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Abstract

Bisha Mining Share Company (BMSC), Eritrea, is a subsidiary of Nevsun Resources of Canada. BMSC completed exploration work in the year 2005, which discovered Volcanogenic Massive Sulphide (VMS) deposit containing commercial quantities of gold, silver, copper and zinc at Bisha. An optimal open pit has been designed for the exploitation of the deposit using MineSight and Surpac software under the given geotechnical and economic parameters. The total tonnage from the optimised pit was 90 161 903t at a stripping ratio of 3.4. A Life of Mine (LOM) schedule carried out in Minesched predicted a mine life of 10 years and defined the transitional periods for the exploitation of gold, silver, copper and zinc deposits. The objective of this paper is to determine the economic viability of the project with its associated risk under the Mining and Mineral Laws of Eritrea. With a capital structure of 100% equity, a discounted cash flow analysis was conducted which resulted in a Net Present Value (NPV) of US$344 553 000 @10% discount rate and an Internal Rate of Return (IRR) of 29.9% which suggest the project to be economically viable. Sensitivity analysis conducted revealed that, the project will continue to be economically viable until the revenue decreases beyond 28.5%. Risk analysis using Monte Carlo simulation indicated a risk of failure of 18%. It is recommended that other financing sources such as long-term loans be exploited to further improve the economics and reduce the financial burden on the investors.
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Introduction

Mineral projects have a number of characteristics or features which make them somewhat unique from other investment opportunities. Gentry & O'Neil [1]agree that the investment environment associated with the mining industry is unique when compared with the environment encountered by typical manufacturing industries and explain further that some of these characteristics include capital intensity, long preproduction periods, high risks and the fact that minerals are non-renewable resource.


Torries [2]defines mineral project evaluation as the process of identifying the economic feasibility of a mineral project that requires a capital investment and making the investment decision. De la Vergne [3]defines mineral economic evaluation as rational continuous process whereby final decisions on alternate choices, either of a different mining project or changes in parameters, such as production rates and methods are made. Tschabrun [4]is of the view that mineral economic evaluation is the method used to determine the economic viability of a mineral project and it is the primary measure of alternative investment opportunities. Eshun & Mireku [5]define mineral project evaluation as the economic analysis by which investment decisions are made with respect to mining projects.


From the given definitions, mineral economic evaluation can be defined as a pragmatic approach whereby a mineral investment is thoroughly examined using the project's economic parameters such as revenue, capital cost, operating cost, taxes and allowances in a discounted cash flow analysis to determine the viability of the project.


Risk analysis in mineral project evaluation allows a thoughtful consideration of both anticipated problems and unexpected occurrences. Consequently, any evaluation of a project's robustness must take into account its various risk areas and the potential for adverse interaction of those risks on the project. According to Rozman [6], the resources business like so many others is all about risk management. Seymour [7]argues that the key objective of a mining company is to maximize shareholder contribution within acceptable risks. Sayers et al. [8]define risk as a combination of the chance of a particular event, with the impact that the event would cause if it occurs. Hence risk analysis of a mineral project involves the investigation of the possible effect of changes in the economic parameters on the viability of the mineral project.

 
Bisha Mining Share Company (BMSC), Eritrea, is a subsidiary of Nevsun Resources of Canada. BMSC completed exploration work in the year 2005, which discovered Volcanogenic Massive Sulphide deposit containing commercial quantities of gold, silver, copper and zinc at Bisha. Net Smelter Returns values were modelled using a script developed in Surpac. The deposit was optimised and an open pit was designed using Mine Sight software under the given geotechnical and economic parameters with a marginal tonnage deviation of 3%. A Life of Mine (LOM) schedule carried out in Minesched predicted a mine life of 10 years and defined the transitional periods for the exploitation of gold, copper and zinc deposits [9]. The objective of this paper is to determine the economic viability of the project with its associated risk under the Mining and Mineral Laws of Eritrea.


Materials and Methods

Data was obtained from BSMC and MS Excel software was used in the data analysis. Detailed method of estimation was employed in the capital cost, operating cost and revenue estimation. Discounted cash flow analysis was used to evaluate the economic viability of the project while sensitivity analysis was conducted to assess the level of independent changes in the economic parameters that the project could absorb and still be economically viable. Finally, risk analysis using Monte Carlo simulation was conducted to investigate the effect of simultaneous changes in the economic parameters on the viability of the project to estimate the probability of failure of the project.


Capital cost estimation

Basis of estimation: The following served as the basis in the estimation of the capital cost:

a.	Capital cost estimates were based on price quotations from international and local suppliers and contractors.

b.	Medium to long term capital expenditure comprised mainly of mining fleet replacement, process plant expansion and sustaining capital associated with tailings dam lifts and progressive community resettlement works.

c.	Cost contingency allowance of 15% was applied to take care of uncertain elements within the project scope and to reduce the risk of cost overrun.

d.	Table 1 presents the exchange rates used in converting the input pricing sourced in currencies other than US dollars for the capital cost estimates.



Table 1: 
Currency exchange rate.
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Capital cost estimates

The bulk of the capital expenditure is incurred in the project's construction period and this is associated with the purchasing of the mine equipment, processing plant installation and infrastructural development. Table 2 presents the summary of the project's capital cost estimates. This has been grouped into three categories with the following codes:




Table 2: 
 Capital cost summary.
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a.	CCE 1 Direct Capital Cost;

b.	CCE 2 Indirect Capital Cost; and

c.	CCE 3 Allowances.


Each of the categories under the direct capital cost has been expanded into specific costs under appropriate headings. These are presented in Table 3-5.

 

Table 3: 
Detailed mining capital cost.
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Table 4: 
 Detailed processing capital cost.
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Table 5: 
Detailed infrastructural capital cost.
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Operating cost estimation

Basis of estimation: The cost estimate for the mining operation is based on owner mining. Equipment operation and maintenance will be carried out by the parent company. The operating cost estimates for mining and processing were assembled from quotations given to 'peer' companies within the African Region and from current NI 43-101 technical reports [10]. Additional prices were sourced from suppliers of ancillary equipment, explosives and blasting services. All costs are presented on yearly basis in the year in which they are incurred and they are based on working regime of 2shifts/day, 9.8hr/shift for 360 days/year. The estimated average equipment operating hours is 4 862.


Most of the skilled labour will be expatriates for the first five years of the project life and all the unskilled labour will be Eritreans. All cost estimates will be based on the base mining schedule. The project operating cost estimate includes all recurring costs for payroll, service camp operations, contractors, maintenance parts and supplies, reagents, consumables, supplies, freight, personnel transportation, etc. to operate all facilities expensed in the tax year in which they occur. These estimates have been developed from first principles and grouped into categories. Each category has been expanded into specific costs under appropriate headings to provide detail cost estimates.


The categories include:

A.	OCE 1 Mining;

B.	OCE 2 Processing and

C.	OCE 3 General and Administration.

 

 

Table 6: 
Project total operating cost summary.
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Table 7: 
 Project yearly operating cost summary.
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The estimated total operating cost for mining, processing and G&A are US $296M, US $498M, 152M respectively. Table 6 presents the summary of the project total operating cost whilst Table 7 gives the yearly operating cost summary.


Mining operating cost details

The mining operating cost estimation includes:

A.	All requirements for drilling, blasting, loading, hauling and dumping of ore to the crusher or ROM pad and waste to either the waste dump or dump for tailings dam wall construction purposes;

B.	All auxiliary operations such as haul road construction and drainage maintenance;

 
C.	All mining technical services including survey and geotechnical activities;

D.	The open pit production geology, resource modelling and grade control functions;

E.	All Mining department management, supervision, operating and maintenance manpower requirements up to and including the Mining Manager;

F.	All equipment operating costs and consumables such as repairs, tyres, tracks, lubricants, fuel, wear parts, explosives and major overhauls are based on vendor supplied information, and industrial experience. The summary is presented in Table 8.

 




Table 8: 
 Mining operating cost summary.
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Process plant operating cost

The processing operating cost consists of reagents and consumables, plant maintenance parts, fuel and lubricants, general administration, offsite administration expenses, electric power, plant services and labour. The summary of the processing cost is presented in Table 9.




Table : 
 Summary of process plant operating cost.
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General and administration (G&A) cost

General and administration cost were assembled from local and international contractors, agents, suppliers, and mining companies in operation. Major cost centres include: general maintenance, financial, insurance, contracts, and administration labour costs. It also includes fees and taxes, travel and accommodation, consultant and operating vehicle costs for the day to day running of the project. Table 10 shows the summary of the G&A cost.



Table 10: 
General and administration cost summary.
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Revenue estimation

One of the advantages of NSR is quick revenue estimation. The total revenue was estimated using NSR values and the annual  ore tonnages. The total revenue is US $2 615 801 000. Table 11 presents the summary of the revenue estimation on annual basis for the LOM.

 


Table 11: 
 Revenue estimation.
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Discounted cash flow analysis

The discounted cash flow method was used to evaluate the economic viability of the mineral project because of its simplicity and wider acceptability. The following general parameters were used in the cash flow analysis considering the Mining and Mineral laws of Eritrea:


a.	A 5% royalty is payable, for precious metals, on the net smelter return;

b.	A 3.5% royalty is payable, for base metals, on the net smelter return;

c.	An income tax rate of 38% was applied over the life-of- mine;

d.	Capital Allowance (Straight Line Depreciation) for 4 years and

e.	A reinvestment allowance of 5%.


Risk analysis

Gentry & O'Neil [1]outlines three approaches that are essentially employed in handling risk using the Discounted Cash Flow (DCF) computations which are technical or conservative approach, sensitivity analysis, and risk analysis by simulation. This paper employed sensitivity analysis and risk analysis using Monte Carlo simulation to assess the risk associated with the Bisha Volcanogenic Massive Sulphide Mining Project.


Sensitivity analysis

Sensitivity analysis ofa mineral project refersto the investigation of the effect of changes in the project's economic parameters such as revenue, capital cost and operating cost on the economic viability of the project. Sensitivity analysis is required because the project's economic parameters such as the revenue, capital cost and operating cost, which are used in the economic evaluation of the project, are all only estimates. Now, every estimated value has some degree of error associated with it and therefore may not be the real value. Again, by the time a mining project is being commissioned, all estimated values of the economic parameters may have changed.


Sorentino & Barnett [11]therefore, describe sensitivity analysis as the process of examining the impact of errors. The approach is to vary one of the economic parameters while keeping the others constant and calculating the NPV and IRR consequent to the changes. A graph of the NPV and IRR against the changes in the economic parameter will give the effect of the change in the parameter on the viability of the project. The main purpose is to identify those variables that have the most significant impact on the viability of the project.


However, sensitivity analysis by itself cannot and will not measure the uncertainties of an investment alternative; it provides no estimate of the probability that the contemplated change will really occur. Furthermore, it is mostly desirable to know the cumulative effect on viability of simultaneous variations in all or several of the variables. This combined effect is not shown in sensitivity analysis but rather in risk analysis using the Monte Carlo simulation method (among others).


Risk analysis by monte carlo simulation method

Barish & Kaplan [12]assert that simulation is the use of a model which takes account of those essentials of reality which are significant to the decision-making objective. Indeed, Sturgal & Harrison [13]point out that a simulation model should accurately and quickly represent a real-life situation. Shamblin & Stevens [14]affirm that simulation is a powerful tool that is particularly useful in analyzing systems which are too complex for mathematical analysis.


It is the process of assessing the simultaneous effect that the input variables have on the viability of the project. Since there are many risk elements to consider and because the interaction requires complex calculations, the only practical method available is to perform the cash flow calculations on a computer. The approach is to quantify the variability of the input variables, sample the distributions in a random manner, calculate the cash flows for each set of input data, repeat the procedure many times, and display the result as a probability distribution of expected Internal Rate of Return (IRR) and Net Present Values (NPV).


Results and Discussion

Project discounted cash flow analysis

Table 12 shows the details of the cash flow analysis reported to the nearest 1000. The Net Present Value (NPV) @10% discount rate for the project is US $344 553 000 and Internal Rate of Return (IRR) of the project is estimated to be 29.9%. As the NPV of US $344 553 000 is greater than zero and IRR of 29.9% is greater than the discount rate of 10%, the Bisha project is evaluated to be economically viable.

 

Table 12: 
Cash flow analysis of the bisha VMS project.
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Project sensitivity analysis
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Figure 1: Variation of economic parameters with NPV. 
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Figure 2:  Variation of economic parameters with IRR.  
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Figure 3:   Risk profiles of NPV.  
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Figure 4:   Risk profiles of IRR. 



 
Results of the sensitivity analysis are presented graphically in Figure 1 & 2. The project will cease to be economically viable should the revenue decrease below 28.5%. The project will still remain viable after 40% increment in both the capital and operating costs.


Project risk analysis using monte carlo simulation

Figure 3 & 4 presents the risk profiles from the risk analysis of the Bisha VMS Project. From the risk analysis the project is associated with a risk of failure of 18%.


Conclusion and Recommendations

Conclusion

The economic viability of the Bisha VMS deposit has been analysed under robust and careful technical conditions considering the Mining and Mineral Laws of Eritrea. NSR values were modelled as in most cases of poly metallic deposits and a script was developed in Surpac to calculate these values to facilitate the preparation of economic model for the evaluation of the deposit.


A total capital of US $491 380 000 will be required for the project. The estimated Mine operating cost for the total life of mine is US $947 592 000 and an estimated total revenue of US $2 615 801 000 has been projected. Using a capital structure of 100% equity a cash flow analysis has been conducted which resulted in a Net Present Value of US $344 553 000 @10% discount rate and an Internal Rate of Return of 29.9%. The project is considered economically viable owing to the fact that the NPV is positive and the IRR is greater than the minimum rate of return.


The robustness of the projects financial performance has been tested with simple sensitivity analysis which reveals that the project is sensitive to variations in the project revenue and less sensitive to the capital and operating costs. The project will continue to be viable economically until the revenue is decreased by 28.5%. Risk analysis using more rigorous Monte Carlo simulation indicated a risk of failure of 18%.


Recommendations

The following recommendations have been made:

a.	ExtensionstothePrimarymassivesulphidemineralisation, including the Primary Zn Domain, should be tested with further drilling. This may have the effect of increasing the mineable reserve and extend the project life.

b.	The financial structure can be analysed critically considering other sources of financing such as loan to further improve the projects NPV.
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11 Consumables 211497
12 Mobile equipment 6180
13 Electric power 114702
14 Offsite administration 15921
15 Process & maintenance labour 105 260
16 Miscellaneous 45356

Subtotal 498916

OCE3 General and administrative
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14 Financial 1410
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17 Personnel affairs 7690
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11 Mobile equipment 3840

111 Admin labour 57432
112 Miscellaneous 13869
Subtotal 152551
Grand total 947592
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