board of directors. The task of the board of directors would be to devise a 

coherent long-term strategic plan for the Corporation and to assist each mining center 

on contract negotiations. However, the board would not dictate operating parameters 

such as levels of production, degree of geological investigation, or mineral exploration. 

These decisions would be left to each autonomous center; 

- to create a transition team at each of the mining centers. This team would propose 

mining projects based upon the specific parameters of each deposit. The team would 

perform technical and feasibility stUdies in each of the centers to determine whether 

operations should continue or be terminated. The team would also devote a serious 

effort to identify the best available technology (anywhere) that could be implemented in 

each of its operations; 
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- to create joint ventures with leading international mining companies. To compete in the 

global market, Comibol must adopt modern technology and a modern style of 

management. This can, in large part, be accomplished through associations with stable 

international mining firms, and; 

- to pursue long-term financial stability under competitive market forces. In other words, 

Comibol must earn its right to exist as a financially sound company in the global market 

and not through government subsidies. In the long-run, this prerequisite demands 

adoption of coherent exploration practices. 

4.6 Conclusion 

In closing, it must be emphatically stressed that Comibol does indeed possess 

the required mineral endowment to be transformed into a world class mining enterprise. 

However, to gain such status it must be willing and able to transform and forge ahead 

in an ever more competitive world. This transformation will be only possible if the 

Corporation is allowed to function as a true commercial enterprise, guided by 

professionals committed to the stability and growth of Comibol. In summary, Comibol's 

role in Bolivia can remain of critical importance. 
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5.- STATUS OF THE INVESTMENT CLIMATE IN BOLIVIA 

Chapter 5 provides an overview of recent Bolivian legislation enacted to provide 

a fertile climate for private mining investment in the country. The analysis highlights 

salient features contained in The Mining L.aw, The Law of Investments, The Law of 

Privatization, and several complementary decrees (all available from the Gaceta Oficial 

de Bolivia). In addition, the last section of this chapter presents a partial list of foreign 

mining companies and institutions which have demonstrated an interest in Bolivia. 

In spite of a favorable geology, foreign private investment in the Bolivian minerals 

sector has been practically nil since the nationalization of the largest mining companies 

in 1952 (see Chapter 4). Nationalization of the principal mining enterprises resulted in 

the creation of the Corporacion Minera de Bolivia (COMIBOL), the state mining 

corporation, an institution which quickly became responsive to political agendas. 

Comibol's objective, as demanded by each of the former governments, was to maximize 

export revenues irrespective of costs of production and of international market signals 

regarding its commodities. Under such an environment no long term strategy existed 

to adopt new technology and modernize operations, nor to replace depleting ore bodies 

through exploration efforts. Furthermore, in line with the spirit of nationalization which 

prevailed after the 1952 revolution, vast regions deemed favorable for mineral 

exploration were declared "fiscal reserve" areas, thereby removing opportunities for 

private involvement. 

Enormous capital outlays required to develop world class mining operations 

prevented Comibol and private local firms from initiating such undertakings on their own. 

As a result, the need to reverse policy and actively pursue direct foreign capital 

investment became a priority within the state mining sector. In this vein, the Bolivian 

Congress has recently passed significant acts of legislation modernizing the mining code 

and specifying investors rights and obligations. Democratic stability, which in 1993 will 

produce a fourth consecutive elected government, is another reassurance to potential 
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investors. Both of the above factors complement Bolivia's geological potential, which 

according to geologists, remain practically untapped. In subsequent sections, the new 

Mining Law, Investment Law, Privatization Law, and other recent legislation adopted by 

the last two Bolivian Administrations to reverse the stagnant investment climate 

prevailing in the nation are discussed. These new policies, along with a stable 

democratic government, and attractive geology should act as the catalytic forces to 

propel the Bolivian mining industry to exploit its global comparative advantage. 

5.1 The Mining Law 
~ 

On April 3, 1991, after five years of arduous discussions among politicians, 

private mining companies, workers unions, metal traders, and others, the Bolivian 

Congress approved the new Mining Law. The new law improves and modemizes the 

Mining Code of 1965. The revisions to the Mining Code were made in the hopes of 

providing a stable and attractive business climate to encourage private investment, both 

domestic and foreign. 

Among the numerous changes, two are expected to have the greatest impact on 

private foreign investment. First, the new law opens the 50 Km international border zone 

to foreign firms for conducting mining activities therein. Foreign firms and individuals, 

excluding those from countries adjacent to the mining concession, are permitted to enter 

into service contracts and joint venture contracts (terms still under review) with Bolivian 

nationals for development and exploitation. 

The second major change is the establishment of a new taxation system for all 

new mining investment. A net profits tax rate of 30 percent replaces previous royalties 

on production. This new taxation scheme is designed to be compatible with taxation 

schedules administered by other nations. Including the United States and Canada. Thus, 

intematlonal firms should be able to obtain credits for taxes incurred in Bolivia, 

eliminating the possibility of double ta~atJon. The procedure to arrive at the taxable 
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income is discussed in Chapter 7. 

5.1.1 Salient Articles For Foreign Private Investment 

Several principal changes adopted by the new Mining Law in an effort to attract 

foreign private investment must be highlighted. First, areas along the 50 Km 

international borders previously off-limits to foreign companies and individuals, are now 

open for joint venture contracts between Bolivian nationals and foreigners (Article 14). 

Although foreign companies cannot directly own or lease a concession within these 

geologically favorable zones (USGS, 1992), they may engage in exploration and 

exploitation through association with local companies. At the present time there are no 

stipulations regarding the structure of the partnership (eg. maximum percent of shares 

allowed to foreign companies). However, firms from countries adjacent to the mining 

concession require explicit authorization from the Bolivian Congress to operate in these 

regions. Sensitivity to foreign involvement along international borders stems in part to 

the Pacific War of 1879 between Bolivia and Chile. Events related to mineral resources 

led to this conflict in which Bolivia lost her coastline. 

In addition to restricting mining along international borders, the State had 

established numerous "Fiscal Reserve Areas" (regions off-limits to private sector 

participation). In the past, the government felt society would be served better by placing 

these areas under the control of the State Mining Corporation, Comibol. In contrast, the 

new mining law opens most of these areas to private exploration and exploitation. 

Furthermore, the law states any new areas designated as fiscal reserve regions may 

remain under such status for just two years, with a maximum of a two year extension 

Inclusion of this time limit prevents a return to past policies where a single decree 

created fiscal reserve areas for indefinite periods of time. 

Another equally important feature of the new mining law, is the new taxabon 

system. All new mining operations must comply with the new taxation system, althoug." 



89 

current operations, whether private or state owned, have the option to retain the 

production royalty system until October 1999. Under the new taxation regime, operators 

must comply with a 30 percent tax on profits, provided this payment is at least equal to 

the complementary tax, equivalent to 2.5 percent of gross mining revenues. In other 

words, the complementary tax shall be levied regardless whether profits are generated 

or not. In its entirety revenues from the complementary tax will be returned to the region 

from which the mineral was extracted. Although the complementary tax may be viewed 

as a significant financial burden for start-up operations, this policy should provide a 

healthier political and business climate in the longer run. The complementary tax has 

the potential to alleviate traditional mistrust and other negative perceptions expressed 

by the local population towards foreign private participation in the Bolivian mining sector. 

In an effort to create a taxation regime compatible with those of investing 

countries, including the United States and Canada, companies are required to provide, 

at the start of the fiscal year, an estimate of their annual taxe~ based on expected 

profits. The estimated amount shall then be paid in quarterly installments. Unless there 

is a special provision to train and assist small scale mining producers, be it cooperatives, 

firms, or individuals, this demand may prove to be unattainable if not detrimental for the 

survival of small producers. It is difficult to conceive of compl~x cash flow estimations 

in a group which may not possess thorough knowledge of accounting and business 

methods. Before this plan can be launched, it is imperative that government agencies 

devote substantial resources to provide adequate training to small mining operators. A 

viable alternative may be to allow for special provisions or treatment to small producers. 

Otherwise compliance and enforcement of these policies may be impossible to achieve. 

With respect to the Bolivian Mining Corporation (Comibol), the new mining law 

does not remove constitutional constraints imposed on those mining operations 

nationalized in 1952 and currently under the ownership and administration of Comibol. 

Although privatization of Comibol mines is not permitted, the new law allows for the 
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establishment of joint ventures, operating contracts, leases and other associations with 

Comibol. Furthermore, the Mining Law stipulates any new concession granted to 

Comibol shall be acquired and terminated under the same provisions applicable to any 

private corporation. No more special treatment is granted to Comibol. 

Lack of funds to modernize existing operations and replace depleting ores has 

led Comibol to seek foreign investment. Decree 22408 promulgated on January 1990, 

sets the legal attributes and faculties bestowed upon Comibol for the subscription of joint 

venture contracts. Comibol may also form other types of contracts including, leasing 

agreements, operating contracts, service contracts, and limited time associations. To 

ensure impartiality on disputes regarding these mixed associations, the Investment Law 

guarantees the right to seek international arbitration for settlement (Article 10). 

Furthermore, the Government of Bolivia signed the World Bank's International Center for 

Settlement of Investment Disputes Convention in May 1991. 

Reinvestment tax credit and free metals trade are two additional clauses in the 

Mining Law that should encourage private investment. The fact that reinvestment of 

profits and dividends within the mining industry are exempt from taxes should stimulate 

exploration and modernization of plant and equipment (Article 200). The establishment 

of open trade policies implies that all mining producers, including gold producers, are no 

longer required to sell their output to State agencies and are free to repatriate capital. 

Instead, they may now trade in domestic or international markets. In the past such 

restrictive practices created a business climate in which producers often preferred to 

smuggle their output out of the country. Much of the gold output ended up as 

contraband. Today, restrictions on ownership of metallic gold have been removed. 

Individuals or corporations may elect to posses metallic gold, thus obtaining added 

security against the threat of high inflation rates (Article 209). Decree 22175 (April 1989) 

which establishes rules and regulations for the trade of minerals and metals, monitors 

free internal and external trade of minerals and metals. 
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5.1.2 Summary of the Mining Law 

Overall, the new Mining Law has been successful in its quest to provide a 

modern legal framework for the mining industry. As mining activities are generally long 

term propositions, in order to foster an attractive climate for investment, it is imperative 

to remove as much uncertainty as possible. Adoption of a modern tax system based on 

profits rather than production does not discriminate against high cost producers. 

Furthermore, this tax regime compatible with successful systems elsewhere, should 

significantly aid in removing uncertainties for the development of mining activities. 

Although the Mining Law sets the legal framework for the mining industry, its 

effectiveness will depend to a large extent on the regulatory decrees recently elaborated 

but yet to be tested in real operations. For instance, the new taxation system stipulates 

a 30 percent net profits tax, however, the regulatory decree remains vague on the 

accounting procedure that defines net profits. For example, it is difficult to determine the 

level of deductions allowed for infrastructure development, a cost which can significantly 

affect the viability of potential projects. These issues have neither been fully addressed 

nor contested, as no new projects have commenced since the enactment of the Mining 

Law. However, the regulatory decrees are flexible enough to allow for adjustments as 

the new legislation is fully implemented. Obviously, the elaboration and enforcement of 

these decrees will have a tremendous impact in the development of new mining 

operations. Despite several shortcomings, the new Mining Law should be viewed as an 

extremely valuable piece of legislation, one which provides and supports a stable 

business climate favorable for the development and growth of the Bolivian mining 

industry. 

5.2 Tax Incentives for Industries Located in Oruro and Potosi 

Oruro and Potosi continue to be the most important regions for mineral 

production in Bolivia. Minerals from these two departments contributed to a large extent 
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to the evolution of Spain as a European force during the XVI and XVII centuries. Since 

Bolivia's independence in 1825, mineral wealth from Potosi and Oruro have constituted 

the backbone of the Bolivian economy. 

In December 1991, the World Trade Center in Denver along with the United 

Nations International Development Office sponsored a mining forum in La Paz, Bolivia. 

In the conference, a paper entitled "Climate for Investment in Bolivia" was presented by 

Mr. Alandia, Vice President of the Asociaci6n Nacional de Mineros Medianos (National 

Association of Private Miners). In his address, Mr. Alandia stated "in accordance with 

recent mining legislation, any investment in infrastructure development could be credited 

against net profits tax". 

Mr. Alandia was motivated to make the above statement based on two rather 

obscure National Laws, No.876 and No.877 promulgated on April 25th and May 2nd 

1986 respectively. In essence, Laws 876 and 877, directed at the Departments of Oruro 

and Potosi respectively, provide a tax break or tax holiday for companies that undertake 

new projects in these economically depressed regions. Capital expenditure on 

infrastructure development to serve the new industries within the Department of Oruro, 

are exempt from all national, departmental, and municipal taxes for a period up to three 

years (Law 876). In Potosi, new capital investment in schools, health centers, and 

workers training centers, as well as in construction of roads and other infrastructure 

development are exempt from all corporate taxes, with the sole exception of mineral 

royalties (Law 877). Presumably the term "royalties" would now be replaced by net 

profits tax. 

Although the time span between approval of each law is only one week, there are 

considerable differences between the two. Law No.876 for Oruro stipulates both the 

minimum required investment before a firm can obtain a tax holiday and the maximum 

period of time for which the firm can clrum preferential status. In contrast, Law No.877 

fOJr Potosi does not demand either of It'ose conditions. The law elaborated for Potosi is 
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more flexible and favorable towards mining investment than that for Oruro. However, 

a problem emerges with the regula.tory decree (22021) applicable for both of these laws. 

Decree 22021 makes absolutely no distinction between the two laws, it regulates them 

as if both had the less favorable structure of Law No.876 for Oruro. In other words, 

additional incentives to attract Investment to Potosi have vanished as a result of 

regulatory Decree 22021. Mr. Alandia, on behalf of the Private Miners Association, is 

actively pursuing clarification and a prompt settlement of this issue. He remains 

optimistic on the outcome, since according to the Bolivian Constitution, a National Law 

shall repeal a Supreme Decree when found in conflict. 

5.3 Investment Law 

On September 17, 1990 the Bolivian National Congress promulgated Law 

No.1182, the Investment Law, which provides a normative system for both domestic and 

foreign investment in Bolivia. Law No.1182 guarantees equal rights for national and 

foreign investors. In essence, the Investment Law guarantees free currency exchange, 

a single exchange rate, no restriction on the remittance of profits, no discriminatory 

treatment of foreign companies, and the right for international arbitration of disputes. 

This law also establishes export oriented free trade zones exempted from taxes and 

customs regulations. 

5.3.1 Relevant Articles To Attract Foreign Investment 

Foreign investors are given the same rights, obligations and privileges as nationaJ 

investors without any constraints unless explicitly established by law (Article 2). With 

respect to mining, foreign investors are treated like domestic investors unless the 

constitution dictates to the contrary. Specifically, the Bolivian constitution forbids foreign 

companies and individuals to obtain sole mining concessions along the 50 Km 

international border zones. Similarly, nationalized mines under the ownership Of 
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management of the State Mining Corporation (Comibol) cannot be transferred to the 

private sector, whether foreign or domestic. 

No restrictions are placed on the flow of capital nor on the remittance of profits, 

dividends, interests, and royalties earned in Bolivia. In other words, free foreign 

exchange markets are guaranteed to all investors. Along the same line, free currency 

exchange is also guaranteed. Legal proceedings, operations and contracts may be 

conducted in local or foreign currency. In addition, firms may secure investment 

insurance in Bolivia or elsewhere. Agreements between the Bolivian Government and 

bilateral and multilateral agencies and institutions offers supplementary guarantees to 

foreign investment. This policy allows investors the right for international arbitration of 

disputes. Equally important, work contracts with employees shall be freely negotiated 

or terminated in accordance to the General Employment Law. No commitments to 

unions or other organized groups is required from foreign investors. 

The Investment Law also devotes a section to joint venture contracts. This 

section entitles national and foreign firms, State enterprises, and individuals domiciled 

or represented in Bolivia to freely form joint venture contracts or associations. Naturally, 

foreign individuals or corporations that enter in joint venture contracts shall be governed 

by national laws. This legislation exemplifies Bolivia's solid dri~e to provide a coherent 

investment legislation framework in which private investors, especially foreign, may feel 

welcome and secure against abuses from local authorities. In fact, this new legislation 

is a significant departure from past policies that categorically failed to address investors 

rights and obligations within Bolivia. 

5.4 Privatization Law 

The Law of Privatization, enacted by Congress on April 24, 1992, permits 

enterprises, entities, and institutions of the public sector to transfer their assets to 

domestic or foreign investors. The National Council of the Economy and Planning has 
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the responsibility to oversee the transfer and dissolution of public enterprises. Such 

transfers are to be conducted through public bidding, public auctions, or in market 

exchanges. Irrespective of the general election outcome of 1993, the drive towards 

substantial privatization is not expected to subside. 

As the Government of Bolivia moves towards the privatization of State 

enterprises, including the mining, airline, and communications industries, the overall 

response from workers employed in these sectors has been anything but calm and 

supportive. Just as in any other democratic society, the political opposition has been 

utterly critical of the Administration's proposed privatization strategy of apprOXimately 160 

State companies and agencies. Nonetheless, although the political opposition calls for 

a different privatization plan, they recognize the economic importance of this matter, and 

thus have publicly expressed support for this initiative. 

5.4.1 Social Concerns 

It is imperative to keep in mind that Bolivia's political and economic stability 

remains fragile, even though the Nation has had three successive democratic 

governments in the last decade. As the Bolivian Government seeks to establish a free 

market economy while simultaneously invigorating the fragile democracy, it struggles with 

social and economic demands from organized labor. In this context the government has 

been cautiously negotiating with the Federaci6n Boliviana de Trabajadores Mineros 

(Miners Workers Union) the issue of privatization or private sector participation with 

Comibol. 

In Bolivia, the mining sector has had a tremendous impact in the political, 

economic and social structure of the nation. Since 1952, the year when the three largest 

private mining companies were nationalized, the State Mining Corporation (Comibol) has 

played a critical role in defining the identity and course of the nation. To understand the 

apprehension expressed by mining workers towards private sector participation, it 
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suffices to analyze the sector's level of employment during the 1980s. In 1980, there 

were 86 thousand workers employed in the mining sector, or approximately five percent 

of the total Bolivian work force. During 1980, Bolivia's mineral exports reached $641 

million. By 1987 the number had fallen to about 47 thousand workers, and the value of 

mineral exports fell to $166 million (in constant 1980 dollars). Comibol's continuous 

neglect of international market signals regarding its commodities, use of obsolete 

technology, over-staffed operations, and most importantly the collapse of tin prices in 

1985, practically resulted in the break down of Comibol. Although the massive lay-offs 

during the 1980s (over 23 thousand) were not a product of priva.te sector participation, 

the 7 thousand workers remaining with Comibol are extremely suspicious of the policies 

that might result in joint venture contracts with private companies. 

Comibol workers fear that private management control of the State mining 

operations would be deleterious to their wages and fringe benefits, to their involvement 

in corporate policy matters, and, most importantly, to the level of employment. Workers 

fear additional mine and plant closures would further reduce the work force. Union 

leaders summarize the privatization issue as an attempt by the government and interest 

groups, to deliver the mineral wealth of the nation to foreign entities. These entities, they 

claim, have the unique mission of exploiting Bolivia solely for the grandeur of their urichu 

home countries. Union leaders assure their members and the general population alike 

that privatization of the State mining sector would produce an environment as harmful 

and adverse to the interests of the nation as that which prevailed prior to the 

nationalization of the largest mines in 1952. 

In view of these circumstances, miners, supported and encouraged by other 

sectors including university students, have opted to manifest their objections throughout 

the country. Protest marches and city road-blocks are common in the metropolitan 

areas, highway traffic is also interrupted by road-blocks and marches of miners from their 

respective centers towards La Paz. Hunger strikes are routinely adopted, in many 
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instances involving women and children. The fact that authorities have tolerated these 

types of demonstrations without recurring to the use of violence is certainly an 

encouraging sign towards the establishment of a robust democratic state. Although 

public demonstrations have recently escalated, it is likely that both the Government and 

the workers will come to the negotiating table. Serious and honest negotiations should 

produce a workable agreement in the near future as neither side would gain from 

additional mine and plant closures (which would be inevitable if the State had to 

appropriate funds to maintain production throughout Comibol mining centers). 

In order to eliminate or at least diminish the "foreign exploitation" complex 

ingrained in the general population, the Administration should mount an intense, honest, 

and informative campaign targeted to the general public, not just to Comibol employees. 

This intense media campaign must emphasize the benefits that could be derived from 

private participation, irrespective of whether the investment funds are local or foreign. 

,Demonstrations against participation of private firms in the mining sector would likely be 

reduced to negligible levels without support from the general public. Whatever actions 

the government takes with respect to workers demands, it must be cautious and 

judicious with such agreements and concessions, as these may severely jeopardize 

existing and potential contracts, rights, and privileges of private investors. 

5.5 Mining Participation of the Private Sector 

Since its inception in 1952, the State Mining Corporation (Comibol) has been the 

principal component of the Bolivian mining industry (see Chapter 4). However, because 

of the collapse of tin prices in 1985, Comibol has been struggling to exist as an active 

mining enterprise. Although the private sector has also suffered severe set backs from 

the tin debacle, this sector was able to cut costs and diversify away from tin, thus 

providing strength, dynamism, and growth to an otherwise declining industry. 
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5.5.1 Diversification of Mineral Production 

The growing importance of the private mining sector during the last few years can 

best be captured by analyzing its share of total mineral export value. In 1985, private 

mineral export value amounted to $105 million, or equivalent to 40 percent of the total 

Bolivian mineral export value. In 1987, private exports increased to $181 million, or 

about 87 percent of the total mineral export value, reaching a high of $407 million by 

1990; however, its export share declined to about 68 percent as Comibol's production 

increased at a faster rate. During 1991, export values from the private sector accounted 

for almost two-thirds ($372 million) of total Bolivian mineral export values. To a high 

degree, the growth and success of the private mining sector in the last few years can 

be ascribed to the ability to diversify away from tin and engage in the production of gold, 

zinc, lead, and silver. 

In spite of a decrease in metal prices, the value of Bolivian zinc exports in 1991, 

compared to 1990, increased by 33% to approximately $148 million as production 

increased by 88% (132,000 mt). Bolivian silver production in 1991 increased by 50% 

to 362 metric tons (mt) , and its export value climbed by 19% or up to $46 million. 

Similarly, Bolivian lead output went up by 45% to 21,000 mt, resulting in 1 % increase in 

export values. On the other hand, gold production fell by 15% to less than 4,000 kg; 

export values declined by 19%, down to $44 million. In comparison, tin production 

increased by 38% during 1991, to about 17,000 mt, while its export value increased by 

23%, to almost $100 million. In the last couple of years, private miners have accounted 

for over 60% of total tin production. Although the above statistics do not disaggregate 

private production from that of the State, the trend observed accurately represents the 

private mining sector. Albeit the value of exports for non-metallic minerals are relatively 

small, under three million dollars for 1991, the fact that this value is more than double 

from the previous year is certainly an encouraging indication of the potential value of thiS 

group of minerals. In Bolivia the principal components of the non-metallics in terms of 
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value, are ulexite (borax) and sulfur. 

5.5.2 Private Foreign Mining Companies 

Revitalization of the mining sector cannot be attributed to domestic firms alone. 

Foreign firms, in response to the rich mineral wealth of the country, stable investment 

climate, and clear and favorable mining legislation, have begun to pursue exploration 

and exploitation projects, albeit at a small scale. If investment conditions remain 

promising, Bolivia may see development of world class mining projects. 

Among the principal foreign firms currently (1993) involved in Bolivia are Battle 

Mountain Gold, RTZ, ASARCO, Minproc: Engineers, Pan Andean Resources, HLX 

Resources, Golden Star, Vielle Montagne, and American Pacific. Others, including 

Phelps Dodge, Cominco, Noranda, and Anglo American have expressed considerable 

interest in pursuing mining activities. At the present, most of these firms are associated 

either with Bolivian private partners or with the State Mining Corporation, through joint 

venture contracts, leasing agreements, or other types of alliances. 

As evidence of the dynamism of the private sector, both domestic and foreign, 

and its confidence in the political, social and economic stability of the Nation, investment 

in the mining industry has increased by over 200 percent in the I,ast three years. In 1988 

the share of private investment in the mining sector accounted for approximately 52 

percent, or $29 million. By 1991 this value increased to $84 million, or about 88 percent 

of total investment. In 1992, Battle Mountain Gold proceeded with a major expansion 

at its Kori-Kollo mine. On a lesser positive note, at the end of 1992, after years of 

arduous negotiations, FMC-Lithco opted to abandon its bid to engage in the exploitation 

of lithium from the Uyuni Salt Pan in Potosi. In essence Bolivian politics interfered in the 

process, eventually preventing the attainment of a satisfactory contractual agreement 

between FMC-Lithco and the Bolivian Government. In May of 1993 the Ministry of Mines 

and Metallurgy announced that the Chinese government is interested in the evaluation 
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of the Salar de Uyuni. 

5.6 World Bank and USGS-GEOBOL Studies 

In response to the acute crisis experienced by the mining sector in the mid 

1980s, the Government of Bolivia solicited the World Bank to thoroughly evaluate this 

sector. The result was a program entitled "The Mining Sector Rehabilitation Project", 

. whose principal objectives are: a) to improve the efficiency of the agencies under the 

Ministry of Mines and Metallurgy, b) to establish a line of credit to assist and encourage 

reactivation of the private mining sector, and c) to rehabilitate the Corporacion Minera 

de Bolivia (Comibol, the state mining corporation). 

Financial assistance for the five year (1989-1993), $151 million program, has 

been provided by several international institutions and governments, including the World 

Bank, Inter-American Development Bank, the governments of the United States, 

Germany, Italy, and Sweden, as well as the Bolivian Treasury. Implementation of the 

World Bank program has encountered a series of problems, the most serious being 

Comibol's inability to meet privatization and efficiency targets set forth in the contract. 

These setbacks have caused temporary suspension of funds on more than one 

occasion. 

On January 1992, a two-year joint effort between the U.S. Geological Survey 

(USGS) and the Bolivian Geological Survey (financed by a $2 million grant from the U.S. 

Trade and Development Program) culminated with the publication of the USGS Bulletin 

No. 1975, entitled "Geology and Mineral Resources of the Altiplano and Cordillera 

Occidental, Bolivia". Approximately 150 thousand square kilometers of the Western 

Andean region were covered in the study, employing numerous types of expert analysis 

of data including remote sensing, gravity, magnetic, and geochemical data. The geology 

of known mineral deposits was described and models were developed for undiscovered 

metallic and non-metallic deposits; the geologic information is complemented by 
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economic evaluations of deposit models. This authoritative assessment of the mineral 

wealth of the Bolivian Altiplano, will definitely have a positive impact in further 

development of the Bolivian mining sector, as mining companies will be able to use this 

study as a valuable guideline for exploration and production efforts. 
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6.- BOLIVIA'S ENVIRONMENTAL LEGISLATION 

This chapter examines Bolivia's General Environmental Bill recently passed by 

Congress: a multi-purpose law with two primary objectives: a) the protection and 

conservation of the environment, and b) the promotion of sustainable development. 

Specific effects of the Environmental Law on mining will be treated in a later section 

(Chapter 8). Because the implications of the bill are treated as cost increments, the 

approach will be simplistic. 

Environmental benefits in this Law are emphasized by stating general principles, 

not by attempting to define the means. Regulations are left to the writing of subsequent 

complementary codes. This study shows that much of the controversy surrounding the 

legislation disappears when it is seen as a guide rather than as an operational part of 

Bolivia's industrial policy. That is, as an exercise in multiple-objective planning, its 

immediate role is to exhort investors and regional households whose employment and 

incomes are benefitted by mining to pay due regard to the larger social issues and 

environmental concerns. In essence, the law addresses recent environmental 

awareness in a region more anxious than ever to speed economic growth. 

6.1 Adoption of a Comprehensive Environmental Bill 

In 1991, the Bolivian Commission of Natural Resources and the Environment 

introduced to the House of Representatives the General Environmental Bill composed 

of 118 articles. Initially passed by the Lower House, it was revised and ratified by the 

Senate on April 1992. The actual set of rules and regulations required to transform this 

bill into an operational document will be stipulated through a decreto supremo elaborated 

and promulgated by the executive branch. 

Bolivia's legislation illustrates the recent jump from practically non-existent 

environmental awareness to an all encompassing framework for rules and regulations. 

The law is in this respect an "encyclical· 0( "bill of rights" announcing that the society 
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and the State are now ready to "guarantee everyone the right ... to enjoy a healthy and 

pleasant environment in the development and performance of all their activities", both 

economic and social. How this is done is left to the subsequent regulations. Thus, the 

unfinished regulatory work raises apprehension and risk to potential investors. 

It is difficult to conceive of Bolivia's adoption of a comprehensive environmental 

code even more sophisticated than those implemented in developed nations. The social 

costs of this transformation for Bolivia can be suggested by Table S.1. Only 40 percent 

of the housing is connected to piped water; almost SO percent has no adequate mode 

of waste water disposal; approximately SO percent has no toilet facilities; about 41 

percent has no access to electricity; over 50 percent of the garbage is dumped in the 

open; and nearly 73 percent of the housing in rural areas uses wood as the source of 

cooking fuel. When a large proportion of the population lacks access to a network of 

basic services, such as those mentioned above, the major sources of pollution are not 

industrial. Hence, according to provisions contained in the environmental law, citizens 

without basic services facilities may have no alternative but to violate several clauses 

of this law. 

In contrast, practically all residential housing in the United States has access to 

a complete network of basic services. As displayed in Table 6.2, housing statistics for 

1987 indicate close to 99 percent of the units have access to piped water, 85 percent 

is served by public system or private companies, and 14 percent by wells; 99 percent 

is connected to some form of waste water disposal, of which 75 percent are to public 

sewer system, and 24 percent to either septic tanks, cesspools, or chemical toilets; 

almost 99 percent have complete bathrooms; and about 57 percent of the units uses 

electricity as the source of cooking fuel, with gas accounting for practically all of the 

remaining 43 percent. Such circumstances leave the major sources of pollution to the 

energy intensive and basic industrial activities of the developed economy. 

Clearly Bolivia needs a substantial amount of investment funds in order to be 



TABLE 6.1 BOLIVIAN HOUSING STATISTICS 1988 

TOTAL 

population 6,405,100 
Percent 

Housing units 1,318,800 
Percent 

SOURCE OF WATER SUPPLY (percent) 
Indoor piping 19.6 
OUtdoor Piping 40.4 
other 40.0 

URBAN 
AREA 

3,286,300 
48.4 

662,800 
50.3 

31.8 
57.5 
10.7 

ACCESS TO ELECTRICAL ENERGY (percent) 
With Access 59.3 91. 7 
Without Access 40.7 8.3 

WASTE WATER DISPOSAL (percent) 
sewage System 22.7 42.3 
Cesspool 14.6 20.1 
septic Tank 4.0 7.1 
Hone of the Above 58.6 30.4 

TOILET FACILITIES (percent) 
Private Use 26.5 40.7 
CODon Use 14.7 26.8 
No Facilities 58.9 32.4 

GARBAGE DISPOSAL FACILITIES (percent) 
Dulped in the Open 51.1 20.8 
Garbage Truck 22.5 45.3 
DtlIpster site 19.9 30.5 
other 6.5 3.4 

SOURCE OF COOKIHG FUEL (percent) 
Gas 50.3 83.5 
Wood 32.9 5.9 
Manure 3.2 0.1 
Kerosene 3.0 4.9 
Electricity 1.9 1.9 
Coal 0.2 0.2 
other 8.5 3.5 

RURAL 
AREA 

3,118,800 
51.6 

656,600 
49.7 

7.3 
23.2 
69.5 

26.5 
73.5 

2.9 
9.1 
0.9 

87.1 

12.1 
2.3 

85.6 

81.8 
1.4 
9.3 
7.5 

16.6 
72.8 
6.3 
1.2 
1.9 
0.2 
1.0 

-----------------------------------------------------------------------
Source: Bolivia en Cifras 1989, I.H.E. 
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TABLE 6.2 

UNITED STATES HOUSING STATISTICS 1987 

population 

Housing Units 

SOURCE OF WATER SUPPLY (percent) 

Public Systea or Private Co. 
Well serving 1 to 5 units 
other 

ACCESS TO ELECTRICAL ENERGY (percent) 

With Access (rounded) 
Without Access (rounded) 

WASTE WATER DISPOSAL (percent) 

Public sewage System 
septic Tank - Cesspool - Chemical Toilet 
other 

TOILET FACILITIES (percent) 

COlplete BathrOOIS 
No Facilities 

SOURCE OF COOKING FUEL (percent) 

Electricity 
Gas 
other 

248,710,000 

102,652,000 

84.7 
13.9 
1.4 

100.0 
0.0 

75.1 
24.1 
0.8 

98.4 
1.6 

56.8 
42.4 
0.8 

SOurce: statistical Abstract of the United states 1991 
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able to develop an adequate infrastructure of basic services, a crucial component 

necessary to achieve high levels of environmental quality. The best sources for 

providing this investment capital are precisely those energy intensive and primary 

industries, such as the mining sector, in which Bolivia commands a comparative global 

advantage. Most recently, a series of productive market oriented policies and actions 

are eliminating barriers to trade and investment that have prevented the minerals sector 

from becoming the country's dynamic economic force as its resource base permits. To 

induce a change, recent SUbstantial legislation including the Investment Law, 

Privatization Law, and revised Mining Code (which incorporates a new minerals taxation 

system based on profits), have created a more favorable investment climate for the 

exploration and exploitation of world class mineral deposits. The government's overall 

social concern is that the external environmental costs be covered without overwhelming 

the propitious investment climate. However, the uncertainty stemming from the adoption 

of complex, ambiguous, and prohibitively expensive environmental legislation poses an 

additional risk to investors. 

Figure 6.1 displays the variation in the demand for environmental quality as a 

function of the nation's budget constraint (Le. GOP). As discussed by Baumol and Oates 

(1988), the principal assumptions in Figure 6.1 are: a) environmental quality is a normal 

good (demand increases with higher income); b) utility or preference functions are 

comparable; and c) there is a fixed price for environmental quality that is unaffected by 

the level of income. For the purpose of illustration, DO represents the budget line of a 

developed nation (e.g. United States), while BB that of a developing nation (e.g. Bolivia). 

Similarly, Uo and Us represent the utility functions for developed and developing nations 

respectively. This exhibit clearly shows the presence of a significant gap between the 

degree of environmental quality demanded by a developed nation, qo, vis a vis a 

developing one, qs' Furthermore, between qs and qo, the marginal rate of substitution 

(between environmental quality and "other goods") for developed nations is higher than 
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FIG. 6.1 ENVIRONMENTAL QUALITY DEMANDED BY D~VELOPED AND 

DEVELOPING ~ATIONS (BAUMOL AND OATES. 1988) 



108 

for developing nations, as can be seen at the level q. This implies that developed 

nations are able and willing to sacrifice a higher amount of "other goods" in exchange 

for an increment in environmental quality. Clearly, the value placed upon an additional 

unit of environmental quality is not the same for these countries. 

6.2 Salient Features of the Environmental Legislation 

In essence, the Bolivian Environmental Bill has the character of an encyclical: it 

counsels regulators and producers to do good and eschew evil. In this it proclaims the 

goals of society are multiple, namely economic, cultural, social, and environmental, 

without addressing whether perfection in all these dimensions can or need be attained. 

To avoid incompatibility, decision makers consider joint maximization which implies some 

social weights for setting priorities for compromises. The two primary objectives of the 

law are: a) the protection and conservation of natural resources and the environment; 

and b) the promotion of sustainable development. Sub-objectives within the 

environmental protection goal include: conservation of biological diversity; optimization 

of water, air, soil, and resource use to assure long term availability; and compatibility 

with international policy trends subject to limits of national sovereignty and interests. 

With respect to the natural resources development goal, the environmental law mandates 

development to improve quality of life of the current population, attempts to avoid risks 

from development falling on future generations, constrains national sovereignty and 

interests with global cooperative requirements, mandates sustainable development with 

social equality, and encourages technical change and research. 

However, even if the major technical and legal uncertainties of the legislation 

were removed, the sheer magnitude and ambitions of this law would make perfect 

compliance prohibitively expensive. In order to transform the principles of the law into 

working rules, the complementary decree is expected to define how to: preserve. 

conserve, and improve environmental and natural resources while maximizing the Utility 
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or social welfare function of the citizens. Without such a detailed decree, a lack of 

procedures for prioritizing objectives and standards for monitoring and controlling 

pollution would prevent this transcendental document from fulfilling its overall objective. 

Besides removing the technical and legal uncertainties of this law, the specific 

rules and regulations of the accompanying decree are expected to: 1) limit deterioration 

of the environment; and, 2) seek to equalize benefits to segments of society (distributive 

justice) across present and future generations. The decree is needed to rationalize the 

law. It is also necessary to establish an unambiguous definition of the authority and 

constitutionality bestowed upon the National Environmental Agency for establishing 

standards and applying the law. Without a rational and credible decree, investors cannot 

evaluate the risks and identify the costs of operating in Bolivia relative to other regions. 

Among the problematic features contained in the proposed law that have the 

potential for placing the Bolivian industrial base, including the minerals sector, at a 

comparative global disadvantage are: i) uncertainty on the contents of the forthcoming 

regulatory decree; ii) jurisdiction given to the National Environmental Agency to sanction 

civil and criminal offenses both at the individual and corporate level; iii) requirements for 

existing industrial activities to meet all the clauses of the legislation within a maximum 

of five years but without a clear plan to provide either technic~ or financial transitional 

assistance; iv) moral hazards, namely excessive exposure for abuse (citizens may be 

encouraged to invoke provisions of this law to file civil procedures and start litigation 

against Individuals or companies without tangible proof of environmental violations); v) 

ambiguous definitions given for transportation of toxic waste within national territory; and 

vi) uncertainties concerning the general implications of zoning activities on protected 

areas. These uncertainties are expected to be resolved in less than a year. The 

complete set of regulations, including technical standards, protected areas, and types 

of fines and penalties to sanction violations, must be in its final form within 180 days of 

promulgation of the law (I.e. middle of 1993). 
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Although the time frame to incorporate all rules and regulations into the present 

legislation is set at 180 days, policy makers need to realize other nations, including the 

United States, have been gradually developing comparable legislation for over two 

decades. It is crucial for these rules and regulations to be realistic and well defined, 

technologically sound, enforceable, and above all in accord with the social and economic 

reality in Bolivia. It may not be in Bolivia's interest to pretend to implement 

environmental legislation far more comprehensive, expensive, and sophisticated than 

that of any developed nation. 

The supreme decree containing the necessary rules and regulations to make this 

law operational, will receive substantial input from different sectors of the government, 

including the Ministry of Mines and Metallurgy. This input will not appease investors if 

the language in the bill is taken literally. For example, the goals introduced above 

become problematic if an all encompassing list of activities identified as environmentally 

harmful (Chapter II) along with certain passages, including the following, are interpreted 

at face value: the State and the society will "guarantee the right of each human being 

and living thing to enjoy a healthy and pleasant environment in the development of and 

performance of their activities" (article 17). These items might facilitate abuse of 

authority, as a myriad of non-environmental degrading activities could be found to be in 

conflict with this criteria. Accordingly, virtually any mining activity has the potential of 

infringing criminally upon the environmental law. The possibility for problems is 

aggravated by the legal jurisdiction rendered to the Secretaria Nacional del Media 

Ambiente (SENMA), or the National Environmental Agency. In fact, constitutional 

experts argue the power of legal jurisdiction bestowed upon SENMA could be in violation 

of the Constitution, as these matters are strictly reserved for the judicial branch of 

government. In addition, these critics claim the Constitution forbids congruence of 

legislative and judicial powers of government in a single document. 

Missing in much of the legal and board-room risk assessment is an appreciation 
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for the reasons why successful compromises on the multiple objective planning 

procedures of Bolivia must be attained. Fundamentally sound trade-ofts and solutions 

are to be expected because of the nature of costs and benefits in nearly all 

environmental cases. Technically, while major improvement in environmental quality is 

always possible at moderate implementation cost, advancement towards 100 percent 

hazard elimination in waste disposal will be accompanied by an exponentially rising cost 

function (Figure 6.2). Furthermore, once the ground, air, and water are protected to the 

range of natural hazards, the utility of incremental levels of environmental quality 

diminishes. This suggests the limited economic resources available for environmental 

quality improvements will limit the levels of pollution control requirements so as not to 

prohibit investment in industrial activities. 

6.3 Legislation Impact on the Minerals Sector 

While not all of the environmental protection principles stated in this law need to 

be in conflict with economic growth, all of them will require growth trade ofts whenever 

they cannot oftset the costs of implementation through technical improvements. Thus, 

policy makers must search for levels of environmental quality that do not impose 

impossible restrictions on desired growth of the industrial sector. 

The incidence of environmental costs will not affect equally all sectors of the 

economy. Baumol and Oates (1988) identify two SUbstantial types of costs: transitional 

costs, which are those expenses required to achieve a higher state of environmental 

quality; and continuing costs, those expenses associated with maintaining the new level 

of environmental quality. Given the overall objectives of this law, transitional costs for 

the mining industry, a highly visible industry often perceived to be a major source of 

waste disposal problems, are bound to be of considerable magnitude. However, 

required environmental standards initially need not be as high as those enforced in 

developed regions, including North America. Moreover, in many applications new 
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~IG. 6.2 STYLISTIC REPRESENTATION OF COSTS AND BENEFITS 
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technology conserves energy while eliminating emissions. Therefore, mandates to adopt 

modern pollution control technology need not place the Bolivian minerals industry at a 

global economic disadvantage for new investment in this sector. 

If some industries or companies are unable to attain mandated levels of waste 

emissions, decision makers must be cautious in implementing market intervention 

policies to achieve pre-determined environmental targets. Theoretically, as long as 

property rights are unambiguously defined, market efficiency (the equilibrium point 

between marginal benefits and marginal social costs) can be attained through a series 

of market intervention policies, including taxes, subsidies, and permits. 

As illustrated in Figure 6.3, the efficient level of environmental quality can be 

accomplished only if these policy instruments can properly account for the true marginal 

external costs (MEC) associated with environmental damage. In practice as opposed 

to theory, the lack of information makes it extremely difficult to determine precise MEC 

values necessary to move from the market equilibrium output level ><me to the efficiency 

level ~ (i.e. to move from the private marginal cost curve which accounts only for actual 

costs of mining operations into the higher marginal social cost function which combines 

both private and external costs, including air, water, and ground pollution). Excessive 

increase in the social cost of environmental externalities within the Bolivian minerals 

sector would unnecessarily reduce the output level of an important sector. In 1988 the 

minerals industry generated over 7 percent of the Gross Domestic Product (GOP), and 

close to 46 percent of total export value ($274 million) In Bolivia. During the 1980s, in 

spite of experiencing a severe trough, the minerals sector share of GOP averaged over 

8 percent while its exports represented about 47 percent of the total export value, truly 

a significant component of the Bolivian economy. 

Given the diversity of Bolivian geography, climate, population density, and 

habitats, it is also important to realize that all environmental standards need not be the 

same for all regions of the country. Although minimum environmental quality stand3rdG 



Market 
Efficiency 

~ 

S M C 

v,E.----- Market 
Equlibrium 

M B 

Xpo Xme 

OUTPUT LEVEL 

114 
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must be enforced throughout the nation, a degree of flexibility within the same industries 

might be an appealing policy. Imposing the same pollution control standards in regions 

whose marginal abatement costs (MAC), and marginal social damage (MSD) are 

significantly different leads to misallocation of resources and thus to an overall loss in 

welfare (Baumol and Oates 1988). This problem can be observed in Figure 6.4, where 

the economically efficient level of environmental quality (the point where MAC equals 

MSD) is equal to q1 for region 1, which for illustrative purposes is taken as the city of La 

Paz, and equal to q2 for region 2, which is set to represent the Sud Upez mining district. 

Enforcing a unique level q of waste emissions would result in a net loss of benefits 

equal to areas A and B. Area A enclosed between q1 and q, represents welfare loss 

caused by allowing excessive pollution in the city of La Paz (region 1), while area B, 
. 

between q, and q2' represents net loss forced on Sud Upez (region 2) by curtailing waste 

emissions from its efficient level q2' Even if the marginal abatement cost function was 

the same for both regions, the general results discussed above would remain 

unchanged. That is, the amount of waste emissions allowed in the city should be less 

than that in Sud Upez. 

In this context, it would be justifiable to impose stricter environmental standards 

on industrial activities located within the proximity of urban centers and other sensitive 

areas. However, more tolerant regions (as is most of the Altiplano where much of the 

Bolivian mining activity continues to take place) may warrant more flexibility in such 

standards. 

In summary, Bolivia has decided to address in its environmental legislation major 

social, economical, and technical goals in a non-confrontational manner. Through this 

comprehensive legal approach, conflicting interests are equally embraced. The fact that 

Bolivia has acknowledged relatively early on the difficulty of setting regulations that 

compromise conflicts may prove to be advantageous if done judiciously. This is not just 

a Bolivian problem. In fact, all societies will continue to face and take actions to protect 
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against environmental damage. The mining community recognizes both the need for 

technical improvement and the necessity for this movement. Therefore, under national 

and international pressure, all countries will ultimately feel compelled to implement 

adequate levels of global environmental standards that will not just permit but encourage 

trade and rational resource development. 



7.- ESTIMATION OF MODEL RELATIONS AND PARAMETERS 

7.1 Introduction 
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Development of the investment-worth function, W, requires a host of functional 

relationships and estimated parameters. Relevant, variables and parameters include: 

the initial and new cost of capital for a typical U.S. mining firm, NPV and variance of the 

project, market value and variance of the firm, and the correlation coefficient between 

value of the firm and value of the proposed project. Subsequent sections provide a 

description of the estimation procedures. 

Market values for a portfolio of firms traded on the New York and American Stock 

Exchanges are used to derive the cost of capital, k, the mean value, V, and the standard 

deviation of value, a y , for each of the companies in the set. Then, these collective data 

are analyzed statistically to estimate unknown parameters (k* and a) of the cost of 

capital-risk relationship (equation 7.1) 

k = k* + a (aJV) (7.1) 

The initial intent was to use data on mining companies to estimate the unknown 

parameters of Equation 7.1, but this strategy was changed because of the restructuring 

of the industry during the 1980s. Them, financial institutions rated the investment quality 

of securities in the mining industry as inferior relative to comparable options available to 

investors. Furthermore, quarterly financial data evaluated for a portfolio of mining 

companies over most of the 1980s reveals a period of declining growth for the industry. 

Among the mining companies initially examined are: Phelps Dodge Co., Asarco 

Inc., Newmont Mining Corp., Placer Dome Inc., Hecla Mining Co., Homestake Mining, 

Cyprus Minerals Co., Cominco Ltd., and Battle Mountain Gold Company. Phelps Dodge 

Co., the largest U.S. copper producer, can be viewed as a typical firm In an industry that 

has experienced severe endogenous and exogenous shocks during the 1980s. Stock 

prices, earnings per share, and dividends per share for Phelps Dodge dropped 

substantially at the beginning of the 1980s and remained depressed throughout much 
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of the decade (Figures 7.1 a-c). These same financial indicators for other firms, 

including Hecla Mining Co., and Battle Mountain Gold Co., proved to be far more 

unstable than for Phelps Dodge. Consequently, data on mining companies do not 

provide a good basis for estimating the relationship between cost of capital (reward) and 

risk. 

In view of these shortcomings, the set of mining firms initially selected to derive 

Equation 7.1, was replaced by fifteen firms whose business activities span many 

industries and whose market vali.;as range from under $400 million to almost $30 billion. 

Among sectors represented in the 1981-1990 annualized series (Table 7.1 and Figure 

7.2) are pharmaceutical, food, paper, clothing, and medical technology industries. The 

justification for this SUbstitution is the view that mining companies may be diversified and 

do have to consider their investments in terms of the larger markets. Furthermore, their 

stockholders always have the option of looking at the generalized market and this is the 

position taken in this study. The rational for employing securities across industries to 

derive the cost of capital (reward) and risk investment relationship rests on assumptions 

that: a) investors do not have emotional attachment to stocks (commitment of funds is 

driven by expected return and risk within the context of the portfolio), b) investors enjoy 

an ample choice of securities within the same risk class, and c) stocks within the same 

risk class are considered to be close substitutes by investors. In addition, the shift to the 

wider securities market has other implications: one of them is that the results from these 

larger firms are probably more stable which facilitates the estimation of the cost of capital 

equation, on the other hand, using the resulting equation for smaller firms involves 

extrapolation. Use of this relationship requires the assumption that these firms belong 

to the same population with respect to the effect of risk on the cost of capital. 

7.2 Estimation of Cost of Capital Parameters 

Conceptually, the discount rate for long-lived investment projects should be the 
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TABLE 7.1 FIRMS USED TO ESTIMATE THE OOST OP CAPITAL FOHcrIOH 
(1990 constant dollars) 

Code Fill 1990 Value In (Value) LOJKj Tm Debt 
($ Billion) as t of capital 

LWS Lawson Products 366 5.903 0 
SHU Stucker 575 6.354 2 
SJM st. Jude Medical 837 6.730 0 
BHD Bandaq Inc. 1,134 7.034 3 
BRM BOrDel 1,210 7.098 5 
BSB Basbro Inc. 1,317 7.183 6 
VLM Vulcan Materials 1,738 7.460 5 
WRI Wrigly 1,893 7.546 0 
CHP COnsolidated Paper 1,895 7.547 0 
GAP The Gap 1,969 7.585 1 
RBH Rubberlaid 2,828 7.947 7 
PFI pfizer 11,991 9.392 4 
Am Abbott Laboratories 15,588 9.654 4 
LIL Lilly (ELI) 17,172 9.751 5 
NRC Merck' CO. 29,312 10.286 3 
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long run marginal cost of capital (LRMCOC). When costs for specific sources are 

evaluated using current market rates, a smoothed weighted average of these specific 

costs is an acceptable approximation of LRMCOC (Quirin, 1967 and Harris, 1970). 

Thus, the discount rate used is the weighted average cost of capital (WACC) that takes 

into account cost associated with each source of funds, including common stocks, 

preferred stocks, and corporate bonds: 

WACC = II kr '"1 • PI/II nl • PI 

where kl is the cost of capital for the specific source of funds (e.g. equity, debt), nl the 

outstanding number of specific financial instruments (e.g. shares, bonds, preferred 

stocks, etc.), and PI the current market price of the particular instrument. 

For the firms selected in the study, long term debt in 1990 accounted on average 

for less than 3% of their total capital structure. Hence, in most cases distortions in the 

form of tax shields were reduced to negligible levels. In addition, none of the companies 

maintain a significant amount of outstanding preferred stock. Under such circumstances, 

the cost of capital for each firm is simplified to the cost of equity (common stocks) and 

retained earnings. Equation 7.2, following Gordon's cost of equity model, is then 

adopted in the present study to compute the cost of capital for each firm: 

k. = DJPo + 9 (7.2) 

where ~ is the firm's cost of equity, Do the current dividends per stock, Po is the current 

market share price, and g the expected dividend growth rate (Gentry and O'Neil 1984). 

Although Gordon's model describes g to be the growth rate of dividends, earnings per 

share is employed in this study as a basis for estimating g, as these reflect market 

conditions more accurately, and by the assumption made in the derivation (see Quirin, 

1967) of (7.2), the growth rates of dividends and earnings are equal. 

7.3 Estimation of Market Value and Variance of the Firm 

The value of the firm, V, in constant 1990 dollars (deflated by·the GNP price 
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deflator), is calculated as the product of share price and the number of outstanding 

shares. For those firms that experienced an ascending trend in their value during the 

1980s, the arithmetic mean of value fails to capture such pattern, hence V was modeled 

as a linear trend: 

Vt = a o + at (t) + 6t 

where Vt is the expected value of the firm at time t; t is the annual time period (to=O, 

1981); and 6 is a stochastic error term. Parameters Ua and at were estimated by 

regression analysis. For those firms requiring V to be modeled by least squares trend, 

the appropriate variance of value is: 

0 2 1 = (5.£.)2 [1 +.1.+ (t-1)2 ] 
v t n 1:(t_t)2 

where S.E. is the standard error of the estimate (from the least squares analysis), and 

n is the number of data periods. The equation for Vt and (CJy IJ2 were evaluated at t=9 

(for the year 1991). These results were used in the estimation of the cost of capital 

equation (Table 7.2). The risk free rate, k·, and the coefficient of risk, a, were then 

obtained by regressing cost of capital, k, on the coefficient of variation of value, CJ.jV 

(Quirin, 1967) (Figure 7.3). 

7.4 Quantitative Cost of Capital - Risk Function 

Regression of k on the coefficient of variability, (CJ.jV), yields the cost of capital 

equation: 

k = O.0f57 + 0.17 (OV) 
(3.29) (5.95) V 

(7.3) 

where the values in parenthesis are t statistics. R2 for equation 7.3 is .73 (see table 

7.2). This equation provides the quantitative link between cost of capital and risk for 
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Table 7.2 
Cost of capital - Risk Relationship Estimation 

Mean Value std.Dev. Coeff. of Actual Estimated Regression output 
For 1990 of Value Variation C.O.C. C.O.C. Cost of Capital as a function of Risk 

(Iillion) 1') 1') 
Constant 0.06777074 

575 25.35 0.044 11.0 10.2 std Err of Y Est 0.03999521 
2,828 231.11 0.082 15.9 13.1 R Squared 0.73451679 
1,895 165.21 0.087 14.7 13.5 No. of Observations 15 

366 32.60 0.089 12.9 13.6 J)e(jrees of Freedoll 13 
15,588 1490.00 0.096 16.4 14.1 
1,134 109.90 0.097 lS.6 14.2 X Coefficient(s) 0.76788212 
1,210 118.90 0.098 11.2 14.3 std Err of Coef. 0.12803849 

11,991 1223.60 0.102 11.9 14.6 
1,738 178.63 0.103 11.8 14.7 Cost of capital as a Function of Risk: 
1,893 223.83 0.118 18.9 lS.9 

17,172 2333.90 0.136 11.2 17.2 k = 0.067 + 0.77 (coeff. of variation) 
29,312 4432.30 0.lS1 19.8 18.4 
1,969 383.39 0.19S 28.0 21.7 
1,317 368.60 0.280 20.4 28.3 

837 301.10 0.360 38.4 34.4 
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investment decision purposes. Several financial analysis institutions including Value Line 

Investment Survey, and Standard and Poor's Co. publish a parameter, beta, which 

connotes the degree of risk for each firm in conformance with the overall market (beta 

for the market is defined equal to one). Beta values less than one presume the firm's 

assets provide lower risk than the composite market. Conversely, beta greater than one 

implies that the firm presents greater risks than those prevalent in the market. 

Interestingly, risk or the coefficient of variability herewith derived for each firm, conforms 

well with the beta values reported by Value Line Investment Survey, and Standard and 

Poor's Co. (Table 7.3 and Figure 7.4). 

7.5 Estimation of the Revised Cost of Capital 

The new cost of capital to the firm, k', reflects changes in risk as measured by 

the new coefficient of variability of value of the firm, ov'N', resulting from investment in 

the Bolivian polymetallic project: 

k' = k* + a (oy'N') 

Since both the initial value of the firm, V, as well as the project's Net Present 

Value (NPV) are random variables, the new value of the firm ,V', is also a random 

variable, given by: 

V' = V + NPV 

with a standard deviation; 

Oy'= (Oy2 + Op2 + 2 roy op)% 

Estimation of ov' and V' require three additional parameters: mean NPV, the 

variance of the project NPV, Op2, and r, the correlation coefficient between the value of 

the firm and value of the project. Of course these additional measures must also be 

specified or estimated. 

The Net Present Value of the project is calculated using a discount rate of 15 

percent. As shown in Tables 7.4, 7.5, and Figure 7.5, this rate is the 1990 estimated 
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TABLE 7.3 comparison between two methods of risk measurnents: 

Code 

SKU 
RBH 
CNP 
ABT 
BHD 
BRH 
PFI 
VLH 
waI 
LIL 
NRC 
GAP 
USB 
SJM 

Estinated Coefficient of Variability and 
Published standard & Poors and 
Value Line Investment Survey Beta Values 

Firm Coeff.of Published Beta Values 
Variation S&P 500 Value Line 

YR 1991 YR 1991 

Smucker 0.044 0.72 0.90 
Rubbermaid 0.082 1.34 1.15 
Consolidated Paper 0.087 0.88 0.95 
Abbott Laboratorie 0.096 0.92 1.05 
Bandaq Inc. 0.097 1.04 1.05 
Hornel 0.098 0.93 0.95 
Pfizer 0.102 1.04 1.05 
Vulcan Materials 0.103 0.73 0.90 
Wriqly 0.118 1.02 1.20 
Lilly (ELI) 0.136 1.24 1.10 
Merck & Co. 0.151 0.87 1.00 
The Gap 0.195 1.86 1.40 
Basbro Inc. 0.280 1.31 1.25 
st. Jude Medical 0.356 1.39 1.40 

Hote: No published beta value available for Lawson Products 

rIG 7.4 MEASURES OF RISK (1990-1) 
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TABLE 7.4 cost of capital for Representative Mining Fims 

Value of fiIDS equals the product of outstanding shares and average aarket price of shares 
Expected value estilated on a 5 quarter lIoving average, while variance is computed on initial data (Le. no averages) 
SOurce: Value Line Investllent Survey (various issues) 

PRICE 
FIRM: !MAX !S!RCO IllIG CYPRUS HECLA HOOSTAKE IHSP. HEWIIOHT PHELPS PLACER MAGMA DEFLATOR 

Quarter (MILLIONS OF 1990 COHSTAHT DOLLARS) RESOURCES DODGE OOME 1982=1.0 

85 1,447 873 548 2,822 424 2,939 561 1.099 
2 1,373 919 640 553 2,992 468 3,211 636 1.108 
3 1,272 853 642 521 3,037 417 3,143 660 1.116 
4 1;004 676 690 489 2,767 386 3,269 693 1.124 
86 1,251 780 1,079 916 467 2,878 506 3,612 877 1.129 
2 1,231 699 1,005 1,036 369 2,497 493 3,372 859 1.137 
3 1,108 511 1,240 819 349 2,791 404 3,723 646 1.147 
4 1,143 580 1,453 704 362 2,989 366 4,250 632 1.149 
87 1,777 981 1,291 985 451 1,646 530 3,038 930 207 1.161 
2 2,347 1,251 1,782 1,119 663 2,026 629 3,758 1,182 226 1.171 
3 2,682 1,392 1,729 1,169 644 2,293 755 5,671 1,552 5,077 371 1.179 
4 2,218 1,176 1,365 929 426 1,998 696 4,456 1,373 3,835 364 1.185 
88 1,736 1,145 1,148 1,001 405 1,734 582 2,530 1,359 3,483 210 1.193 
2 1,950 1,142 1,226 1,200 427 1,629 566 3,009 1,376 3,478 214 1.206 
3 2,025 1,137 1,096 1,296 466 1,538 560 2,855 1,350 3,342 219 1.220 
4 2,002 1,198 1,057 1,418 400 1,404 509 2,523 1,557 3,367 262 1.234 
89 2,283 1,258 1,033 984 391 1,410 655 2,794 2,099 3,433 215 1.246 
2 2,296 1,243 975 1,049 357 1,397 588 2,714 2,134 3,230 167 1.258 
3 2,419 1,386 1,002 1,076 392 1,515 591 2,803 2,451 3,697 173 1.268 
4 2,144 1,406 1,109 1,092 399 1,788 569 3,014 2,387 4,166 174 1.280 
90 2,259 1,280 1,193 928 418 2,065 478 3,457 2,049 4,784 147 1.295 
2 2,277 1,120 928 888 346 1,803 414 3,035 2,086 3,905 147 1.310 
3 2,175 1,127 865 811 313 1,998 368 3,250 2,135 4,301 169 1.322 
4 1,782 1,022 572 599 223 1,812 249 2,488 1,770 3,798 140 1.331 -N 

......:J 



TABLE 7.4 - Continued 

FIRM: AHAX ASARCO BKG CYPRUS HECLA HOHESTAKEIHSP.RES HEWHOHT PH.DODGE PL.OOHE MACHA 
Expected Value ($ lillion) 
2Q 1990 2,159 1,233 968 850 356 1,912 432 3,126 2,338 4,273 144 
Reg st.dv: 164.6 91.5 103.1 166.7 28.6 247.0 34.1 242.4 192.5 370.2 10.0 

Variance estimated with trend analysis 
trend s.dv 189.2 118.6 32.9 43.0 283.7 429.4 12.6 
R**2 0.38 0.40 0.32 0.86 0.25 0.47 0.59 
data pts. 11 11 11 5 9 10 5 
Coeff.var: 0.088 0.123 0.092 0.099 0.091 0.100 0.087 
Cost of 
Clpital: 13.4t 16.U 13.8' 14.4% 13.7% 14.4% 13.4% 

10 tread required to compute the variance 
stddev 99.2 165.6 235.5 184.3 
Coeff.var: 0.080 0.195 0.123 0.079 

Cost of Capital: 12.9% 21. 7% 16.2% 12.8% 

AVERAGE COST OF CAPITAL: 14.8% 
---------
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TABLE 7.5 Estimated cost of capital for a Sample of Mining Firms 

FIRM 
(1990) 

Phelps Dodge 
Asarco 
MaqIla 
!JIax 
lIeWllont 
Hecla 
Insp. Resources 
Placer Dolle 
Battle Nt. Gold 
Homestake 
Cyprus 

COefficient 
of Variation 

0.079 
0.080 
0.087 
0.088 
0.091 
0.092 
0.099 
0.100 
0.123 
0.123 
0.195 

coc 
Estimated 

.12.8% 
12.9% 
13.4% 
13.4% 
13.7% 
13.8% 
14.4% 
14.4% 
16.1% 
16.2% 
21.7% 

fIG. 1. 5 ESTIMATED COST or CAPITAl fOR 
REPRESENTATIVE MINING fIRMS 
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average cost of capital for 11 mining firms traded on the New York Stock and American 

Stock Exchanges (each of the firm's cost of capital was estimated using Equation 7.1). 

Subsequent project NPV's are calculated at the new discount rates: cost of capital to the 

firm as the expected value and variance of the firm value changes. 

7.6 Estimation of the Correlation Coefficient 

Derivation of r, the correlation coefficient, can be a complex endeavor as there 

is no exact way to determine this parameter. For this study, its estimation is based on 

the business structure of both the mining firm and that of the proposed project with 

respect to general movements of the economy (Harris, 1990). Estimation of the 

correlation coefficient is further complicated because the proposed project involves three 

distinct mineral commodities (Zn-Ag-Pb). 

Correlation between the value of the firm and that of the proposed project can, 

theoretically, vary from -1.0 to +1.0. A value of -1.0 would imply a perfect inverse 

relationship, meaning adoption of the project would provide considerable diversification 

benefits. Conversely, a value of +1.0 would indicate a perfect positive relationship or no 

diversification benefits. If the firm contemplating investment already is highly diversified, 

the value of r will be small. For non-diversified firms, r can be. low or high and positive 

or negative. 

Business cycles for the metal industries involved are based on annual production 

values for each industry. These values are derived as the product of the total units of 

domestic mine production in the United States and the market value per unit of output. 

The business cycle computed for the U.S. market is assumed to be valid for the 

commodities involved in the Bolivian Altiplano polymetallic deposit, that is for zinc, lead, 

and silver. 

Justification for the employment of the U.S. market to derive Bolivian minerals 

business cycles rests on the assumption that internal Bolivian demand for these 
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commodities is negligible. Business cycles for these metals are not part of a regional 

phenomena but, rather, a global one. Specifically, world demand for zinc and lead, 

either from active mines or from potential deposits is to a great extent driven by the 

transportation and construction industries. Consequently, the U.S. market is employed 

as a valid and reliable market in which business cycles for both the polymetallic deposit 

as well as for the firms involved can be appropriately analyzed. 

United States index for metal production is used to represent domestic mine 

output, while production of ammonium nitrate, phosphate-rock, and potash is represented 

by the index for the fertilizer industry. Inclusion of secondary production in the overall 

production index does not enrich the analysis enough to warrant its incorporation. 

Inasmuch as estimation of the correlation coefficient is based on standardized units, for 

many commodities omission of secondary production does not alter the general pattern 

(Table 7.6). Standardized units are used so that industry cycles can be aggregated as 

a weighted sum, based on the contribution of the commodity to the firm's revenue, 

without introducing the size of the industry. Such aggregated cycles, for the project and 

for the firm, are the basis for the correlation analysis. A weighted value series is 

generated for the polymetallic deposit and for each of the mining firms. The procedure 

is then completed by regressing synthesized business for the project against that of the 

firm to obtain the correlation coefficient (Table 7.6 and Figure 7.6). 

For the hypothetical Bolivian polymetallic deposit, estimation of the business 

cycle, as described above, is based on geologic parameters (i.e. grade and tonnage) 

and market prices for the commodities involved (I.e. zinc, lead, and silver). Consistent 

with the geologic information provided by the United States Geological Survey (1992), 

and with similar ongoing operations in the Bolivian Altiplano, zinc would be the principal 

economic commodity, followed by silver, and to a lesser extent, lead. For the base case 

scenario, the deposit has an average composition of: 10% Zn, 1 % Pb, and 150 g/mt Ag. 

Project gross revenues from the production of zinc, silver, and lead, at approximate 



TABLE 1.6 standardized US Industry Values Based on 1990 Constant Dollars 

YEAR ZIIIC LEAD COPPER SILVER GOLD TOTAL US CEMENT IfITROGEH PHOSPH. POTASH CLAYS CHEMICALS COAL 
HINE PROD. -~NIA -ROCK HINIHG 

1981 0.237 1.730 0.947 1.534 -0.847 1.232 1.794 1.669 2.287 2.407 0.248 -0.838 1.296 
1982 -0.220 0.530 -0.534 0.170 -0.985 -0.752 -0.468 0.266 0.008 0.532 -1.457 -0.976 1.541 
1983 -0.323 -0.506 -0.712 1.759 -0.687 -0.714 0.021 1.023 0.121 -0.359 -0.923 -0.772 0.759 
1984 -0.256 -0.991 -0.928 0.330 -0.822 -0.749 1.109 0.853 0.580 -0.034 -0.456 -0.752 0.638 
1985 -0.715 -1.090 -0.972 -0.846 -0.823 -0.992 0.762 -0.317 0.654 -0.756 -0.804 -0.756 0.041 
1986 -0.932 -1.225 -0.977 -1.372 -0.242 -0.970 0.325 -1.477 -0.661 -1.156 -0.426 -0.293 -0.505 
1987 -0.796 -0.400 -0.414 -0.647 0.524 -0.345 -0.308 -0.917 -1.115 -0.947 0.038 0.368 -0.713 
1988 -0.155 0.247 1.029 -0.148 1.028 0.737 -0.876 0.054 -0.888 0.079 0.959 1. 362 -0.924 
1989 0.695 0.534 1.418 -0.218 1.312 1.265 -1.150 -1.109 -0.378 0.197 1.358 1.287 -0.991 
1990 2.485 1.157 1.143 -0.584 1.540 1.288 -1.209 -0.038 -0.595 0.026 1.486 1. 372 -1.151 

statisitcal Analysis Previously Calculated (Dillions of 1990 dollars) 
Dean 382 324 2,979 398 1,873 9,215 4,443 1,886 1,252 211 1,340 85.72 16.39 
var 39464 10657 1148502 17182 1353885 6557709 180669 362027 106004 7101 30786 177.49 5.04 
std dev. 199 103 1,072 131 1,164 2,561 425 602 326 84 175 13.32 2.25 

standardized US value at tiDe t: [(value of the US industry at tiDe t - Dean value of the US industrY}]/std.dev.value 
where: value of the industry = (units of production at tiDe t * unit Darket price at tine t) 

Source: Mineral CODDodity SUDDaries 1985, 1989, 1990 volunes, US Bureau of Kines; 
Minerals Yearbook 1982-1989, U.S.Bureau of Hines; Survey of Current Business, Jan 1991, April 1991 
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current market prices (60 ¢/Ib Zn; 30 ¢/Ib Pb; $4/toz Ag), would be approximately 85,10, 

and 5 percent, respectively (Table 7.7). A range of prices is used in the analysis to 

cover cyclical economic changes. 

With respect to the mining firms, an effort was made to select highly diversified 

companies at one extreme and undiversified firms at the other. This strategy required 

the evaluation of business cycles for several industries, including the metals, agriculture, 

construction, chemical and energy sectors. For purpose of illustration, Cominco Ltd., 

Asarco Inc., and Battle Mountain Gold Co. are discussed below. 

Cominco Ltd. with business interests in mineral and agricultural commodities, is 

considered a relatively diversified mining firm: approximately 50 percent of its revenues 

are attributed to zinc (1990 Annual Report). Asarco Inc., which is involved in mineral 

commodities, industrial chemicals and clays, is considered moderately diversified. Battle 

Mountain Gold Co., which during 1990 derived 97 percent of its revenues from gold 

production (1990 Annual Report), is obviously an example of an undiversified company. 

Correlation coefficient results for the value of the firms and value of the Bolivian 

polymetallic project are found to be 0.9 for Cominco Ltd., 0.75 for Asarco Inc., and 0.4 

for Battle Mountain Gold Company. Clearly the Bolivian polymetallic project would 

provide desirable business countercyclicity primarily to those firms with limited exposure 

to zinc production. Because silver and lead together represent about 15 percent of the 

project's gross revenue (base case scenario), these commodities alone do not command 

a significant impact in potential diversification benefits. In the present study, the 

investment-worth model, W, analyzes results using correlation coefficients in the -0.7 to 

0.7 range. 
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TABLE 7.7 CORRELATION Cl>EFFICIENT BETWEEN FIRM VALUE AllD POLYMETALLIC PROJECf (1990) 

Revenue Composition for the Project and Selected Mining Firms: 
PLACER 

FIRM OOLIVIAH CYPRUS COMIHCO BUG !SARCO BECLA OOME INDUSTRY 
Deposit (%) (%) (%) (%) (%) (%) 

Zinc 0.85 0.01 0.53 Zinc 
Lead 0.05 0.09 0.06 0.08 Lead 
Copper 0.53 0.15 0.52 0.11 Copper 
Silver 0.10 0.03 0.03 0.08 0.16 0.06 Silver 
Gold 0.04 0.01 0.97 0.06 o.n 0.78 Gold 
Other 0.10 0.03 0.14 0.05 other 
Cement Cement 
Nitrogen 0.13 Nitrogen 
Phosphate 0.02 Phosphate 
Potash 0.01 Potash 
Clays 0.05 0.02 0.33 Clays 
Chelicals 0.12 Chelllicals 
coal 0.27 Coal 

Total: 100% 100% 100% 100% 100% 100% 100% 

standardized Weighted Values: 
summation (fraction of income frOD the ith industry)*(standardized industry value) 

Year OOLIVIAIf CYPRUS COHIUCO BHG !SARCO HECLA PL. IXlHE 
Deposit Fira 1 Firm 2 Pira 3 Pin 4 FiIl 5 Fin 6 

1981 0.4417 0.9560 0.7849 000.7754 0.7452 0.1014 1.1684 
1982 -0.1434 -0.0567 -0.1361 -0.9502 -0.5429 -0.8349 -0.6500 
1983 000.1240 000.3204 -0.1671 -0.6138 -0.5120 000.3592 000.4033 
1984 -0.2342 -0.4528 -0.2628 -0.7877 -0.7694 -0.5305 -0.5415 
1985 000.7465 -0.6834 -0.7216 000.8235 -0.9333 000.8417 -0.8780 
1986 -0.9906 -0.7915 -1.0402 -0.2761 -0.8853 -0.5621 -0.9061 
1987 000.7615 000.4318 -0.6957 0.4886 -0.2632 0.1024 000.32n 
1988 -0.1343 0.4567 0.1123 0.9923 0.8852 0.7545 0.5764 
1989 0.5953 0.7376 0.5236 1.2661 1.1894 1.0203 0.9842 
1990 2.1116 0.5843 1.6124 1.4760 1.0839 1.1515 0.9722 

Reqression Analysis: 
Independent Variable: standardized Bolivian Deposit Value 
Dependent Variable: standardized Fim Value 

output: CYPRUS a>NINCO BHG !SARa> HECLA PLACER DOME 

Constant -0.0008 0.0000 -0.0009 -0.0010 -0.0005 -0.0010 
Std Err of Y 0.4207 0.1506 0.8810 0.6019 0.5716 0.5410 
R**2 0.6066 0.9682 0.2484 0.5738 0.4863 0.6215 
Correlation 
Coefficient: 0.779 0.984 0.498 0.757 0.697 0.788 
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8.- DEVELOPMENT OF THE INVESTMENT-WORTH MODEL 

Part one of this chapter describes the technical parameters and cost estimates 

for the development of a hypothetical 500 tid zinc-silver-Iead underground mining and 

milling operation in the Bolivian Altiplano. The size and mode of the operation chosen 

for this study represents typical mining activities being developed and currently in 

operation in this region. Hence, the availability of updated engineering and operating 

data for this type of operations facilitates project evaluation. The technical parameters, 

the engineering design criteria, and the capital and operating costs employed in this 

analysis are based in the work of Don Bleiwas and Robert Christiansen, both at U.S. 

Bureau of Mines (1992). After personal visits to analogous sites in the Bolivian Altiplano 

over the past two years, only minor adjustments to operating and capital costs (e.g 

infrastructure, transportation, labor) to the Bolivian database compiled by these authors 

were deemed necessary. 

The second part of this chapter sets up the criteria for the estimation of the net 

present value for the Bolivian polymetallic deposit. For this purpose, the general cash 

flow for mining operations is derived according to the new Bolivian mining legislation. 

Subsequently, the Net Present Value and Investment-Worth models are developed as 

functions of the principal physical, market, and policy variables. The last part of the 

chapter examines the effect of firm size on Investment-Worth. 

8.1 Economic and Technical Characteristics of the Project 

Location.-

The proposed polymetallic project is located in the San Pablo de Lipez mining 

district of the Bolivian Altiplano, approximately 600 km southeast of La Paz and 

bordering with Argentina. The Sud Lipez region has had a mining tradition spanning 

several centuries. In fact, historians argue that the district flourished as the principal 

mining center prior to the discovery of the fabulous Cerro Rico de Potosi in 1545. Ever 
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since, this region has remained of secondary mining importance. The proposed project 

would revitalize part of this region by providing employment to approximately 210 

workers; 140 of which would be directly associated with the mine. 

Economic Profiles of the Principal Commodities.-

Before an investment decision can be made, it is essential to understand the 

economics and dynamics of the primary commodities involved. Prior to devoting 

significant time and money to the planning and development logistics of the project, the 

analyst must satisfactorily address an array of issues, including: what are the domestic 

and global trends for demand, supply, and prices of the commodities involved? What 

are the principal markets and the potential substitutes? Can long term markets be 

secured for the products? What is the level of secondary production (recycling)? What 

are the global trade patterns? What are the total levels of stocks? What are the 

principal environmental issues concerning these commodities? Are there dominant 

national and/or international events that affect prices, supply and demand? In an effort 

to address these type of issues, Chapter 3 provided economic profiles for zinc, silver, 

and lead. 

Finance and Ownership of the Mining Concession 

Financial requirements for the development of the project are assumed to have 

been met by the mining firm contemplating adoption of the project. It is also assumed 

that the firm has adequate access to capital markets and that financial control entitles 

managerial control throughout the life of the operation. 

Ore Resource and Geology.-

In a recent study, Ludington et al.(1992) suggest the existence of considerable 

amounts of unexploited resources within the known polymetallic deposits (Chapter 3). 

For a typical polymetallic deposit, resources are assumed to reach approximately 10 

million metric tons. Mineralization, in descending order of importance, consists of 

sphalerite (ZnS), argentite (A92S), and galena (PbS), with pyrite (FeS'J as the major 
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sulfide gangue. On average, the ore is expected to assay 10% zinc, 150g/mt silver, and 

1% lead. 

Environmental Description.-

Given the climate, geography, and long distance from population centers, it is 

difficult to visualize many environmental problems arising from this 500 tid underground 

mining and milling operation located in the Sud Lipez. Furthermore, incorporation of 

sound environmental technology into the engineering design is not expected to prohibit 

economic development. With respect to potential environmental hazards, it is assumed 

that the presence of heavy metals (e.g. Cd, Bi, As, Hg, Sb) in the ore is minimal, the 

major problem may be caused by acidic water from the mine. Although no large 

volumes of acidic water are expected, any amount would be treated in a clay base 

tailings impoundment area. Besides the engineering design to control environmental 

problems, natural conditions would also aid in combating potential damage. The 

geography and climate of the region produces rapid evaporation rates which can prevent 

the formation of significant amounts of acidic water. Furthermore, to mitigate problems 

with the acidic water, the more basic water from the milling plant could be used to aid 

in neutralizing such water. 

Infrastructure.-

The total infrastructure cost is estimated to be about $1,310,000 (1990 dollars). 

This cost would cover the construction of an access road, provide electrical power and 

water supply. 

Roads: the remote location of the mine site requires the construction of a 25km 

access road. A Bolivian construction company which has relatively recently completed 

45km of roads under similar topography. estimates the cost per kilometer would be about 

$12,000. Initial plans call for a 5m wide road with a 10cm road base of aggregate, a 

25m pre-stressed concrete bridge, and drainage controls throughout. The total cost for 

the 25km gravel based access road is thus estimated at $300,000. 
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Power Lines: power would be obtained from the national power grid system 

located 25km away. Estimated cost for the 25Kv, BMVa power line is $6,000 per 

kilometer. In addition, $60,000 is allocated for the power distribution equipment. Hence, 

total expenses related to the power supply are estimated to be approximately $210,000. 

Water Supply: the sinking and development of water wells with a capacity of 

1,000 cubic meters are estimated to cost about $300,000. 

Housing: 140 modern but modest facilities to house employees and their families 

would be built at a cost of about $3,500 each, for a total of approximately $500,000. 

Infrastructure costs are summarized in Table B.1. 

8.1 Mining Operation 

The engineering design for the underground mine follows the U.S. Bureau of 

Mines criteria for similar operations in this and other regions. 

Pre-production Development.-

Development of the mining project does not include any extraordinary exploration 

and permitting expenses or time requirements. Consequently, the pre-production period 

for engineering design and construction is scheduled to last only two years. Production 

is targeted to begin the third year and continue for another fifteen. 

Sinking of the 3 by 5 meters main shaft to a depth of 350 meters is the major 

engineering undertaking during pre-production development. Also during this stage. 

about 1,000 meters of horizontal drifts and cross-cuts, as well as 1,000 meters of raises 

would be completed. Dimensions of the drifts and cross-cuts would be approximately 

2.5m wide by 2m high. Drifts would branch off the main shaft at about 50m intervaJs. 

while cross-cuts would be developed off the main haulage at 30m intervals. About 6 

stopes measuring 50m in length, 40m in height, and 3m in width would also be 

developed prior to mining. 

Exploitation.-



TABLE 8.1 INFRASTRUCTURE COSTS 

ROAD 25 kI $12,000/ki .......................... . 
HOUSING 140 new facilities $ 3,571/each ••••••••• 
POWER LINE 25Kva 25 kI $6,OOO/ki •••••••••••••••••• 
POWER DISTRIBUTION EQUIPMENT •••••••••••••••••• 
WATER WELL 1000 cubic leters •••••••••••••••••• 

US$ 

300,000 
500,000 
150,000 
60,000 

300,000 

TOTAL INFRASTRUCTURE COST •••••••••••••••••••••••••• $1,310,000 

'rol'AL INFRASTRUCTURE COST PER TON OF CAPACITY $2,620 

TABLE 8.2 MILLIBG EQUIPHEHT (500 tId two-product flotation facility) 
US$ 

MILL SITE CLEARIHG ••••••••••••••••••••••••••••••••••• ~ 
CRUSHIHG, SCREEBIBG, !HD FINES STORAGE 
GRIHDIIG ••••••••••••••••••••••••••••••••••••••••••••• 
PIDlATIOI ••••••••••••••••••••••••••••••••••••••••••••• 
COICEllTRATE TBICDIIIIG & SOLID-LIQUID SEPARATION 
OOHCEIfl'RATE DRYIBG •••••••••••••••••••••••••••••••••••• 
COIICEBTRATE sroRAGE AJO) WADIBG FACILITIES ••••••••• 
GEBERAL OPERATIOIS •••••••••••••••••••••••••••••••••••• 
FEASmILITY S'lODIES AID METALLURGICAL TESTIHG ••••••••• 
WORmG CAPITAL (60 DAYS; $5.72*500*60) ......... 

4,500 
550,000 
630,000 
515,000 
180,000 

. 300~000 
75,000 

610,000 
236,000 
171,600 

•••••••••••••••••• $3,272,100 

TOTAL MILLIIG CAPITAL IlIVESTHEHT PER TO! OF CAPACITY $6,544 
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Based on the average thickness of the veins (3m) and their overall inclination 

(greater than 65 degrees), cut-and-fill is selected as the most appropriate mining method 

for this evaluation. On average, ore recovery is expected to be about 95%, thus only 

about 5% would be lost to dilution. In accordance to similar operations in the region, 

daily ore production is scheduled at 500mt for 280 days per year. Around 56mt of ore 

would be produced daily from each stope, consequently, about 9 stopes would have to 

be exploited concurrently to meet the annual target rate of 140,000mt. In addition, to 

fulfilling this annual throughput, a level of development of 2m of drifting and 2m of raises 

per day would have to be maintained. Furthermore, an annual average of 500m of 

diamond core drilling would be required during the production stages. Stopers and 

jacklegs would be the principal equipment used in the stopes, with infrequent use of the 

larger jumbos. Removal of the ore from the stopes would be accomplished through 

rubber-wheeled Cavo loaders. About six electric locomotives hauling ten 2mt capacity 

cars would be used to move the ore from draw points to the main shaft. The stopes 

would subsequently be filled with development and stope waste channeled through the 

central raise. Mine water problems would be confronted with multi-stage pumps and a 

sump at the bottom of the shaft. Support problems for unstable sections of the mine 

would be handled utilizing timber from domestic sources. Capital expenditures for the 

mining operation are given in Table 8.3. 

8.1.2 MIlling Operation 

Crushing and grinding, along with the flotation cells, would be located next to the mine. 

The flotation process would consist of two circuits producing a lead-silver concentrate 

with some zinc, and a zinc concentrate with some recoverable silver. A tailings 

impoundment area would also be constructed to control environmental damage. 

Crushing and Grindlng.-

Run-of-mine feed with an average size of 300mm would go directly to the primary jaw 



TABLE 8.3 

MINING COSTS (500 tons/day Underground Operation) 

PRE-PRODUCTION (2 years) US$ 

SITE PREPARATION • • • • • • • • • . • • . • • • • • • • • • • • • • •• •• • . • •• • • • •• • •• • • • •• 45,000 
DEVELOPMENT AND DRILLING ....................................... 315,000 
SHAFT SINKING ••••.••••.••••••••••••••••..•..••••••.•••.•.••.• 1,350,000 
HAULAGE DRIFTS & CROSSCUTS ••••••••••••••••••••••••••••••••••••••• 270,000 
RAISES • • • • • • • • • • • • • • • . • • • • • • • . . • • • • • • • . . • • • • • • • • • • • • • • • . • • • • • • • 180, 000 
STOPE PREPARATION •••••••••••••••••••••••••••••••••••••••••••••••• 360,000 

TOTAL ••••••••••••• 1 •••••• 1 ••••••••••••••••••••••••••••••• I" •• $2,520,000 

About 25% of total pre-production expenses incurred during the first year 
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MINING EQUIPMENT No.of Units Sub-total in: 
1994 2002 1993 

US$ 
950,000 SHAFT HOISTING EQUIPMENT •••••••••••••••••• 

ROCK DRILLS $4,OOO/each •••••••••••••••••• 10 
JACK LEGS $4,OOO/each •••••••••••••••••• 9 
TRACK BOUND OVERCAST LOADERS $35,OOO/each 3 
ATLAS COPCO CAVO 310 $70,OOO/each ••••••••• 9 
2 TON ELECTRIC LOCOMOTIVES $40,OOO/each 6 
2 TON MINE CARTS $2,500/each ••••••••• 56 
COMPRESSOR $200,OOO/each •••••••••••••••••• 3 
*WORKING CAPITAL (60 days) •••••••••••••••••• -
OTHER ....... : ........................... . 

3 
3 
o 
o 
2 
14 
o 

1994 1995 
US$ US$ 

40,000 
36,000 

105,000 
630,000 
240,000 
140,000 
600,000 

824,000 
577,500 

SUB-TOTAL.................................... $950,000 $2,615,000 $577,500 

TOTAL EQUIPMENT ($950,000+2,615,000+577,500+545,000) ••••••••• $4,687,500 

TOTAL MINING COST (Pre-Production + Mining Equiplent) ••••••••• $7,207,500 

TOTAL MINING COST PER TOH OF CAPACITY 

~ Equiplent replacelent in 2002 
* Working capital is equal to total mining operating cost 
for 500 tpd operation for 60 days ($19.25*500*60) 

$14,415 
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crusher, the product would proceed to two secondary cone crushers. The material off 

the secondary crushers (average size 13mm) would continue for further grinding in a ball 

mill. The product off the ball mill would consist of about 90% minus 65 mesh with about 

half of the ore at minus 400 mesh. At the end of the circuit, cyclones would direct the 

ball mill product into the flotation cells. 

Flotation.-

The material from the cyclones would first proceed to the lead flotation circuit. The 

product from this circuit would then be cleaned, thickened, and filtered before being 

shipped to the smelter. The tailings from the lead circuit would be reground for 

additional lead recovery and directed to the flotation cells for the recovery of zinc. As 

in the previous process, the product of the flotation cell is cleaned, thickened, and filtered 

before being shipped to the smelter. 

Overall, recoveries from the mill are expected to be around 90% for zinc, 71 % for lead, 

and 80% for silver. The lead concentrate would contain 45% lead, about 6,000 g/mt 

silver, and approximately 5% zinc. The zinc concentrate would contain around 55% zinc 

and 150 g/mt silver with practically no lead content. Capital expenditures for the milling 

operation are presented in Table 8.2. 

Transportation. -

Three modes of transportation are utilized to ship the concentrate from the beneficiation 

plant to the smelter facilities. The initial leg of the journey would consist of 

approximately 50km by truck, followed by a 500km haulage by train to the Chilean port 

of Antofagasta in the Pacific Ocean. and then by vessel to smelter destinations in 

Europe, North America, or Japan. 

8.1.3 Capital and Operating Cost Summary 

The operating and capital costs utilized in this evaluation are based on actual 

cost data for similar Bolivian operatioru. The bulk of the data was compiled in Bolivia 



144 

during 1990 by Don Bleiwas, mineral specialist at the U.S. Bureau of Mines. Where 

necessary the values were adjusted with updated costs procured on my personal trips 

during the last two years. The numbers adopted for this study were checked for 

accuracy with financial executives and engineers from three different companies with 

similar operations in the Bolivian Altiplano. 

Investment Capital.-

As shown in Table 8.4, the total capital investment (in 1990 dollars) for the 500 tid 

capacity operation is just under $12 million. As indicated in the table, this amount can 

be decomposed as follows: infrastructure 11 % ($1,310,000), pre-production 23% 

($2,760,500), mine 35% ($4,110,000), mill 25% ($2,860,000), and working capital 6% 

($749,100). For the purpose of cash flow estimation, all capital costs incurred after the 

first year are discounted at the firm's base case scenario cost of capital of 15 percent. 

For example, the mining plan calls for $545,000 to replace mining equipment at the end 

of 2002 (Table 8.3). For a discount rate of 15%, $545,000 is present value equivalent 

to $2,204,828 a decade later: $545,000 = $2,204,828 (1.15)"10. Hence, the latter value 

is used on the project activity schedule for 2002 (Table 8.5). 

Similar adjustments are periormed on the rest of the investments, including 

infrastructure, and pre-production development. The present value (1993) of the 

$16,371,861 lIndiscounted capital investment for the development of the Bolivian 

polymetallic deposit is equal to $11,789,600 using a 15% discount rate. The project's 

infrastructure, mining, and milling costs per ton of capacity given in the accompanying 

tables are based on present value amounts. Sensitivity analyses are later performed for 

changes in capital investment. For example, an attempt is made to account for 

additional capital costs due to new environmental regulations, 

Operating Costs.-

Total estimated operating costs per ton of ore are $57.35. Smelting is to be contracted 

out, hence these charges are taken as exogenous variables that cannot be controllet1 
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TABLE 8.4 

SUMMARY OF CAPITAL INVESTMENT (500 tId CAPACITY) CONSTANT 1990 DOLLARS 

Activity \ Year 1993 1994 1995 2002 sub-total 
US$ US$ US$ US$ US$ 

Infrastructure .......... 1,310,000 1,310,000 
Pre-production .......... 725,250 2,035,250 2,760,500 
Minuig Equipment •••••••••• 950,000 2,615,000 545,000 4,110,000 
Milling Equipment •••••••••• 1,957,085 902,915 2,860,000 
Working capital .......... 749,100 749,100 

Sub-Total •••••••••• $4,942,335 $5,553,165 $749,100 $545,000 

TOTAL CAPITAL IHVESTHENT ..•••.•.••.•..•......•..••.••.•.••••.•......•. $11,789,600 
---------

TABLE 8.5 

*SUHHARY OF CAPITAL IHVESTHENT (500t/d CAPACITY) USING A DISCOUNT RATE OF 15% 

Activity \ Year 1993 1994 1995 2002 
US$ US$ US$ US$ 

Infrastructure · ......... 1,506,500 
Pre-production · ......... 834,037 2,691,618 
Hining Equiplent •••••••••• 1,092,500 3,458,337 2,204,828 
Hilling Equip.ent •••••••••• 2,250,648 1,194,105 
Working capital · ......... 1,139,287 

Sub-Total •••••••••• $5,683,685 $7,344,060 $1,139,287 $2,204,828 
Discounted at 15%~ ••••••••• $4,942,335 $5,553,164 $749,100 $545,000 

sub-total 
US$ 

1,506,500 
3,525,655 
6,755,665 
3,444,753 
1,139,287 

TOTAL CAPITAL IBVESTHEHT ••••••••••••••••••••••••••••••••• I .•••••••••••• $16,371,860 
DISOOUBTED AT 15t •••••••••••••••••••••••••••••••••••••••••••••• $11,789,599 

"'COST PER 'roll CAPACITY (500 TON OPERATION) US$ 

MIHIIIG (Including Pre-Production) • • • • • • • • .. .... • • .. • • • • • • • • • • • • • • • • $14,415 
MILLIBG • •• •••••••••••••••••••••••• ••••••••••••••••••••••••••••• $6,544 
IIfFRASTRUCl'ORE • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • $2 , 620 

TOTAL IHVESTHEB'1' CAPITAL PER TON OF CAPACITY $23,579 

*It is assUied all expenses are incurred at the end of the year. Hence all expenses 
are discounted at 15% to the beginning of 1993 (initial tile). 

lICosts per ton are calculated after all expenses have been discounted at 15'. Hence, 
the DOunts for either procedure are the sale as they are reported in 1990 dollars. 
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by the mining operator. As indicated in Table 8.6, the principal components of operating 

costs (per ton of ore) are: mine 33% ($19.25), milling 10% (5.72), transportation 17% 

($9.66), and smelter charges 6% ($3.36). On average, transportation costs per ton of 

concentrate are $50 for the land surface portion (50 km trucking and 500 km railroad), 

and about $44 for the ocean voyage to the smelter destination, including insurance 

premiums. 

Smelter Schedule.-

Smelter charges used for the zinc and lead concentrate in this analysis are based on 

values actually charged on Bolivian concentrates circa 1991: $175 per ton of zinc 

concentrate, and $215 per ton of lead concentrate. However, in recent negotiations, 

Bolivian concentrates have received insignificant premiums for by-product silver, while 

having to pay substantial penalties for relatively minor impurities. These conditions, 

along with high transportation costs have caused a group of Bolivian producers to review 

the possibility of building a small zinc smelter facility in the region. I understand their 

pre-feasibility study appears promising. 

8.2 Development of the Bolivian Project's Cash Flow 

Since the revision of the Bolivian mining legislation in 1991, the establishment of 

a tax on profits in lieu of royalty has led to a cash flow setup similar to standard 

procedures used in the United States and other developed countries. Under the new 

taxation system, operators must comply with a 30% tax on profits. However, the total 

tax payments must equal at least the complementary tax, equivalent to 2.5% of gross 

mining revenues. In other words, this tax floor must be met irrespective of the level of 

profits or losses incurred by the company. Furthermore, financial statements must be 

denominated in real terms (inflation adjusted), based on fluctuations of the Bolivian 

currency with respect to the U.S. dollar. 



TABLE 8.6 
TECHNICAL PARAMETERS, OPERATING AND CAPITAL INVESTHEllT COSTS 

TECHNICAL PARAMETERS 
Mine Type 
ore Processing Method 

ore Production 
Life of the Mine 
Zinc ore Grade 
Zinc Concentrate Grade 
Mill Zinc Recovery 
Zinc Production 
Lead ore Grade 
Lead Concentrate Grade 
Mill Lead Recovery 
Lead Production 
silver ore Grade 
OVerall Silver Recovery 
Silver Production 
Location 

OPERATING COSTS 
Infrastructure* 
Mine 
Beneficiation 
Transportation 
Sieiter" 
Other 

TOTAL OPERATIlfG COSTS 

CAPITAL IHVESTHEHT (500 tId) 
Infrastructure 
Mining Developlent 
Milling Equiplent 
Working capital (60 days) 

TOTAL CAPITAL INVESTMENT 

underground cut-and-fill 
flotation 
(2 concentrates:Zn-Ag and Pb-Aq) 
140,000 tla 
15 years 
10% 
55% 
90% 
12,600 tpy 
1% 
45% 
71% 
994 tpy 
150 qlt 
80% 
16.8 tpy 
Sud Lipez Region - SOuthwestern 
part of the Bolivian Altiplano 

$ 
1,310,000 
6,630,000 
3,100,500 

749,100 
-----------

$11,789,600 

$/t ore 
0.62 

19.25 
5.72 
9.66 
3.36 

18.78 

$57.39 

$/t capacity 
2,620 

13,260 
6,201 
1,498 

---------------

$23,579 

* Costs based on 2,100,000 t (140,000 t/y: 15 year life) 
" Sieiting is contracted out (Japan, Europe, North A1erica) 
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8.2.1 General Cash Flow Estimation for Bolivian Mining Operations 

Gross Revenues (GR) 
<Transportation Costs (TRC) > 
<Smelter Charges (SMC> 

Gross Mining Income 
<Mining Costs (MNC» 
<Milling Costs (MLC» 
<Administrative and Overhead Costs (ADC> 

Operating Income 
<Depreciation (DEPR» 
<Loss Carry Forward (LCF» 
<Reinvestment Credit (RCR» 
<Other Allowable Deductions (XD» 

Taxable Income 
<Corporate Taxes> (Tax Rate (TXR=30%) * Taxable Income) 

Net Income 
Depreciation (DEPR) 
<Gross Capital Investment (I» 

Net Cash Flow (NCF) 
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Decree 23059, promulgated in February 1992, provides the regulatory framework 

for the development of cash-flows pertinent to Bolivian mining operations. However, as 

with most new systems there are ambiguities. For instance, the regulatory Decree often 

invokes "standard industry practices· as the principle to which firms must adhere 

whenever claiming tax credits on charges for which no specific amounts are set a priori 

in the regulations. Nevertheless, these problems should be resolved without much 

difficulty as implementation of the new system becomes widespread throughout the 

industry. 

A partial list of activities that faJ! under the "other allowable deductions" category 

are: expenses associated with environmental impact assessment studies, corporate 

donations to public agencies and non profit organizations, social security contributions, 
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amortization of intangible goods (e.g. patents, concessions), and casualties resulting 

from natural and human disasters (e.g. fires, floods, vandalism, riots). Although the 

system is primarily patterned after that of the United States, in Bolivia there are no 

provisions for depletion allowance. 

Reinvestment tax credit should provide a significant incentive to redirect mining 

profits into further exploration, adoption of new technology, and continued infrastructure 

development, including roads, power and water supply, housing facilities, and schools. 

Furthermore, reinvestment credits may benefit other sectors of the economy, as these 

funds are not required to return to the mining industry. Tax credit on interest payments 

is another issue which deserves special attention in cash flow analysis. Although the 

Bolivian model suggests a separate entry line to account for interest payments on capital 

to arrive at the taxable base, the income approach to valuation followed in this study 

treats interest implicitly rather than as an explicit deduction. In other words, because the 

firm's cost of capital is used as the discount rate for the project, there is no need for a 

separate interest payments line in the cash flow setup. The reason is that tax credits 

are treated in the firm's cost of debt estimation, which along with the cost of equity make 

up the firm's cost of capital. Consequently, explicit subtraction of interest payments to 

determine the taxable income in the cash flow, would lead to double counting interest 

deductions of debt financing (Gentry and O'Neil, 1984). Inclusion of interest payments 

in the cash flow is peculiar to profit accounting where no discounting takes place, as 

opposed to economic income accounting for valuation which considers the time value 

of money. 

The basic methodology for net cash flow analysis given above, and employed fOt 

the financial-economic evaluation of the Bolivian polymetallic deposit treated in thiS 

study, takes the following algebraic form: 

NCFt =[GR-TRC-SMC-MNC-MLC-ADC-DEPR-LCF-RCR-XD]t (1-TXR}+DEPRt - I, 
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excluding capital investment expenditures from the net cash flow yields the conventional 
form of the cash flow: 

CFt = [GR-TRC-SMC-MNC-MLC-ADC-DEPR-LCF-RCR-XD]t (1-TXR) + DEPRt 
where 

NCFt = 
eFt = 
GR = 
TRC = 
SMC = 
MNC = 
MLC = 
ADC = 
DEPR = 
LCF = 
RCR = 
XD = 
TXR = 

Net cash flow for time period t 
Cash. flow for the particular time period 
Gross mining revenues 
Transportation costs 
Smelter charge 
Mining operating costs 
Milling operating costs 
Administrative and overhead costs 
Depreciation 
Loss carry forward 
Reinvestment tax credit 
Other allowable deductions 
Corporate income tax rate (as a decimal fraction) 
Gross capital investment in period t 

Gross Revenues, GR, is a function of the mining throughput, prices of the 

commodities, and of the payments received from the smelter operators. Transportation 

costs incorporate insurance premiums which vary according to the nature of the 

concentrate. In this particular case, the higher silver content in the lead concentrate is 

reflected by a higher insurance premium than that levied on the zinc concentrate. 

Smelter charges are determined externally as Bolivia lacks operating zinc smelters. 

Operating costs are primarily determined by the mining and' milling operating costs. 

Bolivian depreciation charges, DEPR, for mining, milling, and other production equipment 

can be by straight line for depreciation lives of 5 and 10 years, and whenever necessary 

adjusted for inflation. For the purpose of this study, a seven-year straight-line 

depreciation schedule is adopted. Loss carry forward, LCF, can be extended up to a 

period of five years. Reinvestment credit, RCR, provides a tax shelter for capital 

investment not exceeding accumulated profits. Other allowable deductions, XD, 

discussed in the previous section, involves costs associated with environmental impact 

assessment studies, donations to non-profit organizations, amortization of intangible 
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goods, as well as losses incurred from natural disasters. As previously discussed, 

deductions on interest payments on debt financing are excluded from this category. 

Besides, it is assumed the mine is developed at 100% equity financing. Consequently, 

no tax shelter adjustments, or deductions of interest on debt repayments are necessary 

in cash flow estimation. 

The Bolivian income corporate tax rate, TXA, for mining operations is currently 

set at 30 percent. Although the royalty system has been eliminated, a new tax floor 

designated as the complementary tax, must be fulfilled regardless whether or not the 

operation produces a positive cash flow during the fiscal year. This action has both 

negative and positive implications On the positive side, the fact the fact that 2.5% of the 

gross mining income returns in its totality to the producing region should reduce the ever 

present complaint about "exploitation by private interests" of the country's natural 

resources. On the downside, this tax floor may prove to be detrimental to cash flows for 

the marginal mines especially in periods of low metal prices. Finally, gross capital 

investments, I, involves those investments made in production equipment, technology, 

and infrastructure, starting at the pre-production stage and continuing to the end of the 

project's life. In subsequent sections, the principal variables affecting the project's cash 

flow, discussed above, are modified from their base case scenario values in order to 

develop a comprehensive net present value model. 

8.3 Net Present Value Methodology 

Given a project's physical and engineering parameters along with economic 

factors, including expected commodity prices, enables the estimation of cash flows 

which, when discounted and aggregated yield the project's Net Present Value. In other 

words, NPV methodology combines discounted income, costs, and capital investment 

streams incurred during the life of the project. 

In essence, the NPV can be defined as the difference between the present value 
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of cash net benefits and the present value of capital costs (Gentry and O'Neil, 1984). 

NPV relationship can be expressed as: 

NPV = I present value of cash benefits net of cash operating costs - I present 
value of capital costs, or more formally as: 

where 
NPV = 
eFt = 
It = 
k = 
N = 

net present value of the project 
value of net cash benefits in period t 
gross capital investment in period t 
discount rate (equal to the firm's cost of capital) 
life of the mine (years) 

Algebraically the above relationship can be written as: 

NPV = I,N {[ (Pt-cJ Yt (1-lj + TOt - Ft(1-lj ](1+k)"') - IoN It (1+k)-t 
where 

Pt = metal prices in time t 
ct = variable production costs in time t 
Yt = metal output in time t 
T = corporate income tax rate 
Ot = tax deductions for period t, including depreciation 
Ft = fixed costs (non capital expenditures) 
It = gross capital investment as t goes from \, to ~ 

(8.1) 

Following Newcomb and Harris (1991), equation 8.1 can be rewritten in matrix form as: 

NPV = [ (p-v)V(1-lj + TO - (1-ljF - I] R (8.2) 

where the vectors (in bold typeface) are: p for metal prices, v for variable operating 

costs, D for tax shelters, F for non capital fixed charges, and I for capital expenditures. 

As opposed to these previous row vectors [i.e. x=(~, ... ,xJ], R is a column vector for the 

discount factor (1 +k)-t, and V, the annual metal production, is depicted by a diagonal 

matrix. T represents the constant corporate income tax rate. Furthermore, as Newcomb 

and Harris (1991) indicate, the elements of the cash flow configuration given by Equation 

8.2 can be analyzed in terms of its four principal components: i) {(p-v) V (1-lj}, which 

represents the after-tax gross income from the mining operation, that is the after-tax net 

operating profit, i.e. the revenues generated by the operation less total operating costs; 
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ii) TO, which represents tax reductions, or tax shelters, allowed by the Bolivian mining 

regulatory decree, with depreciation allowance as the most important element in this 

category since depletion is not allowed; iii) (1-T) F, represents after tax deductions of 

fixed direct and indirect overhead costs; and lastly iv) where I stands for the initial and 

succeeding (replacement) capital investment expenditures throughout the life of the 

project. Each of the above components is discounted by the vector R, consisting of the 

annual discount coefficient for all N years of project life (i.e. (1 +k)"\ t=1, ... ,N). The 

appropriate discount rate used for a project should be equal to the firm's cost of capital. 

For this analysis the discount rate or cost of capital employed is 15 percent. This is the 

average rate estimated for 11 mining firms using the cost of capital equation derived in 

Chapter 7. 

8.3.1 Mining Simulation Program MINSIM 

MINSIM, a comprehensive computerized economic simulator of mine cash flows 

developed by the U.S. Bureau of Mines, is utilized for the financial-economic evaluation 

of the Bolivian polymetallic project of interest. MINSIM generates the project's 

discounted cash flow rate-of-return (ROR) and net present value (NPV) given a pre

specified rate of discount (see tables 8.7 and 8.8). MINSIM not only requires the 

discount rate to perform the analysis, but moreover all engineering and economic input 

parameters must be set a priori, as these can not be estimated within this FORTRAN 

computer program. 

A salient feature of MINSIM is its allowed flexibility. A series of sensitivity analyses can 

be performed by escalating costs and commodity prices. by employing stochastic 

analysis, and by adjusting alternative taxation, depreciation and depletion schemes. In 

fact, MINSIM is the instrument employed to run all possible scenarios used to derive the 

NPV and Investment-Worth models as a function of key physical, market, and policy 

variables. Specifically, the effect of vaiYlng zinc prices, zinc ore grade, annual output, 
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TABLE 8.7 
MINSIM INPUT DATA FILE FOR THE BOLIVIAN POLYMETALLIC BASE CASE SCENARIO 

A 1 BOLIVIAN POLYMETALLIC (Zn-Ag-Pb) DEPOSIT BASE CASE SCENARIO 11-10-92 
a 2 15 1995 1 0 0 1 .15 0 0 0 1400 5 0 0 
00 03 1993 1993 00 PREPROD. 1ST YEAR 02 1 
00 03 1994 1994 00 PREPROD. 2ND YEAR 02 1 
00 04 1993 1993 00 MINE EQUIP SHAFT 00 1 
00 04 1994 1994 00 MINE EQUIPMENT 00 1 
00 04 2002 2002 00 MINE EQUIPMENT 00 1 
00 05 1993 1993 00 INCR.CAP.INVSTHHT 00 1 
00 07 1993 1993 00 MILL EQUIPMENT 00 1 
00 07 1994 1994 00 MILL EQIPHENT 00 1 
00 09 1993 1993 00 INFRASTRUCTURE 00 1 
00 14 1994 1994 00 WORKING CAP. 60 DAYS 0 1 
00 15 1995 2009 00 HINE OP.COST/HT ORE 1 
00 16 1995 2009 00 HILL+OVBD(5.72+3.36) 1 
00 18 1995 2009 00 EXCH RATE OC $/HTORE 1 
00 19 1995 2009 00 ANNUAL PRODUCTION 1 
1 21 1995 2009 00 AG FEED GRADE 1 
1 22 .1995 2009 00 AG OVERALL RECOVERY 1 
1 23 1995 2009 00 AG MILL CONC.GRADE 1 
1 24 1995 2009 00 AG SMELTER RECOVERY 1 
1 25 1995 2009 00 AG SMLTR CONC.GRADE 1 
1 26 1995 2009 00 AG REFINER RECOVERY 1 
1 27 1995 2009 00 AG SMELTER OP COST 1 
1 32 1995 2009 00 AG PRIC $/HT 1 
2 21 1995 2009 00 ZH FEED GR 1 
2 22 1995 2009 00 ZH MILL RECOVERY 1 
2 23 1995 2009 00 ZH HILL CONC. GRADE 1 
2 24 1995 2009 00 ZH SMELTER RECOV. 1 
2 25 1995 2009 00 ZN SMELTER CONCENTR 1 
2 26 1995 2009 00 ZH'REFINERY RECOV. 1 
2 27 1995 2009 00 ZH SMELTER OP COST 1 
2 29 1995 2009 00 ZH TRANSP.TO SMLTR 1 
2 32 1995 2009 00 ZH PRICE $ /HT 1 
3 21 1995 2009 00 PB FEED GRADE 1 
3 22 1995 2009 00 PB HILL RECOV 1 
3 23 1995 2009 00 PB HILL CONC.GRADE 1 
3 24 1995 2009 00 pa SMLTR RECOVERY 1 
3 25 1995 2009 00 PB SMLTR CONC.GRADE 1 
3 26 1995 2009 00 PB REFINERY RECOV 1 
3 27 1995 2009 00 PB SMLTR OP COST 1 
3 29 1995 2009 00 PB TRANSP TO SMLTR 1 
3 32 1995 2009 00 pa PRICE $/MT 1 
1 91 1995 2009 00 SILVER 02 .95 
2 91 1995 2009 00 ZINC 02 .85 
3 91 1995 2009 00 LEAD 02 .95 

00 97 1995 2009 10 PROFITS TAX 04 

7 1995 
7 1995 
7 1995 
7 1995 
7 2002 
7 1995 
7 1995 
7 1995 
7 1995 

1.0 
1.0 

o 1.0 
o 1.0 
o 1.0 
o 1.0 
o 1.0 
o 1.0 

1 
1 
1 
1 
1 

1 
1 

1 
1 
1 

1 
1 
1 

o 
o 
o 

o .00 .00 
o .00 .00 
o .00 .00 

.30 
00 97 1995 2009 11 TAX DEDUCTIONS 
00 98 1995 2009 DEPLETION 00 

10 14 29 
o 

834037 
2691618 
1092500 
3458337 
2204828 
0000000 
2250648 
1194105 
1506500 

990685 
19.25 
9.08 

00.00 
140000 

.000150 
.80 

.00761 
1.00 
1.00 
1.00 

00.00 
128617 

.100 
.90 

0.55 
1.00 
1.00 
1.00 

175.0 
90 

1322.76 
.010 
0.71 
0.45 
1.00 
1.00 
1.00 

215 
95 

662 



155 

TABLE 8.8 CASH FLOW ANALYSIS OUTPUT GENERATED BY HINSIH 

FINANCIAL EVALUATION 
BOLIVIAN POLYMETALLIC DEPOSIT I BASE CASE SCENARIO 

U. S. BUREAU OF HINES HINSIH09 SIMULATOR 

BEGINNING OPERATION IN 1993 AND ENDING IN 2009 WITH 2 
PREPRODUCTION YEARS I USING 1 SIMULATION AND A DISCOUNT 

RATE OF RETURN OF 15 PERCENT (DISCRETE DISCOUNTING) 

GEliER!L DATA * * * * * * * * * 1993 1994 1995 2002 2003 2009 
to 2001 to 2008 

INVESTMENTS 
HINING PREPARATION- - - - - 834037. 2691618. O. O. O. O. 

YEARS AMORTIZED- - - - - 7 7 0 0 0 O. 
AMORTIZATION - - - - - - O. O. 503665. 503665. 503665. O. 

INVEST. NUMBER 1- HINE- - - 1092500. 3458337. O. 2204828. O. O. 
LIFE - - - - - - - - - - 7 7 0 7 0 O. 
DEPRECIATION (S.L.)- - - o. O. 650120. 314975. 314975. O. 
SALVAGE VALUE- - - - - - O. O. O. O. O. O. 

INVEST. NUMBER 4- PROC- - - 2250648. 1194105. O. O. o. O. 
LIFE - - - - - - - - - - 7 7 0 0 O. O. 
DEPRECIATION (S.L.)- - - O. O. 492108. O. O. O. 
SALVAGE VALUE- - - - - - o. O. o. o. o. O. 

INVEST. NUMBER 6- PROC- - - 1506500. O. O. O. O. O. 
LIFE - - - - - - - - - - 7 0 0 0 0 O. 
DEPRECIATION (S.L.)- - - o. O. 215214. O. O. O. 
SALVAGE VALUE- - - - - - o. O. o. O. O. O. 

EQUITY CAPITAL- - - - - - - 5683685. 8334745. O. 2204828. O. O. 
WORKING CAPITAL - - - - - - O. 990685. O. O. O. O. 

OPERATING COSTS PER UNIT ($/HT ORE) 
HINE- - - - - - - - - - ~ - .00000 .00000 19.25000 19.25000 19.25000 19.25000 
HILL- - - - - - - - - - - - .00000 .00000 5.72000 5.72000 5.72000 5.72000 
TOTAL OVERHEAD- - - - - - - .00000 .00000 3.36000 3:36000 3.36000 3.36000 

UNITS TREATED (HT ORE) - - - - o. O. 140000. 140000. 140000. 140000. 

COMMODITY DATA * * * * * * * * 
SILVER 

ORE GRADE - - - - - - - - - .000000 .000000 .000150 .000150 .000150 .000150 
HILL RECOVERY - - - - - - - .000000 .000000 .800000 .800000 .800000 .800000 
MILL COHCEliTRATE GRADE- - - .0000 .0000 .0076 .0076 .0076 .0076 
PRICE/UNIT RECOVERED ($/HT) .00 .00 128617 128617 128617 128617 
UNITS RECOVERED - - - - - - o. O. 16.8 16.8 16.8 16.8 
REVENUES- - - - - - - - - - O. O. 2052727. 2052727. 2052727. 2052727. 
PORTION OF H!HE OP COST - - o. O. 3670. 3670. 3670. 3670. 
PORTION OF HILL OP COST - - o. O. 102700. 102700. 102700. 102700. 

ZINC 
ORE GRADE - - - - - - - - - .000000 .000000 .100000 .100000 .100000 .100000 
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TABLE 8.8 - continued 

HILL RECOVERY - - - - - - - .000000 .000000 .900000 .900000 .900000 .900000 
HILL CONCENTRATE GRADE- - - .0000 .0000 .5500 .5500 .5500 .550 
SHELTER OP.COSTS ($/HT CONC) .0000 .0000 175.0000 175.0000 175.0000 175.0000 
TRANSP. COSTS ($/MT CONC) - .000 .000 90.000 90.000 90.000 90.000 
PRICE/UNIT RECOVERED ($/HT) .00 .00 1322.76 1322.76 1322.76 1322.76 
UNITS RECOVERED (HT)- - - - o. O. 12600. 12600. 12600. 12600 
REVEHUES- - - - - - - - - - O. O. 14166760. 14166760. 14166760. 14166760 
PORTION OF HINE OP COST - - O. O. 2446664. 2446664. 2446664. 2446664 
PORTION OF HILL OP COST - - O. O. 1065742. 1065742. 1065742. 1065742 
SHELTER OP COST - - - - - - O. O. 4009091. 4009091. 4009091. 4009091 
TRANS. TO SHELTER - - - - - O. O. 2061818. 2061818. 2061818. 2061818 

LEAD 
ORE GRADE - - - - - - - - - .000000 .000000 .010000 .010000 .010000 .010000 
HILL RECOVERY - - - - - - - .000000 .000000 .710000 .710000 .710000 .710000 
HILL CONCENTRATE GRADE- - - .0000 .0000 .4500 .4500 .4500 .4500 
SHELTER OP.COSTS ($/HT CONC) .0000 .0000 215.0000 215.0000 215.0000 215.0000 
TRANSP. COSTS ($/HT CONC) - .000 .000 95.000 95.000 95.000 95.000 
PRICE/UNIT RECOVERED ($/HT) .00 .00 662.00 662.00 662.00 662.00 
UNITS RECOVERED (HT)- - - - 0 O. 994. 994. 994. ·994. 
REVEHUES- - - ~ - - - - - - o. O. 625127. 625127. 625127. 625127. 
PORTIOH OF HINE OP COST - - O. O. 244666. 244666. 244666. 244666. 
PORTION OF HILL OP COST - - O. O. 102759. 102759. 102759. 102759. 
SHELTER OP COST - - - - - - O. O. 474911. 474911. 474911. 474911. 
TRANS. TO SHELTER - - - - - o. O. 209844. 209844. 209844. 209844. 

CASH FLOW 1993 1994 1995 2002 2003 2009 
to 2001 to 2008 

GROSS REVENUES- - - - - - - o. O. 16844610. 16844610. 16844610. 16844610. 
LESS SHELTER OP COST- -'- - O. O. 4484002. 4484002. 4484002. 4484002. 
LESS TRANS TO SHELTER - - - o. O. 2271663. 2271663. 2271663. 2271663. 
GROSS MIIIRG IBa»IB - - - -
LESS MINE OPERATING COSTS - O. O. 2695000. 2695000. 2695000. 2695000. 
LESS HILL OPERATING COSTS - O. O. 800800. 800800. 800800. 800800. 
LESS TOTAL OVERHEAD - - - - O. O. 470400. 470400. 470400. 470400. 
LESS DEPRECIATION - - - - - o. O. 1861106. 314975. 314975. O. 
EQUALS OPBRAfIIG II<XlIIB - -
LESS TAX WSS CARRY - - - - O. O. O. O. O. O. 
LESS REIHVESTHEIiT CREDIT- - O. O. O. O. O. O. 

BBFORB tAl IBa»IB - - - - - O. O. 4261643. 5807774. 5807774. 6122750. 
LESS TOTAL IlICOHE TAX (30%) o. O. 1278493. 1742332. 1742332. 1836825. 

EQUALS III!! IBa»IB - - - - - O. O. 2983151. 4065442. 4065442. 4285925. 
PLUS DEPRECIATION - - - - - o. O. 1861106. 314975. 314975. O. 
LESS GROSS IHVESTHEHT- - - 5683685. 8334745. O. 2204828. O. O. 

--,---- ------ ====== ===== ===== ====== 
EQUALS m CASH FLOW- - - - -5683685. -8334745. 4844257. 2175590. 4380418. 5276610. 



TABLE 8.8 - continued 

NET PRESRIft' VALUE DISCOOHTED AT 15% 
DIsromITED CASH FLOW RATE OF RETURII 

COMMODITY REVENUES 
($) 

SILVER 30,790,910 
ZINC 212,501,400 
LEAD 9,376,899 

TOTAL ORE TREATED (MT) 2,100,000 

SUMMARY DATA 

$ 9,120,670 
29.3% 

METAL RECOVERED 
(MT) 
252 

189,000 
14,910 

157 

PRICE 

$4.0/T OZ 
$0.60 /113 
$0.30 /113 

INVESTMENT DATA TOTAL ONDISCOUNTED AMOUNT TO'llAL AMOUNT DISCOUNTED AT 15% 

EXPLORATION 0 0 
LAND ACQUISITION 0 0 
DEVELOPMENT 3,525,655 2,760,500 
MINE PLANT AND EQUIP 6,755,665 4,110,000 
MILL PLANT AND EQUIP 3,444,753 2,860,000 
INFRASTRUCTURE 1,506,500 1,310,000 
WORKING CAPITAL 990,685 749,100 
MISC INVEST & OP COSTS 0 0 

TOTAL $ 16,223,258 $ 11,789,600 

TAXES PAID $ 22,982,600 $ 6,253,238 
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taxes, infrastructure costs, operating costs, depreciation policy, and capital expenditures 

are examined through MINSIM. 

8.4 Net Present Value and Investment-Worth Model Estimation 

In this section, the financial-economic evaluation of the Bolivian hypothetical 500 

tid underground mining and milling polymetallic operation is examined using two different 

analytical investment tools: net present value, and investment-worth. The former 

analyzes the project practically as a stand alone venture, while the latter examines the 

project within the overall context of the firm. That is, the investment-worth extends the 

net present value analysis to in~lude evaluation of changes in the firm's risk position 

arising from the incremental investment. 

The procedure used to derive the net present value, consists in: i) selecting the 

most likely ranges for each independent variable (Table 8.9), ii) evaluating the project, 

in terms of NPV, for each possible combination, and iii) submitting for statistical analysis 

the complete set of outcomes. Development of the investment-worth model adds to this 

approach by adjusting the value of the firm for the post implementation effects, i.e. rather 

than concentrating the analysis in the profitability or NPV of the project, the objective is 

to determine the economic consequence of the project for the total firm value. A 

modified version of the US Bureau of Mines MINSIM software computer program is used 

to perform economic evaluations for each possible combination of variables, giving a 

total of 17,496 for the NPV function and 87,480 for the W model, since the latter 

employs additional variables. 

Statistical analysis on the complete data set is conducted using SAS software to 

estimate regression equation for the following conceptual models of NPV and W: 

NPV = Q(p, q, t, tx, infr, infp, Inc, oc, k) , 

W = e(p, q, t, tx, Infr, infp, Inc, .rt r, sdp; V, ov'i , 
where p is the price of zinc ($/1 b) , q I~ the average zinc ore grade (fraction), t is the 
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TABLE 8.9 VALUES FOR THE VARIABLES USED IN THE NPV AND INVESTMENT-WORTH MODELS 

VARIABLE UNITS VALUES Base Case 
--------------------------------------------------------------------------------

p (Zn price) (c/lb) 50 60 70 60 
q (Zn ore grade) (%) 7 10 13 10 
t (ore t/a) (000 Ilt) 98 126 140 140 
tx (profits tax) (%) 20 30 50 30 
infr (infr. cost) ($ Ilillion) 1.310 2.620 3.930 1.310 
infp (infr. policy) 0 1 1 
inc (incr. invest.) ($ Ilillion) 0.0 1.853 2.780 1.853 
er (exchange rate) (Bs/$) 2.00 4.00 6.00 4.00 
r (corr. coef.) -0.7 0.0 0.4 0.7 0.0 
sdp (NPV std. dev.) ($ Dillion) 4.0 5.0 7.0 9.0 12.0 5.0 
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annual ore production (000 mt). tx is the profits tax rate (fraction). infr is the infrastructure 

capital expense ($ million). infp is a categorical variable that takes a value of 1 or 0 

according to whether infrastructure capital expenditure is depreciable (1) or not (0). inc 

is the incremental capital investment ($ million), oc represent the variable operating 

costs. k is the firm's cost of capital, er is the exchange rate (8s/$) which mostly affects 

operating costs, r is the correlation coefficient between the value of the firm and value 

of the project, sdp is the standard deviation of the project's net present value ($ million), 

V and Oy2 are the initial market value and variance of value of the firm ($ million), 

respectively. 

The above functional relationship for W seems to indicate that prices and grades 

of silver and lead are constant throughout the life of the mine at their specified values 

when evaluating the response function. As variation in prices, p, and grades, q, are 

important elements in the riskiness of the project, fixed prices and grades do not appear 

to satisfy the essence of the investment-worth equation. However, that interpretation of 

the response function is too simplistic. A better interpretation is that p and q represent 

their respective means, with variations being captured by the variance of the project's 

net present value (Le. sdp). This kind of treatment does require the assumption that 

variances of p and q are independent of levels of p and q .. Accordingly, given the 

foregoing assumption, the investment-worth function does consider variation in prices 

and grades as they affect the standard deviation of the project's NPV. 

With respect to capital investment expenditures, these are sunk costs incurred 

in accordance to the design capacity of the operation, hence they do not depend on 

such factors as labor strikes and other inefficiencies of production. In other words, 

whether the operation is functioning at capacity or a fraction thereof, capital investment 

remains unaltered for declines in the output level. Conversely, operating costs do vary 

according to the production schedule and are therefore properly adjusted in the models. 

It is important to make a categorical distinction between the investment-worth, W, 
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and NPV of the project. The crucial difference between Wand NPV is that W includes 

an economic evaluation of risk and diversification, based upon capital markets and the 

business structure of the firm. This is accomplished by evaluating the value of the firm 

prior to and after investment in the project. In other words, by examining the impact of 

adopting the project on the current value of the firm as indicated by capital markets. 

Conversely, as long as a unique cost of capital (discount rate) is employed, NPV 

evaluations provide a single outcome, irrespective of the investing firm's business 

structure. The problem with this latter approach is that it fails to address critical 

questions necessary for investment decision making. For example: Would the risk 

position of stockholders change if the project were adopted by the company? If so, to 

what extent? Is the level of business risk after adopting the project homogeneous for 

all firms across the industry? These types of questions are addressed by investment

worth, W. In fact, W accomplishes this task by incorporating into the analysis the market 

value of the firm, V; the variance of value of the firm, 0/; and the correlation coefficient 

between the value of the firm and that of the project, r. 

The initial market value and variance of value of the firm are maintained fixed 

throughout each complete set (Le. all 87,480 combinations). For the base case 

scenario, the value of the firm is set at $50 million with its variance at $(5.39)2 million. 

However, to explore the effect of firm size on W, two additional combinations of market 

value, V, and variances, 0/, are treated in a subsequent section. With respect to the 

correlation coefficient, r, the values in the model range from negative 0.7 to positive 0.7 

with 0.0 for the base case scenario. A high negative correlation would imply 

diversification potential for the firm, and thus an opportunity to mitigate business risk and 

enhance the overall value of the company by decreasing its cost of capital. Conversely, 

a high positive correlation would imply negligible diversification benefits from investment 

in the project, as both the business structure of the firm and of the project (e.g. Zn-Ag

Pb) would react similarly to changes in the general economy. A value of 0 indicates 
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there is no apparent relation in the economic movement of the proposed project and that 

of the investing firm. 

Comparing break-even conditions for the NPV and W highlights the role of risk 

diversification (or specialization) as measured by the correlation coefficient. First of all, 

for the base-case scenario, the project's NPV is about $8.5 million, while the investment

worth is around $4 million. With respect to break even conditions, for example, the NPV 

break even zinc price (using a discount rate of 15 percent) remains 'constant at 

approximately 50¢/lb, regardless of the business structure of the firm contemplating the 

investment. On the other hand, as the numerical value of r increases from -.7 to +.7, 

the break even price of zinc varies from 50¢ to 66¢/lb. This difference results from 

assessing business risk associated with the project and the investing firm. As the level 

of risk exposure changes across firms in the industry, similar patterns are observed for 

other variables including ore grade, annual ore production, and exchange rates. 

To simplify the development of the NPV and W functions, the input elements for 

the cash flow analysis have been separated into constants and variables. Those 

variables remaining fixed throughout the life of the project are: average grades for silver 

(150 g/mt) and lead (1%), metallurgical recoveries, concentrate grades, prices of lead 

(30 ¢/Ib) and silver ($4.0/t oz), smelter charge for zinc concentrate ($175/mt) and lead 

concentrate ($215/mt). In contrast, as illustrated in Table 8.9, a range of values is 

adopted for (base case scenario values given in parentheses): zinc prices (60 ¢/Ib), zinc 

ore grade (10%), annual mine output (140,000 mt of ore equivalent to 280 days per 

year), income tax rate (30%), infrastructure expenditures ($1.31 million), operating costs 

($28.33/mt ore), capital investment excluding infrastructure (near $10.5 million), and the 

firm's cost of capital (15 percent). For the base case scenario zinc contributes $212.5 

million (undiscounted amount), or 84.1 percent of the total project revenues, silver 

accounts for 12.2 percent ($32 million), and lead for only 3.7 percent ($9.3 million). 
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8.4.1 Net Present Value Model 

Stepwise regression analysis performed on the complete set of possible variables 

combinations (17,496) yielded the following NPV response surface (equation), i.e. the 

relation of NPV to the technical and economic variables: 

NPV = - 62.588 + 57.062 (p) + 195.579 (q) + 0.1098 (I) 
- 13.331 (tx) - 0.7965 (infl) + 0.3639 (Infp) 
- 0.7336 (InC) - 0.3421 (OG') + 2.7646 In(zk) 

where zk is the present value annuity transformation of the discount rate or the firm's 

cost of capital: zk= [1-exp(-kn)]/k, where n is the number of years of operation (i.e. 15). 

This transformation accounts for the non-linearity between NPV and cost of capital, 

illustrated in Figures 8.1 and 8.2. 

As reflected by the R2 of .90 and the high value of t-statistics (8.9 to 112), the 

above model explains well the relationship between the dependent variable and the nine 

independent variables. Partial R2 for the principal explanatory variables: grade, q, price, 

p, cost of capital transformation, zk, operating costs, oc, and mine output, t, are .31, .29, 

.10, .08, and .05, respectively, for a sub-total of .83. These five variables account for 

92% of the explanatory power of the NPV model. Thus, the tax rate, tx, infrastructure 

costs, infr, infrastructure policy, infp, and incremental capital investment together 

contribute 8% of the model's explanatory power. This statistical analysis highlights the 

importance of the variables that are directly involved in revenues and costs of the 

profitability of the project. 

Although there is no unique optimal taxation policy, taxes on profits (e.g. income 

taxes), rather than taxes on output (e.g. royalties severance, excise), are less erosive 

towards investment decisions. Because Income taxes are levied only after profits are 

generated, they do not alter the production decision. In fact Gentry and O'Neil (1984) 

suggest income taxes to be a variable production cost that does not affect the cutoff 
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grade and the critical mining rate. As implied in Figure 8.5, the nature of the new 

Bolivian tax structure based on profits would not encourage investment capital to move 

into regions with a more favorable taxing climate. This is a significant departure from 

the previous royalties on production system that especially penalized high-cost 

producers. 

Except for the cost of capital variable, which requires a transformation, the rest 

of the variables are linearly related to the project's NPV. Table 8.10, and figures 8.3 to 

8.8 illustrate the response of the dependent variable to changes in the explanatory 

variables, ceteris paribus. For instance, a 20 percent increase (from the base case 

scenario) in zinc ore grade, causes an increase of 45.8% in the NPV outcome. On the 

other hand a 20% increase in the level of taxes, causes a decrease of 9.4 percent in the 

NPV level. Thus grade elasticity is high (2.29) compared to that of the tax rate (-0.46). 

Of course, in a more detailed study (e.g. feasibility evaluation) many of these variables, 

including operating costs, mine output, and ore grade may be varied at different stages 

of operation, which may modify the linear relationship found in this study. 

Conceptually, there is a strong positive correlation between risk and reward to 

investment capital. As potential investors consider this proposed project, additional 

country risk emanating from different factors, including a new environmental legislation 

and new taxation system for the mining industry, will prompt shareholders to demand 

compensation for further exposure to risk. The simulations bear out this relationship. 

The increased risk is reflected in a risk premium added to the firm's cost of capital. 

Figures 8.1 and 8.2 capture the non-linear decline in NPV as the hypothetical firm's cost 

of capital increases in response to investors demand for risk premium. Specifically, in 
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TABLE 8.10 

Percent Change in NPV as a Function of Percent changes in the Independent Variables 

Change in the Independent Variables from their Base Case Scenario 
-30% -20% -10% 0% 10% 20% 30% 

Variable change in the Net Present Value fran the Base Case SCenario 

Price, p -120.2% -80.1% -40.1% 0.0% 40.1% 80.1% 120.2% 
Grade, q -68.7% -45.8% -22.9% 0.0% 22.9% 45.8% 68.7% 
Mine output, t -54.0% -36.0% -18.0% 0.0% 18.0% 36.0% 54.0% 
Tax Rate, tx 14.0% 9.4% 4.7% 0.0% -4.7% -9.4% -14.0% 
Infrastructure, infr 4.2% 2.8% 1. 4% 0.0% -1.4% -2.8% -4.2% 
Operating Costs, oc 34.0% 22.7% 11.3% 0.0% -11.3% -22.7% -34.0% 
Cost of capital, k 51.4% 32.1% 15.1% 0.0% -13.4% -25.3% -35.9% 
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FIGURE 8.5 
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this case the project's NPV drops by about 25% as the cost of cost-of-capital increases 

from '15 to 18 percent. 

As shown in Table 8.10, the NPV function is also elastic to changes in operating 

costs (-1.134). For instance, an increase of 20% in direct operating costs would produce 

NPV to fall approximately 23 percent, or almost $2 million. Although the output partial 

elasticity is less than for price or grade, changes in the output level do have serious 

consequences on the viability of the project. For example, a strike creating an average 

annual output drop of 5 percent, equivalent to a loss of 14 days, which can easily occur 

in the form of labor discontent, the NPV of the operation falls by approximately three

quarters of a million dollars. 

Thus far, NPV has been examined in terms of unique changes in individual 

variables while the rest remain at their base case level. However, often these variables 

change simultaneously. For those cases, the analyst may discern the overall effect of 

simultaneous changes by observing the partial elasticities of the variables involved. For 

example, a 10% increase in the ore grade (elasticity of 2.3), accompanied by a 

simultaneous 10% drop in prices (elasticity of 4.0) from the base case scenario level, 

would have a net effect of decreasing the NPV by 17% ((2.3-4.0)10). 

8.4.2 Investment - Worth Model 

Development of the investment-worth model, W, follows a methodology similar 

to that employed in the derivation of the net present value equation. Firstly, the same 

range of values was employed for the variables present in both models (Table 8.9). 

Second, all possible variable combinations (87,480 which on average took 2 hrs of CPU 
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time in the VAX machines) were generated using the modified version of the US Bureau 

of Mines MINSIM FORTRAN computer program. The resultant files, with an average 

size of 12.5Mb each, were then converted into SAS (SAS Institute Inc.) format for 

subsequent statistical analysis via stepwise regression analysis. The response variable 

W is conceptualized as a function of market, physical, and policy variables; given 

parameters or shift variables V and (Ov) 2, the mean and variance of value of the firm, 

respectively: 

W = S(p, q, t, tx, infr, infp, inc, er, r, sdpi V, Oy~ , 

where p is the price of zinc ($/1 b) , q is the average zinc ore grade (fraction), t is the 

annual ore production (000 mt), tx is the profits tax rate (fraction), infr is the infrastruct~re 

capital expense ($ million), infp is a categorical variable that takes a value of 1 or 0 

according to whether infrastructure capital expenditure is depreciable (1) or not (0), inc 

is the incremental capital investment ($ million), er is the exchange rate (Bs/$), r is the 

correlation coefficient between the value of the firm and value of the project, sdp is the 

standard deviation of the project's net present value ($ million), V and Oy 
2 are the initial 

market value and variance of value of the firm ($ millions), respectively. 

Statistical analysis aided by partial graphical examination of each independent 

variable, suggest the functional relationship of investment-worth, W (in $ million), to its 

explanatory variables ><t's, is best described by a log-log relationship, 

In (W+C) = A + l: ell In(xl) 

where c and A are constants, and ell is the coefficient of the ~ independent variable. 

Any log-log relationship requires all data fall in the positive domain. 

Consequently, a constant equal to 1 is added to three independent variables (I.e. infp, 
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inc, r), while a unique constant, according to the particular model, is added to the 

dependent variable, W. For example, results of economic evaluations for the base case 

scenario data set, suggest a constant equal to 50 be added to the investment-worth, W. 

The functional relationship for the base case scenario (V= $50, O'y=$5.39 million) model 

thus becomes: 

In (W+50) = 4.3743 + 1.4033 In(p) + 0.7832 In(q) + 
0.5159 In(~ - 0.1656 In(tx) - 0.1104 In(ln'" + 
0.0235 In(inf.o+1) - 0.0896 In(inc+1) + 0.2265 In(s1) + 
0.3622 In(r+1) - 0.5589 In(sdp) 

The above equation has an R2 near .96. The evidence of highly significant explanatory 

variables (each independent variable is statistically significant at the 1 % level) implies 

that each one has a strong statistical relationship to In(W+50), and, that in the absence 

of multicollinearity, the model fits on the data well. 

Rewriting the above equation in its product form yields, 

P1.4033q.7832t·5159(inf,,+1)·0235sr·2265 
W=[79.376 II ]-50 

tx·1es8inf,.1104(1nc+ 1 )·08ge(r+ 1 )·3e22Sdp·558SI 

As expected, the response variable, W, is directly related to price (p), grade (q), 

and exchange rate (er) , while inversely related to taxes (tx). infrastructure expenses 

(infr). incremental capital investment (e.g. environmental equipment), inc. degree of 

correlation between the value of the firm and value of the project (r). and to the standard 

deviation of the project's NPV (sdp). If we let the constant (50) added to the investment

worth represent the market value of a hypothetical firm (in $ million). the sum of Wand 

50~ould be interpreted as the expected value of the firm after investing in the project. 
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In that case, partial elasticities (exponents) would measure the percentage change or 

sensitivities in the total value of the firm as the particular independent variable (or 

variable plus constant) changes by 1 percent. For example, the value of the firm after 

annexation of the project (i.e. W+50) exhibits price elasticity equal to 1.4033, meaning 

that a 1 percent increase in zinc price will produce a 1.4033 percent increase in the new 

value of the firm (W+50). On the other hand, W+50 would decline by 0.5589 percent as 

the standard deviation of the project's NPV increases by 1 percent. Although actual 

partial elasticities for the investment-worth variable, W, are different than the exponents 

(coefficients) given by the model (i.e. for W+50), the general trend or sensitivity effect 

is the same. Price and average grade of ore are the two factors having the greatest 

impact on investment worth. 

8.4.3 Break-even Analysis for the Base Case Scenario 

Before providing exact numerical values for break-even conditions, it must be 

noted that the impact of each independent variable describing the investment-worth 

function is tested in isolation (all others remain constant at their base-case values). 

Hence, joint effects may produce different overall conclusions depending on the partial 

elasticities of the variables involved. For instance, because the coefficient of price is 

higher than that for the tax rate, a simultaneous 1 percent increase !n each of these two 

variables results in an overall increase in the investment-worth variable, W. In fact, this 

simultaneous 1 percent increase in prices and taxes would produce a net effect of 

increasing the aggregate value or total value of the firm (I.e. W+50) by 1.2377% (i.e. 

1.4033-0.1665) . 
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Conditions are simulated to determine the level for a particular explanatory 

variable, ceteris paribus, that would render the investment-worth, W, equal to zero. The 

analysis indicates (base-case values given in parenthesis) break even price of zinc 

would be 57¢/lb (60¢/lb) (Figure 8.9), the average zinc ore grade, exchange rate, and 

annual ore production would be 9.1 percent (10%), 2.98s/$ (48s/$), and 121,OOOmt 

(140,OOOmt), respectively. Interestingly, the profits tax rate would have to surpass 47 

percent (30%) to produce a negative investment-worth value (Figure 8.10). Infrastructure 

capital expenditures beyond $3 million, approximately twice the amount initially allocated 

for the project, would render the investment unattractive (Figure 8.11). Similarly, 

incremental capital investment exceeding 10 percent of total initial requirements ($12 

million), would also discourage investment (Figure 8.12). 

If the profits tax rate were increased by 50 percent, from 30 to 45 percent, the 

break even price of zinc would increase by 3¢/lb to 60¢/Ib. The investment-worth would 

approach zero at a zinc ore grade of 10 percent, while the minimum annual output would 

have to reach 138,000 mt of ore, approximately 12 percent higher than the amount 

under the 30% tax rate. Under this higher tax rate, necessary infrastructure capital 

expenditures could barely be covered, and any additional capital investment would be 

limited to less than 1 percent of the original capital outlay in order to remain a viable 

alternative (i.e. W>O). With respect to the variance of the project's NPV, investment 

would be worthwhile as long as the variance does not exceed the base-case levej of 

$(5)2 million. 

The significance of the correlation coefficient, r, on the worth of the investment. 

is demonstrated by letting r vary from -0.7 to 0.7. An increase in r from the base case 
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scenario of 0.0 to 0.7 would require zinc prices to increase from 57¢ to 66¢/lb to achieve 

break-even equilibrium. Alternatively, if prices were held constant at 60¢/Ib, the 

exchange rate would have to rise from 4Bs/$ to almost 7Bs/$ for the investment to 

remain attractive. Without sustained high zinc prices or a favorable exchange rate, the 

deposit would have to be high graded to an average of about 12 percent zinc. Even 

decreasing the profits tax rate by one-third, down to 20 percent, would fail to entice 

investment for the development of the hypothetical polymetallic deposit. In essence 

these conditions indicate the firm would fail to decrease its business risk by adopting the 

polymetallic project. At the other extreme, where r equal to -0.7, adoption of the project 

offers substantial diversification benefits to the firm. In fact, W remains greater than 0 

even at an average zinc ore grade of 7 percent. Furthermore, incremental capital 

investment of up to 30 percent of the initial estimate would not deter the firm from 

investing in the polymetallic project. W which has an approximate value of $4 million for 

r equal to zero, increases to around $34 million when r drops to negative 0.7 (Figure 

8.13). 

An equally important component of the investment-worth function is the standard 

deviation of the project, sdp. As the uncertainty of the project increases (decreases) the 

investment-worth of the project decreases (increases). Increasing sdp by 30 percent 

from the base-case scenario of $5 to $6.5 million creates conditions such that the price 

of zinc would have to reach 64¢/lb, or the average zinc ore grade would have to 

increase to 11 percent, or alternatively appreciation of the dollar by almost 40 percent 

against the boliviano (Bolivian currency) for the project to remain a feasible investment 

option. A considerable reduction in taxes alone would not transform the project into a 
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worthwhile investment opportunity. Clearly, the additional risk level present to this $50 

million mining company, as reflected by the high project NPV variance, would eliminate 

the attraction to pursue this investment venture. Economic consequences to the firm 

would be reversed if the variance of the project moved in the opposite direction, that is 

decreased by 30 percent, from $5 to $3.5 million (Figure 8.14). 

8.5 Effect of Firm Size on the Investment-Worth Function 

Thus far the investment-worth analysis has been centered around a unique firm 

size (i.e. firm value). The objective of this section is to examine two additional models 

after relaxing this constraint. At the low end of the spectrum a $25 million firm is 

selected while at the high end a $250 million dollar firm, or a company five times larger 

than the $50 million base case scenario firm. In order to isolate the impact of firm value 

on W, all three firms are assumed to have the same initial cost of capital (15%). In other 

words, the coefficient of variability of value (aM is initially the same for all three firms. 

Development of the two additional models follows the same procedure discussed 

in the previous section. As before the functional relationship of investment-worth, W, to 

its explanatory variables ~'s, is best described by a log-log relationship, 

In (W+C) = A + I al In(xl) 

where c and A are constants, and <Xj is the coefficient of the XI independent variable. 

The models, written in their product form, are presented in ascending order of firm size. 

starting with the $25 million firm (ay= $2.7 million), followed by the $50 million firm (0.: 

$5.4 million), and ending with the $250 million firm (Oy= $27 million): 
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Model No.1 rv = $25 million, cry = $2.7 million): 

p2.9013q 1.6225t 1·0349(lnfp+ 1 )·05,,8r·4870 
W=[64.161 ]-30 

tx·3OQ1 infr·3307 (inc+ 1 ).2811 (r+ 1 ).2858 sdp .g291 

Model No.2 (V = $50 million, cry = $5.4 million): 

p 1.4033q.7832t·5159(lnff1+ 1 ).02358 ,.2265 
W=(79.376 " ]-50 

be 1858infr·1104(inc+ 1 )·08ge(r+ 1 ).3822sdp·5589 

Model No.3 rv = $250 million, cry= $27 million): 

p 1.0478q .5848t·3820(lnfp+ 1 ).01688r·1714 
W=[77.185 ]-66 

be1a44infr·0884(inc+1)·055O(r+1).5158sdp·2e08 

As shown in each of the models, the general effect of the explanatory variables 

on the response function W is the same for all three models. That is, W, is directly 

related to price (p), grade (q), mine output (t), infrastructure policy (infp), and exchange 

rate (er), while inversely related to taxes (tx), infrastructure exp,enses (infr), incremental 

capital investment (e.g. environmental equipment), inc, degree of correlation between the 

value of the firm and value of the project (r), and to the standard deviation of the net 

present value of the project (sdp). However, the elasticities of (W + constant) to some 

of the variables changes markedly with firm size and variance. 

Table 8.11, which presents the summary of the stepWise statistical procedure, is 

useful in illustrating the general impact of the principal variables on the investment-worth 

W within each firm and across all firm sizes. The table displays partial R2s, the entry 
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TABLE 8.11 SUMMARY OF STEPWISE PROCEDURE FOR DEPENDENT VARIABLE LOG(W) 
EXPLANATORY POWER AlfD SEQUENCE OF VARIABLES ENTERED INTO THE MODELS 

Explanatory Hodel No.1 Hodel No.2 Hodel No.3 
Variable No Partial Hodel No Partial Hodel No Partial Hodel 

In R**2 Coeff In R**2 Coeff In R**2 Coeff 

price, p 2 0.23 2.9013 4 0.17 1.4033 3 0.09 1.0478 
grade, q 1 0.25 1.6225 3 0.18 0.7832 2 0.10 0.5848 
exchanqe rate, er 4 0.07 0.4870 5 0.05 0.2265 5 0.03 0.1714 
corr. coeff. (r+1) 5 0.05 -0.2856 1 0.28 -0.3622 1 0.54 -0.5158 
std dev HPV, sdp 3 0.17 -0.9291 2 0.19 -0.5589 4 0.04 -0.2608 

SUB-Tal'AL R**2 0.77 0.88 0.79 
HODEL R**2 0.91 0.96 0.83 
(all variables) 

Hodel No.1 Hodel No.2 Model No.3 
Firm Value ($ million) 25 50 250 
Std. Dev. of Fim Value 2.7 5.4 27 
Initial Cost of capital 15% 15% 15% 
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sequence of explanatory variables into each model, and the exponents for each variable. 

A high partial R2 for a variable implies a high explanatory power or a high contribution 

within the model. With respect to the variable exponents, these can be interpreted as 

a measure of the sensitivity or quasi partial elasticity of the response function W towards 

a particular variable. 

As expected, the investment-worth, W, for the smallest firm is most affected by 

the profitability and variance of the project. This is reflected by large partial R2s and high 

exponents for those variables directly affecting the profitability of the project. For 

example, the exponent for grade is 1.6225 for the $25 million firm, while 0.7832 for the 

$50 million firm, and only 0.5848 for the $250 million firm. Figure 8.15 clearly shows the 

inverse relationship of firm size to elasticity of price and grade. Similarly, the effect of 

the project's NPV variance on investment-worth is strongest on the smaller firm (Figure 

8.16). Specifically, the exponents for the project's standard deviation are -0.9291 for the 

$25 million firm, -0.5589 for the $50 million, and -0.2608 for the $250 million firm. For 

example, increasing the project's level of uncertainty, as measured by the standard 

deviation, from $5 to $6 million, or by 20%, would cause a drop in W from $3.4 million 

to negative $1.8 million for the $25 million firm. The same increase in conjunction with 

the $250 million firm, would cause W to drop from $10.3 million to $6.7 million, that is 

$3.6 million as opposed to $5.2 million for the smaller firm. 

With respect to the correlation coefficient, the explanatory power of r+1 increases 

from a low of 5% (R2=.05) for the $25 million firm, to 28% (R2=.28) for the $50 million 

firm, and up to 54% (R2=.54) for the $250 million or largest firm. The plot of the absolute 

value of the r + 1 exponents as a function of firm size, shown in Figure 8.17, clearly 
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captures this relationship. This positive relationship can be attributed to the effect of the 

correlation coefficient on the firm's cost of capital. That is, even small changes in the 

cost of capital would cause noticeable changes in the magnitude of the investment-worth 

since all of the firm's current assets would be revalued at the new capitalization rate. 

To better understand the role of the correlation coefficient r, and of the project's 

NPV variance on the investment-worth, it is useful to recall the firm's cost of capital 

function derived in Chapter 7. The company's cost of capital prior to adoption of the 

project is given by k, while the relationship after investment in the project by k': 

k = 0.067 + 0.77 (avN> 

k'= 0.067 + 0.77 (av'N1 

rewriting the revised coefficient of variability (av'N1 in its expanded form yields: 

k'= 0.067 + 0.77 [(o/+op2+2rovop)'h/(V+NPV)] 

where 0/ is the variance of the firm's value, Op2 is the variance of the project's NPV, r 

is the correlation coefficient between the value of the firm and that of the project, V is 

the value of the firm, and NPV the net present value of the project. 

Prior to adoption of the project, the initial coefficient of variability (avN> is 

assumed to be constant for all three firms discussed above. However, after adoption of 

the project, the new coefficient of variability (ov'N1. and thus the revised cost of capital, 

is driven by three additional factors: the variance of the project's NPV, Op2, the 

correlation coefficient, r, and the NPV of the project. 

The effect of firm size on W can now be explored in terms of the initial and 

revised cost of capital. In this vein, let us analyze the base case scenario for the three 

firms discussed above. Specifically, under the base case scenario the variance of the 
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project's NPV is ($5)2, the correlation coefficient is set at 0.0, and the NPV equals 

$8.544 (V, NPV, av, and ap are in $ million). Accordingly, the initial. (same for all three 

firms) and revised cost of capital for the $25 million (ay=2.7) firm, $50 million (av=5.4) , 

and $250 million (av=27) firms would be: 

k = .067 + 0.77 (0.108) 
k = .150 
k'2s= .067 + 0.77 {[(2.7)2+(5)2+(2)(0)(2.7)(5)],hl(25+8.544)} 
k'2s= .197 
k'so= .067 + 0.77 {[(5.4)2+(5) 2+(2) (0) (5.4) (5)]'h/(50+8.544)} 
k'so= .164 
k'2so= .067 + 0.77 {[(27)2+(5)2+(2)(0)(27)(5)]'h/(250+8.544)} 
k'2so= .149 

Clearly, adoption of the project under the base case conditions would 

considerably increase the business risk of the smallest firm, as reflected by the 

increased cost of capital from the initial value of 15% to almost 20%. Shareholders 

would thus require significantly higher return to capital for adoption of the polymetallic 

project. The cost of capital would also augment from 15% to 16.4% for the $50 million 

firm, implying stockholders would demand a higher return on their investment, 

nevertheless considerable less than for the $25 million firm. On the other hand, adoption 

of the project by the larger firm has a very limited effect on the new cost of capital, 

indicating no alteration on the current risk level of the firm. Therefore, stockholders 

would not require additional reward to capital since their risk exposure after adoption of 

the project would be practically unaltered. 

Figure 8.18 displays the role of the correlation coefficient on the firm's cost of 

capital after adoption of the project. As expected, variations in the correlation coefficient 

have the strongest Impact on the cost of capital of the smaller firms. In fact, the cost of 

capital for the $25 million firm declines from 23.1% to 15.1% as r moves from .7 to -.7, 

while that of the $250 million firm falls only by 2 percentage points, from 15.8% to 13.8% 

for the same range of r. Figure 8.18 reiterates the fact that adoption of this size project 
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offers much higher potential for gains (or losses) to the shareholders of the $25 and $50 

million firms vis a vis stockholders of the $250 million firm. Similar conclusions can be 

reached from changes in the project's NPV variance. Figure 8.19 displays the revised 

cost of capital as a function of the standard deviation of the project's NPV. Clearly, the 

risk of adopting the project is the highest for the smaller firm, as reflected by the firm's 

cost of capital. For instance, an increase in the standard deviation from $5 million (base 

case) to $8 million, causes the cost of capital to increase from 19.7% to 28.3% for the 

$25 million firm, from 12.6% to 16.5% for the $50 million firm, and from 14.9% to 15.2% 

for the largest firm (i.e. $250 million firm). 

For those cases in which the cost of capital, k, is essentially unaltered after 

adoption of the project, the investment-worth, W, would practically be equal to the net 

present value of the project. This can be seen in the general form of the investment

worth function: 

W = V(k/k1 - V + NPV' 

where V is the initial firm value and NPV' is the project's net present value at the new 

capitalization rate, which would essentially be equal to the initial NPV if the cost of 

capital were to remain basically unchanged. Nevertheless, it should be noted that even 

a small change in the cost of capital would have a strong absolute impact on W for the 

large firm. For example if the cost of capital for the $250 million dollar firm were to drop, 

say by one percentage point to 14%, the contribution to W from reevaluation of the 

current firm's assets (excluding NPV) would be $17.9 million (i.e. 250(.15/.14)-250). 

8.5.1 Effect of the Explanatory Varl.b' .. on Investment - Worth 

The next several graphs exhibrt the response of the investment-worth, W, to 

changes in one of the independent v8I1ables while the rest remain at their base case 

sce:nario level of: zinc price $0.6/1b, ZinC grade 0.1 (10%), annual mine output 140 

(OOOmt), tax rate 0.3 (30%), infrastructure- expense 1.5065 ($ million), infrastructure 
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policy 1, incremental capital investment 0.0 ($ million), exchange rate 48s/$, correlation 

coefficient 0.0, and standard deviation of project's NPV 5 ($ million). In addition, each 

figure presents two sets of curves, one for the 50 million dollar firm, the other for the 

$250 million firm. 

Under the base case scenario, the investment-worth of the project for the $25, 

$50, and $250 million firms is $3.4, $4.0, and $10.3 million, respectively. Consequently, 

the tolerance to incremental capital expenses, higher tax rates, and decline in prices, ore 

grade, and mine output, is significantly lower for the smaller firms. Figure 8.20 shows 

a drop in the break even price of zinc from 57¢/lb for the $50 million firm to 53¢/lb for 

the larger firm. Similarly, the variance of the project's NPV may increase to $(8.7)2 

million for the large firm, while only to $(5.7)2 million for the smaller firm before W falls 

below zero (Figure 8.21). Furthermore, this figure shows the NPV variance elasticity is 

significantly higher for the $50 million firm than it is for the $250 million firm. Intuitively 

this is the result that should have been expected. That is, higher uncertainties in the 

project's profitability would add considerably more risk to the smaller firms. 

With respect to the correlation coefficient, the large firm maintains a positive W 

value with correlations up to 0.32, while the $50 million firm is able to maintain a positive 

W with correlation coefficients up to only 0.25. These results would imply that adoption 

of the project remains a viable alternative for either firm as long as their business cycles 

with respect to general movements in the economy are not highly correlated. In other 

words, the project would not be as attractive to those firms whose sources of revenues 

were primarily derived from zinc metal. As depicted by the (r+1) exponents of the 

investment-worth models, Figure 8.22 highlights the higher sensitivity or quasi correlation 

elasticity of the larger firm in relation to the smaller firm. A change in r produces a larger 

absolute effect on W for the $250 million firm, than it does to the smaller one. In 

particular, a change in r from the base level of 0 to -.3, would raise W from $10.3 to 

$25.7 million (150% increase) for the $250 million firm, while from $4.0 to $11.4 milllvn 



'" C 
0 
.... 
.-. 
.... 
E 

f:Ft 
v 

:r 

10 

35 

3D 

25 

20 

15 

10 

5 

0 

-5 

-10 

FIGURE 8.20 

W AS A rUNCTION or ZINC PRICE 
(TWO r I RM SIZES, SAME I NIT I AL C. C. ) 

190 

50 

0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 
ZINC PRICE ($/lb) 

FIGURE 8.21 

W AS A FUNCTION or PROJECT NPU UARIANCE 
(TWO FIRM SIZES, SAME INITIAL C.C.) 

25~------------------------------------------. 

20 

15 

" C 10 
a .... 
- 5 .-. 
.... 
E o+-----------~~-----------=--~----------~ 

-5 
:r 

-10 

-15 

-20+-·---r----~--_r----~--~----~--~--~--~ 
3 5 6 7 8 9 W 11 12 

STD. DEU. PROJECT NPU ($ million) 

50 

o 



80 

70 

60 

r\ 

C 50 
0 ... .... 10 .... ... 
E 30 

Ell 
v 

20 
:r 

10 

0 

-10 
-0.8 

FIGURE 8.22 

W AS A FUNCTION OF CORRELATION BETWEEN 
THE PROJECT & FIRM1S BUSINESS STRUCTURE 

-0.6 -0.1 -0.2 -0.0 0.2 0.1 
CORRELATION COEFFICIENT 

FIGURE 8.23 
W AS A FUNCTION OF EXCHANGE RATE (B5/$) 

<TWO FIRM SIZES, SAME INITIAL C. C. ) 

191 

50 

0.6 0.8 

20-.------'-------------------:::~50 

15 

r\ 

C 

~ 10 .... .... ... 
E 

Ell 5 
v 

o+----~~------------------~ 

3 1 5 6 7 8 
EXCHANGE RATE (85/$) 



192 

(185% increase) for the $50 million firm. The increase in values for both firms is 

attributed to diversification benefits gained by adopting a project negatively correlated 

to the business structure of either firm. Interestingly, r can climb almost to 0.5 before 

W reaches zero for the $25 million firm. This indicates that the smaller firm's partial 

correlation elasticity is significantly lower than for the larger firms. In other words, for the 

smaller firm, the price and grade of the commodity, the level of output, and variance of 

the project's NPV have a much stronger impact on the investment-worth than does the 

correlation coefficient. 

Regarding the other variables, the $50 million firm attains break even conditions 

at: 2.98s/$ exchange rate (Figure 8.23), at a tax rate of 47%, at an infrastructure cost 

level of $3 million (Figure 8.11), and incremental capital investment of about $1.5 million 

(Figure 8.12). However, for the larger firm these break even values fall outside the data 

range used to develop the model. The complexity of the model does not warrant 

extrapolation outside these ranges. In fact, all of the models should be used with 

caution at extreme values, for instance, when computing the worst and best possible W 

outcomes, that is, when all the variables are simultaneously found at either extremes 

(economically an impossible scenario). Nevertheless, the investment-worth function for 

the $250 million firm aids in explaining the fact that break even conditions for these 

variables fall outside the range of the model. The magnitude of the exponents indicating 

the effect of these variables on Ware very small for infrastructure (infr), incremental 

capital expenditures (inc+1), and the tax rate. Consequently, none of these variables 

in isolation has sufficient impact on W to bring it down from its base case scenario value 

of $10.3 million to $0. Table 8.12 complements the analysis by providing break even 

levels for the $25 million firm. 

It is evident that those variables driving the NPV of the polymetallic project affect 

the. investment-worth for the smaller firms much more so than they do to the larger firms. 

In fact, price, grade, and mine output have the highest elasticities in 'the investment-
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TABLE 8.12 BREAK EVEn COllDITIons FOR W FOR THE $25, $50, AND $250 MILLIon FIRMS 

Explanatory 
Variable 

price, p 
grade, q 
Dine output, t 
exchange rate, er 
tax rate, tx 
infrastructre costs, infr 
increDental capital, inc 
correlation coefficient, r 
std dev of project NPV, sdp 

$25 
(million) 

0.58$/lb 
9.4% 

127,000 (Dt) 
3.3 Bs/$ 

47% 
2 ($ mill) 
0.5 ($ Dill) 

0.46 
5.6 ($ Dill) 

$50 
(million) 

0.57$/lb 
9.1% 

121,000 (Dt) 
2.9 Bs/$ 

42% 
3 ($ lIill) 
1.3 ($ Dill) 

0.20 
5.7 ($ Dill) 

$250 
(million) 

0.53$/lb 
7.9% 

98,000 (Dt) 
out of range 
out of range 
out of range 
out of range 

0.32 
8.7 ($ Dill) 
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worth of the smaller firms. This indicates the investment-worth for the smaller firms 

depends primarily on the variables affecting the outcome of NPV, or profitability of the 

project. Conversely the degree of diversification, as measured by the correlation 

coefficient, has the strongest impact on the larger firms. 
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9.- CONCLUSION 

This study has demonstrated that the investment worth of a mining project is not 

the same across firms in the industry. The attractiveness of a project changes when the 

investment evaluation explicitly evaluates the economic consequences of risk to the firm. 

In the Investment-Worth model, a comprehensive investment framework, W, evaluates 

the economic worth of the project within the overall context of the firm. W shows the 

effect of risk and diversification, based upon capital markets and the business structure 

of the firm. Specifically, the hypothetical zinc-based Bolivian polymetallic project of 

interest offers the greatest potential benefit, through diversification, to those firms whose 

principal sources of revenue exclude zinc. 

The investment climate in Bolivia, has improved remarkably in the last few years. 

With respect to mining, in 1991 the Bolivian Congress approved the new Mining Law. 

Among the numerous changes, two are expected to have the greatest impact on private 

foreign investment: i) the opening of the 50 km international border zone (considered 

geologically to be a highly favorable area), and ii) the implementation of a new taxation 

system based upon a profits tax (at a 30% rate) replacing royalties on production. 

Equally significant, on September 1990, the Bolivian Congress promulgated the 

Investment Law which insures equal rights for both national ~nd foreign investors. In 

essence, the Investment Law guarantees free currency exchange, a single exchange 

rate, no restriction on the remittance of profits, no discriminatory treatment of foreign 

companies, and the right of international arbitration of disputes. Furthermore, the Law 

of Privatization, enacted in April 1992, permits enterprises, entities, and institutions in the 

public sector to transfer their assets to domestic or foreign investors. In 1992, the 

Bolivian Congress approved the Environmental Law. In essence, the general 

environmental bill is a multi-purpose law with two primary objectives: a) the protection 

an~ conservation of the environment, and b) the promotion of sustainable development. 

In this law environmental benefits are emphasized by stating general principles, not by 
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attempting to define the means. The analysis suggests that regulations for the planning 

and development of mining activities are likely to result in non-confrontational social, 

environmental, and technical compromises. The actual set of rules and regulations 

required to transform this bill into an operational document will be stipulated through an 

upcoming supreme decree (Le. executive order). 

If recent environmental legislation enacted in Bolivia requires additional capital 

expenditures, the viability of the project under study would be questionable for the 

intermediate size firm (Le. $50 million) and certainly non-viable for the smaller firm ($25 

million). A $1 million increase in capital expenditures, or approximately 10% from the 

base case level of $10.5 million (excluding infrastructure), would lower the investment 

worth (W) from $3.4 to negative $2.1 million for the small firm, and from $10.3 to $7.4 

million or a 30% drop for the $250 million firm. Put differently, the percent change in W 

for the smaller firm is nearly six times greater than that for the large firm. With respect 

to the project's net present value, this 10% increase in capital expenses causes its NPV 

to decline by about 9%. Similar results are observed for changes in infrastructure costs. 

Specifically, if infrastructure costs were to increase by one-third from their base case 

scenario of about $1.5 million, W for the small firm would drop from $3.4 to $0.4 million, 

while for the large firm this added expense would reduce W from $10.3 to $8.8 million, 

or about 15%. The NPV under the same conditions declines by about 4%, from $8.5 to 

$8.2 million. 

Similarly, changes in the profits tax rate have the strongest impact on the small 

firm. For example, an increase in the tax rate from 30% (base case) to 40%, causes W 

to decrease by $2.8 million (82%) for the small firm, by $2.5 million (62%) for the $50 

million firm, and by $2.7 million (26%) for the large firm. If the tax rate was further 

increased to 50%, all else equal, W for both the $25 and $50 million firms would become 

negative, while for the large firm W would decline by 46% to $5.6 million. With respect 

to the project's NPV, a 10% increase in the tax rate lowers this value for all three firms 
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by approximately 14%. 

As measured by the Investment-Worth Model, the two principal determinants of 

the project's worth are commodity prices and the geological potential of the ore body, 

followed by output, project risk (i.e. variance of the project's NPV), diversification benefits 

as measured by the correlation coefficient, and exchange rates. The order of importance 

of these variables is dependent on the size of the firm. The influence of these variables 

among each other and their impact across firms is illustrated by analyzing the sensitivity 

of the investment-worth function (W) to once-only changes in an individual variable. 

For the base case scenario, the investment worth of the project for the $25, $50, 

and the $250 million firms is $3.4, $4.0, and $10.3 million, respectively, while the 

project's net present value (for all three firms) is $8.5 million. As prices of zinc increase 

from the base case level of 60t/lb to 65t/lb, ceteris paribus, the NPV of the project 

increases by $3.2 million, while the investment worth for the $25, $50, and $250 million 

firms increases by $8.7, $6.4, and $6.7 million, respectively. Similarly, as the average 

zinc ore grade increases from the base case level of 10% to 11 %, the NPV increases 

by $2 million, and W by $5.6, $4.1, and $4.3 million for the $25, $50, and $250 million 

firms, respectively. Put another way, for the above changes in prices and grade, percent 

changes in W for the smaller firm are about one-and-a-half times greater relative to the 

$50 million firm, and four times greater than for the $250 million firm. 

With respect to the level of output, a drop of 1 0% from designed capacity of 500 

mt/d (280 d/yr) would cause W to decline from $3.4 to negative $0.3 million, from $4 to 

$1.1 million, and from $10.3 to $7.3 million, for the $25, $50, and $250 million firms, 

respectively. Under the same conditions the NPV of the project would fall by $1.5 

million, from $8.5 to $7 million or close to 18%. Another variable which strongly impacts 

W is the exchange rate. Because practically all capital expenditures are dollar 

denominated, effects of this variable are most relevant to operating costs. Appreciation 

of the dollar with respect to the boliviano (85) would, ceteris paribus, lower operating 



198 

costs, increasing the profitability of the project. For example, a 25% dollar appreciation, 

from 4Bs/$ to 5Bs/$, would result in an increase of W by almost 120% ($3.8 million) for 

the small firm, by 70% ($2.8 million) for the $50 million firm, and by 29% ($3 million) for 

the large firm. 

Gross revenues from the production of zinc, silver, and lead, are 85%, 10%, and 

5%, respectively, under base case values (e.g. prices, operating costs, output, etc.) and 

approximate current market prices (60¢/lb Zn, $4/toz Ag, 30¢/lb Pb). Given these 

conditions, the correlation coefficients between the value of the project and selected 

mining firms including Cominco Ltd., Asarco Inc., and Battle Mountain Gold Co. are 

estimated to be 0.9, 0.75 and 0.4, respectively. A correlation coefficient near 1 would 

not provide diversification benefits as the firm and the project would be exposed to the 

same economic risk, while a correlation coefficient near -1 would provide for almost 

complete diversification, and thus eliminate the market risk. A value equal to 0 would 

indicate the absence of correlation and diversification benefits. Clearly, the hypothetical 

project does not provide significant diversification to those firms with a business structure 

similar to Cominco's, that is, firms whose revenues are in large part attributed to zinc or 

to other products possessing zinc-like market behavior. Conversely, a company whose 

source of revenues depends exclusively on one commodity (excluding zinc), as gold is 

in the case of Battle Mountain Gold Co., may experience significant gains by diversifying 

into the proposed zinc-based project. 

The effect of diversification benefits can be illustrated by a hypothetical $50 

million firm under three different scenarios: high positive correlation, no correlation, and 

high negative correlation. Concretely. the investment worth of the project (for the base 

case scenario) to the $50 million firm would be around negative $5.5, $4.0, and $33.5 

million for correlation coefficients equal to 0.7, 0, and negative 0.7, respectively. The 

bas_is for these significant changes rests on the firm's cost of capital, which reflects the 

firm's level of risk exposure. Speclfi-:ally. the firm's cost of capital decreases from 
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19.3%, to 16.4%, and further to 12.0% as the correlation coefficient ranges from 0.7, to 

0, and to -0.7. In other words, as the firm successfully reduces its risk through 

diversification, investors accept a lower risk premium on their capital funds. 

A similar effect is observed for the variance of the project's NPV, the measure 

of the project risk. An increase in the standard deviation of the project's NPV from $5 

million (base case scenario) to $8 million, causes the cost of capital to increase from 

19.7% to 28.3% for the $25 million firm, from 12.6% to 16.5% for the $50 million firm, 

and from 14.9% to 15.2% for the $250 million firm. These results, compared to the initial 

cost of capital of 15% before adoption of the project, simply reflect the difference in risk 

levels these firms must confront for adopting projects of greater uncertainty. Clearly, the 

greatest risk of adopting the polymetallic project, which requires a capital investment 

close to $12 million, is for the smallest firm ($25 million), a company whose total market 

value is barely twice the capital investment required by the Bolivian project. This greater 

uncertainty decreases the investment worth from $3.4 to negative $8.4 million for the 

small firm, from $4 to negative $8.5 million for the $50 million firm, and from $10.3 to 

$1.5 million for the large firm. In fact, even a small increase in the project's standard 

deviation, from $5 to $6 million, renders W negative for the two smaller firm sizes and 

causes a drop of 35% (from $10.3 to $6.7 million) for the large firm. 

Results of the Investment-Worth functions can also be presented in the form of 

economic filters. Specifically, letting W=O and substituting the size (total produced 

tonnage) of the deposit, s, for annual production, t, i.e. s=15t, the investment-worth 

equation is rearranged with s (in thousands of metric tons) as the dependent variable. 

For example, for the $50 million firm the investment-worth equation: 

p 1·4033q·'7832t·5159(inff'+ 1 ).0235er.22:e5 
W = [79.376 II ]-50 

be 1e5einfr·1104(inc+ 1 )·08ge(r+ 1 )·3e22sdp·558a 
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yields: 

The economic filter provides a guideline regarding the minimum acceptable 

produced tonnage, s, for a given zinc grade, q. Fixing the right hand side variables, 

excluding grade, at their base-case levels (p=0.60, tx=0.3, infr=1.5065, infp=1, inc=O, 

er=4, r=O, sdp=5) yields for the $25, $50, and $250 million firms the following functional 

relationships: 

S2~ = 51.18 q-1.5678 (9.1) 

S50 = 55.05 q-1.~181 (9.2) 

S250 = 42.32 q-1.530G (9.3) 

where s is in thousands of metric tons and q is entered as a fraction. 

It is important to realize that tonnage variations, s, in equations 9.1 to 9.3 

represent various inefficiencies in production. Because capital costs are based on the 

hypothetical 500Vd (2S0 d/yr) operation and a 15 year production period, variation in s 

is due solely to interruptions in production such as strikes and other downtime 

occurrences. Hence, the above equations should not be extrapolated to tonnages 

exceeding 2.1 million mt (500 x 2S0 x 15), which implies an upper value for s of 2,100. 

Figures 9.1 through 9.4 exhibit the economic and non-economic domains of sand 

q for the development of the Altiplano polymetallic deposit of interest. As expected, 

irrespective of the size of the firm, tonnage and grade are inversely related. Under the 

base case conditions the deposit of interest remains a viable investment opportunity at 

zinc grades greater than 9%. Conversely, for an average zinc grade of 10%, the 

investment remains attractive as long as the produced tonnage (s) does not fall below 

1,SOO (I.e 1.S million metric tons). Figure 9.1 indicates that although the deposit of 
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interest falls within the economic region for both firms, the economic domain for the 

larger firm is considerably greater. In fact, average zinc grade may drop to about 8% 

and the project would remain attractive to the larger firm. 

Figures 9.2 to 9.4 present the filter form, or q and s space, for the $50 million firm 

chosen as the representative size firm. In each of these figures, economic conditions 

are displayed for once only changes in specific variables. That is, except for the 

parameter being tested, all others remain at their base case levels (i.e. p=0.60, tx=0.3, 

infr=1.5065, infp=1, inc=O, er=4, r=O, sdp=5). Figure 9.2 indicates that development of 

the operation would become unattractive at prices below 57¢/lb. For zinc prices below 

57¢/lb, development of the deposit would be warranted only at higher zinc grades. For 

example, if prices were to drop to 50¢/lb the average zinc grade would have to be about 

13% in order for the firm to consider investing in the project. 

Figure 9.3 shows zinc ore grade to be highly sensitive to the level of risk or 

uncertainty as measured by the standard deviation, sdp, of the project's NPV. The 

graph displays the results for three sets of sdp values: the base case equal to $5 million, 

break even conditions of $5.7 million, and $6.7 million, or one-third higher than the base 

case level. As indicated in the graph, the deposit of interest (at an average zinc grade 

of 10% with production at the designed capacity of 2.1 million mt) would remain 

attractive as long as sdp does not exceed $5.7 million. This figure also indicates that 

for the base case sdp level of $5 million, produced tonnage may drop to 1.8 million mt, 

a decline of 14% from designed capacity, and still remain in the economic domain. 

However, as shown In Figure 9.3, higher uncertainties, such as an sdp of $6.7, coupled 

with production downturns, say a decline to 1.8 million mt, would require zinc grades to 

average near 12.5% for the project to become a worthwhile Investment. 

Figure 9.4 exhibits the effects of three different correlation coefficient values: 

negative 0.7, 0.0, and 0.7. The figure Indicates that the polymetallic deposit of interest 

remains a potential Investment oPPOrtU"lty -is long as the correlation coefficient is equal 
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to or less than 0.2. If the correlation coefficient was 0.7, meaning the project does not 

offer substantial economic diversification benefits to the firm, investment in the project 

may be considered if the zinc ore grade is approximately 12%. Assuming the high 

correlation coefficient of 0.7 is coupled with a decrease in produced tonnage, again say 

to 1.8 million mt, the zinc ore grade would need to increase to about 13% for the project 

to become a viable investment alternative to the $50 million firm. 

The size of the proposed Bolivian polymetallic deposit (Zn 12,600 mt/yr, Ag 16.8 

mt/yr, Pb 994 mt/yr) is small enough that production would have a negligible bsaring on 

world prices of zinc, lead, or silver. As a price-taker operation, the project will remain 

economically attractive as long as management is capable of maintaining marginal costs 

below marginal revenues. In the final analysis, the bottom line is that given: a) expected 

long term prices of zinc (50-60¢/lb), b) the quality of the ore body (8-12% zinc), c) non

prohibitive infrastructure costs (approximately 10% of capital investment), and d) a 

relatively stable socio-political and economic environment in Bolivia, it can be implied 

that those projects analogous to the hypothetical case study merit close examination for 

possible development by private investors, foreign or domestic. Investment in the 

polymetallic deposits of the Altiplano will be most attractive to firms of at least moderate 

size that possess the required technical knowledge and skills but currently are not 

involved in zinc production. 
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