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ABSTRACT

The investment projects evaluation in real assets is essential for decision making; however, undoubtedly, 
it is a process whose components have interdependent relationships, which generate uncertainties that can 
lead to the wrong acceptance or rejection of the investment. This study aimed to apply the Monte Carlo 
simulation to the risk incorporation into the economic and financial evaluation of an investment project 
in mineral assets under conditions of uncertainties, with a view to the obtained returns measurement. 
Thus, the evaluation was based on the projection of discounted cash flow, which allowed the adoption of 
methods commonly used to evaluate real assets that consider the time value of the money. The economic-
financial risk incorporation was performed using a stochastic and dynamic mathematical model, and the 
Monte Carlo method was used to generate values from probability distributions. The results showed that 
the investment project in mineral assets is economically feasible by adding value to investors.
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RESUMEN

La evaluación de proyectos de inversión en activos reales es imprescindible para la toma de decisiones, 
sin embargo, indudablemente, es un proceso cuyos componentes poseen relaciones de interdependencia, 
las cuales generan incertidumbres que pueden conducir a la aceptación o rechazo equivocado de la 
inversión. De este modo, se pretendía aplicar la simulación de Monte Carlo para la incorporación 
del riesgo a la evaluación económico-financiera de un proyecto de inversiones en activos minerales 
bajo condiciones de incertidumbre, con miras a la medición de las franjas de valores de los retornos 
obtenidos. Así, la evaluación fue pautada en la proyección del flujo de caja descontado, que permitió 
adoptar métodos comúnmente utilizados para la evaluación de activos reales que consideran el valor 
del dinero a lo largo del tiempo. La incorporación del riesgo económico-financiero, fue realizada por 
medio de un modelo matemático estocástico y dinámico, ejecutándose el método de Monte Carlo para 
la generación de valores a partir de distribuciones de probabilidades. Los resultados demostraron 
que el proyecto de inversiones en activos minerales es viable económicamente por agregar valor a 
los inversores.

Palabras clave: Enfoques de evaluación, incertidumbre, Monte Carlo, control estocástico, valor presente 
neto.
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INTRODUCTION

The investment valuation considers the adequation, 
efficiency, and feasibility of a particular project, 
and evaluates the project’s impact on the total 
effectiveness, prosperity, and financial stability of 
a company through management indicators [1-2]. 
Therefore, the investment project analysis consists 
of a special type of budget. Its differential is due to 
the factor that explicitly considers the time factor, 
i.e., by including the money value over time in the 
formation of the cash flows involved in the project, 
focusing on strategic alignment [3-4].

Thus, the main motivation for using discounted 
cash flow techniques is based on considering money 
value over time [5]. Nevertheless, according to [6], 
the traditional methods, which are calculated using 
cash flow, such as net present value (NPV), do not 
always capture the managerial complexity of an 
investment decision and underestimating the value 
generated by a project [7]. A large part of the papers 
address the static and deterministic version of the 
problem, i.e., the DCF method fails to capture the 
uncertainties of the input data, not proposing the 
consideration to the probability of variations occur 
in the performed projections [8-9].

It is necessary to use appropriate techniques 
to evaluate investment projects exposed to an 
environment that presents uncertainties and risks to 
the investor. Mining projects are known to require 
constant risk assessment as they are embedded 
in an environment that exhibits various types of 
uncertainties that influence the value of a mining 
investment project. In the cases of these projects 
involving high financial investments, the sensitivity 
and risk analysis is of paramount importance since 
it aims to evaluate the uncertainties and impacts in 
the projects.

Therefore, accounting for the risks of a mining 
project is primordial during the conduct of the 
investment analysis. There must be an understanding 
that effective risk management does not apply to 
the dismissal of risk, since the withdrawal of risk, 
however, implies a lack of economic sensitivity 
because what is potentially profitable is, by definition, 
risky and somewhat which does not pose a risk does 
not bring tangible benefits [10]. In view of this, risk 
analysis through simulation of different scenarios 

is a method to minimize risk factors and maximize 
opportunity factors, as well as the probability of 
success of a project [11-12].

In view of the above, [13] demonstrate that the 
Monte Carlo simulation application is adequate 
for evaluating of mining projects since it presents 
a broader context of cash flows estimation in the 
investments evaluation. The simulation is adopted to 
solve incomplete information and allow the investor 
to better understand the risk and the uncertainty 
in the estimation of discounted cash flow. [14-15] 
explain that the Monte Carlo simulation evaluates 
the phenomena that a probabilistic behavior can 
characterize.The generation of random numbers, 
allows solving a large number of problems with 
the simulation of scenarios and the subsequent 
calculation of an expected value.

The benefit of using this method is the admission 
and implantation of additional hypotheses in the 
forecasts, supplying the static character of the 
discounted cash flow. Therefore, the study is justified 
by the need to adopt a sampling technique to evaulate 
an investment project inserted in an environment 
of uncertainties. The objective of this study was 
to evaluate an investment project of an extractive 
industry by executing the Monte Carlo simulation 
so that the associated uncertainties are weighted to 
measure economic and financial risks.

METHODOLOGICAL PROCEDURES

The research consisted of a study case that, 
according to [16], is an in-depth study of one or a 
few objects, which enables the detailed analysis of 
the characteristics of the object. In this perspective, 
the approach used was of a quantitative nature, that in 
the understanding of [17], the choice for quantitative 
research is justified because it has a statistical 
bias that organizes, summarizes, and interprets 
the numerical data collected. The semi-structured 
interview technique was used in consonance with 
[18] to obtain the data.

As a study object, the evaluation of investments 
in mineral assets weighted matrices of technical 
coefficients of an extractive industry that performs 
the extraction and beneficiation of mineral goods, 
located in the State of São Paulo, Brazil. The 
economic activity of the industry, according to 
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the national classification of economic activities, 
valid in the country is the extraction of limestone, 
registered under the number 0810-0/04.

Economic and financial evaluation
The economic-financial valuation was based on the 
discounted cash flow, with projected values for a 
useful life mineral deposit of 20 years, characterized 
as unconventional. According to [19], the flows 
showed signals changes throughout the investment’s 
useful life.

These flows were organized as a result of the sum of 
cash inflows and outflows, i.e., revenues generated 
from the sale of the mineral, taxes, capital expenditure 
(CAPEX), working capital, depreciation of fixed 
assets, administrative costs, and environmental 
recovery costs, considered as an indirect cost. The 
operating expenses (OPEX) were drilling, blasting 
with explosives, blasting with mechanical equipment, 
mineral transport, direct labor, and mineral good 
beneficiation.

Monetary values were expressed in US dollars 
(US $) as the reference currency for the financial 
market [20]. Therefore, the exchange rate of the 
foreign currency made available by the Central 
Bank of Brazil [21] at the sale price, measured in 
units and fractions of the national currency, was 
BRL $ 3.1408 as of 10/04/2017.

The project risk-adjusted discount rate, that is, 
the return required for the investment project was 
determined using the weighted average cost of capital 
(WACC). Therefore, according to [22] and [23], the 
capital asset pricing model (CAPM) described in 
Equation 1 as ks was calculated according to [24].

ks = rf + ß (rm – rf) + aBr (1)

Where:
ks is the opportunity cost of ordinary capital 

financing;
kf is the risk-free rate of return;
ß is the systematic coefficient of the asset;
rm is the expected rate of return for the market 

portfolio;
(rm – rf) is risk premium in the market;
aBr is the country risk premium.

Consequently, the empirical measurement of the 
beta was calculated by least-squares regression 

analysis to obtain the coefficient of regression of the 
equation of the linear characteristic line, calculated 
in accordance with [25] (Equation 2).

β =
Cov rm ,rf( )

σ m2
(2)

where:
rf are the returns on the asset for which it is desired 

to calculate the expected return;
σm2 is the variance of the market portfolio.

Thus, the economic-financial risk was calculated 
considering that the extractive industry had a liability; 
that is, the leveraged beta was calculated that is 
adopted for companies with debt (Equation 3).

βL = βU 1+
B
NE
⎛

⎝
⎜
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Where:
ßL is the leveraged beta;
ßU is the beta coefficient of a company with no 

debts (unleveraged beta);
B are the burdensome liabilities;
NE is the net equity.
TR is a tax rate on capital gain.

With:
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Finally, the company’s WACC reflected the weighted 
average cost of funding sources, determined by 
Equation 5, according to [26].

WACC = kb 1−TR( ) MV
MV +NE( )

+ ks
NE

MV +NE( ) (5)

Where:
kb is the cost of capital from the creditor;
MV is the market value of debt;
ks is the shareholder’s cost of capital;

MV
MV +NE( )

 is the proportion of the asset financed 
by debt;

NE
MV +NE( )

 is the proportion of owner-financed 
assets.
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The project was evaluated using techniques of 
investments in real assets that can be considered 
sophisticated, that is, take into account the value 
of money over time. Thus, we considered the net 
present value, which according to [27], reflects the 
absolute monetary value added to the investment 
(Equation 6).

NPV =
CFj

1+WACC( ) jj=1

n
∑ − I0 (6)

Where:
NPV is the net present value (US$);
n is the number of projetcted periods;
j is the period in which costs and revenues 

occur;
CFj is the cash flow for each period;
I0 is the investment processed at the focal date.

Due to the investment project having unconventional 
cash flows, the modified internal rate of return was 
applied because it was intrinsic to the evaluated 
condition and, in particular, to provide investors a 
more realistic rate of return. In addition, it eliminates 
the problem of multiple rates of return, consistent 
with [28] in Equation 7.

MIRR =
REV 1+ ir( )n− jj=1
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−1 (7)

MIRR is the modified internal rate of return (%);
ir is the reinvestment rate;
if is the rate of funding;
REV is the revenue (net positive value, in each 

period “j” of the cash flow);
Cj is the cost (net negative value, in each period 

“j” of the cash flow).

In this perspective, the historical series of the 
fixed interest rate, plus the monetary correction 
factor, according to the Brazilian financial system, 
between 02/01/2018 and 03/31/2018 to design the 
rate of reinvestments, and data referring to the 
basic interest rate of the Brazilian economy, were 
observed between January and July 2018 to obtain 

the rate inherent in fundraising, both of which were 
made available by the Central Bank of Brazil [29].

Mathematically, the NPV and the MIRR lead the 
decision-maker to accept or reject investment projects 
in real assets; however, these methods do not allow 
the NPV value to be obtained per monetary unit spent. 
Thus, as a measure of performance, the profitability 
index was used to measure the aggregate value per 
dollar applied to the investment project, detailed in 
Equation 8, according to [30].

PI =

CFj
1+WACC( ) jj=1

n
∑

I0
(8)

PI is the profitability index.

Economic and financial risk assessment
To incorporate the economic-financial risk evaluation, 
the cash flow was developed from a stochastic 
and dynamic mathematical model, that is, with 
probabilistic input variables, that through algebraic 
equations allowed to obtain the outputs. Therefore, 
the inputs that allowed quantification of the economic-
financial risk of the investment project in mineral 
assets were: The price of the mineral good (US $ per 
year); production of the mineral good (t per year); 
CAPEX (US $), OPEX (US $ per year); working 
capital (US $ per year); and mine closure plan (US 
$ per year). According to [31], the distribution used 
was the symmetric triangular because it is easy 
to understand and commonly used in uncertainty 
analyzes when there is no plausible information about 
the probability distribution of the variables weighted 
in the stochastic model. Regarding the outputs, the 
quantitative methods of evaluating investments in 
real assets (NPV, MIRR, and PI) were considered.

The time-series data were decomposed through 
Trend (T) according to [32] to design the rate of 
reinvestment and financing of cash flows.Thus, the 
integrated autoregressive process of the ARIMA 
moving averages (p,d,q) was adopted in accordance 
with [33], with the statistical model selected by the 
Bayesian Information Criterium (BIC) in the due 
form recommended by [34].

The Monte Carlo simulation method was applied 
with 100,000 iterations executed through @Risk 
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Copyright © 2017 software [35], generating 
100,000 pseudorandom numbers. The standard of 
the random number generator was the Mersenne 
Twister, according to [36], ensuring the same initial 
parameter for the executed model.

Because NPV is the method traditionally adopted 
evaluating investment projects in real assets, a 
probability distribution was adjusted by the BIC 
selection criterion. In order to measure the degree 
of linear association between inputs and NPV, the 
Spearman correlation coefficient [37] was used at 
a significance level of 5%.

RESULTS AND DISCUSSION

Investment project discount rate
The cost of equity was based on: The arithmetic 
mean of the return rate of a risk-free asset of 1.82% 
per year according to the historical series Annual 
Return on Treasury bonds 10Y US; in the systematic 
asset ratio calculated from the total average beta 
of the industrial goods sector in the segment of 
construction products in the Brazilian stock market, 
which resulted in a leveraged beta of 0.94; in the 
annualized rate of return for the market portfolio 
of 2.62% per year expected for the next 10 years 
according to the S & P Global Natural Resources 
Index; and the arithmetic mean of the 2.97% per 
year risk premium based on the Emerging Markets 
Bond Index - EMBI + Br. Therefore, by weighing 
the cost of third-party capital of 8% per year and 
the liabilities onerous of 20%, the WACC of the 
investment project was 5.54% per year.

Sensitivity analysis
When evaluating the sensitivity of the input variables 
of the stochastic model (Figure 1), [38] point out that 

the Spearman correlation coefficient is generally used 
when the distribution of the variables is not normal 
since it corresponds to a non-parametric method 
to calculate the correlation of the data, that is, it 
measures the degree of linear association between 
two variables (X and Y) and varies between -1 and 1.

It was found that the production and the price of 
the mineral good have moderate positive Spearman 
correlation coefficients (0.68) concerning the NPV, 
that is, establish a relation directly proportional to 
the output variable under evaluation. According 
to [39], the magnitude of Spearman’s correlation 
coefficient can be interpreted as follows: Very strong 
if greater than 0.90; a strong ratio between 0.90 
and 0.71; a moderate was between 0.70 and 0.51; 
weak if between 0.50 and 0.31, very weak or not 
significant if less than or equal to 0.30.

The CAPEX, OPEX expended with the processing, 
and the administrative costs are variables that 
correlate negatively with the NPV; that is, as the 
monetary values of these variables increase, the NPV 
value will decrease, showing a relation of inversely 
proportional variables. Although these variables 
had a very weak correlation coefficient (<0.30), 
it is essential to monitor the expenses demanded 
since the absolute monetary values can increase the 
economic-financial risk of the investment project.

Risk analysis
Figure 2 shows the probability density function 
of the NPV in which the adherence of the data to 
the Normal distribution was proved employing the 
Kolmogorov-Smirnov test for the value of NPV 
(KS = 0.021) and BIC = 3,245, with a mean value 
of NPV of US $ 8,202,436 ± 2,692,402 which has 
a symmetric curve around the mean. Therefore, 

Figure 1. Spearman’s correlation coefficients of the five variables that most 
influenced the NPV of the investment project.
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the NPV resulted in a maximum value of US 
$ 19,812,128 and a minimum value of US $ 358,064, 
with an asymmetry of 0.2163 and kurtosis of 2.7683, 
which corroborates the normality of the data, since 
the value of kurtosis should approach 3 to assume 
that the data follow a Normal distribution, while 
the asymmetry value should approach zero [40].

The knowledge of the NPV distribution has great 
relevance since this parameter indicates if the returns 
obtained with the investment will be enough to 
compensate the operational costs and the investment 
realized in present values [41]. Thus, the project of 
investments in mineral assets showed economic-
financial feasibility since the NPV result presents 
positive values, indicating the project’s economics.

Concerning the value of MIRR, it is observed 
in Figure 3 that this was higher than the value 

of WACC; that is, the mean value of MIRR was 
11.59% ± 1.45, thus 6.05% higher than WACC. 
[42] compare the MIRR with the expected rate of 
return and emphasize that when the value of the 
first is higher than the value of the second, the 
investment is economically feasible. [43] emphasize 
that MIRR transforms the original multi-period 
project into a project that contains only a negative 
initial cash flow and a positive final cash flow. 
In this sense, the investment project in mineral 
assets indicated a 100% probability of the MIRR 
being superior to the WACC, which ensures the 
maximization of the company’s market value based 
on the applied capital.

Additionally, the MIRR presents a centralized value 
indicating the symmetry in the data distribution 
and, consequently, less variability. This condition 
was corroborated by the adherence to the data 
distribution adjusted to the Weibull distribution 
employing the Kolmogorov-Smirnov test K-S = 
0.004 and BIC = –563,988.

The accumulated frequency distribution graph of 
the profitability index (Figure 4), according to 
[44], assists in establishing cutoffs with a given 
frequency in the values of a variable. This parameter 
represents the relationship between the NPV and 
the initial investment. Thus, an index greater 
than 1 provides the ability of the investment to 
generate profits.

The profitability index expresses the net present 
value of an initial expense in a monetary unit. 
It characterizes the relationship between the 
net present value and the investment funds that 

Figure 2. Probability density function of the NPV 
investment project.

Figure 3. Boxplot of MIRR and WACC to evaluate 
the investment project.

Figure 4. Accumulated frequency distribution of 
the PI.
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generate the volume of NPV, and completing the 
efficiency analysis in relative terms, in the form of 
net benefit per unit of relative measure to the cost 
of investment [45].

In this light, the average PI was 3.50 ± 0.89, thus 
providing a return of US $ 2.50 to investors for each 
dollar invested. In view of the preceding, it appears 
that the probability of the investment being rejected 
as investing losses (PI <1) is zero. In addition, it 
was observed that 90% of the stochastic results of 
the profitability index are between 2.15 and 5.07.

CONCLUSIONS

The techniques of investments valuation are usually 
based on the discounted cash flow. However, 
investment projects in mineral assets are embedded 
in an environment of uncertainties. Therefore, 
it becomes imperative to measure risks from 
the various sources of uncertainty, to overcome 
deficiencies in deterministic cash flows, and, above 
all, to mitigate the respective risks.

The study proposed applying the Monte Carlo 
simulation to the risk incorporation into the economic 
and financial evaluation of an investment project in 
mineral assets under conditions of uncertainties, with 
a view to the measurement of the ranges of returns.

Employing the Spearman correlation coefficient, 
it was verified that the stochastic variable price 
and production of the mineral goods were those 
that most positively influenced the NPV; however, 
the CAPEX was the variable that had the highest 
negative correlation with the NPV.

The NPV probability density curve resulted in positive 
values, which indicated the implementation of the 
investment project in mineral assets since the probability 
of the project not adding value to investors was null.

The MIRR converged to the viability of the investment 
project, providing investors with a higher return 
than the required minimum attractiveness rate by 
providing values higher than the WACC.

By demonstrating that the return for each monetary 
unit invested is greater than 1, the profitability 
index corroborated the investor’s ability to invest in 
generating profits. There will be available financial 

resources after payment of all costs, expenses, 
charges, and depreciation.
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