Iranian Journal of Mining Engineering (IJME)

Vol 18, No 60, 2023, pp 44-61 //

DOI: 10.22034/1IME.2023.561267.1937 /'

DOR: 20.1001.1.17357616.1402.18.60.2.7 Iranian Society of Mining Engineering
(IRSME)

Sangan Iron ore project evaluation under price and operating cost uncertainty
by using stockpile options

Zakaria Jalalil, Majid Ataee-pour?, Hesam Dehghani?®

1. Master of Mining Engineering, Amirkabir University of Technology, Tehran, Iran,
zakaria.jalali@aut.ac.ir
2. Associate Professor of Mining Engineering, Amirkabir University of Technology, Tehran, Iran,
map60@aut.ac.ir
3. Associate Professor of Mining Engineering, Hamedan University of Technology, Hamedan, Iran,
dehghani@hut.ac.ir

Received: 2022/09/14 - Accepted: 2023/08/22

Abstract

In order to evaluate mining projects under uncertainties, due to the complex nature of the deposit, the
sources of uncertainties must be identified and analyzed in the first stage. This research uses the real options
technique to conduct an economic evaluation of the Sangan project's B mine under price and operating cost
uncertainties. For this purpose, the option to stockpile iron ore with Fe grade less than 35% is defined in the
first stage, and then the stockpile of iron ore with FeO<10% (low oxide) is considered. As a result,
considering the management flexibility, the results have caused a more realistic estimate of the net present
value of this project.
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1- Introduction

Todays, the economic evaluation of mining projects is done using traditional methods such as
Discounted Cash Flow (DCF), which considers the Net Present Value (NPV) in a specified period,
the results of which are associated with uncertainty [1,2]. The use of the real options technique was
first presented by Merton in 1971 at MIT [5]. In 1999, for the first time, the use of the real options
technique for the evaluation of mining projects was presented by Margaret and Slade. Then, Clinton
Watt Keynes, Michelle Mc Aller 2004, and Michelle Sims et al. 2004 used this method to evaluate
mining projects [5-9]. Recently, topics related to production design, planning, and determining cut-
off grades using the real options technique have been investigated [4]. This article, the economic
evaluation of the Sangan iron ore mines project under the conditions of price uncertainty and
operating costs, considering the option of accumulation to sell iron ore in a suitable period in mine
B of the Sangan iron ore mines project, has been presented, which has led to an increase of NPV of
the Sangan iron ore project.

2- Methods

Project evaluation methods using the real options technique include the method of differential
equation with partial differential equation, which is one of the most common methods of evaluating
real options [1,2]. This model is based on the Black & Scholes model, which discusses diffusion
variables. The method is based on the financial options pricing model developed by Black &
Scholes in 1973 and extended by Merton. This model is widely used in finance to value different
financial instruments [3].

The second method is the lattice method, which was presented by Cox, Ross, and Rubinstein in
1979 to provide an alternative method for valuing options using the binomial methods view in each
specific time period [7]. The third method is the Monte Carlo simulation method, which simulates
uncertainty by simulation-based methods.

3- Discussion

In this section, for the economic evaluation of mine B of Sangan project, to estimate the project's
Net Present Value, in the first step, the NPV of the project was calculated based on DCF without
considering options, which is named scenario 1. In the second step, NPV was calculated by taking
into account the uncertainty of the price and operating costs and using the real options technique;
for this purpose, a lattice of price and operating costs, and then the cash flow and discounted cash
flow. In scenario 3, the discounted cash flow lattice considers the option of accumulating low-grade
iron ore (Fe<35%) and iron ore with low FeO (FEO<10 %). The price of iron ore was obtained
from the Indexmundi website, shown in Figure 1.
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Figure 1: Iron Ore Price between 2003 — 2023 [10]
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According to Figure 1, the volatility of iron ore has been calculated in a 20-year period.

e Scenario 1: At this stage, price and operating costs are specific, and the NPV has been
calculated using the DCF method based on the data prepared from the B mine of the Sangan
project.

e Scenario 2: After calculating the NPV of the project, based on data prepared from the previous
step, the iron ore price lattice and operating costs lattice were calculated for mine B of Sangan
mines. Then, the cash flow lattice of the project was calculated. Fixed costs during the next 10
years were considered, assuming that the annual production and depreciation are constant.
Finally, the project NPV was calculated using price, operating cost uncertainties, and each
branch's discount rate. Calculations for discounted cash flow lattice started from the last node
(10th period) and continued towards the initial node.

e Scenario 3: in this stage, the NPV of the project is presented, similar to scenario 2. The low-
grade iron ore stockpile option (Fe grade less than 35%) was considered for selling at a more
suitable time. Calculation of cash flow lattice and discounted cash flow lattice in each node
based on annual production amount was obtained from the fraction of the produced tonnage of
low-grade iron ore and the addition of the storage cost. To calculate the cash flow lattice of the
project, the costs related to transporting iron ore to the stockpile, the costs of creating the
stockpile, the cost of the lost opportunity, the maintenance and maintenance costs of the
stockpile, and the costs related to stripping ratio of 3 to 1 in the cash flow lattice was considered.

e Scenario 4: Calculating the cash flow and discounted cash flow lattices in this section is similar
to scenario 3, with the difference that the stockpile option of iron ore with a low oxide
percentage (FeO<10%) was considered.

The results of each scenario of the B mine of the Sangan iron ore project are shown in Table 1.
According to these results, it can be seen that scenario 3, related to the sale of low-grade iron ore,
has the most significant impact, followed by scenario 4, which is associated with the sale of iron ore
with a low oxide percentage, in the next stage, it leads to an increase in the NPV of the project.
Finally, taking into account the results of the discounted cash flow of the project under conditions
of price and operating cost uncertainties, taking into account the stockpile option of year1408 is the
best year (the highest current net value) and is suggested for the sale of iron ore in the stockpile.

Table 1: The results of the different scenarios for the economic evaluation of mine B of the Sangan iron ore
project

Scenario State of Uncertainty NPV Results | NPV Deference
1 Certain 1766.66 M$ 0

2 Price and operating cost uncertainties | 2067.45 M$ | 13% Increase

3 Price and operating cost uncertainties | 2197.61 M$ | 23 % Increase

4 Price and operating cost uncertainties | 2146.51 M$ | 20 % Increase

4- Conclusions

Due to the complex nature of the deposit, the evaluation of mining projects has been associated
with uncertainty. One of the most important sources of uncertainty in the assessment of mining
projects is the uncertainty related to the price and costs of mining, which can affect the NPV of a
project. This research aims to evaluate Mine B of the Sangan Iron Mine project under price and
operating cost uncertainties. Real options technique was used in this research, and an option was
defined as stockpile option in Mine B of Sangan iron ore mines. The stockpile option of low-grade
iron ore (iron grade less than 35%) and the stockpile option of low oxide (FeO<10%) in this project
were defined. The purpose of describing the stockpile option is to determine the best time for
selling iron ore in the coming years, considering the improvement of its sales situation. According
to the obtained results, it can be seen that with the improvement of the situation of iron ore
according to the discounted cash flow lattices, considering the stockpile options, it is better to

46



Sangan lron ore project evaluation under price and operating cost ... Iranian Journal of Mining Engineering (IJME)

stockpile iron ore in the early years so that it can be sold at a more suitable price in the coming
years. According to the results presented in this article, the year 1408 is the best (with the highest
NPV) to sell iron ore in stockpiles, after which the NPV of the project decreases.
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