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Abstract 

This study investigates the criteria for determining the economic lifespan of 

mining equipment from the perspective of a supplier of maintenance and repair 

contracts. The Net Present Value method was selected as the method of choice 

in developing the model. The model was applied to three different mining 

equipment models where the life of the mining equipment where extended to 

100,000 hours. The results indicate that the model can be used as a criterion for 

determining the economic life of mining equipment. It is calculated that all three 

mining equipment models have an economic life span of less than 100,000 

hours. 
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Summary 

This study answered one of the most pressing questions in the mining industry, 

namely when to replace a piece of equipment with new equipment, or otherwise 

formalised, what is the economic life span of a piece of equipment. This 

problem of determining the replacement time of the mining equipment has been 

present since the first mining equipment was used. Various models and 

methods were developed over the years. However, none could give a definite 

answer to the problem. 

This study started off with a study of the available literature. The most important 

finding of the literature study is that the methods that exist to investigate the 

economic life span of mining equipment do this over short periods (up to 35,000 

hours). In view of the results of the literature study, it was decided that this 

study will investigate the criteria for determining the economic live of mining 

equipment over longer periods (up to 100,000 hours). 

After the literature study was concluded, several methods that were mentioned 

in the literature was evaluated as a criterion. From these methods, the Net 

Present Value method was selected as the most effective criterion for 

determining the economic life span of mining equipment and was used in the 

development of the model. 

The model was tested against a selection of mining equipment. The selection of 

mining equipment consisted of five Off Highway Trucks (mining equipment on 

which the model is developed), two Wheel Loaders and two Front Shovels. 

The results of the model indicated that the model can be used. It does, 

however, depend on certain aspects: 

The accuracy of the budget 

The application in which the mining equipment will operate 
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3) Conditions of use 

The study answers the question: When will the mining equipment give a positive 

return on the investment? It will thus give a value for the economic life span of 

the mining equipment. This value will be the minimum time that the mining 

equipment must be on the contract to ensure a positive return on the 

investment. If the mining equipment is utilised for a shorter period than planned 

not all the money will be recovered and the mining equipment will give a 

negative return on the investment. 

The results can now be used to determine what must be done to achieve a 

positive Net Present Value. For example lower the cost with 10% to see if the 

Net Present Value becomes positive. The biggest advantage of the model is 

that it is robust and can thus be applied to new mining equipment (test of it will 

be a profitable contract) and current equipment. For current equipment a 

forward projection can be done and it will highlight problematic mining 

equipment immediately, and a decision can be made on the future of this mining 

equipment. 
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1 Introduction 

1.1 Background 

Barloworld Equipment Company (BEC) is one of a number of companies in 

the Barloworld Group. BEC is the sole distributor of Caterpillar (CAT) 

earthmoving equipment in Southern Africa. 

To keep a competitive edge, BEC has introduced many new ideas to do 

business. One of the new ideas is the Maintenance and Repairs Contracts 

(MARC). MARC is a contract where BEC does all the maintenance and 

repairs on the customer's Caterpillar mining equipment with the customer only 

paying an hourly rate (and not for the individual maintenance and repairs 

tasks). 

BEC has always advised customers on the best way to maintain and operate 

their Caterpillar mining equipment, but the customer has invariable cut-back 

on maintenance and repairs to save on the operating costs. By doing the 

maintenance and repairs on the mining equipment, BEC uses the latest 

methods and techniques and can thus lower the operating cost of the mining 

equipment. This happens without cutting back on maintenance and repairs to 

lower the operating cost. The customer does not see the cost other than 

through an hourly Maintenance and Repair contract rate. 

The advantage for BEC is that BEC is guaranteed 100% of the customer's 

business because BEC is doing all the work on the mining equipment. At 

present BEC manages 17 contracts with ±300 models of mining equipment. 

BEC has calculated a life cycle cost (LCC), for each of the mining equipment 

models that predicts the cost of the mining equipment over the assumed life of 
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that mining equipment. The LCC process will result in a rate table that will give 

a different rate for every 5,000 hours (for example) the mining equipment is in 

use. The life cycle cost comprises of all the interventions, maintenance and 

repairs that BEC foresees to occur on the mining equipment over the contract 

period. An intervention can be a replacement of an engine or a repair of a 

hydraulic hose on the mining equipment or a normal routine maintenance 

service. 

Thus, the benefit to the customer is that all the maintenance and repair costs 

for mining equipment are fixed over the life of the mining equipment. The 

customer does not have to budget extra for unforeseen repairs on the mining 

equipment. BEC carries all the risk on the customer's mining equipment (for 

example BEC budgets for two engine repairs, but if for unforeseen reasons, 

there are three failures, one of the failures are for BEC own account). The 

customer pays only a monthly amount based on the monthly utilisation of the 

mining equipment. 

The following table is an example of the LCC rate table: 

Start hours End hours Rate per hour 

1 5,000 R 10.37 

5,001 10,000 R 82.76 

10,001 15,000 R 268.88 

15,001 20,000 R 178.69 

20,001 25,000 R 218.58 

25,001 30,000 R 133.06 

30,001 35,000 R 10.37 

35,001 40,000 R 384.57 

40,001 45,000 R 82.76 

45,001 50,000 R 31.54 

Average R 140.16 

Table 1 LCC example 
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The problem that arises is that in the interval 35,001 - 40,000 (Table 1 (page 

2)) the customer pays R384.57 per hour. In this interval, the piece of 

equipment will be overhauled and repaired to be as good as new. Thus, the 

customer will be spending R1,922,850 (R384.57 x 5000 hours) on the mining 

equipment, which is approximately a third of a new mining equipment's price 

(if the trade in value of the mining equipment as well as the difference in the 

rate is taken into account). 

Some of the customers ponder on the idea to replace the mining equipment at 

this stage, as opposed to the full overhaul of the mining equipment. The 

benefit for customer, if the mining equipment is replaced, is that the new 

mining equipment will be the latest technology that will improve productivity. 

The customer is then back in the first interval and will only have to pay R10.37 

per hour used for the first interval. 

A further complication is that not all the components on a fleet, lasts the same 

amount of hours. For example, an engine on one truck can last for 26,000 

hours but on the next truck, it only lasts 18,000 hours. This dramatically 

influences the profitability of the contract and rises uncertainty, and thus the 

risk. 

What would the best time to replace the mining equipment? Or must the 

mining equipment be prepared and continued with the contract? 

1.2 Problem statement 

The challenge to determine the economic life span of mining equipment has 

been present from the first time mining equipment was ever used. Various 

models were developed but none could give a definite answer to the problem. 

3 
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Ultimately, BEC carries the risk on the mining equipment and it would be in 

the interest of BEC to determine the correct replacement policy on the mining 

equipment under contract to minimise the cost, risk and maximise the profits. 

Therefore, the questions that must be answered are the following. 

Must BEC sell a fixed term for the contract? In other words, should 

BEC sell the contract for 50,000 hours; or is it more economical to 

review the length of the contract quarterly, identifying problem mining 

equipment and terminating the contract on these mining equipment 

prematurely? 

How long must BEC continue with good mining equipment (terminate at 

50,000 hours or is 60,000 a more economical number)? 

Thus, this dissertation is an exploratory study to investigate criteria for 

determining the economic life span of mining equipment. 

1.3 Research methodology 

The following research methodology is followed in the study to investigate 

criteria for determining economic replacement of mining equipment. 

1.3.1 Literature study 

The study will be based on a literature study carried out on the available 

literature on the determination of the economic life span of mining equipment. 

The literature study will be used to gain a better understanding of the problem 

and the various methods available to provide criteria for determining the 

economic life span of mining equipment. The literature is discussed with 

regard to the applicability towards the goals of the study (as outlined in the 

problem statement). 
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1.3.2 Different methods 

After conducting the literature study, this study will start off by investigating the 

different methods found in the literature study in determining the life span of 

mining equipment. The methods are evaluated in terms of their applicability. 

The selected method (the Net Present Value Method) will be used to build the 

model that will be applied in the study. 

1.3.3  The development of the model  

The model is developed using the Net Present Value method as a criterion for 

determining the economic life span of mining equipment. The main idea 

behind the Net Present Value method is to determine when the proposed 

investment or project will be worth more than the original capital outlay or 

when the investment/project will start to add value to the company. 

If the value that is calculated from the Net Present Value method is a positive 

value, it will indicate that the investment/project has added value to the 

company. If the value calculated is negative no value is created for the 

company. 

Because the study also assumes the mining equipment is the customers' 

property, all the owning cost (other expenses) will be for the customers 

account. Thus, only the maintenance and repair costs are taken into account 

and all the other costs such as tyres, fuel and operator's salaries are for the 

mining equipment owner's account (customer in this instance). 

The operating cash flows are the difference between the sales (expected 

income) and the expenses. The expected income is the invoices that the 

customer will be charged for the use of the mining equipment. The expenses 

will be the expenses that are used to repair the mining equipment in case of a 

failure and the routine maintenance tasks. 
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1.3.4 The application of the model  

The life span of the mining equipment is divided in fixed intervals (5,000 

hours). For each of the this intervals the Net Present Value method is applied 

to determine whether the mining equipment has a positive Net Present Value 

up to that period. The result of the calculation is then displayed on a graph to 

determine the lowest boundary for the economic life span of the mining 

equipment. 

The study assumes that the lowest boundary for the economic life span of the 

mining equipment is indicated by the point on the graph where the graph 

changes from negative to positive value. The mining equipment must be used 

up to this point before replacing the mining equipment to add value to BEC for 

selling the contract and taking over the risk of the mining equipment. 

1.3.5 Sample selection and sample size 

The model is tested on a selection of current mining equipment on a 

Maintenance and Repair contract at one specific site. Only one site was 

selected to rule out site differences such as travel cost, for example, that is 

included or not included on work order level (and thus influences the cash 

outflow) and cannot be identified separately in the assumptions. The selected 

mining equipment consist of five Off Highway Trucks (mining equipment on 

which the model is developed), two Wheel Loaders and two Front Shovels. 

The latter two models' selection was done to compensate for the in-accuracy 

of the budgets of the mining equipment (if in-accuracy exists), as this could 

influence the decision of the applicability of the model. 

1.3.6 Constraints of the study 

The biggest challenge is to find reliable data to test the model. Because the 

MARC is a relatively new concept, there are no completed contracts available 

and thus no data that can be used, exist. 

6 
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This study overcomes this problem by using the actual data that is available 

(up to half of the mining equipment life) and then forecast the rest of the 

presumed life span of the mining equipment by using the original budget's 

component lives. Where the budget period is extended, the original budget is 

used for the extension. 

1.3.7 Constraints of the model  

The model was developed to handle any set of data (mining equipment data 

to determine the economic life of) that the model is applied on. The model was 

tested on various models without any difficulties. 

1.4 Demarcation of the chapters 

The study is divided into five chapters, which are structured as follows: 

Chapter 1:  Introduction 

This chapter provides the introduction to the study with the problem statement 

and a discussion on the research methodology that will be followed in the 

study. 

Chapter 2:  Literature study 

A literature study is carried out regarding the field of the economic life of 

mining equipment/projects. Various criteria in determining the economic life of 

mining equipment are identified and the applicability of the Net Present Value 

method is discussed and motivated. 

Chapter 3:  The Net Present Value method model 

In this chapter, the theoretical background and the approach that was followed 

to develop the model by using the Net Present Value method to determine the 
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economic life span of mining equipment will be explained. All the assumptions 

made in the study will be listed and explained in detail. 

Chapter 4:  Results 

In chapter four, the Net Present Value Method model developed in the 

previous chapter, is applied to different types of mining equipment to 

determine the economic life span of the mining equipment. The results of the 

model applied to different mining equipment are listed and discussed. 

Chapter 5:  Conclusions and recommendations 

In the last chapter, a conclusion is reached regarding the use of the model to 

determine the economic life span of the mining equipment. Recommendations 

are made for the use of the model and further studies. 

The following chapter therefore provides an overview of the relevant literature. 

8 
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2 Literature study 

2.1 Introduction and overview 

The acquisition of mining equipment is an investment in "capital goods" that is 

either a good investment (making the company money or saving the company 

money) or a bad investment (the money cannot be recuperated from the 

investment) and can therefore constitute a financial risk. The mining 

equipment, over its lifetime, can be seen as a project. The project starts when 

the feasibility studies are done, and it ends when the mining equipment is 

terminated. 

Thus, the literature study investigates the following aspects, to determine if 

the aspects can be used to determine the economic life of mining equipment. 

The aspects investigated are: 

Methods to evaluate financial risk 

Methods to evaluate project risk 

Methods that use deductive methods in making replacement decisions 

The results of studies attempting to identify criteria for determining the 

economic life span of the mining equipment on a financial basis 

Capital budgeting methods. 

The different criteria that could possibility be applied will be discussed and 

their applicability in the scope of this study will be evaluated. 

2.2 Financial risk 

In the first aspect of the literature study, the study investigates methods used 

in evaluating financial risks for the applicability in the determining the 

9 
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economic life span of mining equipment, as the impact of failure is normally 

measured in monetary values. 

Gouws (1993:8) has done a study on risk exposure in foreign exchange. This 

has become even more applicable now with the fluctuating exchange rate and 

will definitely influence the decision to repair or replace. The replacement 

price of new mining equipment is more expensive than the repair of mining 

equipment. Thus, if a more favourable exchange rate is expected in the near 

future, the machine could be repaired (the cheaper option). This will extend 

the mining equipment's life span to the time that the favourable exchange rate 

will come into effect and then the mining equipment can be replaced. 

Grandell (1991:9) presents discussions of selected aspects of the collective 

risk theory as part of insurance or actuarial mathematics. This method for 

determining the length of the insurance period of mining equipment cannot be 

used to determine economic life of the mining equipment. 

Vose (1996:25) uses various techniques to model risk. The writer gives more 

attention to the mathematical presentation of risk than the management of the 

process. This study makes use of proven techniques and provides guidelines 

for modelling risk using the Monte Carlo model. The Monte Carlo simulation 

can be used to determine the part of the life span of the mining equipment that 

is not yet completed. 

Deshotels & Zimmerman (1995:6) discuss risk management methods against 

the background of certain facilities. It is more applicable to the human side of 

risk management but the principles can still be used. One facility that is under 

scrutiny is a nuclear plant. In the scope of this study the principles can be 

used, because a nuclear plant is a very sensitive plant and can be easily be a 

victim of hear-say (the same can happen between BEC' customers: bad news 

travels fast). This study gives guidelines to the project manager on what to do 

if a project has a few bad failures and the mining equipment puts the 

relationship between the mine and BEC at risk. 

10 
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Parker & Beaver (1995:18) discuss risk from a financial background. If mining 

equipment on contract causes a negative cash flow, the risk would be most 

apparent on the finances. The risk of the occurrence of a negative cash flow is 

quantified in financial terms. 

From the above descriptions of the literature available on the evaluation of 

financial risk, it is concluded that the methods can be used to quantify risk, but 

cannot provide a method for determining the economic life span of the mining 

equipment. In all the above studies, the period for determining the financial 

risk was known and not unknown as in the case in this study. 

2.3 Project risk 

The study now considers the literature regarding project management to 

investigate if any theory exists that can be used to determine the length of a 

project based on increase risk exposure. This is done, because project 

management has received much focus over the last few years. 

Gentle (2000:7) gives a good overview and guidelines on the process of 

mitigating project risk. He pays specific attention to the application of capital 

projects. This is helpful, because it also gives a means to mitigate the risk. 

Lastly, the study suggests ways to get go-ahead in a project with ways to 

show that the financial risk of the project has been taken care of. The study 

also provides guidelines in identifying the risks. This study is more a 

qualitative work than it is a quantitative work. 

Raubenheimer (2000:20) has looked at the problem from an engineering 

perspective. This is a quantitative study, which uses an actual project to 

discuss the management process. The study concentrates on capital projects, 

which is comparable to MARC, but no calculations are done regarding the 

length of the project. 

11 
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Riskdriver consortium (2001:21) discusses project risk management and 

discusses all the steps involved in generating the management principles 

necessary to set up the project. The information on the Internet site also 

describes the process of project risk management, how to implement risk 

management in an organisation, tools, as well as techniques and documents 

used by risk management. 

Chong & Brown (2000:4) discuss project risk from a technical perspective. 

The authors go further by discussing the influences from outside factors such 

as operations. 

Pretorius (2001:19) supplies information on a failed project and gives reasons 

for the failure. Pretorius (2001:19) then compares this information with a 

project that was a success and lists all the critical success factors. No mention 

is made on whether the variable length of a project would have an influence 

on the success of the project. 

The basic ideas of project management are discussed by Wysocki, Beck & 

Crane (1995:27). Relevant from this study is the fact that the stress 

experience by project managers running the project also influences the 

success of the contracts. It does however, not mention what the effect on the 

length of the contract would be. 

The material discussed, mostly looks at projects that are completed or are 

close to completion and makes comments regarding factors that have 

influenced the project's success or failure. None of the literature reviewed 

commented on how the length of the project will influence the risk of the 

project or the success of the project. 

12 
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2.4 Deductive replacement decisions 

Wimble (1975:26) describes the entire acquisition process that a specific 

company has experienced. As part of his description, he discusses the 

replacement of the mining equipment as well as the optimum replacement 

period. He comes to the conclusion that prior knowledge of the mining 

equipment application and information from the equipment manufacturer must 

be used to determine the optimum replacement time. He further says that 

each of the mining equipment needs to be evaluated on its own. If the mining 

equipment has a bad cost record, it must be replaced. As in the Caterpillar 

study (Caterpillar, 1969:13), he notes that if the mining equipment is kept for 

too long the obsolescence cost will get to high. An even more important point 

is that the calculations should not be seen as the final decision, as it can still 

be changed in economical difficult times. 

Sang-Noon & Srinivasan (2003:23) describe the profitability of the 

replacement decision from the perspective of electronic equipment. The 

approach that they follow makes use of the hazard function (the conditional 

likelihood of an event occurring at time t given that the event has not occurred 

by time t-1). Their approach then integrates this with an individual-level multi-

attribute utility model. They conclude that costs and the possibility of a better 

product influence the replacement decision. The rationale of this study can be 

used to predict the human side in the decision-making process more 

accurately and to link engineering terms, such as the hazard rate, mean time 

between failures (MTBF) and mean time to repairs (MTTR) to the human side 

of decision making. 

Lynch (2000:12) proposes a strategic process to evaluate a new purchase 

and then gives financial evaluation techniques to determine whether the 

purchase is viable. He lists a few cautions regarding the use of financial 

criteria/evaluation techniques: 

> Not all future sales/expenses (cash flows) can be accurately 

determined (it occurs 10 years into the future). 

13 
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> They can sometimes use a too long life cycle (product obsolescence 

can play a big role). 

> They sometimes over-emphasise the cash generated/benefit and the 

evaluation concentrates too much on the financial benefits, ignoring the 

strategic benefits that are more difficult to quantify. 

Lynch (2000:12) further notes that after all the calculations have been done, 

judgemental evaluation needs to be added, such as the risks involved, the 

financial exposure, the possibility of the project failing and the opportunity cost 

(funds to be used for alternative projects). 

Hertz (1964:10) points out that there is risk involved in every decision, even if 

the decision is based on sound calculations. Every assumption made carries a 

certain portion of uncertainty and if many assumptions are made this 

uncertainty causes risk. Hertz (1964:10) then demonstrates a method to 

"compute" the risk. He describes a method where the uncertainty/assumptions 

have been taken into account and then postulates that the kind of uncertainty 

can be evaluated. Knowing the level of uncertainty, the results can be better 

evaluated. 

Ayton (1998:3) discusses the memory based forecasting or experience. He 

says that any statistical forecasting method will not be perfect. People still use 

these methods because that they want something to base their decisions on. 

This could create a perfect model. However, people will still say that the 

answers could be different, as experience varies from person to person. 

This section demonstrates that the replacement decision is influenced by 

many factors, such as deductive methods (methods based on experience or 

gut feel). None of the deductive methods gives a useable method to 

determine the economic life span of mining equipment. In the last section, the 

financial methods will be discussed. 

14 
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2.5 Financial decision methods 

Mclean (1976:15) has done a study on improving the methods in evaluating 

new capital investments. He compares three methods used in evaluating new 

capital investments and then concludes that the discounted cash flow method 

should be used in the process of evaluating new capital investments. Mclean 

also demonstrates that three different projects with the same investment and 

period, but with different repayment values, will not have the same merit in 

adopting the projects. This can only be determined by applying the discounted 

cash flow method to the projects. 

Vorster (Date unknown: 24) describes the replacement policy from an 

engineering point of view. He also makes the comment that the cost patterns 

(new mining equipment) will be different to the cost patterns of current mining 

equipment. He discusses the replacement policy by comparing a defender 

(current mining equipment) with the challenger (new technology and 

advanced mining equipment). He starts of with the bathtub curve, then makes 

the comment that the average cost is not a sufficient vertical-axis, and then 

calculates the cumulative costs, which is then used on the vertical-axis. With 

the help of this new graph, he makes predictions regarding the best 

replacement time of the mining equipment. A shortcoming, in the author's 

opinion, is that renewing some of the components, which does not influence 

the cost curve that much, causes the graph to become flat again, and causes 

longer life span than expected. A very interesting conclusion is reached, which 

determines that the decision maker should make a decision based on 

experience. He ends the paper with a discussion on the calculation of 

availability and its importance (another source for decision-making) in the 

replacement decision. 

McDonald, Kucera & Van der Merwe (1983:14) use the above study (Vorster, 

Date unknown: 24). However, to get a more accurate result, they suggest that 

regression analysis should be used to fit the best line to determine the cost 

behaviour of the mining equipment. Again, the author raises the concern that 
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this is not the most accurate way to determine the line. They then developed a 

computer programme based on the method described by Vorster (Date 

unknown: 24) to determine best economic life span of mining equipment by 

using the regression analysis for the cost calculation. 

The objective of Atkins's (1990:2) study was to determine if the mining 

equipment have an optimum replacement life span or whether the mining 

equipment should be used indefinitely. He uses the previous study as starting 

point, because his feeling is that the replacement time, calculated with 

McDonald et al. (1983:14), was to low. He was awarded the luxury that the 

replacement time of the previous method was used as a starting point, 

meaning the mine runs the mining equipment past the replacement times, to 

determine whether the calculated times of McDonald et al. (1983:14) are the 

optimum time. In this study, he took all the costs in consideration that will 

influence the calculations (operator labour, fuel, lubes, parts and engineering 

labour). The results of the study suggest that the best replacement time will be 

in a window of 22,000 — 30,000 hours. The study then summarised its findings 

stating that no financial benefit will be achieved to extend the life span after 

the third rebuild. The drawback of this study is that the interval is not extended 

beyond the assumed life span (the study assumes the life of a truck to be 

40,000 hours and then the calculations is done on that period). 

Caterpillar (1969:13) states that to determine the best equipment replacement 

time you have to consider five elements simultaneously. These elements are: 

Replacement and depreciation cost (the biggest cost in the first few 

years) 

Investment costs 

Maintenance and repair costs 

Downtime costs 

Cost of obsolescence 

The first two components usually suggest that the mining equipment be kept 

and never be replaced and the next two aspects suggest that the mining 
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equipment be replaced as soon as possible. The last component suggests 

that the mining equipment be replaced when a new model is released. 

Caterpillar goes further to show how the influence of the above factors varies 

over time (see figure 1 (page 17)). 

The study does not include other operating expenses, as these are assumed 

to be the same for old and new mining equipment. This study then concludes 

that detailed records should be kept because the costs of mining equipment 

vary over the life time of the mining equipment and that regular calculations 

must be done to determine when the best time to replace the mining 

equipment would be. A good time replacing one piece of equipment may not 

be the best time for the next piece of equipment. 

Cumulative cost summary 

Year 

o Depreciation and replacement costs IEI Investment costs 
	

0 Maintenance and repair costs 

0 Downtime costs 	 ■ Obsolescence costs 

Figure 1 Costs that influence mining equipment over its life (Caterpillar (1969:13)) 

Mettelmann (Date unknown: 16) starts off by listing all the costs that influence 

the mining equipment over the lifetime of the mining equipment. The costs 

are: 

)=. Loss in market value (high rates of decline in market value if used) 

➢ Interest, insurance and taxes 

17 
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Maintenance and repair 

Associated downtime costs (if another piece of equipment is in for 

repair and the mining equipment under inspection, parks and cannot be 

used because the two pieces mining equipment depend on each other 

for production, i.e. a loader and an off highway truck). 

Fuel, lube oil and grease 

Operator cost 

Mettelmann then postulates that a method to determine the best time to 

replace the mining equipment would to plot above costs on a graph and when 

the slope of the cumulative cost graph becomes positive the mining 

equipment must be replaced. No examples or values are given to 

demonstrate the application of this method. He only makes the comment that 

accurate records are essential. He then goes further to discuss the Net 

Present Value method to calculate when to replace the current mining 

equipment with newer mining equipment. He, however, never uses the Net 

Present Value method to determine mining equipment's economic life span. 

The conclusion reached is that the above-mentioned financial methods do not 

supply a definite answer to the question as to when to replace mining 

equipment. All the methods discussed make an assumption (mostly the length 

of the period) that makes the answer incomplete in the context of suggesting 

an appropriate economic life span of the mining equipment. 

2.6 The methods used in capital budgeting 

This section of the literature study is undertaken to determine if the capital 

budgeting methods can be used as criteria to determine the economic life 

span of mining equipment. 
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Ross, Westerfield, Bradford & Firer (2001:22) give several financial definitions 

and discuss ways to determine the cost of projects and calculate the break-

even point of a new project. 

According to Ross et al. (2001:22), the major different methods used in capital 

budgeting are the following: 

Net Present Value method 

The payback rule (and the discounted payback rule) 

The Internal rate of return (IRR) 

The Net Present value method's theoretical background as well as the 

payback rule and the internal rate of return's theoretical background is found 

in this text. Ross et al. (2001:22) also discusses different applications for the 

Net Present Value method. 

A general background and a discussion on the advantages and 

disadvantages of using the different methods will now be given. 

2.6.1 The Net Present Value method 

The Net Present Value calculation determines the difference between the 

market value and the cost of future cash flows. If the result of the calculation 

for the Net Present Value method is positive, the project/investment should be 

undertaken/made. If the result is negative, no investment should be made or 

the project should be discarded. 

This method is also known as the Discounted Cash Flow method, where the 

cumulative cash flows are discounted back to today's value and then used in 

the calculation. The advantage of the method is that it is robust without any 

visible drawbacks (Ross et al., 2001:22). It is also straightforward to apply. 
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2.6.2 The payback rule 

The payback rule is the time it will take, to repay an investment. Thus, this 

method adds the cumulative cash flows. Should this value be greater than the 

original investment it is said that payback has been achieved. 

This method has two big flaws, namely that the time value of money is ignored 

and secondly the cash flows after the investment is made are ignored. The 

advantage of payback rule is that it is very easy to apply and easy to 

understand and explain. 

A variation of the payback rule is the discounted payback rule. This rule takes 

into account the time value of money. Thus, the investment is acceptable if 

the discounted payback is achieved in a certain amount of time. Ross et al. 

(2001:22) indicate that this method may reject positive Net Present Value 

calculations. 

2.6.3 The internal rate of return  

This method is closely related to the Net Present Value method. The internal 

rate of return is the required rate on an investment, calculated where the Net 

Present Value method results in a zero value. A project or investment should 

be accepted when the internal rate of return exceeds a certain return. The 

biggest disadvantage of the internal rate of return is that the method cannot 

accommodate non-conventional cash flows (Ross et al., 2001:22). 

2.7 Considerations when selecting a method 

After reviewing the literature and investigating the different methods, the 

decision was made to use the capital budgeting methods. These are the only 

methods that give an indication of the economic life span of mining 

equipment. 
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Two of the capital budget methods considered namely, the payback method 

and the internal rate of return, were not selected because some of the 

drawbacks of the methods identified in the literature were deemed not to-be 

suitable for this study. These drawbacks will either lead to results that cannot 

be used, or that are not suitable for the purpose of determining the economic 

life span of mining equipment. 

The payback method was not selected, as it is not geared for long projects 

(payback is not achieved early, because mining equipment can be seen as 

are specific projects with a longer duration). On the other hand, the internal 

rate of return method requires conventional cash flows. The problem of 

determining the economic life of mining equipment can also have non-

conventional cash flows, which means that this method is un-reliant. These 

non-conventional cash flows can occur if, for example, major repairs are 

needed on the mining equipment early in the mining equipment's life, resulting 

in the expenditure being more than the income. 

The Net Present Value method was selected as the preferred method, as 

there are no serious flaws reported with regard to the implementation of the 

method. It can also accommodate non-conventional cash flows and projects 

of a longer duration. 

This study will thus only concentrates on the Net Present Value method due to 

the generality of the method and the ease of application. 

2.8 Closure and preview 

The findings of the literature study can be summarised as follows: 

> Various methods exist to determine financial and project risk 

> A limited number of studies have been done to determine the economic 

life span of mining equipment 
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> The small number of studies that exist usually compares current mining 

equipment to new mining equipment. This causes a problem because 

the improvements of the new mining equipment are not always known 

in advance. 

> Other methods that exist that investigate the economic life of mining 

equipment do this over short periods (up to 35,000 hours). 

In view of the above-mentioned facts, the conclusion can be drawn that it is 

highly relevant to investigate the criteria for determining the economic life 

span of mining equipment, but over longer periods. This study will investigate 

the applicability of the Net Present Value method in determining the life span 

of mining equipment over a longer period. 

The replacement of mining equipment is a highly involved subject. Many 

factors/components influence the decision. From BEC's perspective, where 

the company maintains the mining equipment for the customers, some of the 

factors do not have that a big effect. 

In the next chapter the theoretical background for the Net Present Value 

method will be discussed. The methodology followed when applying the Net 

Present Value method to determine the economic life span will be explained 

and the assumptions made will also be discussed. 
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3 The Net Present Value method model 

3.1 Introduction and overview 

This chapter starts with a discussion of all the costs that influence the term 

cost per ton. This is done to identify all the costs that influence the operation 

of mining equipment. In the next paragraph the theoretical background of the 

Net Present Value method is given. The last section of the chapter deals with 

the model development and all the important assumptions are listed and 

discussed. 

3.2 Costs that influence production 

In the mining industry, the term cost per ton is very important, because it is 

used to determine the production costs of the mine. The objective of the 

mines is to lower the cost per ton as far as possible. This will increase the 

mine's profitability. The mining equipment generates "productivity" at a cost 

and this productivity produces material that has a monetary value and can be 

sold. 

The following diagram demonstrates the concept of cost per ton. 
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Lubricants 	Machine Capital 	Residual Value 

	

Fuel 	 4, 	 Tires/OC 

	

Maintenance a Repair 	 ►  Cost ∎ 	Operator 

Cycle Times 

  

Ton  
I 

Payload 

 

Operator 
Efficiency 

   

From this diagram above it is clear that the following costs influence the 

calculation of cost per ton on the cost side (numerator): 

Mining equipment capital (capital to buy mining equipment as well as 

interest on the borrowed amount) 

Lubricants (this includes waste and disposal cost of the used 

lubricants) 

Diesel fuel used to operate the mining equipment 

Maintenance and repair cost (including initial tooling, salary costs of the 

maintenance and repairs staff and the planning/supervising costs) 

Residual value (of the components) of the mining equipment 

Tires/under carriage cost of the equipment 

Operator cost (training and salary costs of the operators) 

The following influences from the production side act as denominators in the 

equation: 

Cycle times (how fast the mined "earth" can be delivered for 

production) 

Payload (how much of the mined "earth" can be moved per cycle) 

Operator efficiency (how efficient is the operator in using the mining 

equipment) 

As can be seen from the above the replacement of the old mining equipment 

with new mining equipment will have a larger influence on the denominator, 

because it will decrease the cycle times with an increased payload. This will 

lead to and increase in tonnage and a decrease in the cost per ton, because 
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the costs are kept constant. The reason for the costs staying constant is the 

closeness of the different product offerings of the different suppliers. 

In the contracts between BEC and the customers, BEC undertakes to manage 

two components that influence the cost per ton calculation. These are the 

maintenance and repair costs and the residual value of the components. The 

maintenance and repair cost will have a bigger impact on the attractiveness of 

the contract as it makes up the biggest portion of the cost. Therefore, this 

study will concentrate on this aspect of the cost per ton calculation. 

3.3 Net Present Value method 

The Net Present Value method is a capital budgeting technique that uses 

discounted cash flows to compare the present value of an investment with the 

expected future cash inflows and outflows. The Net Present Value method 

determines the difference between the present values and the expected 

inflows and outflows of the future cash flows. Thus, the Net Present Value 

method compares the value of one rand today with the value of one rand in 

the future. The value changes because of the influence of inflation. The future 

value of the rand is discounted by a certain rate, which is usually the highest 

rate at which you can invest your money, minus the risk-adjusted rate or the 

lowest rate that you can borrow money at. 

The basic formula that is used to calculate the present value is the following: 

PV = Fife/ 
(1+ r 	 (3.1) r 

where 

PV 	Present value of future cash flows 

FVt 	Future value cash flows 

R 	Interest rate per period 
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t 	Number of periods 

The main idea behind the Net Present Value method is to determine when the 

proposed investment or project will be worth more than the original capital 

outlay than it costs or when the investment/project will start to add value to the 

company. 

If the value, calculated from equation (3.1) is a positive value, it will indicate 

that the investment/project has added value to the company. If the value 

calculated for equation (3.1) is negative, no value is created for the company. 

Ross et al. (2001:22) raises a few issues regarding the Net Present Value 

method, which should be taken into account when using this method. 

Sunken costs — current or future company expenditure, regardless of 

whether the project will go ahead or not. This must not be included in 

the calculation for the Net Present Value. 

Opportunity costs — past expenditure related to, for example, tooling 

equipment. The company will be using this tooling equipment in the 

project. This must be used in the calculation. The value used must be 

the current value and not the value when the tooling was acquired. 

Side effects — for example, the company decides on one project, but to 

staff the project it uses labour that was hired for a completely different 

purpose or project. The income that the company should have 

generated from this other purpose must now also be covered by the 

project or taken into account as an additional cost (negative cash flow). 

Networking capital — this will normally be the start-up capital to 

establish site offices, inventories and to pay for accounts receivable. 

Financing costs — in evaluating the Net Present Value method the 

interest and dividends are ignored, as only the cash flow generated by 

the project is of interest for this study. 
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3.4 Developing the model 

A discussion will now follow on the aspects of the approach followed to 

calculate the economic life of the mining equipment by using the Net Present 

Value method. 

3.4.1 Budgeting 

Y. Marot (private discussions, 2001-2003) has contributed to the methodology 

of MARC management. Marot supplied most of the component lives and 

specifics regarding the lengths of the contracts that is used to compile the 

budget. 

The budgets for the mining equipment are created for a period that is 

perceived to be the correct period. Sometimes the customer specifies in the 

bidding request document that they want to utilise the mining equipment for 10 

years and 5,000 hours per year. Then the Life Cycle Cost (LCC) is drawn up 

for 50,000 hours. For the purpose of this study a budget for 50,000 hours is 

taken into account and then extended to 100,000 hours. In this extended 

budget, the intervals are kept the same as the original interval, i.e. 5,000 

hours. The following rate table is used in the example in Table 3 on page 31 

and is the result of extending Table 1 (page 2) to 100,000 hours. 

Start hours End hours Rate per hour 

1 5,000 R 10.37 

5,001 10,000 R 82.76 

10,001 15,000 R 268.88 

15,001 20,000 R 178.69 

20,001 25,000 R 218.58 

25,001 30,000 R 133.06 

30,001 35,000 R 10.37 

35,001 40,000 R 384.57 
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40,001 45,000 R 82.76 

45,001 50,000 R 31.54 

50,001 55,000 R225.93 

55,001 60,000 R159.79 

60,001 65,000 R99.32 

65,001 70,000 R6.19 

70,001 75,000 R379.60 

75,001 80,000 R6.19 

80,001 85,000 R259.11 

85,001 90,000 R226.00 

90,001 95,000 R0.00 

95,001 100,000 R259.11 

Average R151.41 

Table 2 Rate table 

3.4.2 Network capital  

To operate mining equipment, start-up capital is needed for the expenses on 

the truck as well as to establish inventories of parts for the truck. In the 

application of the Net Present Value method, this capital is known as the Net 

Working capital (in the example of the method given in Table 3 (page 31), this 

is (a)). At the end of the project, this money must be available again. 

The money set aside for the Net Working capital must be sufficient in value to 

cover expenses over any period of the contract. To determine the amount of 

money that must be put aside for the Net Working Capital the following 

procedure is used: the model compares all the operating cash flows over the 

life of the mining equipment and the maximum value is used for the 

networking capital's value. In Table 3 (page 31), for example the maximum 

"Total cash flow' occurs in the last period and is R767,325. 
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3.4.3 Tooling cost 

For the tooling cost ((b) in Table 3 (page 31)), this study assumes that the 

tooling required will be ten percent of the cost of a new mining equipment 

divided by the number of the mining equipment (the mining equipment will use 

the same tooling and can thus share the cost). This tooling cost includes all 

the special tooling, such as lifting tools as well as the repair manuals. In the 

example given in Table 3 (page 31), the cost of a new mining equipment is 

R15,229,685. This value is then divided by the number of mining equipment of 

the same model on the contract (5), which give R3,045,937. Ten percent of 

this value is then R304,593. 

3.4.4 Cash flow 

The sales (expected income (c) in Table 3 (page 31)) is the invoices that the 

customer will be charged for the use of the mining equipment (SMRHours used x 

Hourly rate). For period 1, for example, the mining equipment operates for 

5000 hours and the rate per hour is R10.37 (see Table 2 (page 28-29) for the 

different rates). Thus, the income will be R51,850, which is made up by 5000 

x R10.37 or R51,850. 

The expenses ((d) in Table 3 (page 31)) will be the expenses that are used to 

repair the mining equipment in case of a failure. This will typically be the 

cumulative costs of all the work orders open over the 5,000-hour period. 

The operating cash flows are the difference between the sales (expected 

income) and the expenses. 

3.4.5 General  

Because the study also assumes that the mining equipment is the property of 

the customer, all the owning costs (other expenses such as fuel, tyres and 

operator's salaries) will be for the customer's account. The depreciation of the 
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customer's mining equipment is not included in the study. This study includes 

the depreciation of the tooling and the tax on the cash flow. Tax is calculated 

at a rate of 30% as prescribed in Ross et a/. (2001:22). The depreciation of 

the tooling is written off over a five-year period (Ross et al., 2001:22). 

At the end of the contract, it is further assumed that some of the tooling can 

still be used or have a commercial value. The profit made on the sale of this 

tooling is taken care of in calculation (g) in Table 3 (page 31) in the example. 

The following table (Table 3 (page 31)) gives an example of the calculation of 

the model developed. 

For each of the intervals in Table 3 (page 31) the Net Present Value method is 

calculated to determine if the mining equipment has a positive Net Present 

Value up to that period. The period that returns a positive value, is then 

assumed as the lower boundary of the economic life of the mining equipment. 

The mining equipment must be used at least up to this interval before 

replacing the mining equipment to add value to the company. 
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Expenses (d)  
Repair costs 

Other Expenses 

Total 

31,110 I 	248,280 806,640 536,070 . 	655,740 399,180 

31,110 
	

248,280 
	

806,640 
	

536,070 
	

655,740 
	

399,180 

CAPITAL PROJECT CASH FLOW EVALUATION 
Machine Hours 	 5,000 	10,000 

Rate 	 R10.37 	R82.76 

15,000 20,000 25,000 30,000 

R268.88 R178.69 R218.58 R133.06 

Year 6 1 2 3 4 5 

11 

Cost of Acquisition 

Machine 

Net working Capital (a) 

Tooling (additional) (b) 

Sales (Expected income) ( c) 

Expenses (d) 

Operating Cash Flow (e) 

Tax Paid (f) 

Residual value of tooling (salvage value) 

Tax on salvage value (tooling) 

Net working Capital (a) 

Total Cash Flow 

Cumulative Cash Flow 

-767,325 

-304,594 

51,850 413,800 1,344,400 893,450 1,092,900 665,300 

-31,110 -248,280 -806,640 -536,070 -655,740 -399,180 

20,740 165,520 537,760 357,380 437,160 266,120 

-31,380 -143,052 -88,938 -112,872 -79,836 

60,919 

-18,276 

767,325 

-1,071,919 	20,740 	134,140 	394,708 	268,442 	324,288 	996,252 

-1,051,179 	-917,039 	-522,331 	-253,890 	70,398 	1,066,650 

20,740 165,520 537,760 357,380 437,160 266,120 

-60,919 -60,919 -60,919 -60,919 -60,919 - 

-40,179 104,601 476,841 296,461 376,241 266,120 

- 31,380 143,052 88,938 112,872 79,836 

-1,051,1791 -917,0391 -522,3311 -253,8901 70,3981 1,066,650 

Tax Paid (f)  
Operating Cash Flow 

Wear & Tear 

Machine (depreciation) 

Tooling (depreciation @ 20%/year) 

Taxable Income 

Tax Payable 

NPV for the periods 

Table 3 Example of the calculation 

The result of the calculation is then displayed in a graph (Figure 2 (page 32) to 

determine the lowest boundary for the economic life of the mining equipment. 

This study assumes that the lowest boundary for the economic life of the 

mining equipment is indicated by the point on the graph where it changes from 

a negative to a positive value. 
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Figure 2 Example of the graph of the Net Present Value method 

3.4.6 Assumptions made in this study 

The following assumptions where made: 

In preparing the budget the cost of a repair of a component (for 

example an engine) is determine according to the following principle: 

80% of the time the repair incident will occur before failure and 20% of 

the time, after failure. Thus, the following formula is used: Cost of repair 

= 0.8 x (before failure price) + 0.2 x (after failure price). 

On the major components, the assumption is made that the second life 

(amount of hours that the component will last) will be less then the first 

life (10%), but the second, third and the following lives will be the same. 

It is also assumed that the components to be replaced are replaced 

with new components. The effect of this would be that the life assumed 

in the previous point, will be achieved, because in this point a reduction 

is built into the life of the component. 
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It is expected that all maintenance will be done and will be of excellent 

quality. The study assumes that the maintenance on the mining 

equipment will be performed as per the prescribed manufacturer 

schedule. No maintenance task on the mining equipment will be 

missed. Thus for purposes of the study, maintenance will not be taken 

into account. Money received will be equal to money spent to maintain 

the mining equipment. Thus, the maintenance will not influence the risk 

model. 

The same can be said about tyre expense. The cost will occur without 

any effect on the life span of the mining equipment. 

Production cost is ignored (cost of fuel and operator salaries) — the 

mine will carry the cost. 

This study assumes that no operator abuse occurs on the mining 

equipment. It also assumes that no accidents happen that will lower the 

life of the mining equipment that is involved in the accidents. 

Inflation is indirectly taken into account. The costs on both sides of the 

equation are escalated by an agreed percentage. On the supply side 

the parts are increased annually by the: 

suppliers 

the rate of exchange fluctuations 

These increases are passed on to the mine by increase in the rate 

table. 

All cash inflows and outflows are represented in this study when the 

costs occur and not when the transaction is recorded. 

The capital cost of acquiring of the mining equipment is for the 

customer's account. 

No penalties (for production or availability) are taken into account. 

The key performance indicators such as availability, MTTR (mean time 

to repair) and MTBS (mean time between stoppages) are not taken into 

account. An increase in MTTR and a decrease of MTBS usually 

indicate that mechanical components have reached the end of their life 

span. 
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3.5 Closure and overview 

This chapter explored the theoretical background of the model. The proposed 

model was also given and all the influences discussed. All the assumptions 

were given and explained. In the next chapter, the method is applied to 

different mining equipment and the results of the method are discussed. 
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4 Results 

4.1 Introduction and overview 

The previous chapter, focussed on the model incorporating the Net Present 

Value method. This chapter explores the results that were acquired from the 

application of the model on three different mining equipment models to 

determine the economic life span of the mining equipment. 

4.2 Results 

The model is tested against a selection of current mining equipment on the 

maintenance and repair contract at one site. Only one site was selected to 

rule out site differences such as travel cost, which are included or not included 

on the work order level (and thus influence the outflow cash flow) and cannot 

be identified separately in the assumptions. 

The selected mining equipment is five Off Highway Trucks (mining equipment 

on which the model is developed on), two Wheel Loaders and two Front 

Shovels. The latter two models' selection was done to compensate for the in-

accuracy of the budgets of the mining equipment (if in-accuracy exists), as 

this could influence the decision with regards to the applicability of the model. 

The following results were obtained from the study: 
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4.2.1 Off Highway Trucks 

The results of the original Off Highway Trucks (OHT) budget and the five 

pieces of mining equipment on the contract are displayed in Table 4. The 

results and calculations are shown in Appendix B. 

Mining 
Current hours Life in hours for positive NPV 

equipment 

OHT Budget 50,000 40,000 

OHT 1 25,912 27,361 

OHT 2 25,999 42,469 

OHT 3 24,592 42,998 

OHT 4 21,997 23,455 

OHT 5 23,032 24,479 

Table 4 The Off Highway Truck results 

As can be seen from the graphs, all the Off Highway Trucks achieve a positive 

Net Present Value. The "Off Highway Truck Budget" suggests a life span of 

40,000 hours before the asset will add value to the shareholders money. 

Three of the test cases have a positive Net Present Value before 40,000 

hours and two after that period. This illustrates the fact that not all mining 

equipment are the same (even if it is the same model) and must be looked at 

individually. BEC has assumed that 50,000 hours is a good estimate for the 

economic life span of the mining equipment and this assumption seem to be a 

good choice. The following graphs illustrate these results: 
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Figure 3 The Net Present Value method applied to the budget of the Off Highway Truck 

NPV (Truck 11 

5000000 

4000000 

3000000 

2000000 

1000000 

0 . . . . . . 	. 

1 
. 

2 
. 	. 

3 
. 

5 
. 

6 7 

• 
8 5 10 11 12 13 14 15 18 17 18 19 20 21 

1000000 

"nnnnnn 

Period 

Figure 4 The Net Present Value method results for Off Highway Truck one 
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Figure 5 The Net Present Value method results for Off Highway Truck two 
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Figure 6 The Net Present Value method results for Off Highway Truck three 
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Figure 7 The Net Present Value method results for Off Highway Truck four 
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4.2.2 Wheel Loaders 

The results of the Wheel Loaders (WL) budget and the two pieces of mining 

equipment on the contract are displayed in Table 5. The results and 

calculations are shown in Appendix C. 

Minin! 
Current hours Life in hours for positive NPV 

equipment 

WL Budget 35,000 60,000 

WL 1 27,256 59,158 

WL 2 23,959 25,835 

Table 5 The Wheel Loaders results 

As can be seen from the graphs, all the Wheel Loaders achieve a positive Net 

Present Value calculation. The 'Wheel Loader Budget" has the highest hours 

before the Net Present Value calculation becomes positive, namely 60,000. 

The two Wheel Loaders become positive at different times. This equipment 

arrived on the site at different times (approximately a year apart). This could 

influence the Net Present Value calculation dramatically because all the 

mistakes made when repairing the one piece of mining equipment could be 

avoided on the next piece of mining equipment. BEC assumed that the 

economic life span of the mining equipment is 35,000 hours and looking at the 

results this seems to be low. This value was definitely influenced by prior 

experience of the mining equipment. The study also suggests that the first 

piece of mining equipment (Wheel Loader 1) must be evaluated on a regular 

basis. 
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Figure 9 The Net Present Value method results for Wheel Loader budget 
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Figure 10 The Net Present Value method results for Wheel Loader one 
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Figure 11 The Net Present Value method results for Wheel Loader two 

4.2.3 Front Shovels 

The results of the Front Shovels (FS) budget and the two pieces of mining 

equipment on the contract are displayed in Table 6. The results and 

calculations are shown in Appendix D. 

Mining 
Current hours Life in hours for positive NPV 

equipment 

FS Budget 30,000 50,000 

FS 1 19,103 Not positive 

FS 2 14,918 Not positive 

Table 6 The Front Shovel results 

As can be seen from the graphs, the Front Shovel budget achieved a positive 

Net Present Value, but the two mining equipment did not achieve a positive 

Net Present Value. Reasons for this could be that the budget was incorrect 
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and the actual cost was higher than expected. The life span of the 

components in the budget are also less than expected (meaning that more 

repairs are needed than expected). 

BEC has initiated an investigation into costs to determine whether all the costs 

are for the mining equipment account. In other words, some of the costs could 

have been warranty costs. This will definitely lower the expenses and will 

result in a positive Net Present Value. 

NPV (Budget) - Front Shovel 
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Figure 12 The Net Present Value method results for the Front Shovel Budget 
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4.3 Closure and preview 

In this chapter, the results of applying the model on selected mining 

equipment were discussed. In the following chapter, a conclusion will be 

reached regarding the applicability of the method used when determining the 

economic life span of mining equipment. Recommendations are also made for 

the use of the model and further studies. 
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5 Conclusion and recommendations 

5.1 Conclusion 

The study has originated as a result of the need to investigate the criteria for 

determining the economic life span of mining equipment. The results indicate 

that the model that was developed in Chapter 4 can be used as criterion for 

determining the economic life of mining equipment. 

The study supplies answers to the question of when the mining equipment will 

give a positive return on the investment. It will thus give a value for the 

economic life span of the mining equipment. This value, is the minimum time 

that the mining equipment can remain on the contract to ensure a positive 

return of the investment. If the mining equipment is utilised for a shorter period 

than planned, not all the money will be recovered and the mining equipment 

will give a negative return on the investment. 

The results can now be used to determine ways to achieve a positive Net 

Present Value (for example lower the cost with 10% to see if the Net Present 

Value becomes positive). The biggest advantage of the model is that it is 

robust and can thus be applied to new mining equipment (test of it will be a 

profitable contract) and current equipment. For current equipment a forward 

projection can be done, which will immediately highlight problematic mining 

equipment. A decision can then be made on the future of this mining 

equipment. 

5.2 Recommendations on the use of the model 

To make use of the model certain points must be taken into consideration: 
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The accuracy of the budget (the budget is dependent on the 

experience of the person drawing up the budgets of the specific mining 

equipment) 

Where the mining equipment will be applied (sometimes a budget is 

used for one mine to the next — a deeper pit will result in a slighter 

shorter lifetime of the components and thus higher costs) 

Conditions of use (accidents can lower the life expectations and can 

cause unforeseen costs) 

5.3 Recommendations for further studies 

The following recommendations can be made for further studies: 

Calculate the residual values of the components that make up the 

mining equipment for every period under investigation and relate this 

calculation to the current method. 

Repeat the study from the objective of the customer (taking ownership 

cost and production into consideration). 

Do a more accurate calculation of the network capital (start up capital) 

and equipment tooling cost to make sure all the costs, which could 

affect the study are taken into consideration. 

Repeat the study when the mining equipment completes a project cycle 

and compare the data and results with the current study. 

If a new generation of mining equipment is available, develop a method 

to take this into consideration (advantages of using the new mining 

equipment — better production, etc.) in the calculation of the economic 

life span of mining equipment. 
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Appendix B. Off Highway Trucks 

Appendix B includes the following: 

Off Highway Truck background 

The general information sheet 

The budget Net Present Value calculation 

The application on different mining equipment 

The component lives for the components and the replacement intervals 

Off Highway Truck Background 

The 785 Mining Truck (OHT) has a payload of 150 ton (136 metric ton). The 

Off Highway Truck is mainly used for hauling the production from the mined 

area to the crusher or the plant. This truck was developed for high production 

mining and construction applications. 
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Off Highway Truck 

Depreciation of machine 
Year Value 

1 	33% 
2 	33% 
3 	33% 
4 	0% 
5 	0% 
6 	0% 
7 	0% 
8 	0% 
9 	0% 

10 	0% 

Business Parameters 
Cost of Capital (Rate of Return on Money Used) (%) 
Marginal Tax Rate (%) 
Inflation (Projected Yearly Increase in Prices) (%) 
Projected Years of Vehicle Operation (# of years) 
Avg. Projected Gross Margin on Parts and labour (%) 

0.00% 
30.00% 

3.00% 
10 

80% 

100% 
Project Costs 

Depreciation of tooling Total Machine Purchase Price ( R) R 15,229,685.89 
Year Value Network Capital R 2,691,990.00 

1 	20% Additional tooling R 1,522,968.59 
2 	20% 
3 	20% Residual Values 
4 	20% Percentage of life of Machine 0% 
5 	20% Residual Value of Machine After Useful Life (R) Years R 
6 	0% Percentage of life of Tooling 0% 
7 	0% Residual Value of Tooling After Useful Life (R) Years R 
8 	0% 
9 	0% 	 Number of machines on the contract 5 

10 	0% 
100% 

Table 7 Off Highway trucks general information 
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Off Highway Truck  
Period 0-100,000 hours 

Description 
Qty  First 	 Times Cost / 

Interval 	 Total Costs 
 Chan e 	 Sched Interval 

Engine 1 18,000 18,000 5 526,821 2,634,106 

Turbocharger 1 9,000 18,000 6 26,737 160,422 

Muffler 1 18,000 18,000 5 70,278 351,390 

Cylinder Head Assembly 1 9,000 18,000 6 11,517 69,105 

Fuelsystem 1 9,000 18,000 6 37,514 225,084 

Cooling System 1 18,000 18,000 5 70,233 351,164 

Radiator 1 9,000 18,000 6 20,009 120,053 

ThermostatNVater Temperature Regulator 1 9,000 18,000 6 1,336 8,015 

Fan Drive 1 9,000 18,000 6 22,889 137,335 

Water Pump 1 9,000 18,000 6 10,518 63,107 

Electric System 1 6,000 6,000 16 23,511 376,183 

Battery 1 9,000 9,000 11 1,239 13,629 

Alternator 1 9,000 9,000 11 3,290 36,194 

Refrigerant Compressor 1 9,000 9,000 11 4,745 52,192 

Air Compressor 1 9,000 9,000 11 3,771 41,479 

Torque Converter, Torque Divid 1 12,000 12,000 8 7,725 61,797 

Torque Converter 1 12,000 12,000 8 66,517 532,137 

Pump Drive 1 9,000 9,000 11 7,787 85,653 

Torque Converter/Transmission pump 1 9,000 9,000 11 6,374 70,111 

Power Shift Transmission 1 12,000 12,000 8 144,564 1,156,514 

Drive Line/Drive Axle 1 12,000 12,000 8 24,492 195,936 

Drive Shaft 1 12,000 12,000 8 19,915 159,317 

Differential 1 12,000 12,000 8 68,758 550,060 

Final Drive 2 12,000 12,000 8 189,416 1,515,320 

Wheel Assembly 2 9,000 9,000 11 53,140 584,530 

Wheel Hub Assembly 2 9,000 9,000 11 53,190 585,090 

Braking System 1 9,000 9,000 11 119,324 1,312,564 

Brake Accumulator 1 9,000 9,000 11 7,482 82,302 

Steering System 1 9,000 9,000 11 40,568 446,248 

Steering Cylinder 1 12,000 12,000 8 20,291 162,330 

Steering Pump 1 9,000 9,000 11 6,731 74,041 

Hydraulic System 1 12,000 12,000 8 27,928 223,424 

Hydraulic Hoist Pump 1 9,000 9,000 11 13,319 146,509 

Table 14 Component lives (Off Highway Trucks) 

59 



www.manaraa.com

Appendix C. Wheel Loaders 

Appendix C contains the following: 

Wheel Loader background 

The general information sheet 

The budget Net Present Value calculation 

The application on different mining equipment 

The component lives for the components and the replacement intervals 

Wheel Loader background 

The Wheel Loader is used to load the Off Highway Trucks at the production 

area. The Wheel Loader has a bucket capacity of 11.5 to 12.3 m 3 . The 

advantage of the Wheel Loader over the Front Shovel is the mobility it offered. 
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Cost of Capital (Rate of Return on Money Used) (%) 
Marginal Tax Rate (%) 
Inflation (Projected Yearly Increase in Prices) (%) 
Projected Years of Vehicle Operation (# of years) 
Avg. Projected Gross Margin on Parts and labour (%) 

18.00% 
30.00% 

3.00% 
10 

80% 

Business Paramaters 

Project Costs 
Total Machine Purchase Price ( R) 

	
R 11,642,850.00 

Network Capital 
	

R 	827,652.00 
Additional tooling 
	

R 1,164,285.00 

Residual Values 
Percentage of life of Machine 

	
0% 

Residual Value of Machine After Useful Life (110 Years R 
Percentage of life of Tooling 

	
0% 

Residual Value of Tooling After Useful Life (R 10 Years R 

Number of machines on the contract 
	

2 

Wheel Loader 

Depreciation of machine 
Year Value 

1 	33% 
2 33% 
3 33% 
4 	0% 
5 	0% 
6 	0% 
7 	0% 
8 	0% 
9 	0% 

10 	0% 
100% 

Depreciation of tooling 
Year Value 

1 	20% 
2 20% 
3 20% 
4 20% 
5 20% 
6 	0% 
7 	0% 
8 	0% 
9 	0% 

10 	0% 
100% 

Table 15 Wheel Loaders general information 
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Wheel Loader 
Period 0-100,000 hours 

Description 
First 	 Times 

Qty 	 Interval 
Cost / Total 

Engine 1 
_.._..__ 

16,000 16,000 6 391,020 2,346,120 

Air Induction & Exhaust System 1 16,000 16,000 6 26,360 158,160 

Turbocharger 2 8,000 8,000 12 17,620 211,440 

Fuel Injection Valve/nozzle 1 8,000 8,000 12 35,560 426,720 

Cooling System 1 16,000 16,000 6 19,290 115,740 

V-Belt(S) 1 1,500 1,500 66 1,380 91,080 

Water Pump 2 8,000 8,000 12 10,924 131,088 

Battery 4 8,000 8,000 12 4,676 56,112 

Alternator 1 8,000 8,000 12 5,390 64,680 

Starting System 1 8,000 8,000 12 15,170 182,040 

Refrigerant Compressor 1 8,000 8,000 12 4,390 52,680 

Air Compressor 1 8,000 8,000 12 9,487 113,844 

Torque Converter 1 12,000 12,000 8 43,710 349,680 

Pump Drive 1 10,000 10,000 10 48,705 487,050 

Power Shift Transmission 1 12,000 12,000 8 151,365 1,210,920 

Universal Joint 4 12,000 12,000 8 32,340 258,720 

Drive Shaft 2 18,000 17,820 5 32,060 160,300 

Differential 2 14,000 14,000 7 134,040 938,280 

Axle Housing Assembly 2 14,000 14,000 7 17,190 120,330 

Final Drive 4 14,000 14,000 7 377,160 2,640,120 
Braking System 1 24,000 24,000 4 20,495 81,980 

Braking System.Front 1 14,000 14,000 7 51,020 357,140 

Braking System.Rear 1 14,000 14,000 7 25,510 178,570 

Steering System 1 23,000 23,000 4 14,070 56,280 
Steering Cylinder 2 10,000 10,000 10 18,740 187,400 
Hydraulic System 1 10,000 10,000 10 11,120 111,200 
Hydraulic System 1 23,000 23,000 4 52,605 210,420 
Hydraulic Pump, Vane-Type 2 10,000 10,000 10 100,290 1,002,900 
Hydraulic Hosesilines 1 8,000 8,000 12 3,890 46,680 
Hydraulic Pump, Gear-Type 1 10,000 10,000 10 12,975 129,750 
Lift/Hoist Cylinder 2 10,000 10,000 10 48,120 481,200 
Tilt Cylinder 1 10,000 10,000 10 45,120 451,200 
Articulation Cylinder 2 10,000 10,000 10 17,340 173,400 
Loading Implements 1 12,000 12,000 8 25,510 204,080 
One-Piece Boom 1 18,000 18,000 5 249,387 1,246,935 
Bucket Linkage 1 3,000 3,000 33 8,475 279,675 
Machine 1 12,000 12,000 8 30,510 244,080 
Frame 1 23,000 23,000 4 92,285 369,140 
Articulated Pivot Pin 1 15,000 15,000 6 84,360 506,160 
Air Conditioner 1 2,000 2,000 50 1,195 59,750 
ROPS/FOPS Cab 1 23,000 23,000 4 136,700 546,800 
Gauges & Indicators 1 12,500 12,500 8 12,560 100,480 
Miscellaneous 1 1,500 1,500 66 1,149 75,834 

Table 19 Component lives (Wheel Loaders) 
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Appendix b. Front shovels 

Appendix D contains the following: 

Front Shovel background 

The general information sheet 

The budget Net Present Value calculation 

The application on different mining equipment 

The component lives for the components and the replacement intervals 

Front Shovel background 

The Caterpillar 5230 Front shovel weighs approximately 327 000 kg. The front 

shovel buckets range from 15.5 m 3  to 17.0 m3. The 5230-size class is ideally 

suited for loading the Off Highway Truck. The advantage of the Front Shovel 

over the Wheel Loader is the greater break-out force it offers. 
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Front Shovel  

Depreciation of machine 
Year 	Value 

1 	33% 

2 	33% 
3 	33% 
4 	0% Business Paramaters 
5 	0% Cost of Capital (Rate of Return on Money Used) (%) 18.00% 
6 	0% Marginal Tax Rate (%) 30.00% 
7 	0% Inflation (Projected Yearly Increase in Prices) (%) 3.00% 
8 	0% Projected Years of Vehicle Operation (# of years) 10 
9 	0% Avg. Projected Gross Margin on Parts and labour (%) 80% 

10 	0% 
100% 

Project Costs 
Depreciation of tooling Total Machine Purchase Price ( R) R 32,513,268.00 
Year 	Value Network Capital R 	4,153,212.00 

1 	20% Additional tooling R 	3,251,326.80 
2 	20% 
3 	20% Residual Values 
4 	20% Percentage of life of Machine 0% 

5 	20% Residual Value of Machine After Useful Life 10 Years R 
6 	0% Percentage of life of Tooling 0% 

7 	0% Residual Value of Tooling After Useful Life (I 10 Years R 
8 	0% 

9 	0% 	 Number of machines on the contract 2 
10 	0% 

100% 

Table 20 Front Shovel general information 
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Front Shovel  
Period 0-100,000 hours 

Description Qty First Change 	Interval 
Times Cost / Total 

Costs 
Engine 1 16,500 14,850 6 965,564 5,793,384 

Turbocharger 4 7,000 7,000 14 54,064 756,896 

Muffler 1 7,000 7,000 14 77,986 1,091,804 

Cylinder Head Assembly 1 8,000 8,000 12 35,174 422,088 

Fuelsystem 1 7,000 7,000 14 56,312 788,368 

Cooling System 1 8,000 8,000 12 112,397 1,348,764 

Radiator 1 15,000 15,000 6 36,355 218,130 

Thermostat/Water Temperature Regulator 1 8,000 8,000 12 6,432 77,184 

Water Pump 1 8,000 8,000 12 7,772 93,264 

Hydraulic Fan Motor 1 8,000 8,000 12 16,687 200,244 

Hydraulic Fan Pump 1 8,000 8,000 12 6,509 78,108 

Bectric System 1 16,000 16,000 6 81,986 491,916 

Battery 1 6,000 6,000 16 4,020 64,320 

Alternator 1 7,000 7,000 14 4,806 67,284 

Prelub Starter 1 6,000 6,000 16 11,166 178,656 

Refrigerant Compressor 1 8,000 8,000 12 4,493 53,916 

Air Compressor 1 8,000 8,000 12 13,742 164,904 

Pump Drive 1 16,000 14,720 6 86,255 517,530 

Final Drive 2 16,000 14,720 6 1,178,128 7,068,768 

Undercarriage 2 12,000 12,000 8 1,758,926 14,071,408 

Track Roller Frame 2 24,000 24,000 4 962,820 3,851,280 

Sprocket Segment 2 12,000 12,000 8 395,976 3,167,800 

Parking Brake 1 10,000 9,200 10 23,245 232,450 

Hydraulic Propel/Drive Motor 4 12,000 11,040 8 159,872 1,278,976 

Hydraulic System 1 18,000 16,200 6 638,011 3,828,066 

Hydraulic Motor, Piston•Type 1 12,000 11,040 8 85,578 684,624 

Swivel 1 6,000 6,000 16 21,720 347,520 

Hydraulic Pump, Gear-Type 1 9,000 8,550 11 475,134 5,226,474 

Pilot Pump 1 9,000 8,550 11 5,640 62,040 

Shovel Boom Cylinder 2 8,000 7,600 13 106,638 1,386,294 

Bucket Cylinder 2 8,000 7,600 13 98,312 1,278,056 

Stick Cylinder 2 8,000 7,600 13 73,684 957,892 

Swing Drive 1 15,000 13,800 7 338,277 2,367,939 

Swing Pump 1 12,000 11,040 8 64,838 518,704 

Loading Implements 1 12,000 12,000 8 710,100 5,680,800 

Bucket Control 1 9,000 9,000 11 181,084 1,991,924 

Frame 1 22,000 22,000 4 96,084 384,336 

Swing Gear/Bearing 1 21,000 21,000 4 380,835 1,523,340 

Body 1 15,000 15,000 6 18,678 112,068 

Air Conditioner 1 25,000 25,000 4 11,963 47,852 

ROPS/FOPS Cab 1 25,000 25,000 4 45,329 181,316 
Automatic Lubrication System 1 7,000 6,650 14 29,761 416,654 
Electronic Control Data Manage 1 16,000 16,000 6 76,407 458,442 
Miscellaneous 1 1,000 1,000 100 13,557 1,355,700 

Table 24 Component lives (Front Shovel) 
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