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Abstract— The economic success of a mining project depends upon proper investment decision which enables the
achievement of planned profitability throughout the life of the mine. The new investment model has been developed with
the use of NPV technique to determine the optimum investment, operating cost and mine life for the planned profitability.
The correlations have been developed for (i) optimum investment and revenue (ii) optimum operating cost and revenue.
For determination of optimum values of the economic parameters, computer programs developed in C++ for decision
model analysis using optimisation criteria of NPV=0 & VI/n and other input parameters. The results of the correlation are
plotted for different life of the mine to find out the optimum values. The model also provides the quick determination of
optimum production rate for the available capital. The model is useful for quick and advance determination of optimum
financial parameters prior to preparation of detailed feasibility reports.
Index Terms—mine life, mine profitability, mineral revenue, mining operating cost, NPV, optimum mine investment

I. INTRODUCTION
A vast majority of mining firms pursue the achievement of multiple goals in their investment decision analysis,
especially during the development stage of a mining system where large capital outlays are involved. The goals,
each of which partially captures different interests of the investor, range from optimum investment to the mine life
or operating cost to the revenue, and the planned profitability with consideration of discounted cash flow,
depreciation and taxes, etc.
The economic success of a mining venture in a competitive market depends on financial decisions undertaken for
optimum investment. The problem of assessing the profit potential of mining investment proposal, especially in the
development of new deposits, is receiving ever-increasing attention. As capital is expensive and may be scarce, the
basic objective of the mine owner is to maximise the gross profit, i.e. revenue minus operating cost [1].
It is estimated that in the next ten years, the mining industry will need more and more investment to bring new
mines and investors are seeking more elaborate approaches to appraisal of the worth of mining investment that will
provide more comprehensive assessments. The essence of capital investment analysis is the comparison of the
benefits that accrue over a period with the amount invested. This comparison is made with a view to judge whether
the benefits are optimum in response to the amount invested [2].
It has been revealed that a gap exists with the problem for determining the optimum investment, operating cost and
mine life to achieve planned profitability based on revenue and discounted cash flow. The values of these
economical objectives are essential in taking up decision to commence any mining venture.
Thus, there is a need for methodology based on mathematical analysis for quick determination of these values. This
requirement has attracted for research work in this area to formulate an optimum investment decision model for
economic evaluation of a mining venture.
In formulation of the model, the new technique has been developed by the authors to evaluate a project by
combined analysis of total investment, operating cost, cost of production, working profitability, mine construction
period, mine life and the net present value (NPV). A comparison of two investment proposals on the basis of such
an analysis would immediately indicate which yielded better values.
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II. FORMULATION OF INVESTMENT DECISION MODEL - ‘OPTMINEINVEST’
The following assumptions are considered for the formulation of this model.
(i) Costs, prices, production rates and project profitability remain constant over the life of mine. No escalation of
either mineral prices or capital or operating costs is considered. This approach is based on the concept that on the
average, both will change in an equivalent manner during the project life such that project profitability will be
unaffected.
(ii) In assessing cost of production, the original investment is written off on a straight-line basis over the economic
life of the mine [3].
For subsequent analysis, the symbols are defined as follows:
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Original investment to bring the mine into production
Gross annual revenue accruing from the sale of mineral
Annual total operating cost represented in percentage of revenue. It indicates the maximum funds
available or allowable towards operating cost, including royalty and equipment replacement cost, and
excluding interest expenses and depreciation.
Gross profit i.e. (R-C) represented in percentage of revenue
Profitability represented in percentage of revenue (this includes the percentage sum of net profit and
interest charges in relation to revenue)
Present value of an amount of $1 per year for n years and discounted at r% per annum, payment being
made at the end of each year
Present value of an amount of $1 received as annual cash flow over the mine life n years and further
discounted over the construction period m years with rate of r% per annum
Present value of an amount of $1 invested per year for m years with discount rate of r% per annum
Amount of uniform annual cash flow during the mining period
Principal amount invested i.e. I, distributed uniformly over the mine construction period
Discount rate (may constitute real interest and project risks) in %
Amount of $1 with one year’s interest = (1+r)
Estimated economic life of the mine in years
Mine construction period in years
Tax rate in percentage
Mine production in tonnes per year
Market price of the mineral

A. Annual Cash Flow
Annual cash flows, which combine the after-tax gross profit with the tax benefit from the depreciation [4]. The
value of depreciation would be I/n given the assumption of straight-line basis, which is applicable for mining
ventures and this special condition distinguishes the mining industry from other industry. Thus, the annual cash
flow is formulated as follows by the authors [5]:
Annual Cash Flow (Pout) = R-C-Tax = (R-C) (1-t) +
Where,
and

tI
n

(1)

Tax = t (R-C-Depreciation)

(2)

I
n

(3)

Depreciation =

Initial Investment (Pin) = I

(4)
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B. Net Present Value
The Net Present Value (NPV) refers to the sum of the discounted value of the future stream of costs and receipts.
Therefore, it is the Gross Present Value (GPV) minus the investment made [6]. The NPV in equation form is
represented as follows by the author [7]:

NPV

= PoutVout - PinVin = Vout [ R-C- Tax] - VinI

(5)
 Vout [(R - C) (1 - t) + tI]  Vin I
n
If the NPV  0, the project is feasible. The values of Vin and Vout can be determined as follows under two
conditions.
(i)

When mine construction period m=0
This indicates that there is no construction period i.e. a running mine is purchased. In this condition the values
can be represented as follows:
Vin = 1

Vout =

(6)

qn 1
=V
q n (q - 1)

(7)

(ii) When mine construction period m  1
This indicates that the construction period (m) is required before the production stage of the mine and the
uniform investment is made over the construction period, the values can be represented as follows:

 q m 1  1
Vin =  m-1

 q (q-1)  m

(8)

q n 1
1
q - 1 x q m

(9)

Vout =

qn

C. Annual Cost, Profitability and Revenue
The annual cost of production is the sum of total annual operating cost, the amount of depreciation and tax [8], [9].
Annual Cost of Production = C + I + Tax
n
Under optimum condition, the annual cost of production should remain equal to the total expenditures. This can be
represented as follows by the author [7]:
Annual Cost of Production = Total Expenditures
or

C + I + Tax = (1-M) R
n

or

I
n

= ( R - C - Tax ) - MR

(10)

The value of tax can be substituted from Equation (2).
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Optimisation Criteria

In net present value method, the mine is considered feasible when NPV  0. The internal rate of return (IRR) is the
discount rate (r) that results in a zero NPV, therefore, the NPV=0 optimisation criterion also represents the IRR.
The following optimisation criteria are considered for determination of optimum economical parameters by the
author [7].
(i) When NPV = 0 and Mine Construction Period m = 0 or m  1
The NPV=0, indicates that a marginal mine has been selected for mining. This is some time necessary because
of employment creation or mining of a mineral as a import substitute.
(ii) When NPV = VI and Mine Construction Period m = 0 or m  1
n
VI
The NPV =
, indicates that Net Present Value of the project would be equal to the annual sum of I
n
n
amount over the economic life of the mine. This amount earned would help the mine owner to plan a future
mine.
(iii) Optimum Value Selection Condition
The optimisation condition of C=0.5R has been evolved based on detailed study. This optimisation condition
for the above two NPV optimisation criteria will provide the optimum values of investment and mine life by
formulation and analysis of the model.
E.

Determination of Decision Model

The authors have developed the mathematical model for Optimum Mine Investment Decision
(OPTMINEINVEST) by analysis of above described relationships as shown in NPV Equation (5) and total annual
cost, profitability & revenue Equation (10). On solving these two equations for different profitability criteria, we
get the decision model correlations in ‘I & R’ and ‘C & R’ as follows [7]:
Case 1 (a): Optimization Criteria, When NPV=0 and m=0
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Case 2 (b): Optimization Criteria, When NPV= VI and m  1
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On solving the above decision model Equations (M1) to (M8) for different criteria by substituting the values of r,
t, M, m and n, we get the desired correlations between (i) optimum investment and revenue (ii) optimum
operating cost and revenue. The novelty of the model is that we get all correlations and results in terms of
revenue (R) i.e. in % of R, therefore it enhances the wider application of the model for all types of mineral and
eliminates the problems due to different international currencies in practice. The values obtained for I, C, and GP
in terms of R for different set of data can be plotted with mine life as shown in Fig.1. The point of intersection of GP
and C indicate the optimum value of I, C, and mine life and it also reveals the optimisation criteria of C = 0.5R. The
value of operating cost helps in deciding the mining of mineral within the limit. Thus, the values determined by this
model guide in decision making for mining with achievement of planned targets. Alternatively, the values of mine
production can be calculated by the model correlations in I and R for particular parameters if the decision maker
knows the amount of investment available, because the revenue (R) is the product of annual mine production (Q)
and market price of the mineral (S).

250
200
I

150

C

100

GP

50
0

0

5

10

15

20

25

Mine Life (n) in Years
Fig.1: Graph Showing Optimum I, C, and Mine Life at point of intersection
(When r=11%, t=30%, M=28%, NPV=VI/n, m=3)

III. DISCUSSIONS
The following observations are described from the results of the model and its sensitivity analysis.
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The model is developed with two optimisation criteria of NPV=0 and NPV= VI . The first criterion NPV=0,
n
indicates that a marginal mine has been selected for mining. This is sometimes necessary because of
employment reasons or mining of a mineral as an import substitute to fulfill the need of the country. The
second criterion NPV= VI indicates that net present value of the project would be equal to annual sum of I
n
n
amount over the economic life of the mine. This generated amount would help the mine owner to plan another
mine in future by investing the same.
The graphs plotted for these criteria suggest the lower mine life and investment for second criterion as
compared to first criterion. This phenomenon is due to the maximisation of present value for the second
criterion compared to first one.

2.

The results of the model analysis verifies the optimisation condition of Annual Total Operating Cost ‘C’ = 0.5
Annual Revenue ‘R’ for the different NPV optimisation criteria of NPV=0 and NPV=VI/n and provide the
optimum values of investment and mine life.

3.

The correlations indicate that investment (I) is independent of tax rate (t) and directly proportional to the
profitability (M) and Revenue (R). The optimum investment will only be indirectly affected by changes in
cash flow due to the changes in tax rate.

4.

The funds available to meet operating costs increase with increase in mine life. Therefore, a higher degree of
mechanization can be installed as a consequence of the availability of more funds if the mine has a longer life.

5.

The sensitivity analysis for discount rate indicates that (a) optimum mine life is increasing with decrease in
discount rate and (b) the higher mine investment can be made with decrease in discount rate.

6.

The mine can be planned for longer period with bigger investment where profitability is more and discount
rate is less.

7.

The sensitivity analysis for tax rate indicates that (a) optimization of mine life is achieved at higher mine life
with increase in tax rate and (b) the optimum mine investment is almost constant with changes in tax rate for
NPV=0 criteria, because investment is independent of tax rate and it is indirectly affected by changes in cash
flow by changes in tax rate. Therefore, the value of optimum investment increases with tax rate for the
NPV=VI/n criteria.

8.

The mine can be planned for longer period with larger amount of investment where tax rate and profitability
are more.

9.

The sensitivity analysis for profitability indicate that (a) optimum mine life is increasing with increase in
profitability and (b) the higher mine investment can be made with increase in profitability. Therefore, the
mining ventures can be planned for higher mine life and larger investments when the profitability is more.

10. It is also observed in all the cases that mining venture with higher mine life and investment can be planned
when mine construction period (m) is less.
11. The model is verified with the data of existing successful mining ventures: (i) Asia Pacific Potash
Corporation’s Udon Thani Potash Mine in Thailand [10] and (ii) Zawar Mala-Baroi Lead Zinc Mine of
Hindustan Zinc Limited, India, for which the economic appraisal was conducted by Arthur G. Mckee and Co.,
California [3]. The results obtained with the model are very close to the economic financial data for these
projects (within 90-95%). Thus, the model has shown capability for providing a quick and advance
determination of the optimum financial parameters before detailed feasibility reports are prepared. The
verification of the model with case studies and accuracy of the results encourages for its wider application.
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IV. CONCLUSIONS
The model has been developed as a new mathematical tool for rapid investment decision and economic evaluation
of mining venture, which utilises the NPV method for determining the time value of money and the profitability
criteria with consideration of depreciation, tax, mine construction period and other parameters with combined
analysis. The novelty and uniqueness of the model is that it provides the values of the economic decision
parameters in terms of revenue. The model determines the two important correlations between (i) optimum
investment I and revenue R (ii) optimum operating cost C and revenue R. The results obtained in terms of % of ‘R’
extend the application of the model for all types of minerals and it eliminates the problems due to different types of
international currencies in practice. It can also be utilized for economic viability study of other similar industries.
The verification of the model with case studies of existing successful mining ventures and accuracy of the results
encourage for its wider applications. The model is useful for providing a quick and advance determination of
optimum financial parameters prior to preparation of detailed economic feasibility reports.
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