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Executive Summary 

 

A well-constructed corporate valuation is an arduous task requiring detailed analysis, cogent assumptions 

and executed in a clear, synthesised manner. Traditional DCF analysis, whilst used by the majority of the 

investment community has its weaknesses. The ability for the model to incorporate future flexibility is 

limited. The valuation of a company is a subjective process that needs to incorporate future expectations in 

an uncertain environment. The DCF model is presented on the proviso that investment decisions are fixed, 

naturally assuming that management take a passive role. This however is contradictory to the philosophy of 

management and the expectations of the investment community. Real option valuation (ROV) allows for 

flexibility. Building upon the DCF model, ROV recognises that uncertainty isn’t merely represented by 

downside risk. The ability for corporations to adjust future investments decision when faced with a dynamic 

environment leads to lower downside risk and the ability to capture increased upside potential. 

  

The thesis is presented in three parts. The first section provides a theoretical framework, highlighting the 

main characteristics of the present value technique and juxtaposing this with ROV. The theory is then 

implemented in part two of the thesis through a valuation of a case company. Gloucester Coal, an Australian 

based coal mining company is the focus of this piece. An overview of the coal industry and Gloucester Coal 

is presented. The valuation is then executed in three parts. Firstly the DCF valuation assuming no flexibility 

is presented, secondly the terminal value as represented by exploration activities is discussed. A ROV 

building upon the inherent flexibility in the operating mines is then incorporated. This process involved 

volatility estimation, Monte Carlo simulation and payoff structure analysis. A binomial lattice model is used 

to model the option to expand or abandon the production assets. Finally, a comparison to analyst valuations 

and concluding remarks are provided. 

 

The valuation resulted in a fair value of $8.02 AUD per share. The incorporation of a ROV framework 

resulted in a 14% increase in Enterprise Value assuming no flexibility. The valuation and financial model 

incorporated throughout the body of this text is presented in the first three parts of the appendix. The thesis 

demonstrates that there is value in uncertainty and management does have the ability to react to new 

information.  

 

The utilisation of ROV provides the ability for the investment community to recognise the strategic options 

management carry and assess their performance in execution. Building upon a fully developed DCF 

valuation of Gloucester Coal, a pragmatic approach is demonstrated with the aim of transcending the 

academic realm to provide the reader with a palpable valuation tool.  
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Introduction 

1.1 Background 

The valuation of a company is a subjective process, riddled with difficulty. Thankfully, stock markets 

provide investors with relative asset valuations and efficient price formation. However, how does the market 

reach consensus on a company’s valuation and what tools are employed to reach this valuation? There is 

growing theoretical evidence that company valuations exceed that of conventional valuation methods 

(Discounted Cash Flow) and this difference can be attributed to option premiums (Copeland & Keenan, 

1998; Munn, 2002). A mining company provides a clear example of the difficulty of employing conventional 

models to ascertain the value of its assets. Mining projects comprise of several factors making real option 

valuation applicable. Firstly, investments are partially reversible; mining companies have the ability to 

salvage assets and cancel investments. Secondly, there is a high degree of uncertainty around the mineral 

deposit, price evolution of the commodity and variability of operating costs. Lastly, there is a degree of 

leeway in which management can actively respond to new information (Shafiee, Topal, & Nehring, 2009). 

1.2 Problem Identification 

Capital budgeting is the process of allocating limited firm resources towards long-term investments. This 

involves forgoing current consumption in order to receive a long-term return (Trigeorgis, 1996). The capital 

budget process is an evolving one; according to Seitz and Ellison (1995) in a study spanning forty-years, 

prior to 1988 payback period and accounting rate of return were the preferred decisions method. After this 

period, the use of the discounted cash flow approach grew. Accordingly, over 75% of companies were using 

this approach (Seitz & Ellison, 1995). This was also confirmed in a study carried out by Graham & Campbell 

(2002), of 392 completed CFO surveys, 74.9% of respondents always or mostly use the Net Present Value 

(NPV) method of project valuation. 

However, the NPV approach has been grounded in academic literature for some time. The field first came 

about through the work of Irving Fisher (1907) in the field of capital, investments and interest rates. 

However, the valuation technique was formalised through his later work (Fisher I. , 1930) and through 

contributions from Williams (1930) in the field of intrinsic value (the discounted dividend model). The 

problem as alluded to by Myers (1984) is that a valuation tool needs to be introduced that links the inherent 

gap between strategic planning and corporate budgeting. Myers referred to this as, “two cultures looking at 

the same problem” (1984, p. 130). 

These concerns have been further raised by Trigeorgis (1996) and Munn (2002). Conventional valuation 

tools (DCF) fail to capture the inherent uncertainty and management flexibility in long-term capital 

budgeting decisions and the firm’s assets. Traditionally uncertainty has been viewed as a variable that 

increases the risk characteristics of a project, and therefore, increases the required return on an investment. 
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Conventional valuation tools have penalised projects with a high degree of uncertainty and lead to myopic 

decisions. However, uncertainty creates options; a valuation-tool incorporating management flexibility and 

uncertainty provides a more suitable method of valuation. Trigeorgis (1996) and Munn (2002) describe this 

valuation tool as the Expanded (strategic) Net Present Value (eNPV): 

eNPV= NPV + Option Value 

Expanded Net Present Value (eNPV or NPV*) = the static base case NPV + the option premium (as 

represented by the strategic options of active management). 

The NPV process assumes that all investments decisions are known and management’s role in the investment 

process is passive. This irrevocable investment strategy is inconsistent with the ideals, function and active 

nature of management. The eNPV method therefore is not a substitute to NPV; it’s a complimentary tool 

incorporating the use of real option valuation (ROV). “It’s paramount that the practitioner first understand 

that ROA is not a substitute for but a supplement to DCF” (Kodukula & Papudesu, 2006, pp. 65-66). 

Management adjust capital plans, investment decisions and strategic objectives in the face of new 

information. This thesis therefore aims to provide a valuation incorporating management flexibility in an 

uncertain operating environment. 

1.3 Problem Statement 

This thesis will utilise practical tools available in academic literature to provide a sophisticated valuation 

tool. This exploratory valuation will be executed through a company case study. The aim of the paper is to 

bridge the gap between management flexibility, as represented by strategic options and that of the 

conventional valuation tool: NPV analysis.  

 

Utilising ROV will determine the value uplift of active management and coincidently, provide a comparison 

benchmark to the market valuation. This driving philosophy yields the following problem statement: 

 

What is the fair value of the case study company using the expanded net present value approach and what 

is the value of management flexibility inherent in the available strategic options? 

1.4 Research Questions 

In order to predefine the parameters of this investigation and to provide focus throughout the thesis, the 

following research questions have been included. By systematically working through the research questions, 

the thesis in turn will be able to achieve its overall objective of addressing the central problem statement: 

 What are the various valuation tools, how are they grouped and where does DCF valuation fit? 

 What are the main limitations of the DCF method and does ROV help to alleviate some of these 

limitations? 
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 What are real options, how do they relate to financial options and what are the main variables 

driving the value of these options? 

  What are the main ROV techniques? 

 What is the base value of the case company? 

 What strategic options are available to management? 

 How much is management flexibility (ROV) worth? 

 How does this compare to market value and analyst valuations? 

1.5 Relevance 

The thesis aims to bridge the gap between conventional DCF valuation and ROV. Real option literature dates 

back to the late 1970s though it is yet to transcend the realm of academic literature to an easily applied state 

in the broader investment community. This inertia was also demonstrated through the long lag between DCF 

valuation academic literature and its practical uptake in the broader investment community. The relevance of 

this thesis is centred in three primary goals. 

 

Firstly, to see if the application of the theory highlights additional value that is not being taken into 

consideration by the market, or a decomposition of the attributed value of flexibility. Secondly, the 

utilisation of a case study aims to further bridge the gap between theoretical concept and practical 

application. The thesis will provide a detailed application and therefore serve as a useful aid to practitioners. 

Lastly, utilisation of ROV further demonstrates the value management flexibility carries. Highlighting this 

places further emphasis on strategic planning; understanding what options are available to management and 

the importance of reassessing strategic options when new information is available. Quite often, the financial 

community provide a mark-up on a DCF valuation to capture value associated with flexibility (Krychowski 

& Quelin, 2010).  The paper provides a solid tool to explaining this value. Copeland and Antikarov (2003) 

provide a good explanation to this, stating that the NPV method ‘systematically’ undervalues everything due 

to its inability to capture flexibility, and most often the price that is paid for this flexibility exceeds its value. 

This makes it quite pertinent to employ methods that correctly capture this uncertainty. 

1.6 Target Audience 

The thesis at its centre provides the application of a modified valuation tool. Therefore the paper provides a 

useful reference for both management and investors. The ability to provide a sharpened valuation tool 

demonstrates the value that strategic options carry. This obviously carries significance to the broader 

investment community. In addition, ROV carries significance for management on a project valuation level. 

Furthermore, utilising ROV highlights the possibility of unlocking additional value though greater 

information sharing. Information asymmetry may mean the market does not completely understand the 

strategic options that management possess.  
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Part 3: Conclusion and Discussion

Discussion of results and conclusion

Part 2: Case Study

Strategic & 
Financial Analysis

DCF 
Valuation

Terminal 
Value ROV

Part 1: Theoretical Framework

Presentation of the NPV and ROV framework

1.7 Structure 

The thesis will be presented in three parts. Firstly, the theoretical overview will be presented. This will 

establish the framework for the case. The next section will present the case study. This will be broken down 

into six chapters covering four main sections. Lastly, the result will be discussed and compared to analyst 

reports and a conclusion will be presented.  

1.8 Case Study 

A case study has been chosen to showcase the theoretical tools. A case approach is one of the principal 

methods of inquiry in the social science field (Thomas, 2001) . Simons (2009), in her review of a number of 

case study definitions, postulates that a case study is a method of study that attempts to engage real life 

complexity through an in-depth exploration involving a multitude of perspectives. The study utilises an 

abductive research approach. Abductive reasoning proposes problematic reasoning by finding a causal 

relation among the facts. The aim is to provide a cogent justification of the factors driving the valuation; the 

objective is not to influence them. The paper is an inquisition into the drivers of value. However, whilst the 

paper aims to be objective, valuation is not a science. Incomplete information and asymmetry leads to 

deviations in outcomes.  

 

This case study hopes to overcome a typical misunderstanding that generalisations cannot be formed from a 

single-case study (Flyvbjerg, 2006). Rather, in line with Kuhn (1987), an area of study that lacks production 

of case studies is without consummate examples. Without exemplary studies, the area lacks depth and fails to 

transcend theoretical bounds. 

 

The paper utilises a real life case study and therefore is subject to the associated complexities. An attempt to 

Figure 1: Overview of structure 



11 | P a g e  

 

best apply the theoretical teachings has been put forward; in doing so, some areas of study must be delimited. 

This will be discussed in the following section. 

1.9 Case Company: Gloucester Coal 

The case study wanted to focus on a company where the application of the eNPV was relevant. Brenan and 

Schwartz in 1985 applied ROV to natural resources. Natural resources are suitable to such a framework due 

to the high degree of uncertainty in mine planning and commodity prices. Samis and Poulin (1998) and 

Trigeorgis (1996) found that the application of ROV extended the valuation further through its ability to 

introduce management flexibility. 

 

Slade (2001), Moel and Tufano (2002), Colwell, Henker, & Ho (2003) and Kelly (2004) valued management 

flexibility in a study of 21 Canadian copper mines, 285 American gold mines, 27 Australian gold mines and 

41 further Australian gold mines respectively. Each of the studies found flexibility in mining projects is 

significant.  

The case study wanted to focus on a company that focused on one particular commodity. Initially coal was 

thought to be a less obvious choice due to the lack of academic articles focusing on coal mine optionality. 

However, traditionally volatility in coal prices has been quite low, making this area less subject to real option 

theoretical frameworks. Though recent volatility, caused by supply and demand imbalances, the rise of the 

seaborne coal market and supply inelasticity has meant coal prices have become much more volatile. In 

addition, the increased degree of commodities trading has led to further coal price volatility. 

 

The recent business headlines reflect management flexibility being exercised in the coal sector. In April 

2012, due to rising costs, BHP decided to close its most costly coal mine in Queensland1. Furthermore, and 

on the more extreme side, Patriot Coal in the US decided in the second half of 2012 to close several mines 

and place the company under Chapter 11 bankruptcy protection2. This is juxtaposed by plans to expand 

capacity at Abbot Point terminal in North Queensland3. These decisions represent strategic flexibility.  

 

Coal is one of Australia’s largest export resources; it was for this reason and the interests of the native 

Australian author that coal companies in Australia were reviewed. There were very few listed pure play coal 

companies. The industry of late has come under a tremendous degree of consolidation. Gloucester coal was a 

prime choice as the company had several years of historical data and was a pure play coal company. The 

                                                      
1http://www.theaustralian.com.au/business/mining-energy/bhp-billiton-to-close-norwich-park-mine/story-e6frg9df-1226323935644 
2 http://in.reuters.com/article/2012/07/13/us-patriot-bankruptcy-idINBRE86C16U20120713 
3 http://www.theaustralian.com.au/business/state-proposes-6bn-coal-port-expansion/story-e6frg8zx-1226067493717 
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company sells its coal to the export market and relies on spot prices to establish contract prices, therefore 

being subject to coal price volatility.  

 

The company has been analysed in the 2012 FY and all amounts, if otherwise indicated, are presented in 

Australian dollars (Approximately: 1AUD/6.2DKK). The second half-year 2012 results have been 

incorporated into the valuation model. Prices and costs have been estimated in data that was established in 

the March 2012 quarter. The options model relies on yearly data and therefore the options are prices as at 

June 2012. The valuation has been provided as at June 2012. 

 

Whilst writing this thesis the company was subject to a takeover offer and subsequently merged with 

Yancoal. The takeover has not been taken into account when writing this paper. The company has been 

valued on a standalone basis and therefore Yancoal is not mentioned in the valuation nor does the value 

reflect any control premiums.  

 

As explained in the options section of the paper, the business has been modelled on a company level. The use 

of production process optimisation and temporary closure has not been modelled. The valuation utilises the 

expected recoverable reserve body. Due to technical uncertainty and specialist mining knowledge, changes to 

the reserve body have not been estimated. It is also assumed that any expansion adjustments are 

geographically feasible. The exploration assets will be modelled using relative valuation; this is an 

academically justifiable method. Whilst a fundamental analysis would provide a greater insight (including 

real options based analysis) into the exploration based activities, due inherent limits of the paper and also a 

greater need for technical understanding the exploration assets will in effect be recognised as the terminal 

value, representing the future growth possibilities available to Gloucester Coal.  

 

The mineral resource rent tax (MRRT) has been explained in the industry challenges section of the paper. 

This is not taken into account in the valuation. A review of big four accounting literature was conducted and 

it appeared quite obvious that the exact impact of the tax (taking into account credits on state royalties paid) 

is not clear. In addition, due to the generous asset valuation allowance the exact impact of the change in the 

tax on mining assets is unknown. It’s for this reason that the MRRT is not elaborated upon in the valuation. 

Furthermore, the Australian government is in the process of introducing a tax on the largest Australian 

carbon dioxide producers. Gloucester Coal has not advised on the effect of this tax. It is noted that some 

companies are given allowances and in addition the leader of the opposition (The Hon. Tony Abbott) has 

made it clear that the tax will be repealed if the coalition government gains power. The impact of a carbon 

tax is therefore discussed on a general level and will be incorporated into the sensitivity analysis.  
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The thesis has been written from an outside perspective. All information attained on Gloucester Coal is from 

public sources and therefore this thesis is based on the same sources available to investors. A great deal of 

secondary data was used in the construction of this paper. Whilst all due care was exercised, the valuation of 

the options available to the company would grow with primary input, or an insider’s understanding of the 

firm’s capital budgeting process.  

 

The next section will provide a theoretical overview of the fundamental valuation models. 
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Part	I	–	Theoretical	Framework		

2. Financial Theory and Valuation Models 

This section will provide an overview of common fundamental valuation tools and also establish the 

theoretical framework behind the case study.  An overview of discounted cash flows, decision tree analysis 

and real option valuation will be provided. These models have been assessed under four criteria, 

fundamentals, uncertainty, flexibility & usability. The recapitulation will provide a high level comparison of 

the models and then finally outline the valuation approach that will be used in part II of the paper. 

 

The Role of Valuation 

Valuation is at the heart of corporate finance; it drives investment decisions, leading managers to invest in 

growth opportunities and in turn drives analysts to hunt for mispricing in corporate valuations (Damodaran, 

2005). Investment professionals need to utilise a valuation tool that will capture the idiosyncratic value of a 

corporation’s opportunities though on the whole be easily applied to a broad cross-section of companies.  

 

According to Petersen & Plenborg (2012), valuation can be classified into four categories. The first, is 

present value based techniques, this encompasses discounted cash flow valuation, which estimates the value 

of an asset to the present value of expected cash flows. The second is relative valuation, using firm based 

ratios these are compared to a set of company comparable peers in order to establish a consensus valuation 

based upon established market prices. The third technique, liquidation, values a firm based upon the value of 

the individual assets of the business, this is either achieved through an orderly or distressed sale – depending 

upon the context of the valuation. Lastly, contingent claim analysis, uses option-based analysis to value a 

firm, this is generally referred to as real option valuation (ROV). 

 

This section will focus upon two of these branches, present value based techniques and real options 

valuation. Liquidation and relative valuation will not be focused upon. This is due to the fact that liquidation 

value fails to recognise the inherent value of a business being ran as a going concern (Damodaran, 1996), or 

put simply – the upside potential. The primary focus of this section is to assess tool and techniques that are 

able to value uncertainty and management flexibility. Liquidation will be incorporated in a contingent based 

analysis through modelling options such as, the ability to abandon an investment. Secondly, relative 

valuation is widely used – estimates suggest that 92% of practitioners use the method (95% using present 

value techniques – i.e., NPV) (Petersen & Plenborg, 2012). This paper will rely on relative valuation to value 

the exploration activities of Gloucester coal, though the focus of this section is to juxtapose Present Value 

techniques with that of ROV.  
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Evaluation Criterion for Financial Valuation Models 

Prior to introducing the valuation tools, a criteria needs to be established in order to objectively review the 

models at hand. According to Petersen & Plensborg (2012) a valuation model needs to provide a balance 

between value attributes and user attributes. This essentially means that the model needs to make realistic 

assumptions and provide a fair degree of precision whilst still being easy to use and providing 

comprehendible output. Four key criteria have been used to assess each of the models: fundamentals, market 

uncertainty, flexibility and usability. These criteria will in effect give an overview of the model, how 

uncertainty is handled – meaning the ability for the model to take into account events occurring in the future, 

the ability for the model to incorporate management’s response to uncertain events and lastly the general 

usability of the model. 

Fundamentals Uncertainty 

A discussion of the characteristics and structure of 

the model. In addition an understanding of the 

background and origin of the model. 

Ability to capture the uncertain nature of cash flows 

and market risk. 

Flexibility Usability 

The model's ability to capture and incorporate 

management flexibility. This includes the model's 

ability to handle a range of outcomes and secondly 

given that outcome how management would react. 

An understanding of the model's use by the broader 

investment community.  

Figure 2: Analytical framework used in theoretical section 

2.1 Net Present Value 

Fundamentals 

There are many discount cash flow models; however these are essentially all derivations involving the 

calculation of the Net Present Value (NPV) (Kodukula & Papudesu, 2006). The NPV model is used to 

calculate the present value of a stream of cash flows. These cash flows are discounted at an appropriate risk 

adjusted rate. Therefore, the value of the firm is driven by the asset’s ability to generate cash flow. This 

philosophy was developed over a long period, originally tracing back to the classic Greeks. Irving Fisher was 

credited with moving the theory into modern finance, through his early work ‘The Rate of Interest: Its 

Nature, Determination and Relation to Economic Phenomena (1907)’. This was later added to by the 

publication of ‘The Theory of Interest: As Determined by Impatience to Spend Income and Opportunity to 

Invest It (1930)’. It was in his second book that he introduced the inter-temporal trade-off of exchange and 

production. In doing this, he also justified the maximisation of present value as the production goal 

(Rubinstein, 2003). However, it was only after the 1950s that the method grew in acceptance.  
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Utilising the DCF, the valuation of a firm is typically expanded into two parts: the forecasted cash flows plus 

the terminal value. The forecasted cash flow is established by estimating the free cash flow available to the 

firm over a set period. The terminal value is the projection of the final forecasted cash flow, using the 

Gordon growth model (Gordon, 1959). The terminal value is used when it is safe to assume the firm has 

entered a steady state, taking into account a fixed growth rate (Damodaran, 1996). This is therefore 

effectively a stream of cash flows into perpetuity. The discounted value of the cash flows establishes the 

value of the operating assets of the firm. This essentially means that items such as cash need to be added to 

the value to establish the total enterprise value. (Damodaran, 2005) .   

 

Uncertainty 

Uncertainty is taken into account through selecting an appropriate discount rate, such as the weighted 

average cost of capital (WACC). This and the underlying assumptions behind its use are shown in the 

appendix. The WACC is calculated by summing the proportional cost of equity and after tax cost of debt. 

The cost of equity is generally found using the Capital Asset Pricing Model (CAPM) though other models do 

exist, such as, Arbitrage Pricing Theory which is essentially a multi-index model (Elton, Gruber, Brown, & 

Goetzmann, 2003). There has been some debate over the predictive powers of CAPM. Fama & French 

(1992) concluded that their tests do not support the assumption that stock returns are positively related to 

market betas. However other studies have concluded that expected returns do compensate for Beta risk 

(Kothari, Shanken, & Sloan, 1995). Therefore For the purposes of this paper, the CAPM will be used to 

calculate the cost of equity. 

 

There are two sources of risks: firm specific risks and non-diversifiable market based risk (Damodaran, 

1996). According to CAPM theory, investors are only compensated for incurring market-based risk. It is 

assumed that investors hold the market portfolio and therefore firm specific risks are diversifiable (Elton, 

Gruber, Brown, & Goetzmann, 2003). The CAPM is based on the assumption that investors demand a higher 

return for taking on additional risk, as shown by the linear relationship above. The premium is known as the 

excess market return. The degree of additional risk is determined by beta, which measures the company’s 

return relative to the return of the overall market. When calculating beta it is important to make the necessary 

adjustments for leverage, which is often forgotten when comparing the beta of peer companies (Fernandez & 

Bilan, 2007). The cost of debt is calculated depending on the quality of the debt. If a company has issued 

investment grade debt, then typically the calculated yield to maturity (YTM) can be used as the opportunity 

cost of capital. If the debt is below investment grade then expected YTM (taking probability of default into 

account) should be used over the headline YTM (Koller, Goedhart, & Wessels, 2010).   
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The DCF model, as shown, treats uncertainty as a risk factor. It does not incorporate upside risk. Uncertainty 

is only viewed in terms of downside risk, and estimated through the calculation of WACC. This bias can lead 

to systematic undervaluation due to a high degree of uncertainty (Kodukula & Papudesu, 2006). 

 

Flexibility  

The NPV method takes a deterministic view, basing the value on a single set of cash flows. Therefore the 

model does not take flexibility into account. The NPV approach assumes a fixed, predetermined path; there 

is no ability to factor in contingent decisions. Munn (2006) defines this as an ‘all or nothing strategy’, 

whereby management has no ability to alter the course of an investment. The model takes the assumption 

that management makes the decisions now and then passively manages into the future. However, this is not 

the case in the real world – in the case of a coal mining company, it is clear that management do exercise 

flexibility over the operation of the mine: the investment strategy is not fixed. Though there are methods 

employed, that provide a range of valuations, as discussed below.  

 

Scenario and sensitivity analysis 

A rigorous DCF analysis will always be supplemented with scenario and sensitivity analysis. Essentially this 

is assessing forecasting risk and identifying the key variables driving the valuation model (Ross, Westerfield, 

& Jordan, 2006). Scenario analysis is concerned with establishing likely outcomes; being determined by 

events such as: worst case, expected case and best case. The problem however is that scenario analysis 

demonstrates various outcomes though it doesn’t give any indication as to how likely these outcomes are. 

Providing an outcome based valuation will therefore provide investors with a valuations range however the 

practical application in the investment community is partly irrelevant in determining whether a stock is a 

good investment or not (Damodaran, 2010). 

 

Sensitivity analysis highlights the key variables and their effect upon the valuation and is useful in 

identifying the most crucial value drivers. If the movement of a key variable results in a significant change to 

the valuation of the firm, this may warrant further investigation in order to reduce the uncertainty 

surrounding the expected value (Ross, Westerfield, & Jordan, 2006). The key downside however is 

sensitivity analysis does not take into account correlation between variables, one variable is moved and the 

others are held constant; this is quite unlikely in the real world (Mun, 2006). One way to overcome this is 

through the use of Monte Carlo simulation, which takes interdependency of variables into account. A Monte 

Carlo simulation therefore provides a range of values; however it’s not without floors, according to Myers 

(1976), “If NPV is calculated using an appropriate risk adjusted discount rate, any further adjustment for risk 

is double-counting.”  
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Therefore, the ability to build flexibility into a DCF valuation figure is limited. Whilst there are techniques to 

model possible values, it doesn’t provide a concrete single valuation figure and or the ability to include 

management responses to uncertainty mid-way through the valuation model. The model is unable to capture 

contingent actions resulting from the development of events over time, this lie a major floor in the use of the 

DCF model (Kodukula & Papudesu, 2006). 

 

Usability  

The DCF model is intuitive to use and the results are easy to communicate, making the model widely 

accepted in the business community. However, whilst the results are easily interpreted, the model lacks the 

ability to incorporate upside potential associated with uncertainty and management’s ability to change 

strategy mid-way. According to Munn (2006), the utilisation of DCF alone is incomplete as it fails in valuing 

the strategic options available to management. The traditional DCF model assumes a single decision pathway 

with fixed outcomes; all decisions are made in the present and there is no ability to alter the planned course 

of action. Furthermore, taking strategic flexibility into account provides valuation upside and reduced 

downside risk. This is quite intuitive; if market developments were to be unfavourable then naturally 

management would adjust its investment decisions. Similarly, if market developments were positive, 

management would either continue with a chosen investment strategy or choose to increase their investment 

therefore producing further upside. This should be reflected in valuation outcomes. 

 

This may be partly the reason why Asquith, Mikhail and Au (2005) found that only 13% of analyst justified 

their recommendations utilising a DCF model. This was based on a study of approximately 1,200 top-rated 

US analyst reports (based on Institutional Investor). This appears to be consistent with earlier analyst studies, 

concluding that few analysts use present value techniques, opting for ratio based analysis (Bradshaw, 2002; 

Block S. B., 1999). The results on the surface appear to be quite puzzling; Munn (2006) suggests that DCF 

models are relatively easy to apply, widely taught and generally an accepted valuation tool. However, 

according to Hall (2005), 30% of the value of high growth, high volatility firms can be attributed to real 

options. Therein appears to be the problem, DCF models are unable to account for this, using a DCF model 

can lead to incorrect ‘gross-ups’ in order to include these hidden options (Hall & Nicholls, 2007). This 

violates the principles of the DCF method. According to Davis (1996), mineral assets consistently trade at 

values above that of their DCF value – the premium is due to the fact that a DCF model cannot take into 

account uncertainty and the potential upside resulting from this. 
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2.2 Decision Tree Analysis 

Fundamentals 

Decision tree analysis (DTA) provides the ability to map out various scenarios over the course of time; 

helping to identify the strategic options available (Mun, 2006). The scenarios effectively involve contingent 

decisions; involving various outcomes. The projected valuation is calculated by using the expected value 

approach (Kodukula & Papudesu, 2006). The benefit of this approach is it forces all strategic choices to be 

brought to the surface, providing a more dynamic valuation model (Trigeorgis, 1996). In order to calculate 

the expected value, the value of each decision must be calculated. As this value is based upon options 

available at a later stage, the decision tree must be calculated by rolling-back the expected value, starting 

with the most distant nodes. According to Damodaran (2010) there are four types of nodes. The root node 

represents the beginning of the decision tree; this is the ultimate value of the decision tree. Event nodes 

present possible outcomes, each carrying a specific probability; the various events are determined by the user 

and the likely probability of the event is calculated based on forecasts, historical patterns or management 

inference. Decision nodes represent a point in which a course of action must be chosen, this decision is 

driven by the expected value. Lastly, end nodes represent the final outcome. 

 

Uncertainty 

DTA is able to capture both upside and downside risk, thereby recognising management’s ability to respond 

to external events. DTA accounts for risk in two ways: through probabilistic outcomes and a discount rate 

(Kodukula & Papudesu, 2006). DTA breaks down decisions into discrete stages, allowing for the correct 

response given the situation (Damodaran, 2010). However, quite often a constant discount rate is used when 

applying DTA, this however assumes incorrectly that the risk borne in each period remains constant 

(Trigeorgis, 1996). According to Mun (2006) there are two major floors in utilising DTA. Firstly, subjective 

probability is used in determining the event nodes and secondly the risk structure of the project changes 

throughout the decision tree, requiring recalculation of the correct rate. Quite often the errors resulting from 

these two issues compound over time, leading to incorrect valuations. This can be overcome by utilising a 

replicating portfolio approach; this is done by constructing a combined portfolio of a risk-free asset and an 

identical twin market security (Copeland & Antikarov, 2003). However this process is quite cumbersome as 

the portfolio must be reweighted at each node of the lattice (Brandão, Dyer, & Hahn, 2005).  

 

Flexibility 

DTA fully incorporates management flexibility in discrete time through the application of decision nodes 

(Brandão, Dyer, & Hahn, 2005). The introduction of DTA forced what was an implicit assumption around 

operating strategy into the open. Therefore DTA assists managers in finding the best strategy given 

uncertainty. DTA laid the basis for real option analysis; the binomial lattice model is an application of DTA 
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(Brealey, Myers, & Allen, 2008). However, DTA assigns probabilities to different outcomes, which can 

often be manipulated to fit the situation (Kodukula & Papudesu, 2006).  

 

Usability 

DTA analysis provides a tool to model investment flexibility. Whilst DTA lays the ground work for ROV, 

the model itself should be used with caution. The DTA approach tends to overestimates the value of 

flexibility, as the incorrect discount rate is often used (Copeland & Antikarov, 2003). Proponents of DTA 

tend to use the DCF discount rate which inevitably leads to an overvaluation of flexibility as the risk of an 

option should always be greater than that of the underlying asset (Koller, Goedhart, & Wessels, 2010). In 

addition, incorporating options, which is the primary reason of using DTA, means a fixed discount rate is not 

appropriate as the risk structure is constantly changing. According to Trigeorgis (1996), DTA provides the 

ability to model flexibility however is economically flawed, due to the discount dilemma; option based 

models provide a solution to this problem. Option based solutions may be harder to calculate though the 

evolution of computer based solutions has provided much support to practitioners.   

 

Leuhrman (1997) suggests that the growth of technological based solutions is making, what use to be, more 

academically exhaustive methods of valuation, common practice. This is starting to show inside the 

boundaries of corporations, a study of large Australian listed firms found that one-third utilised option 

pricing techniques to improve decision-making (Truong, Partington, & Peat, 2005). In addition Block 

(2007), found that 14.3% of respondents from U.S. Fortune 1000 companies utilised real options and well 

over half of the nonusers are considering adopting ROV in the future; whilst lower than the Australian study 

it highlights a promising trend. Natural inference then would suggest that market valuations will in time 

move to include more comprehensive valuation techniques. Munn (2006) and Brandão, Dyer, & Hahn (2005) 

suggests that DTA should be incorporated into a ROV. Working with a binomial lattice model avoids the 

issues associated with the correct discount rate, the results from a binomial lattice ROV can then be 

presented in a decision tree framework. This highlights the strategic options available to management whilst 

applying an academically correct valuation technique. 
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2.3 Real Options Valuation 

Fundamentals 

A ROV expands upon the traditional DCF model; it’s important to understand that a ROV is not independent 

of a DCF analysis but complimentary as the DCF valuation forms the underlying asset value. A detailed 

recount of the main academic contributions to the field is provided in the appendix. 

Figure 3: 
Key 
variables 
affecting 
option 
price 

 

 

 

 

A financial option is a contract giving the buyer the right, not the obligation, to buy (call) or sell (put) an 

underlying asset at a pre-specified exercise price (EX) at a specific date (European option) or within a 

predefined period (American option). The payoff structure is determined by the price of the underlying asset 

value (UAV). A call option will be exercised if UAV > EX; a put option will be exercised if UAV < EX. 

Therefore the value of a call option is MAX [0, UAV-EX], and the value of a put is MAX [0, EX-UAV]. The 

asymmetric payoff structure therefore highlights that an option value will capture all the upside due to 

favourable movements in X, however will never be worth less than zero (Hull, 2008, pp. 213-217). Table 4.1 

highlights the six determinants of options prices. 

 

Options can be classified into two broad categories, financial and real – the classification is determined by 

the underlying asset. Brennan and Schwartz (1985) were the first to recognise the applicability of options 

theory in the natural resource field; valuing the uncertain cash flows of a copper mine, they found that ROV 

was especially valid due to: the volatility of commodity prices, the difficulty of determining an optimal 

discount rate, and the inability to allow for management flexibility. Similarly Shafiee, Topal and Nehring 

(2009) found that ROV provided a modern valuation tool that provides the ability to adapt and revise mining 

projects and variables. Real options carry most value when there is a high degree of managerial flexibility 

combined with a high degree of uncertainty (Kodukula & Papudesu, 2006, p. 59); if management has a low 

degree of flexibility or if the investment outcome is certain, ROV will equal that of a base case DCF 

valuation. Therefore ROV should be thought of as an extension to traditional DCF valuation (Trigeorgis, 

1996; Mun, 2006; Kodukula & Papudesu, 2006). The table below highlights the link between financial 

option parameters and those of real options: 

Variable Call Put 
Underlying Asset Value (UAV) ↑ ↑ ↓ 
Exercise Price (EX) ↑  ↓ ↑ 
Time to expiration (t)* ↑ ↑ ↑ 
Volatility (σ) ↑ ↑ ↑ 
Risk-free rate (r) ↑ ↑ ↓ 
Dividends (D) ↓ ↑ 
*American options may on rare occasions not be affected by changes in time e.g., if 
underlying stock price on an American call is trading close to zero. 

Sourced from (Hull, 2008, p. 210) 
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Parameter Financial option Real option 

Underlying asset value (UAV) Current stock price (Gross) PV of expected cash flows 

Option price (OV) Fixed in financial market Initial project investment – paid to acquire, 
create or keep alive 

Exercise price (EX) Exercise price Investment cost to realise option 
Time to Maturity (T) Times to expiration Time until opportunity disappears, in some 

cases this must be approximated based on 
market conditions 

Volatility σ Volatility of stock price Volatility of project value 
Increase in T Value increases (↑) Value increases  (↑) in practice however 

might decrease if competition enters before 
option exercised 

Increase in σ Value increases  (↑) Value increases  (↑) 
Ability for option holder to 
influence option value 

None Proper management action can increase the 
option value while limiting the downside 
potential. 

Liquidity and tradability of the 
option 

Liquid and tradable in financial 
markets 

Most often neither liquid nor tradable. 

Rationality behind the exercise 
decision 

Most rational; dictated by the 
numerical difference between 
the underlying asset (stock) 
value and exercise price 

Exercise decision may have political and 
emotional implications (e.g., abandonment 
of a long-term project with a large team). 

Figure 4: Linking financial options to real options 

 

 However there are some limitations in the options analogy as highlighted by Kester (1993). Financial 

options are proprietary; the owner of the option has the exclusive right to exercise. A real option may be 

shared by many companies, if one company decides to move first this may either lead to the option 

disappearing or an erosion of the UAV. The erosion of the underlying asset is similar to when a dividend is 

paid on a stock. Though, calculating the erosion of a real asset requires a higher degree of computation than 

calculating the present value of dividend payments. A typical example of UAV erosion is winner take all 

markets; this is why companies may choose to exercise an option early, even though they may prefer to wait 

for more information. Secondly, financial options may be traded, in a manner similar to the stock in which it 

relates to. Real options on the other hand may be inseparable from the underlying asset and therefore in order 

to realise the value of an option it may need to be exercised by the underlying owner of the asset. Lastly, 

exercising (not trading) a financial option results in the owner taking ownership in the underlying asset. Real 

options however don’t always follow this simple logic. In some situations exercising a real option leads to 

further discretionary investments: other real options. These are known as options on options, or compound 

options. Further difficulties in bridging the gap between financial options and real options are investigated by 

Adner & Levinthal (2004). They posit that, the ability for the owner of real options to affect the underlying 

Sourced from (Trigeorgis, 1996, p. 125; Kodukula & Papudesu, 2006, pp. 6-7)  
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value of the real asset and the inability to observe the market price of the option make it more problematic to 

apply the option framework.  

 

This imperfect analogy between financial and real options is also cited as basis for implementation 

difficulties by Krychowski & Quelin (2010). They also argue that more needs to be done to bridge the gap 

between the qualitative and quantitative aspect of real options. However, this being said, in order to combine 

these two aspects it is important to understand what are the types of real options available to corporations.  

 

Types of Real Options 

As discussed, holding an option gives the owner the right, not the obligation, to either buy (call) or sell (put) 

the underlying asset at a predetermined price. This being said, it’s important that this has temporal 

application and therefore it is important to review key literature (Trigeorgis, 1996; Kodukula & Papudesu, 

2006; Mun, 2006) in order to ascertain the key strategic options available to corporations. The table below 

summarises the common strategic real options.  

 

Essentially there are two basic categories of options: simple and compound options. Simple options derive 

their value directly from the UAV. The value of a compound option is derived from the value of another 

option. Both time to build and growth options are compound options (Kodukula & Papudesu, 2006). 

Compound options can either be sequential or parallel (simultaneous). This means either a company must 

exercise an option to create another, or the options run alongside each other – the independent option has a 

life equal to or longer than the dependent option. In addition, there is one more type of option which is called 

a rainbow option. A Rainbow option can either be a simple option or a compound option. Traditionally 

options have one source of uncertainty; this is the volatility of the underlying asset. Rainbow options may 

have multiple sources of uncertainty or there may be changes in the uncertainty over the life of the option 

(Kodukula & Papudesu, 2006).   

 

Category Description Type of 
option 

Option to defer The ability to wait for more information before proceeding.  call 
Option to alter Ability to alter operating scale: expand due to growing market or downsize in 

unfavourable market conditions. 
call/put 

Time to build This refers to breaking projects down into stages. Each stage in effect is an option. call/put 
Option to abandon The ability to exit an investment if market conditions warrant the project obsolete.  put 
Option to switch Management can either change:  the output, input or a combination of the two. call/put 
Growth option An initial investment made in order to secure a future growth opportunity.  call/put 

Figure 5: Common real options 

Source: (Trigeorgis, 1996, pp. 2-3) with information from Kodukula & Papudesu (2006) & Mun (2006) 
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Requisites to applying Real Option Valuation 

According to Munn (2006) there are five primary requirements that need to be satisfied in order for real 

options to be used. A base case financial model must exist, without a base valuation then real options cannot 

be utilised. There must be some degree of uncertainty, in order to model options then there must be some 

degree of unknown in the future – the higher the degree the greater the benefit of ROV.  These uncertainties 

must affect the decisions management will make when actively managing the project and management’s 

actions must also have a financial impact. Even if uncertainty exists, management must be able to highlight 

the strategic flexibility they are able to employ. Lastly, management must have the competency to execute 

these options when optimal to do so. The value of real options analysis, as shown below, is dependent upon 

the degree of receiving new information and the ability of management to respond to this. 

 

 

 

 

 

 

 

The criterion of an option needs to be well defined and in a manner that can be acted upon. In recent study, 

academics have found that the abandonment options may in fact destroy value when assumed assumptions 

about abandonment flexibility are wrong. This is because exit criteria may not be self-evident, leading to the 

systematic underutilisation of the option (Adner & Levinthal, 2004). Copeland & Tufano (2004) 

acknowledge this is a problem, though they provide three remedies. Firstly, correctly rewarding the people 

who make these decisions, it may be an extremely hard decision to close down a plant though this in effect 

may create a large degree of value for the company – a correctly applied incentive structure is key. Secondly, 

creating well-defined option trigger prices, and subsequently reviewing employee performance by the time 

lag between exercising the option and the defined trigger. Thirdly, in some cases it may be beneficial to 

share these trigger points with investors and analysts. The benefit of this of course must be weighed against 

the risk. Finding a compromised solution can in effect increase the degree of management accountability. 

 

General Assumptions underlying real options valuation  

The application of option based pricing requires the absence of arbitrage opportunities. This is known as the 

Fundamental Theorem of Asset Pricing (Arnold & Schockley, 2010). Essentially this requires the ability to 

Moderate flexibility value High flexibility value 

Low flexibility value Moderate flexibility value 

Figure 6: Real option valuation matrix 
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Source: (Koller, Goedhart, & Wessels, 2010, p. 683)
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construct a portfolio of traded securities which replicate the payoff structure of the option. As real options 

relate to untraded securities it is argued that this rule is invalid, therefore rendering real option theory 

unusable (Trigeorgis, 1996). However, according to Arnold & Schockley (2010), if the assumptions 

surrounding the acceptability of the DCF (including NPV) approach are considered valid, then by default, a 

real options approach is also valid. DCF valuation is a tool used to value an illiquid stream of cash flows. 

The cash flows are valued using a ‘twin traded’ security with the same risk characteristics. This is essentially 

the application of the CAPM; used to establish an appropriate discount rate, which fixes a marketable 

investment to an underlying stream of cash flows. This method is considered valid assuming market 

completeness, which essentially means that a new investment should not expand the opportunity set of the 

investor. Therefore, if the assumption can be used to value the underlying real asset, similarly it applies to 

the real option (Trigeorgis, 1996). Though, Copeland & Antikarov (2003) argue that the best approach to 

ROV is to use the value of the company itself (without flexibility) as the best-unbiased estimate of the 

underlying asset. This approach was coined the Market Asset Disclaimer (MAD) approach. This approach 

gives us the same answer as identifying an identical twin security though is much more practical to 

implement. Therefore this paper will apply the MAD approach by calculating the value of the mine without 

flexibility as the UAV. 

 

 Option Pricing Models 

 

 

There are a variety of ROV models; these can be chiefly divided into three main categories as shown in 

figure 7.A comprehensive review of these three models is provided in the appendix to the thesis.  

 

Binomial lattice model 

The binomial lattice model will be used to model the options available to Gloucester Coal the reason for this 

decision is due to its user friendly nature, ability to visualise the strategic options, handle fluctuating asset 

erosion and the ease of incorporating a changing payoff structure. The binomial model is also perhaps the 

most flexible and doesn’t suffer from the opaque nature of the B-S model or complexity of the simulation 

Option Valuation Technique Specific Method 
Partial Differential Equations  Closed form solutions using Black-Scholes and other similar 

equations 
 Analytical approximations 
 Numerical Methods (e.g., finite difference methods) 

Simulations  Monte Carlo 
Lattices  Binomial 

 Trinomial 
 Quadrinomial 
 Multinomial 

Figure 7: Option pricing models 
Source (Kodukula & Papudesu, 2006, p. 66) 
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approach.  According to Kodukula & Papudesu (2006) it is the preferred model of practitioners. At its 

simplest form, the binomial ROV model required the modelling of two binomial trees. One models the 

development of UAV and the second tree values the real option. The determinants of the binomial tree are 

shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on work from Cox, Ross & Rubinstein (1979) 

 

Standard option valuation relies on a number of assumptions, in particular, the assumption that the 

underlying asset follows a Markov process, such as the Wiener process or Brownian motion (Trigeorgis, 

1996). This implies that the UAV follows a random walk and has a constant volatility. Therefore it is 

assumed the value of the asset does not make any large jumps. A risk neutral valuation essentially converts 

cash flows into certainty equivalent cash flows. The risk in the cash flows is accounted for in the up and 

down probabilities, which is determined by the estimated volatility of the asset. Also, it’s worth noting that 

the risk-neutral probability figures cannot be interpreted as the true probability of the asset price increasing 

or decreasing (Brandão, Dyer, & Hahn, 2005). 

Uncertainty 

Firstly, it’s important to distinguish between risk and uncertainty. Risk is defined by the expected volatility 

of the underlying asset. Methods of calculating volatility will be explained in this section. Uncertainty drives 

the ROV and results from estimated volatility being projected into the future. Munn (2006) refers to this as 

the cone of uncertainty, which is a by-product of the underlying assumption of the asset following a random 

walk. Whilst volatility may be assumed to be constant the degree of uncertainty is positively related to the 

Figure 8: Binomial lattice model 
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projected forecast period. Therefore the further out a practitioner projects the development of the UAV the 

greater the range is possible outcomes. 

 

Before deciding on the appropriate measurement tool, the source of uncertainty needs to be identified. If 

there are multiple sources of uncertainty, there are two possible options of handling this. If the sources of 

uncertainty are somewhat correlated they may be combined and a single aggregate volatility factor can be 

used. Most option pricing models can only handle one volatility factor. However, if it is believed that the 

sources of volatility are independent of one another then multiple sources of volatility can be used in an 

option pricing model. Options with multiple sources of volatility are known as ‘rainbow options’. As most 

option multiples only handle single volatility inputs, this process can become quite computationally 

challenging. 

 

There are multiple approaches to estimating volatility, which can be grouped into internal and external 

methods. Internal methods consist of management based assumptions, which are essentially educated 

approximations or the use of cash flow scenarios. External based methods are utilising equity based volatility 

figures, from a group of identified peers or by estimating the volatility figure of the underlying commodity.  

 

It is however a delicate balance between overcomplicating and oversimplifying the estimation. For instance, 

utilising just the volatility of commodity prices for a mining company fails in recognising that the firm has 

other sources of uncertainty (Copeland & Antikarov, 2003). In order to capture multiple sources of 

uncertainty it is decided that Monte Carlo simulation (MCS) should be used. The MCS is presented in the 

case study and combines the most pertinent sources of uncertainty. 

 

A MCS combines multiple sources of volatility into one figure. The MCS generates possible valuations 

based upon the DCF inputs and the key variables’ volatility estimate. Most often, initial DCF sensitivity 

analysis is performed to highlight the variables that have the most significant impact upon the valuation 

(Kodukula & Papudesu, 2006). A volatility estimate of the most pertinent variables is then generated. The 

number of simulations ran corresponds to the amount of volatility figures generated. The MCS provides a 

range of volatility figures; the expected volatility figure is then used in the ROV model. The benefit of MCS 

is a range of volatility estimates are provided – this provides management with a better understanding of the 

possible range of the volatility estimate. Based on Samuelson’s Proof, multiple sources of uncertainty can be 

combined even if some variables exhibit mean reversion or jumps in the return pattern. This is due to the fact 

that asset prices factor this in. Therefore, derivations from expectations follow a random walk, irrespective of 

the expected return pattern (Copeland & Antikarov, 2003). Mean reversion will be discussed in the 

presentation of the case study. 
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Flexibility 

Management flexibility can be fully incorporated into ROV. Increased flexibility leads to a greater option 

premium on that of static NPV. However options cannot be valued on an additive basis. The incremental 

value of an option declines with the addition of each new option. This makes it crucial, due to limited 

resources, to identify the most pertinent options available when valuing the company. Furthermore, 

increasing the amount of options available with little valuation upside, generally just leads to modelling error 

and complexity.  

 

Usability 

ROV is yet to gain mainstream acceptance in the investment community. Brandão, Dyer, & Hahn (2005) 

attribute this to the mathematical complexity and the lack of intuitive appeal. This makes its use somewhat 

limited. Ryan & Ryan (2002) surveyed the CFOs of US fortune 1000 companies. In their survey of 205 

CFOs they found that over 65% of respondents had never used ROV and only 1.1% of respondents utilised 

the method over 75% of the time. However, this conflicts with survey results obtained by Graham & 

Campbell (2002), who suggest of the 392 participants, 25% claim to use ROV always or mostly always and 

in addition to the evidence presented by Block (2007) and Truong, Partington, & Peat (2005) in the DTA 

section of the paper. As Triantis and Borison (2001) point out, increased investment uncertainty and the need 

for flexibility is likely to increase the adoption of ROV. Though mainstream acceptance of ROV will only 

grow as consensus on the approach is formed.  
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2.4 Recapitulation and valuation approach 

This section provided an understanding of tools used to value projects and companies. The table below 

highlights the main characteristics of the valuation models being discussed. The three methods of valuation 

were presented according to fundamentals, ability to capture uncertainty, the inherent flexibility to adapt to 

uncertainty and lastly the usability of the model.  

 DCF DTA ROV 

Fundamentals 
Expected cash flows are 

projected in a linear fashion. 

Possible cash flows are driven by 

probabilistic outcomes. 

Asset value follows a stochastic 

process.  

Uncertainty 

Systematic risk is typically 

captured through a 

measurement of beta. 

Systematic risk estimated and cash 

flow outcomes adjusted for 

probability. 

Captures risk and chance through 

evolution of asset price. Asset 

price is driven by volatility 

estimate. 

Flexibility 

Works with expected outcome 

and assumes passive 

management. Management 

assumes a passive role. 

DTA is able to capture multiple 

outcomes and the associated 

management response. 

All outcomes captured in the 

distribution of values. 

Management’s flexibility is 

applied to the upper and lower 

values. 

Usability Easy to use and widely taught 

Allows strategic options to be 

modelled and fairly easy to 

implement though scenarios driven 

by subjective probability 

Relatively difficult to apply 

though offers the greatest amount 

of impartiality  

Figure 9: Comparison of theoretical models 

As explained in the ROV section, it is clear to see the ROV is driven by the static DCF value. ROV is a 

complementary tool that utilises static DCF as the UAV. Therefore to utilise a ROV approach a traditional 

DCF valuation must be performed. The valuation framework that will be applied to the case study is as 

follows: 

 

Figure 10: Valuation approach 

Static NPV

The producing assets 
will be modelled 
utilising a traditional 
DCF approach.

eNPV (incorporatiing flexibility)

A stocharstic process 
will be defined and 
management flexibility 
will be incorporated

Terminal Value

The exploration based 
assets will contribute to 
the terminal (going 
concern) valuation of 
Gloucester Coal. A 
relative based valuation 
will be conducted.

Gloucester Coal Valuation 
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Part	II	–	Case	Study:	Gloucester	Coal	

Part II will be presented over several sections. Firstly an overview of the industry will be provided. This will 

establish an understanding of the industry dynamics. An overview of Gloucester coal will then be provided, 

the business activities will be presented, an analysis of the company’s assets will be discussed and also the 

expected production of each mine will be given. A historical financial analysis will then be presented. These 

sections will then be synthesised into a DCF valuation of the firm. Following on from this a real options 

valuation will be provided, this section will model the company’s ability to expand production or abandon 

the producing assets. 

 

3. Industry Analysis 

3.1 Overview of the coal industry 

Coal is a fossil fuel that is formed by the coalification (the process of creation) of vegetation over millions of 

years. Coal can be broken down into two categories: black coal (hard coals) and brown coal (low rank/soft 

coals). Black coal consists of anthracite and bituminous. Brown coal is considered of a lower rank and 

consists of sub-bituminous and lignite. Coal can be classified based upon its degree of carbon energy and 

level of moisture. The hardest coal (anthracite) contains a high degree of carbon energy and a low level of 

moisture – due to its density it is referred to as a hard coal. The softest coal, lignite, contains a high degree of 

moisture and a relatively lower level of carbon energy. There is a direct relationship between price and 

degree of hardness. Carbon content is the key measure as this supplies the majority of the coal’s energy. The 

degree of carbon content is determined by the coalification period. Anthracite coal is the oldest form of coal, 

dating back 360 million years; lignite dates back approximately 290 million years. This period is referred to 

as the carboniferous period (World Coal Institute, 2005). 

  

Bituminous (which consists of Thermal and Coking coal) is most occurring; accounting for 52% of total 

coal. Sub-bituminous is the next common, accounting for 30%. Lignite and anthracite make up 17% and 1% 

respectively (World Coal Institute, 2005). The focus of this paper will be on bituminous coal. Bituminous 

coal can be mined from both above ground (open pit mine) or recovered below ground (closed pit mine).  

Approximately 60% of global coal mining occurs below ground although, 80% of production in Australia 

occurs above surface (World Coal Institute, 2005). 

 

3.2 Coal applications 

Coal is predominately used for: electricity generation, steel production, cement manufacturing and other 

industrial processes, and as a liquefied fuel. Thermal coal (steam coal) is for electricity generation. The coal 

is ground to a fine powder and injected into combustion chambers which in turn heat water to power 

turbines; this process is known as pulverised coal combustion (PCC). Electricity generation demands the 
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largest share of coal production; in 2008 60% of coal consumed was used for production of electricity (U.S. 

Energy Information Administration, 2011).  Coking coal (also referred to as metallurgical coal) is used along 

with, iron ore and fluxes to produce steel. Due to the characteristics of coking coal it is rarer than thermal 

coal and therefore attracts a higher price. Of total steel production, 64% is made from blast furnaces 

requiring the use of coking coal (World Coal Institute, 2005). However, the development of pulverised coal 

injection technology means that steel can be created utilising a blend of coals (thermal and coking coal); 

thereby reducing the amount of coking coal required. Cement is a critical input in the construction industry. 

The production of cement requires high degree of energy, which is supplied by coal. The production of 900g 

of cement requires approximately 450g of coal (World Coal Institute, 2005). Steel production and industry 

use in 2008 accounted for 36% of coal consumption (U.S. Energy Information Administration, 2011).  Coal 

can also be converted to a liquefied fuel – this is often achieved through initial gasification. Liquefied coal 

however is still in its infancy. 

 

3.3 Global production and consumption 

Global coal reserves are predominately found in three main regions: Asia Pacific, North America & Eurasia. 

These three regions account for 90% of global hard coal. However, breaking this down further, it is clear to 

see that coal reserves are primarily controlled by five countries: USA, Russia, China and India, whom 

account for 78.1% of total resources and supply 71%. 

  

 

 

 

 

 

 

 

 

According to the WEC (2009), the proven coal resources are fairly well established. Over the years there 

tends to be only minor adjustments to the headline figure. Coal has the largest reserve to production lifespan 

of any fossil fuel, with an estimated reserve to 2010 production rates of 118 year, though this is far below the 

estimate recorded in 2000 of 210 years (BP, 2011). Reviewing almost 50 years of global consumption data, it 

is clear to see a noticeable trend. The graph below highlights three distinct growth phases in coal 

consumption. The first can be categorised by mild growth, loosely in line with global GDP. The second 

period saw rather flat growth in coal consumption. Lastly, the most recent data has been categorised by a 

strong upswing in coal consumption, with an average compound growth rate of 4.4%. 

Dataset sourced from 

(World Energy Council, 

2009) 

Dataset sourced from 

(BP, 2011) 
Figure 11: Hard coal reserves 
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The recent upswing can be traced back to the source of demand. Reviewing consumption statistics at the end 

of these three periods: 1983, 2003 and 2011, it clear to see that demand is being driven primarily from the 

developing world. 

 

 

 

 

 

 

 

In 1983, non-OECD countries accounted for 50% of global coal consumption. This has now shifted to in 

excess of 70%.  However, knowing this, it is important to establish whether this shift has been caused purely 

by total growth in energy demand from the developed world or a change in the preferred energy source. 

Primary energy demand from OECD and Non-OECD countries was analysed. The 2011 data shows a clear 

difference in reliance on coal as a primary energy supply. Coal satisfies almost twice the energy demand of 

Non-OECD as compared to OECD countries.  

 

 

 

 

 

 

 

 

1983 2003 2011 

Dataset sourced from (BP, 2011) 

Demand Composition OECD vs. Non-OECD 

Dataset sourced from (BP, 2011) 

Dataset sourced from (BP, 2011) 

2.0% pa 

4.4%pa 
0.6% pa 

Figure 12: Historical global hard coal consumption 

Figure 13: Coal consumption - OECD vs. Non-OECD 

Figure 14: Energy consumption composition OECD vs. Non-OECD 

OECD 

Non-OECD
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The IEA highlights that the main demand for Coal is due to electricity production, which can be closely 

linked to economic growth (International Energy Agency, 2011). Therefore it can be expected that the 

proportion of coal supply to Non-OECD countries is going to continue to grow.  Focusing on regional level 

statistics, it’s clear to see that production to consumption levels are relatively in line. This indicates that the 

majority of demand is met on a regional level. Asia pacific is by far the largest consumer and producer of 

Coal, with approximately 68% of the global market. 

 

 

 

  

 

 

  

 

 

 

 

 

Reviewing coal trade information it is quite clear to see a pattern in geographical trading zones. Australia 

exports predominately in the Asian region, equating to 91% of total 2009 coal exports. European demand 

tends to be met by US, South American and Eurasian exports, which represent respectively, 55%, 54% and 

60% of each regions total export quantity. Southern Africa appears to be strategically positioned to meet both 

demand in Europe and Asia exporting 54% and 39% correspondingly. Transport costs play a key role in 

determining the sourcing location; this is perhaps the factor determining the trading zones. According to the 

World Coal Institute (2005), the price of shipping can account for 70% of the delivered cost. Therefore, it 

appears that prices can vary in each geographical market – and suppliers may be able to capture some pricing 

arbitrage due to geographical local advantages. Transportation costs therefore effectively create two main 

markets – the Atlantic and the Pacific (World Coal Institute, 2005). Therefore when analysing spot prices it 

is particularly important to ensure that local market prices are observed. As the case study is centred upon an 

Australian coal company, the focus will remain on the Asian Pacific market. 

  

Datasets sourced from (BP, 2011) 

Figure 15: Global coal consumption by region 
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Dataset sourced from (BP, 2011) 

3.4 Asian Pacific Market 

The Asian pacific coal market stretches from India across to the pacific island nations.  Historical data, 

presented below, highlights the major coal consuming countries by proportionate consumption. 

  

 

 

 

 

 

 

 

 

 

 

 

China’s proportionate share continues to 

grow, from a low of 44% in 1968 to the 

current 2011 level of 72%. The increased 

share in coal consumption has meant 

proportionately consumption in 

predominately Japan and Australia has 

declined. A stagnate Japanese economy, and 

proportionately lower economic growth in 

Australia is most likely the cause for the 

change in composition. 2011 proportionate 

composition is presented alongside. 

 

China’s sheer demand is primarily a factor of it being one of the world’s most populous nations and its 

speedy economic development. Coal continues to be China’s largest source of energy, accounting for 70% of 

China’s primary energy and approximately 50% of total global coal demand (World Energy Council, 2011). 

Contrasting this with India, it’s quite astonishing to see the sheer gap. The two nations are quite comparable 

on a population basis (China 1.3bn vs. India 1.2bn) however China’s primary energy demand in 2011 was 

4.7 times greater (BP, 2011). China’s energy consumption is forecast to continue growing strongly, with 

India following suit. According to the IEA, Chinese and Indian coal demand is expected to grow strongly. 

Chinese coal consumption is forecast to grow at 3.7% per annum to 2016, whilst India continues to grow 

Dataset sourced 

from (BP, 2011) 

Figure 16: Asia 
Pacific proportional 
coal consumption by 
country 

Figure 17: 2011 
- Asia Pacific 
proportional 
coal 
consumption 
by country 
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strongly at 5.6% (International Energy Agency, 2011). However, the two most populous nations, in terms of 

energy consumption per capita, trail the developed world. Utilising the CIA world fact book, national energy 

consumption was adjusted for population size. The consumption is presented per capita on a tonnes of oil 

equivalent basis.  

 

 

 

 

 

 

 

 

 

 

The chart highlights that energy demand in China and India is still quite a way off the levels utilised in the 

developed world. Consumption in India and China would have to increase by 707% and 87% respectively to 

match the equivalent levels of their regional neighbour; Japan. 

3.5 Asian Pacific Coal Prices 

Thirty years of historical Australian Export coal price data (reflected in real dollars) was obtained from the 

IEA (2011). It can be seen that prices have remained quite constant up until 2005. Post-2005 there has been a 

substantial jump in prices and also a widening between coking and steam coal prices.     

 

As China accounts for such a significant proportion of global coal consumption Chinese GDP and coal 

consumption statistics were reviewed to get a better understanding of what was driving the large price 

increase over the last decade. 

 

Dataset sourced from (BP, 2011) 

Dataset sourced from (IEA, 2011) 

Figure 18: Country comparison - 
primary energy consumed per 
capita 

Figure 19: Australian 
historical coal prices 
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It can be seen that Chinese coal consumption loosely follows developments in Chinese GDP. However, 

what’s interesting to note is that the jump in Australian export prices occurred after the 2003/2004 peak. In 

2003 and 2004 coal consumption grew at 18% per annum. This compares to consumption growth of 3% in 

2008. The large rise in coal export prices in 2008 appears to have been caused more by structural factors than 

economic conditions. Looking purely at Chinese consumption and production statistics fails to show the 

recent developments in the local market. China has traditionally been a net exporter of coal, however this has 

recently changed. Data supplied by the IEA (2011) highlights that China became a net importer of Coal in 

2008/09.  

 

 

 

 

  

 

 

 

 

 

According to the IEA, from 2008 to 2009 China switched from being a net exporter to the second largest 

coal importer. In 2010 the country’s imports corresponded to 19% of the total seaborne coal market 

(International Energy Agency, 2011). The reason for this dramatic increase in Chinese reliance on the 

seaborne coal market lay predominately grounded in Chinese structural deficiencies. Tu & Johnson-Reiser 

(2012), of the Carnegie Foundation, explains that Chinese ports were open to competition in the 1990s, 

making them much more competitive than the state owned railways that have suffered from insufficient 

investment. The Economist (2011) provides further insight into this by highlighting that Chinese coal 

demand is primarily driven by the prosperous, energy hungry, cities on the eastern coast. However domestic 

Dataset sourced from (BP, 2011) & OECD 

Sourced from (International Energy 

Agency, 2011, p. 401) 

Figure 20: Chinese GDP and 
annual coal consumption growth 

Figure 21: Yearly Chinese coal import/exports (2000-2011*) 
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supply is located in the north and west of the country. The cost of moving it from the North and West of 

China4 to the key markets can represent 50-60% of the total cost, making foreign imports cost competitive 

(Morse & Gang, 2010). The cost of recovery is also quite expensive due to dated mining infrastructure and 

higher costs associated with recovery from deep underground. The IEA, in their 2016 market outlook report, 

suggests that the sheer size of the market means that any small mismatch between domestic Chinese demand 

and supply will likely have powerful worldwide effects on coal prices (2011).  

 

3.6 Australian Coal Market 

Coal is Australia’s primary source of electricity generation, accounting for 77% of 2008-09 production. 

However, local demand accounts for a relatively small share of Australian total coal production. In 2009, 

total international seaborne coal accounted for 15% of total world consumption (U.S. Energy Information 

Administration, 2011).  Australia is the world’s largest exporter of coking coal and second largest exporter of 

thermal coal. In 2009-10 the country exported 82% of production – approximately 64% of the world’s 

coking coal and 19% of the world’s thermal coal exports (ABARES, 2011). Total Industry Revenues in 

2011-2012 are expected to reach $59.5 billion, which equates to 2.2% of Australian GDP (IBISWorld, 

2012). 

 

Coal is Australia’s second most valuable export, the value of exports have grown by 15.5% per annum, as 

shown below. However, more recently, revenue growth has been 8.9% per annum for the five-year period of 

2007 to 2012 (IBISWorld, 2012). In 2010-11 the sector was heavily affected by the flooding in Queensland 

(QLD); only about 15% of the states mines were in full production. This resulted in a fall in production and 

led to an increase in coal prices on the previous year.  

 

The bulk of coal production occurs in New South Wales (NSW) and QLD, which account for 97% of total 

production. Coking coal is mainly sourced from QLD and thermal coal from NSW. According to the Reserve 

Bank of Australia (RBA) (Christie, Mitchell, Orsmond, & Van Zyl, 2011) the export of coal is serviced by 

four ports in QLD and two in NSW. In QLD: The Ports of Brisbane, Abbot Point, Gladstone and Hay Point. 

In New South Wales coal is exported through Newcastle and Port Kembla.  

 

 

 

 

 

                                                      
4 Shanxi, Shaanxi and Inner Mongolia have 69% of the country’s proven resource (Morse & Gang, 2010). 
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Figure 22: Australian coal exports 

With only $7.19 billion of coal revenue in 2011-12 

generated from domestic Australian sales, it is of 

obvious importance to review the major markets 

for Australian coal. Australia exports the majority 

of its coal to Japan, India, Korea and China. Japan 

is Australia’s largest coal exporting destination, in 

2009-10 31% of coking coal- and 49% of thermal 

coal exports went to the island nation (ABARES, 

2011). Therefore Japanese negotiated coal 

contracts generally set the price level in the pacific market. However, reviewing five years of export data 

there is a clear growth trend in Chinese demand for Australian coal; the major uplift coincides with China 

becoming a net importer in 2009, which also caused seaborne coal prices to peak. The chart presented 

alongside highlights export volume data from 1989. Over the last 21 years metallurgical and coking coal 

exports have increased on average by 4.9% & 5.9% respectively.   

 

Deconstructing this data by major trading partners a snapshot of coal export by destination is presented 

below for 2005-06 and 2009-10. It’s clear to see that China’s importance as a coal export partner has grown 

however Japan still remains a major export destination.  

 

 

 

 

 

 

 

 

 

 

Thermal Coal Exports 2005-2006  

Sourced from (ABARES, 2011) 

Thermal Coal Exports 2009-2010 

Sourced from 

(ABARES, 2011) 

Coking Coal Exports 2005-2006  Coking Coal Exports 2009-2010  

Figure 23: Australian coal exports 
by destination (2005/6 & 2009/10) 
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3.7 Future Coal Export Demand 

According to BP (2012) coal demand will be spurred by Non-OECD growth, particularly in China and India.  

Declines in OECD countries will be offset by increased consumption in China and India. Global growth is 

therefore expected to continue at 4% until 2020. From 2020-2030 consumption is expected to slow to just 

0.5%. China and India’s inability to grow domestic production fast enough will drive the growing 

importance of global coal trade (BP, 2012). Chinese domestic production constraints are similarly shared by 

India. The IEA (2011) highlights that India’s local production is hampered by several factors, namely: 90% 

of production is from open mines which require the resettlement of communities, the coal produced is often 

of low quality (up to 60% ash content), and lastly whilst coal is used in all states approximately 80% of the 

reserves and resources are located in only four states (Chattisgarh, Jharkand, Orissa and West Bengal) 

leading to an average transport distance in 2008 of 623km. This is further supported by information obtained 

from The Economist (2011) suggesting that much of the coal reserves are located under protected forest and 

land that has been set aside for ethnic minorities.  

 

China and India’s dominance in future coal demand is cogently shown in data provided by the IEA (2011). 

Data presented below highlights incremental demand from 2009-2020 and 2020-2035.  

 

 

 

 

 

 

 

 

 

 

 

3.8 Cost Structure 

The main costs incurred by coal miners can be split into five categories: onsite mining costs, processing, 

administration & support, state royalties and freight (including port charges). According to the AME group 

(2012c) & (2012d) onsite mining costs constitute the largest share at approximately 65%. Further analysis of 

AME data shows that costs have grown quite substantially over the past six years. Thermal and Coking coal 

costs over the last six years (2006-2012) have risen by an annualised rate of 11% and 10% per annum 

respectively; compared to the global average of 7% for both categories. This has led to a weakening of cost 

competitiveness. The cost increases are primarily due to: local based cost pressures and the strengthening of 

Sourced from (International Energy Agency, 2011, p. 381) 
Figure 24: Incremental coal consumption by country 2009 to 2020 & 2020 to 2035 
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the AUD. In 2006 the Australian dollar was buying 0.76 US dollars, by 2012 the currency was buying 1.03 

USD; this equates to a 36% strengthening relative to the US.  

 

In local currency, bar royalties and freight charges, costs have risen quite evenly across the categories with 

an average annual cost increase of 5% for thermal and 4% for coking coal. Royalties have increased by 9% 

on thermal and 7% on coking coal. Whilst state governments have increased royalty rates, increased coal 

prices (which the royalty is calculated by) have also led to higher charges. As stated, onsite mining costs are 

by far the largest component of FOB cash costs however the type of mine drives the cost composition of 

onsite charges. In general underground mining requires a higher degree of labour and is more capital 

intensive, whereas open pit mines are more reliant on oil (International Energy Agency, 2011). The below 

chart highlights the major input costs associated with onsite mining charges by mining method. 

 

 

 

 

 

 

 

Irrespective of the deviation between categories, it can be seen that labour constitutes a significant cost for 

both underground and open pit mines. Australian mining companies have experienced strong wage inflation, 

in 2011 Wood Mackenzie5 estimates labour costs rose by 8% (Winning, The Wall Street Journal, 2012). 

Furthermore, deconstructing the input factors it can be seen that oil is a major cost driver; oil is an important 

factor in the production of explosives and chemicals, and is the basis of diesel fuel (Paulus & Trüby, 2011). 

Oil prices have recorded tremendous increases since 2001; from 2001-2010 Australian imported oil, 

measured in US dollars, has increased by 310% (OECD, 2011). However this is predicted to stabilise, The 

IEA forecasts in real terms that the oil price will trend to $109 USD in 2020 and $120 USD in 2030, 

representing a growth of 0.82% (International Energy Agency, 2011). Therefore, long-term oil is not forecast 

to be a major cost driver however short-term volatility will affect short run mining costs.  

 

The deceleration in oil price growth appears to be in line with AME long-term forecasts – from 2012 to 2027 

average FOB cash costs per annum are forecast to increase by 2% for thermal coal and coking coal. These 

long-term projections appear to be loosely in line with historical long-term averages. The Australian Bureau 

of Statistics (ABS) has maintained a producer price index for coal mining companies over the last 24 years. 

                                                      
5 Wood Mackenzie is a global energy, mining metals consulting firm. See: http://www.woodmacresearch.com  

Data sourced from (Trueby & 

Paulus, 2010): input factors and 

relative importance in coal 

mining in 2006 

Figure 25: Coal cost input factors by
mine type 
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This represents costs incurred for coal mining companies based on a predefined basket of goods and services 

and is segregated by open pit and underground mining.  Over the last twenty-four years costs for open cut- 

and underground-mining have increased by 3.25% and 3.02% respectively. As explained, the large increase 

in seaborne coal trade in the last decade combined with increased commodity prices has been a driving force 

behind the rapid acceleration in costs: going forward this is expected to ease. The producer price index 

highlights that open cut mining costs have risen higher than underground mining costs. This can be partly 

attributed to a higher reliance on oil-based products (International Energy Agency, 2011).  

 

3.9 Price Development 

In order to establish long-term coal prices a review of relevant publications was conducted, namely: analyst 

reports (Macquarie, J.P. Morgan, Morgan Stanley, Nomura and Deutsche bank), AME group projections6 & 

International Energy Association publications (World energy outlook 2011 & Coal Medium term outlook 

2011-2016). After assessing price forecasts it was determined that AME projections provided a reliable long-

term projection and were consistent with analyst consensus. Data has been sourced up until 2026. The 2026 

price has been accepted as the long-term projected price, this was checked against analyst prices. The 2026 

projection has therefore been carried forward at the relevant inflation rate. The inflation rate post 2026 was 

chosen as a good proxy for price development. This is based upon results obtained by Pindyck (1999). In his 

study of coal prices from 1870 to 1996 he found that the coal prices had a flat real drift i.e., real growth of 

approximately 0%. Therefore in nominal terms the inflation rate was deemed the most appropriate price 

driver. In order to adjust prices into nominal terms inflation forecasts for the next six years were attained 

from the Economic Intelligence Unit. Long-term inflation forecasts were based upon central bank target rates 

i.e., 2.5% and 2% were used for Australian and U.S. inflation. As coal prices are quoted in US dollars, the 

US inflation rate has been used when forecasting nominal prices. Similarly, the forecasted exchange rate is 

based upon the Economic Intelligence Unit six year forecast. A consensus estimate was formed for the long-

term (consensus based upon economic forecasts provided by Macquarie Bank, Deutsche bank and Morgan 

Stanley) exchange rate. The chart below highlights the expected development in coal prices for both thermal 

and metallurgical coal. 

 

 

 

                                                      
6 AME is a leading research group focusing on the analysis of global energy, steel, metals and mining industries. For further 

information see: http://www.ame.com.au/ 
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Prices are predicted to settle over the next 10 years. China’s dramatic switch to a net importer (2008-09) and 

subsequent supply bottlenecks at Australian ports provided the impetus for the peak in coal prices. This is 

expected to ease as capacity adjusts to the large jump in demand. Infrastructure bottlenecks due to port 

capacity constraints have plagued the industry over the last few years: capacity has been growing slower than 

export volume. This came to the forefront in 2007 and 2008 when queues of 70 to 80 vessels occupied the 

Port of Newcastle. However, according to the RBA a series of committed expansion plans will take total coal 

export capacity to 480m tonnes by 2013, thereby alleviating some of the congestion faced by miners 

(Christie, Mitchell, Orsmond, & Van Zyl, 2011).  

 

3.10 Industry Challenges 

The federal government of Australia is in the process of legislating two policies that will affect the industry, 

the introduction of a carbon tax and the resource rent tax (mining resource rents tax or resource super profits 

tax). The carbon tax will come into effect on 1 July 2012 and be priced at $23 per tonne of carbon dioxide. 

The tax will rise by 2.5% annually for the first three years, moving to a floating-rate system in 2015. 

According to the Australian Coal Association this is expected to increase the cost of producing coal by $1.80 

per tonne. This being said the direct impact per miner is dependent upon the degree of gassiness of each 

mine. According to IBISworld (2012) the average gassy mine will face a cost of about $7.40 per tonne of 

coal produced.  The Mineral Resource Rent Tax is a tax designed to distribute revenue earned from the 

mining of Crown land. The tax is similar to that of a Browns tax and aims to tax economic rents. These rents 

occur when government issues mining companies with the right to mine Crown land. The challenging part of 

the tax is establishing a framework that doesn’t penalise quasi-rents, which are profits earned through 

production that in the long term provide miners with an economic incentive to allocate resources to 

exploration (Garnaut, 2010). The tax will be introduced from 1 July 2012 carrying an effective rate of 22.5% 

Data Sourced from (AME 

Group Pty Limited, 2012b; 

AME Group Pty Limited, 

2012a) 

Figure 26: Historical coal prices
& forward projections 
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on profits above the government’s long-term bond rate plus 7.0%. Existing projects are able to use current 

market values when calculating assessable profits and in addition the tax is exempt for small projects with 

resource profits less than $50 million per year (IBISWorld, 2012). The ability to use market values and a 

high kick in rate on returns above that of approximately 10% (7% plus government bond rate) will lead to 

minimal impact. This is primarily due to strong lobbying by the Australian mining sector, which was the 

possible cause for the overthrowing of ex-Australian Prime Minister, The Hon. Kevin Rudd7. Subsequent to 

his demise the tax plan was fundamentally adjusted to appease industry concerns. 

 

4. Gloucester Coal 

Gloucester Coal is an Australian coal mining company specialising in the production and marketing of 

thermal and coking coal. The company was listed on the Australian Stock Exchange (ASX) in June 1985 

(Formerly CIM Resources – name change: 11 June, 2002). The company has approximately 202mn shares 

outstanding, at current market values, equating to a market cap of $1.39bn AUD (Closing price: 1/6/2012). 

This placed Gloucester Coal in the top 100 companies listed on the ASX. 

 

4.1 Overview of Operations 

Gloucester Coal’s operations can be broken down into four sections: Gloucester Basin, Donaldson Coal and 

Monash – all of which are located in New South Wales. Lastly, Gloucester has a 50% joint interest in 

Middlemount located in the state of QLD. Gloucester Basin, Donaldson and Middlemount are currently in 

production phase; Monash is an exploration asset. Gloucester Coal’s current operations are a reflection of 

two years of strategic transformation, with the group completing the following strategic acquisitions:  

 The acquisition of a 27.52% stake in Middlemount from Noble Group. This also included the right to 

purchase a further 2.48% of Middlemount for $8m and an additional 20% for $100m. In December 

2010 these transactions were finalised, taking Gloucester Coal’s total share in the Middlemount 

project to 50%. Macarthur coal (now owned by Peabody Energy) owns the additional 50%. The joint 

venture sits as a standalone company, with a separate board and offices (Tasker, 2010)  

o As part of the acquisition, Gloucester Also receives a 4% royalty of the total free on board 

trimmed sales from Middlemount. 

 The acquisition of Donaldson for $585m (Enterprise Value) from Noble Group (Behrmann, 2011). 

The acquisition also included an 11.6% shareholding in Newcastle Coal Infrastructure Group 

(NCIG), operator of the Port of Newcastle coal export terminal (Gloucester Coal, 2011). 

 Acquisition of Monash – owner of two exploration licences in the Hunter Valley, NSW for 

$30million (Thomson Reuters, 2011).  

                                                      
7 http://www.theaustralian.com.au/national-affairs/in-depth/how-mining-tax-sparked-fallout/story-fnccyr6m-1226281094991 
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Mining Operation Project Location Mine Type Coal Type Resources Reserves
Proved

Reserves

Duralie

Stratford

Abel

coking (semi‐soft)/

thermal

Tasman

Donaldson open cut

Hunter region, NSW underground
Coking (semi‐soft)/

thermal
577 0 0

Bowen Basin, QLD open cut coking (Hard) /PCI 61.3 48 34.5

Total 1839.3 295.7 163.7
CY: Calendar year
figures in million tonnes

Source: Compiled from 2011 Annual Report, September 2011 International Roadshow presentation, and 23 Feb 2012 company announcement

Gloucester Geological 

Basin, NSW
open cut

coking (semi‐hard)/ 

thermal

Donaldson
Newcastle Coalfield, 

(Hunter region) NSW

underground

thermal

* Pro‐rata 50% share in mine

Monash

Middlemount*

316 87 13.3

885 160.7 115.9

Gloucester Basin

These transactions have increased the degree of flexibility in Gloucester Coal’s product mix: the group has a 

solid project pipeline across all stages of development (exploration, pre-feasibility, feasibility and 

production), increased geographical dispersion and increased access to coal port infrastructure. Gloucester´s 

project pipeline is shown in the appendix of the paper. 

 

A detailed historical overview has been compiled and is available in the Appendix. Middlemount is currently 

in phase II of development, with an expected completion by 2015. The mine however has begun initial 

production (FY2012). The Donaldson asset is currently in production though expansionary work is currently 

being undertaken. An overview of the company resources are shown below:  

 

 

 

 

 

 

 

In addition, Gloucester holds a total of nine exploration based leases, Monash comprises of two of these 

leases. The recent transactions have led to a significant increase in reserves and resources; pre transaction 

Gloucester coal controlled Gloucester basin, with 278mn tonnes of resources, of which, 74.8mn tonnes of 

estimates reserves – including 13.3mn tonnes of proven reserves (refer to measurement of coal section for 

description of resource categories).   

 

4.2 Production  

Over the past six years Gloucester has been producing thermal and coking coal from the Gloucester basin. 

Production has been quite steady, on average producing 1.8mtpa of saleable coal. Saleable coal however 

must first undergo several processes before being shipped to the end customer. Firstly, run-of-mine (ROM) 

coal is excavated from the mine site by stripping it from the overhang. A term known as the stripping ratio is 

used to measure this process. The stripping ratio measures the degree of earth moved per unit of ROM coal. 

There is a positive correlation between cost of production and an increase in the stripping ratio. The ROM 

coal is then transferred to the coal handling and preparation plant (CHPP). The ROM coal is processed to 

Figure 27: Gloucester coal's resources by mine 
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yield saleable coal. In the past, Gloucester has averaged a yield of 65%; therefore on average 1.54 tonnes of 

ROM yields 1 tonne of saleable coal. 

 

Post acquisition of Donaldson and Middlemount, Gloucester is set to increase its production capacity and 

increase its product range – with a higher degree of coking coal production. By 2018 the company is set to 

reach a total production capacity of 12mtpa with production approximately split evenly between thermal coal 

and coking coal. Gloucester’s production capacity is expected to peak in 2018 then subsequently decline as 

mining assets are depleted. Operations from all assets except for Stratford (Gloucester Basin), Abel and 

Tasman (Donaldson mine site) are expected to cease by 2030. Stratford, Tasman and Abel expect to be 

mined until 2041, 2038 and 2037 respectively (Gloucester Coal, 2012). Based upon production forecasts, 

below is a chart of total life of mine (LOM) production: 

 

 

 

 

 

 

 

 

 

 

 

 

The production figures presume that Gloucester will mine all economically recoverable reserves. These 

reserves are compliant with JORC8 mining standards. The JORC is a member of the Committee for Mineral 

Reserves International Reporting Standards (CRIRSCO). According to the CRIRSCO, a mineral reserve is 

the economically viable part of the resource body. At the time of reporting, an independent assessor has 

deemed that the reserve body extraction can be economically justified (CRIRSCO, 2006).  

 

The future projections indicate that Gloucester expects to yield approximately 66% of saleable coal from 

each tonne of raw coal excavated from the mining assets. The expected yield per site is as follows: 

Gloucester Basin, 62%; Donaldson, 65%; and Middlemount, 78%. Gloucester’s yields are lower than 

Australian coal mining averages; this is a contributing reason to higher costs of production, which will be 
                                                      
8 The Joint Ore Reserves Committee is responsible for issuing the general industry reporting standards; this is widely seen as the 

industry benchmark and is mandatory for Australian listed mining company. Refer to http://www.jorc.org/ for further information.   

Source: Compiled from data 

sourced in Gloucester Coal 

report (2012) 

Figure 28: Gloucester coal 
forecasted production 
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presented in the upcoming financial section. National averages are presented below and have been compiled 

from Australian resource statistics:  

 

 

 

 

4.3 Customers  

Gloucester focuses primarily on the seaborne coal market, exporting the majority of production. On average, 

over the last six years approximately 94% of sales were generated from exports. Of the exported production, 

93% was shipped within the Asian region. Therefore it can be concluded that the company primarily relies 

on pricing within the Asian region when forecasting revenue. Gloucester utilises the services of Noble group 

to sell and market its coal. As a result of the acquisition of Donaldson, the company entered into a marketing 

agreement with Noble Group Limited. The marketing agreement is in relation to the sale and export of coal. 

Noble group assists with the sale of production volume and Gloucester pays a fee for this service. The fee is 

calculated at 2% of the volume-weighted price of coal sold for export sales in excess of 3.5mt but not 

exceeding 11.75mt (Gloucester Coal, 2011). This has been taken into account in the valuation model. 

According to Deloitte in a recent due diligence report (Gloucester Coal, 2012) whilst Gloucester markets 

some coal directly to Japanese customers, the majority of coal sold is through Noble group. Noble group, in 

turn on sells the product to the end customer. In 2011 and 2010 the group derived 75% and 67% of sales 

from the largest three customers. Though, in terms of customer concentration risk, an actively traded coal 

spot market partially mitigates any loss associated with losing one of these customers (Gloucester Coal, 

2011). 

 

4.4 Pricing 

Gloucester negotiates quarterly contracts with customers and therefore the long-term trend is driven by 

future coal price projections. The acquisition of Donaldson has led to Gloucester acquiring a contract 

liability of $133m as at 31 December 2011. This represents out of the money sales contracts and will be 

released over the life of the sales contract when sales commitments are satisfied. Due to the limited size of 

the contracts, it is expected to have minimal impact upon total group sales. Gloucester’s product range 

includes: thermal coal, PCI, semi-hard coking coal, and semi-soft cooking coal. Historically Gloucester 

Basin prices have varied from the standard benchmark thermal and coking coal price. Gloucester typically 

sells its thermal coal at a discount to the Newcastle benchmark price due to the higher degree of ash content 

(22% vs. 14%). The estimated discount on Newcastle benchmark prices is 15% (Macquarie Research 

Equities, 2008). In addition, Gloucester Basin semi-hard coking coal has sold at a price between that of semi-

semi soft and hard coking coal (Gloucester Coal, 2006).  

Source: (Geoscience Australia, 2011; Geoscience Australia, 2012) 

Figure 29: Average Australian saleable
coal yield 
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4.5 Rail and port capacity 

The company ships coal from several locations in QLD and NSW. In NSW Gloucester is forecasted to have 

total port capacity in excess of 13.7mtpa by 2016. In QLD the company is expected to have a capacity of 

2.0mtpa equity basis (incorporating expected allotment from the North Queensland Coal Terminal 

expansion) by 2016. In addition, Gloucester is currently in negotiations to secure additional capacity in QLD 

(Gloucester Coal, 2012). Due to the acquisition of Donaldson and Middlemount, and to cater to the 

forecasted expansion plan, Gloucester has taken on take or pay commitments for port and rail capacity. 

These are commitments to use rail and port allotments, the majority of which is recognised off-balance sheet. 

These commitments are discussed further in the real options assessment. 

 

5. Financial Analysis 

The last six years of financial data have been sourced from annual reports and Thompson One Banker. The 

purpose of this section is to provide a financial overview of Gloucester Coal, namely: profitability analysis, 

trend analysis and financial structure. Gloucester Coal reports its earnings like most Australian companies, at 

the end of the tax year – 30th June. In addition, the most recent half-year report (31st December, 2011) will 

also be discussed. 

 

5.1 Accounting Policies 

Gloucester Coal prepares general purpose annual reports in line with Australian Accounting Standards (also 

in line with International Financial Reporting Standards, which were adopted in 2006). A review of the 

accounting policies adopted by Gloucester highlights no major deviations from industry practice. Though in 

order to provide an effective analysis several methods of accounting are worth taking note: namely the 

treatment of exploration and expenditure and secondly the acquisition of mining assets. 

 

Gloucester allocates a certain degree of expenditure to exploration, evaluation and development. According 

to the 2011 annual report, all expenditure relating to exploration of land in which the company has the legal 

right to explore is capitalised and presented on the balance sheet as exploration and evaluation assets. This 

expenditure is subject to annual impairment testing and any amount deemed to be unrecoverable is expensed 

in the respective year. Therefore, this line item is carried at fair value prior to commercialisation of the 

mining field. Once a mining field is deemed to be commercially viable the related exploration and 

development assets are transferred to property, plant and equipment and classified as mining property and 

development. This asset is depreciated on a unit of production basis over the life of the economically 

recoverable reserves. As of June 2011 $57 million (4.2% of assets) was classified as exploration and 
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evaluation and $600 million (45% of assets) was classified as mining property and development (producing 

assets).  

During the 2011 financial year Gloucester purchased a 50% stake of Middlemount and a 4% royalty stream. 

The underlying acquisition was treated on a proportionate consolidation method therefore all assets and 

liabilities acquired by Gloucester (pro rata) have been consolidated into the Gloucester’s accounts. In 

addition, Gloucester paid $168m for the right to receive a 4% royalty payment on the total free on board 

sales of Middlemount. This is recognised as a financial asset, subject to impairment and amortised on a units 

of production basis over the estimated life of the mine.   

 

5.2 Financial Performance 

Gloucester has experienced strong revenue growth over the past six years, with a CAGR of 14.81% growing 

the company from $154m of revenue in 2006 to $307m in 2011. The uplift in revenue has been primarily 

driven by stronger underlying commodity prices. The quantity of coal sold has been quite steady over the 

past six years, with a modest increase of 2.11%. However the average price received per tonne has 

experienced strong growth of 12.43% per annum (2006: $79.84, 2011: $143.45). Gloucester has retained a 

fairly constant product split between production of thermal and coking coal. On the cost front, Gloucester, 

like many other mining companies has experienced strong cost pressure. Average cost of sales over the 

period has increased by 17.45%, holding net income growth somewhat back: with an increase of 6.23% per 

annum over the last six years. Below shows a snapshot of sales volume, revenue, cost of sales and bottom 

line performance.  

 

 

 

 

 

 

 

 

As discussed above, costs of mining have risen quite significantly. The main drivers behind this are 

increased mining costs due to higher stripping ratio (the stripping ratio reflects the amount of land that is 

moved compared to the recovery of coal ROM), increased taxes (NSW Government royalties on open cut 

pits increased from 7% to 8.2% on sales price), higher port charges due to capacity constraints and lastly 

increased labour costs. 

 

Figure 30: Gloucester Coal financial snapshot 

Source: 2006-2011Annual Reports 
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The results above reflect the volatile nature of commodity prices with 2009 being the strongest year to date 

for Gloucester. This result was driven by the structural change in the global seaborne coal market, as 

identified in the industry analysis, with China becoming a net importer of coal and pushing seaborne coal 

prices to record levels. The volatility in underlying prices is reflected in the company’s ROE. The company 

achieved a ROE figure of 63.2% in 2006, 2011 was considerably lower than this at 5.38%. The decline in 

ROE however is partly due to the company retaining a larger proportion of earnings and raising a substantial 

amount of equity in 2011 to purchase mineral sites that are yet to reach full production phase (limited 

earnings uplift). In 2007 Gloucester paid out 64% of earnings in cash dividends. This has decreased over the 

period, with no dividend being paid in 2010 & 2011. In 2011 Gloucester issued $670m in new shares to 

finance the acquisition of Middlemount. The declining payout ratio and equity issuance led to a strong 

deleveraging of the balance sheet: Debt/Equity declined from 0.87 (2006) to 0.32 (2011). However, during 

the current financial year (FY2012) Gloucester has completed two additional acquisitions, which have led to 

an increase in financial leverage and will be discussed below in recent acquisitions. 

 

5.3 Acquisitions 

Gloucester has completed three acquisitions over the last two years; which has had an effect upon the capital 

structure of the business.  Below summarises the recent acquisitions: 

Figure 31: Gloucester Coal corporate transactions 

Asset 
Acquisition 
date 

Consideration Cash Scrip Ownership Target’s total debt 

Middlemount Aug 4th 2010 $533.7m $434.2m $100m 50% $121.72m 
Donaldson July 14th 2011 $360m $0.0 $360m 100% $225m 
Monash July 14th 2011 $118.6m $31.93m $86.7m 100% $0.0m 

 

 

These acquisitions have resulted in an increase in Gloucester’s total debt burden. In particular, the 

acquisition of Donaldson led to Gloucester taking on $225m in debt (Donaldson enterprise value, $585m). 

This was supported by a related party loan from Noble Group. On July 14, 2011 Gloucester entered into a 

$400m debt facility (maturing 1 July 2015). Interest is calculated at a rate of BBSY9 plus 3%. The company 

has utilised $338m of this, leading to a total burden of $411m as at 31 December 2011. This represents a 

$312m increase on the 30 June 2011 debt levels. The company now has a total debt to equity ratio of 0.87.  

The transactions were reviewed and adjusted for in the valuation model, this was to ensure an accurate FCF 

figure could be calculated and to ensure depletion charges were correctly allocated over the course of the 

valuation. The balance sheets of Middlemount, Donaldson & Monash have been presented in the appendix.  

 
                                                      
9 BBSY: Australian Bank bill swap rate is a reference rate used. This is based upon the yield of a variety of bank bills. 

Source: 2011 & HY December 2011 Annual Report 
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5.4 Working Capital Requirements 

Gloucester’s historical working capital has been analysed in order to forecast appropriate capital 

commitments going forward. To establish a usable working capital forecast a company’s working capital is 

often compared to sales figures in order to compute a demand-driven forecast. (Koller, Goedhart, & Wessels, 

2010). Working capital reflects the net investment in operating assets of the business; this essentially refers 

to current assets (excluding non-operating cash) less non-interest-bearing liabilities. For simplicity, operating 

cash will be analysed separately.   

 

Gloucester’s cash balance has been steadily rising in preparation for the recent acquisitions. The increase in 

cash and cash equivalents doesn’t necessarily reflect the cash balance required to sustain operations. The 

average cash balance over sales (2006 – HY2012) is 17.73%; though this is still significantly lower than 

several peers. The average percentage of cash over sales for a 5 year period for a selection of peers (2007-

2011) ranged from 38% to 243%. Though the build up in cash may be due to the increased consolidation in 

the industry (as discussed in the industry overview) wherein miner’s stockpile cash to pursue acquisitions 

going forward or in order to invest in continued expansion – capitalising on the recent upside in coal prices. 

Therefore in order to get an accurate reflection of operating cash requirements, the cash conversion cycle 

was calculated in order to determine the average time it takes Gloucester to receive payment on extracted 

coal. This is defined as the amount of days it takes on average to sell inventory (inventory period), plus the 

average time it takes to collect accounts from customers (receivables period), less the time taken to pay 

suppliers (payables period) (Ross, Westerfield, & Jordan, 2006). The results were quite volatile over the 

seven historical estimates generated. The cash conversion period ranged from minus 42 days to positive 45 

days, with an average of negative 2 days. With such a range, further investigation was warranted. 

 

It was decided that a figure of approximately 2% of sales would be used. This has been justified by three 

observations. From 2000 to 2005 Gloucester’s average cash balance equated to 1.7% of sales. This appears 

to be more in line with normal operating cash levels. An operating cash balance of 2% equates to a cash 

conversion cycle of approximately 8 days, which is within the range of historic values. Furthermore, 

Copeland, Koller & Murrin (2010) estimate that the average corporate operating cash figure over sales 

equates to approximately 2%. Therefore based on historical analysis and academic literature it was deemed 

appropriate. 

  

Non-cash working capital was also analysed from 2007 to 2011. Average non-cash working capital was 

calculated at 17.7% (Median: 9%) of sales over the period. This was compared to three other Australian coal 

mining companies (Macarthur Coal [now owned by Peabody], New Hope Corp and Whitehaven). The three 

produced averages of 45%, 11% and 31% respectively over the period (Median: 34%, 11% and 21%). In 
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order to assess the adequacy of the historical figures this was compared to 49 mining companies 

(international collection with interests in coal) with financial accounts data sourced from Datastream. The 

data suggested the median selection produced negative non cash working capital, at approximately -3.7%. 

This however is somewhat inconclusive due to the large variation in the range. These computed statistics 

were also compared to information collected by Damodaran (2012) as at January, 2012. The information 

collected by Damodaran on 20 US coal miners suggested the average non-cash working capital balance was 

3.61%. The inconclusive nature of the comparison made it best to rely on historical averages as an indicator 

to future working capital balances. In addition, whist there was a large range in values; the historical figures 

were closer to that of the three other Australian coal mining companies. Utilising average ratios for working 

capital accounts was felt to give a better representation of Gloucester specific working capital requirements 

and therefore the most accurate indicator.  

 

5.5 FOB Production Costs 

Going forward cash costs are expected to decline for Gloucester and Donaldson assets. According to 

Gloucester, cash costs are estimated to decline to $78 per tonne (excluding royalties) in the next three years 

(Gloucester Coal, 2012). The improved costs are due to improved efficiencies from underground assets and 

further economies of scale. Middlemount costs are expected to remain relatively high, based on Gloucester 

estimates, costs are expected to be $100 per tonne excluding royalties (Gloucester Coal, 2011), this was also 

cross checked with Macquarie Bank estimates. These costs were used as a base and have been reviewed by 

mineral industry advisor, Behre Dolbear10, which is one of the oldest continually operating mineral advisory 

firms. Historical cash costs have been presented in the Appendix (Appendix I: Historical Financials) of the 

thesis.  

 

However, in order to establish a projection of future cost increases, a review of the Australian mine atlas11 

was conducted in order to find similar mines to those of Gloucester, Donaldson and Middlemount. A screen 

shot of the mine atlas has been provided in the appendix. Mines were selected based on proximity to 

Gloucester mines; this is due to the geological similarities and the exposure to similar factors driving costs. 

Cost estimates of the mine sites and projections to 2027 were ascertained from the AME group (2012c) & 

(2012d). A weighted average approach was utilised in projecting cost estimates. Prices past 2027 are 

expected to follow the average long run coal PPI12, as shown in the preceding cost structure section. The 

forward cost projections were then cross-checked against total Australian wide industry projected costs in 

                                                      
10 See: http://www.dolbear.com/about-us/ 
11 For a review of Australian mine sites refer to the Australian mine atlas: http://www.australianminesatlas.gov.au/ 
12 Producer Price Index 
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Figure 33: Historical capital expenditure 

order to establish reasonableness. The chart below highlights the forecasted cost driver in AUD nominal for 

the next 10 years.  

 

 

 

5.6 Capital Expenditure  

Over the last six years, Gloucester’s 

cash flows have transformed to 

reflect the increased focus on 

production expansion. From 2009 

there has been a clear ramp up in 

PP&E investment namely due to the 

expansion in coal processing in the 

Gloucester basin: production capacity 

of raw material increased from 3.2m tonnes per annum to 4.0m. In addition, Gloucester has expanded its 

exploration by securing additional land in the Gloucester Basin and significantly increase the amount of 

money spent on exploration; cash flow spent on exploration increased $13m in 2010 and $4m in 2011 (total 

2010: $17m & 2011: $21m). The chart highlights the increase in capital expenditure. As it can be seen, 

capital expenditure is up in nominal terms and also as a proportion of revenue. 

 

Expansionary capital expenditure is forecast to peak in 2014, as Gloucester makes its last commitments to 

the second phase development of Middlemount. Based on analysis of Gloucester coal’s presentations, and 

review of the ABARE mining projects information, the company plans to make the following expansionary 

investments: 

Asset 
Total 
Expenditure 

Period Purpose 

Middlemount $120.0m 3 years Remaining commitment for expansion of CHPP 
facility. Increased ROM handling by 2.625mtpa to 
total ROM capacity of 6.125mtpa 

Abel underground $192.0m 5 years Increased mining capacity (increase commencing 
2014) 

Tasman underground $128.0m 8 years Increased mining capacity (increase commencing 
2015) 

Bloomfield 
(Donaldson) 

$  81.0m 3 years Increased ROM washing capacity by 4mtpa 

Monash $  35.0m 2 years Planned exploration expenditure 
Figure 34: Announced capital expenditure programs 

 

Source: Estimation compiled from data supplied by the Australian Bureau of Statistics and The AME group.

Source: International Roadshow, September 2011 

Figure 32: Forecasted annual price changes in cost of production (per tonne)  
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In addition to this, an allowance of $62 million has been provided over the next five years. This is based 

upon the fact that the company has indicated total 5 year capex will equate to approximately $1.1bn 

(including sustainable capex). The information presented above was cross checked with recently released 

financial data (Gloucester Coal, 2012). The majority of capital expenditure relates to the development of the 

Donaldson extension project and the Middlemount development. Mine development generally constitutes the 

majority of lifetime mine capital expenditure, at approximately 60% of total capital expenditure. Therefore, 

to be expected, capital expenditure tapers off post 2016. The remaining capital expenditure relates to upkeep 

and replacement of assets. 

 

Sustainable (operational) capital expenditure has been estimated based on historical data. A review of the 

company’s asset composition was conducted. The average asset life was calculated by comparing 

depreciation to depreciable assets. To gain an accurate forecast, depletion charges were estimated separately, 

therefore Mining PP&E (capitalised development expenditure from producing mines, i.e., intangible assets) 

was subtracted from the PP&E balance. In addition to this, non-depreciable PP&E such as freehold land was 

also subtracted. Depreciation (excluding depletion charges) was compared to the net PP&E balance. The 

average asset life of depreciable assets over the period was 14.5 years. There was however a clear decline in 

the trend. It was therefore deemed reasonable to set the average depreciable asset life at 12 years. This was 

also within the upper band of the advised asset life of PP&E in the footnotes of the financials.  This translates 

to an estimated sustainable capital expenditure figure of 8.3% of net PP&E excluding Mining property and 

development and Freehold land. The figure was then compared to analyst estimates (RBC Capital markets, 

Morgan Stanley & Macquarie) and deemed to be reasonable.  

 

   

 

 

 

 

 

 

 

 

 Source: Own Estimates compared to RBC Capital Markets (May 2012), Morgan Stanley (April 2012), Macquarie (June 

2012) analyst reports 

Figure 35: Capital expenditure forecasts as proportion of total net PP&E 
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5.7 Reorganisation of financial statements 

In line with the method proposed by Koller, Goedhard & Wessels (2010) the financial statements were 

rearranged in order to reflect operating and non-operating assets. This method has also been suggested by 

Petersen & Plenborg (2012).  The major adjustments are as follows: 

 

 Provisions have been treated as a debt equivalent, whereby the value is subtracted from enterprise 

value, as opposed to accounting for the adjustment in provisions in the calculation of free cash flow. 

The effective discount rate has been calculated from historical information, thereby taking into 

account the annual unwinding (non-cash) interest charge in the income statement, this item is 

recognised in financial expenses which is after NOPLAT. In addition the provision has been 

unwound each year in the balance sheet.  

 Exploration reserves purchased through the acquisition of Donaldson and Middlemount have been 

incorporated and factored into the depletion calculation going forward. This is based on a unit of 

production forecast (Refer to Appendix Q for information on depletion charges).  

 Intangible port allocation of $57.4m (11.6% ownership in NCIG through acquisition of Donaldson) 

has been included as an operating asset. The investment gives Gloucester access rights to port 

capacity. Even though the ownership of this is tradable Gloucester would have to renegotiate 

capacity at other ports in the event this is sold. The investment has been amortised over the 

production profile of Donaldson.  

 Historical operating cash taxes have been calculated over a six year period. This was calculated by 

firstly utilising the Australian corporate tax rate (30%) on operating profits and then adjusting for 

movements in operating deferred tax assets/liabilities. The effective tax rate was used to forecast 

operating taxes until 2021. This was due to the fact that the company will receive substantial 

deductions over the next 10 years due to the large capital expenditure. It’s forecasted that in 2026 

depreciation will exceed capital expenditure therefore driving the tax rate back to the headline figure. 

 The deferred tax liability has grown over the last two years due to the acquisition of Donaldson, 

Monash and Middlemount. This has been treated as an equity equivalent primarily due to two 

assumptions. It is assumed over the next several years, expansionary capital expenditure will result 

in the avoidance of the liability (due to continued growth). After this, it is assumed that the company 

will most likely convert the Monash exploration lease into a producing mine. The Monash site 

already has high level plans. Though this is still in the concept phase and awaiting further proofing-

up of the resource body. If this was not the case this may result in payment of the liability. Further 

clarification was sought through a review of company presentations though no guidance was 

provided. 
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Source: Datastream and company accounts 

Figure 36: Benchmarking of dividend 
payout ratio 

 The royalty asset, which was acquired with the Middlemount acquisition, has been treated as a non-

operating asset. The royalty asset is transferable and therefore can be sold whilst Gloucester retains a 

50% stake in Middlemount. Including this in the calculation of NOPAT (Net operating profit after 

tax) would result in a distortion to the margins of the business. The royalty asset valuation was 

checked against the production profile used in the calculation of the company valuation. Using excel 

solver, the implied discount rate was calculated at 5%. If a discount rate of 9.627% (Gloucester’s 

WACC, presented in Chapter 6) was used the valuation would drop by approximately $66m AUD. 

Though, as the royalty asset is subject to annual impairment testing it is assumed that the carrying 

value of $193m is deemed reasonable. 

 

Incorporating the information identified in Chapters 3, 4 and 5 a forecasted Balance Sheet and Income 

Statement was prepared. The information is available in the financials section of the appendix (appendix A).  

 

6. DCF Valuation 

The valuation of the operating mines has been calculated on an enterprise basis, with cash flows calculated 

on a firm level. The formula for free cash flows to firm (FCFF) is calculated as follows: 

FCFF = NOPLAT + Noncash operating expenses – Investment in Invested Capital 

 

For further information on the calculation of free cash flows refer to Appendix G. The estimates discussed in 

the preceding chapters form the basis of the valuation. The following section discusses capital 

considerations, dividend policy and the cost of capital. The section will then conclude with a valuation of the 

production assets. 

 

6.1 Capital Structure 

An analysis was conducted to determine an appropriate payout ratio and capital structure. It should be noted 

that the capital structure of the company will not affect the calculation of free cash flows. The purpose of this 

section is to establish the estimated tax shield generated from the use of debt and an appropriate WACC.  

6.2 Dividend Policy 

In the last two years Gloucester hasn’t declared a 

dividend, this due to the company’s recent acquisitions. 

However, in line with recent policy, it is presumed 

dividends will recommence. This is centred on the fact 

that the company has paid a dividend in the past and 

secondly, based upon adequate forecasted cash flow 

generation within the next few years.  
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To determine an appropriate dividend payout ratio, historical dividends were compared to a sample of forty-

six international miners. The average dividend payout ratio is calculated by taking the average of firms that 

paid a dividend within that year. This method was used as it was sought to find the average dividend paid by 

a miner given a dividend was declared. Gloucester has paid dividends in five of the last ten financial years 

(as shown above). When dividends were paid, Gloucester’s payout ratio tended to be higher than the sample. 

The average sector payout ratio has declined over the last few years however, this can be attributed to record 

reinvestment in the sector. Gloucester’s average payout ratio of 50% will be used going forward as this is 

within a reasonable range to that of its global peers. Dividends will be factored into the model post peak 

debt, being phased in at the end of 2016.  

 

6.3  Target debt levels 

As discussed in the forthcoming cost of debt section, the median debt to firm levels for the industry sample 

over the past five years ranged from 0.18 to 0.23. As forecasted, Gloucester’s debt burden will increase in 

the next two financial periods, after that returning to lower levels. Going forward it will be assumed that the 

firms target debt to market value (a valid proxy) is in line with the historical levels of 0.20. To maintain this 

target, excess cash build up will be used for buy backs and or special dividends. 

6.4 Market Risk Premium13 (MRP) 

There are three generally accepted methods for estimating the MRP. The first method involves utilising 

survey data on analyst future expectations. The next approach is the utilisation of historical returns on 

equities and comparing this to returns on riskless assets. The third involves estimating a forward-looking 

premium based upon the current price of assets, this is referred to as implied premiums. However, whilst the 

number is one of the most important in corporate finance, complete consensus on the best approach is yet to 

be established, nor is likely to in the immediate future. 

 

Typically economists use historical returns generated over a significant period (many decades) as an 

unbiased indicator of future returns. According to Koller, Goedhart & Wessel (2010) it is important to use 

the longest period possible when estimating the market risk premium (MRP). This is due to the fact that 

often shorter periods of measurement carry with it statistical noise, making the estimation less robust. In 

addition period specific anomalies can lead to inconsistent results. For instance, the Credit Suisse Global 

Investment returns Yearbook (O'Sullivan & Kersley, 2012) highlights that the Australian equity risk 

premium from 1987-2011 was -1.7% p.a. over that of bonds; rendering the observation unusable. A search 

for Australian stock market return data on Datastream was conducted though it was established that only 42 

                                                      
13 The MRP represents the difference between the expected or historical return on a market portfolio and the risk-free rate. 
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years of historical data was available. Therefore a review of academic literature was conducted to find long-

term historical return data. Brailsford, Handley & Krishnan (2012) found that the historical equity risk 

premium for a sample period of 128 years (1883-2010) was on an arithmetic basis 6.1% and a geometric 

basis of 4.7%. These results include returns in the form of dividends and capital growth. There is some 

debate in regards to the inclusion of the effects of franking credits in the estimation of the MRP. Australia 

introduced an imputation tax system in July 1987 and the effects of this on the calculation of the MRP have 

been documented (Gray & Hall, 2006; Officer, 1994). However, as suggested by Gray & Hall (2006), 

adjustments for franking credits in the corporate world are seldom made (i.e., Gamma = 0) and therefore it 

was deemed appropriate to follow market consensus on the issue. This approach is also used by Dimson, 

March and Staunton (2002).   

 

As pointed out by Jacquier, Kane, and Marcus (2003), many academics correctly suggest that the use of the 

arithmetic average for forecasting future returns is the correct method if the arithmetic mean of return is 

known. The geometric average can be used however only when the sample period and investment horizon 

are of equal length (Jacquier, Kane, & Marcus, 2003). The problem lies in the fact that using arithmetic 

averages generally leads to an upward bias whilst using geometric averages leads to a downward bias. 

Blume’s (1974) estimator provided a mathematical approach to adjust for this problem. This essentially 

provided a suggested weighting of the arithmetic and geometric estimates based upon the number of 

observations and forecast period. However, this approach requires a MRP to be calculated for each year of 

cash flows being calculated; which for obvious reasons leads to a cumbersome solution.  

 

In addition, utilising Australian equities over a 128 year period fails to recognise the fact that many other 

countries have experienced much worse stock performance, such as, China, Russia, and Poland. Academics 

have suggested that these historical returns fail to recognise the effects associated with survivorship bias 

(Dimson, Marsh, & Staunton, 2003). Whilst most of the literature is focused on US equity returns, Cornell 

(1999) presents a cogent argument of the effects of survivorship bias. In his summary he argues that the 

equity premium going forward is more likely in the vicinity of 300 to 400 basis points lower. This being said, 

the suggested adjustment is a reflection of US returns and also affected by a different measurement period 

than the Australian returns presented above. However, it lays basis to the argument that the historical return 

may not present the best indicator for the future MRP. Furthermore, as evidenced by global stock market 

studies (Dimson, Marsh, & Staunton, 2002; O'Sullivan & Kersley, 2012), Australian equities have 

outperformed that of the United States making this issue equally prominent, if not more so.     

 

For these reasons it was decided to review forward looking commentary in order to establish an expected 

MRP. Fernandez, Aguirreamalloa and Avendaño (2012) compiled a global survey of 7,192 responses from 
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Figure 37: Gloucester 
beta calculation (ASX 
return data) 

Figure 38: Gloucester beta calculation (international index data) 

economic professors, analysts, and company managers. It provided useful results and also highlighted the 

convergence of expected MRP’s in developed capital markets. The Australian expected MRP for 2012 was 

5.9%, which was 0.4% higher than that of US survey respondents. This indicates that the investment 

community expect equities to perform close to trend. It was therefore decided to utilise a MRP of 5.9%, as 

this was within reason compared to 128 years of historical data, partly avoids problems associated with 

survivorship bias, and is forward looking. 

 

6.5 Equity Beta  

Five years of monthly returns were regressed against the ASX 300. The ASX 300 is a benchmark index of 

the largest 300 companies in Australia. Monthly returns over five years were chosen as this one the method 

used by Monrningstar Ibbotson, the suggested approach by Koller, Goedhart and Wessels (2010) and was 

also in line with early test of the CAPM 

(Black, Jensen, & Scholes, 1972). The 60 

observations are presented alongside. A 

beta coefficient was estimated at 1.077. 

The t-stat (2.89) was above the critical 

level, indicating that the value of beta 

was significantly different from zero. 

However the large standard error of 0.37 

meant that with 95% confidence the beta value was between 0.34-1.82. As this is a high range, with quite 

large implications on the valuation it was decided that further testing was required. 

 

A rolling beta estimate was calculated over 

approximately the last three years. The 

length of the rolling estimate was 

established based upon the usability of 

historical data. Whilst the stock was 

trading around 2000 to 2004, low trading 

volumes make the estimates unreliable. 

Gloucester’s beta was calculated using 

multiple benchmarks and converted into 

the respective benchmark currency. This 

highlighted that the ASX 300 (the largest Australian Index) is not an appropriate benchmark. Further 

investigation reveal that approximately 21% of the index is represented by mining stock (O'Sullivan & 



59 | P a g e  

 

Kersley, 2012). Natural inference would suggest that Gloucester’s stock price would have a higher 

correlation with the index and therefore isn’t a true representation of the stock’s systematic risk.  

Reviewing the development in the beta it appears the beta has shifted downward since December 2010. 

What’s surprising is the beta has remained rather steady even though the company has increased its leverage 

in the second half of the current financial year. However, this may be due to the relatively low level of 

leverage. Early studies on equity betas found that firms with lower levels of leverage tend to exhibit a lower 

degree of equity beta instability (DeJong & Collins, 1985).  The difference between the FTSE £ and other 

international benchmarks has been attributed to currency effects. A FTSE $ benchmark was also used to 

highlight the fact.   

 

Gloucester’s beta was also compared to a group of industry peers. Due to the limited nature of pure coal 

companies, in addition to selecting New Hope Corp a selection of global miners were used.    

 

The betas were calculated by adjusting 

for the financial leverage of each 

company. The book value of debt and 

market capitalisation of equity at year 

end was used (Therefore it has been 

implicitly assumed that these 

companies have issued debt at rates 

similar to equivalent bond yields). 

Whilst Modigliani and Miller use a 

more elaborate calculation due to information restrictions two assumptions have been made. The debt beta is 

assumed to be zero and the tax shield beta is equal to the unlevered company beta. These methods are in line 

with Koller, Goedhart & Wessels (2010). The asset betas above have widened in the last few years however 

this appears to be mostly due to a lowering of Peabody Energy’s asset beta (note: Peabody increased its 

leverage late 2010). The average asset beta of the group is 1.36, which is slightly higher than Gloucester’s 

asset beta of 1.23. It can also be seen that Gloucester’s asset beta has narrowed between that of its nearest 

comparable, New Hope Corporation. Due to limited trading history, Whitehaven coal could not be used in 

the sample. Similarly as Macarthur coal is no longer listed it was unable to be used in comparison.  

  

As Gloucester’s equity beta appears to be in line with industry benchmarks and also exhibits a degree of 

stability, the most recent observation will be used going forward. The value of the beta is an equally 

weighted average across indices (excluding ASX 300). However, an adjustment will be made to take into 

Figure 39: Asset beta comparison 
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account mean reversion in beta estimates. Initial work by Blume (1971) found that betas regressed towards 

the grand mean (beta = 1). Large financial firms and service providers such as Bloomberg and Merrill Lynch 

also adjust for temporal properties of systematic risk. The adjustment reduces the effect caused by extreme 

observations and is presented below: 

 

஻௟௨௠௘ߚ	 ൌ 	0.67 ∙ ܵܮܱߚ ൅ 0.33 ∙ 1 

௖௢௔௟	௟௢௨௖௘௦௧௘௥ீߚ ൌ 	0.67 ∙ ሺ1.477ሻ ൅ 0.33 ∙ 1 ൌ 1,3214 

 

6.6 Cost of Debt 

To estimate the cost of debt for Gloucester Coal a synthetic credit rating was generated by comparing the 

historical and forecasted financials of the business to a set of US peers. The Standard & Poors’ industrial 

benchmark was used. Whilst this may not be directly comparable to the mining sector, data restrictions 

presented a challenge to providing a credit rating. To overcome this dilemma a strategic ratings guideline for 

the mining sector was also incorporated. The strategic mining bond ratings guideline was developed by 

DBRS, a globally recognised rating firm with ratings on over 1000 corporations15.  

 

The method adopted is in line with that recommended by Petersen & Plenborg (2012). In order to provide a 

reasonableness check, the cost of debt was compared to that of Gloucester’s most recent loan. Gloucester 

refinanced their borrowings through a loan issued by The Noble Group. The Noble Group is large 

shareholder of the company though it the loan was originated at arm’s length and on general commercial 

terms. In addition it can be assumed that Gloucester has a fiduciary obligation to the remaining shareholders 

of the business, therefore ensuring the rate is not in excess of normal commercial terms. Furthermore, the 

rating was also checked against a comparable firm: Yancoal Australia. Yancoal has similar operations within 

Australia and therefore provided a good guide as to the accuracy of the rating. 

 

Traditionally credit ratings assess the financial ratios of a firm on a historic basis (Petersen & Plenborg, 

2012). However, in this instance, the valuation model has forecasted the income and balance statement 

allowing for financial ratios to be calculated. These ratios are prepared on the basis that the firm must 

increase its borrowings in the following years in order to finance the increased expansion and also there will 

be no dividend declared in the next few years. This is reasonable and in line with the most recent financial 

statements.  

 

                                                      
14 This is the equity beta (levered beta) for Gloucester based on a debt to firm value ratio of 0.20, as discussed in the preceding 

section. 
15 For more information see: http://www.dbrs.com/about 
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Based on the projected financial 

performance and estimated capital 

expenditure, the firm’s debt burden is 

estimated to peak in 2013. At this 

point the firm is estimated to have a 

Debt/Firm value (excluding cash and 

cash equivalents) of 29.97%. To 

contextualize this value a comparison 

of similar peers was conducted. 

Mining stocks listed in Australia, United Kingdom, Canada and America were used. All data was sourced 

from Datastream. Initially mining firms listed in Australia, US, UK and Canada were selected. The company 

business descriptions were downloaded and sorted. The companies were sorted based on the key business 

description that included ‘coal mining’. Companies without five years of data were excluded. This yielded a 

sample of thirty-three Companies.  

 

The data has been sorted into a 

histogram. Negative values indicate 

the firm has a surplus of cash over 

debt. The median value over the 

five year ranged from 0.18 to 0.23. 

However, pertinent to this paper, it 

is evident that the peak debt levels 

for Gloucester in 2013 are not 

unreasonable and within ‘normal’ 

operating levels. The outlier in 

2007 (shown above) was checked back to the company’s (Walter Energy U:WLT) financial statements to 

ensure data accuracy. 

 

In line with Petersen & Plenborg (2012), the key financial ratios were computed from 2006 to 2017. Twelve 

years of data was used to determine an appropriate credit rating. The key ratios are presented in the 

appendix. The rating was calculated in line with S&P, and a rolling three year average of financial data was 

used. 

   

Figure 40: Net debt to firm value (excl. Cash) 

Figure 41: Capital structure –
global benchmark
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As discussed, in addition an assessment was made in relation to strategic factors. The strategic factors are 

presented in the appendix and encompass five key considerations: reserves of core operations, cost 

competitiveness, diversification, political risk, and size and critical mass. This placed a slight negative 

weighting on the rating and subsequently resulted in Gloucester being assigned a synthetic rating of BBB.  

 

 

 

 

 

 

The BBB spread over Australian government bonds 

was sourced from the Reserve Bank of Australia. The 

average spread of 357 basis points for 2012 was used. 

Australian government 15 year bonds were used as a 

proxy for the risk free rate as the government currently 

holds a long-term AAA (Aaa Moody’s equivalent) 

rating and therefore was determined to be a reasonable 

benchmark16. The cost of debt therefore was estimated 

at 6.65% (After tax 4.66%). As means of checking the 

calculation the rate was compared to Gloucester’s most 

recent debt issuance. As per the 2012HY report, the company negotiated a $400m facility from Noble Group. 

The rate is calculated at a 3% premium on the BSBY (The Australian Bank Bill Bid Rate). This equates to an 

effective rate of 6.9%17. 

 

6.7 Calculation of WACC 

Based on the aforementioned capital structure, market risk premium, equity beta and cost of the debt, the 

calculation of WACC is provided below:  

ݕݐ݅ݑݍܧ	݂݋	ݐݏ݋ܥ ൌ 3.08% ൅ 1.32 ∙ 	5,9% ൌ 10.87% 

ݐܾ݁ܦ	݂݋	ݐݏ݋ܥ ൌ 3.08% ൅ 3.57% ൌ 6.65% 

ܥܥܣܹ ൌ ሾ0.20 ∙ 6.65ሺ1 െ .30ሻሿ ൅	ሺ0.80 ∙ 10.87ሻ ൌ 9.627 

                                                      
16 For recent ratings review of Australia (12/06/2012) see: http://www.moodys.com/research/Moodys-says-outlook-for-Australias-

Aaa-rating-remains-stable--PR_248186 
17 For information on the BSBY rate see: http://www.afma.com.au/home.html 

Figure 42: Gloucester Coal - key financial ratios 

Figure 43: BBB less Aus Government yield: BBB
bond spread 



63 | P a g e  

 

6.8 Free Cash Flows to Firm 

Free cash flows to the firm were calculated by utilising the method presented at the start of the chapter. Free 

cash flows have been presented in the appendix of the thesis (Appendix B: Free Cash Flow). Factoring in the 

discount rate calculated above a present value, for the production assets, of $1.536bn was ascertained.     

 

 

 

Please refer to the financial appendix for the presentation of the free cash flows.  

6.9 Sensitivity analysis 

In preparation for the real options model and also to demonstrate the sensitivity of the estimates used in the 

valuation of the production assets a sensitivity analysis was conducted. The main estimates were adjusted +/- 

10% to show the effect upon valuation. The WACC was also adjusted, and a range of values is provided. In 

addition, the possible effect of a carbon tax is shown. However, the carbon tax policy, as per the delimitation 

is outside the valuation as the policy framework is still unclear of the exact impact and Gloucester has not 

provided any guidance as to the effect. As expected, the valuation is most sensitive to changes in coal prices, 

costs and estimated reserves. Coal prices are the most sensitive due to it being the largest headline figure in 

the valuation. i.e., changing coal prices by 10% has a greater effect than modifying the cost structure by 10% 

(due to the nominal values). However the likelihood of these fluctuations will be handled in the volatility 

section of the ROV. The results are presented below for the reader's point of reference. 

 

 

 

 

 

 

 

 

Whilst all due care has been exercised in the Calculation of the WACC a range of estimates is presented 

below:  

 

 

Figure 44: Gloucester PV of FCF from 
production assets 

Figure 45: Results from sensitivity analysis 
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As discussed in the industry challenges, a carbon tax would have downward impact upon Gloucester’s 

valuation. The exact extent of this impact depends on the degree of gassiness of the coal mines. IBIS world 

(2012) has placed a range of $1.80 to $7.40 per tonne. This results in an NPV estimate of $1,377m to $884m. 

As this represents such a large valuation range an additional search was conducted. Ben Willacy, Wood 

Mackenzie’s18 Australian coal supply lead analyst suggests that the introduction of the tax is likely to have a 

4% affect on NPV (on average across the sector). Based on this estimate, it could lead to a reduction of 

$61.5m or similarly, an NPV of $1,475m. 

7. Terminal Value 

Traditionally corporations are valued on a going concern basis, that is, an estimated terminal value is 

provided based upon an expected growth rate of the final forecasted cash flow into infinity. For Gloucester, 

this would be inappropriate as the structure of the firm and operations will be heavily defined by the 

exploration success of the business. However, the company’s longevity will be defined by its ability to create 

value from existing exploration licenses. The terminal value therefore, is based on an implied unit value on 

undeveloped exploration leases. These are assets, whereby coal has been identified. The economic viability 

however is less certain, whilst some high level mining plans are available for the Monash exploration lease a 

resource based multiple will be used to capture the entire Residual JORC resources across all exploration 

licenses.  

 

7.1 Exploration Licenses 

Gloucester holds several exploration licenses: three coal exploration licenses located in Gloucester basin 

(EA311, EA315, EL6904), four coal exploration licenses at Donaldson (EL5337, EL 5498, EL5497 & 

EL6964) and the Monash exploration asset (EL6123 & EL7579).   

 

Thomas one banker was used to search for comparable exploration based companies, in order to compute an 

enterprise to resource valuation. Companies with an SIC industry code related to coal mining and listed in 

Australia were reviewed. Companies with a business description including ‘exploration’ were placed on a 

short list; this yielded ninety-seven results. As the aim was to gain an insight into the market price of 

undeveloped reserves, companies that were in a revenue producing state were excluded. This resulted in a 

reduction of twenty-nine companies (total sixty-eight). The business descriptions of the sixty-eight 

companies were then reviewed and separated into three categories: ones whom were not primarily resource 
                                                      

Note: Reserve estimation sensitivity is an approximation based upon changes in variable costs. Capital expenditure associated with 

an increase in the reserve body has not been factored in. 
18 Wood Mackenzie is one of the largest global energy consulting firms. For further information see 

http://www.woodmacresearch.com. To review the comments made by Ben Willacy see: http://www.bloomberg.com/news/2011-07-

25/australian-coal-tax-may-cut-coal-industry-value-by-a-8-billion.html 
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driven, the second was companies with an interest in coal however were not pure coal play companies and 

lastly, companies whom focus solely on the exploration of coal leases. The latter provided nineteen 

commensurate firms. The websites and corporate presentations of the nineteen companies were reviewed to 

assess for JORC proved resources. Of the firms reviewed, seven did not have any proved resources and 

therefore were excluded from the comparison. The results from the twelve remaining firms are provided in 

appendix O. The companies provided a good cross-section of resource types and are quite similar to the coal 

type of Gloucester’s indicated exploration leases. The average $/t of resource equated to 0.222.  

 

Share price data for the twelve companies was sourced from datastream. The average $/t price was re-

measured in the two preceding half-years. The average has declined substantially over the 12 months. In July 

2011, the group had an average multiple of 0.487, then declining to 0.393 in January 2012 and is now at 

0.222. However, a general decline was expected due to the recent softening in commodity prices and the 

broader economic slowdown. It is felt that the current stock prices most accurately reflect investor sentiment 

and therefore will be used as the basis for the terminal value. This equates to a total value of $313m 

Obviously, the estimate is subject to fluctuations in the multiple; this is inherent in valuation. Without the 

ability to work with a more detailed plan this method most appropriately fits the situation. However, 

individually selecting a group of closely comparable exploration companies aimed to overcome some of the 

pitfalls of multiples analysis. 

 

8. Real Option Valuation 

Option analysis, like valuation, is a subjective process. Some purists would argue that each option should be 

valued separately. However, information quality is always of key concern. Deriving a valuation from loosely 

constructed assumptions yields little value. This section therefore pays particular focus upon the options the 

company has over the entire operations, that is: to expand operating or stop mining. Due to volatility in coal 

prices and production costs, it is plausible to assume the company may face a situation where it wishes to 

either capitalise on the upside opportunities or stem its losses brought about by a downturn in coal prices or a 

potential cost blowout.  Professor Aswath Damodaran suggests that, valuing an option on a group of mining 

projects may yield a lower value than the value of a portfolio of options, though the results still provide an 

                                                      
19 Sourced from: (Gloucester Coal, 2012) 

Mine Residual JORC Resources Mt19 Coal Type Resource Value $/t Resource Value $M 
Gloucester Basin 250 SHCC/T 0.222 55.5 
Donaldson 580 SSCC/T 0.222 128.76 
Monash 580 SSCC/T 0.222 128.76 

Figure 46: JORC exploration reserves 
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Step 1

Compute Base Case 
DCF

Step 2

Model the 
uncertainty 

Step 3

Identify & incorporate 
managerial flexibility

Step 4

Conduct Real Options 
Analysis

understanding of the determinants of the valuation of a natural resource firm20. This section utilizes the four 

step approach developed by Copeland & Antikarov (2003), as shown below: 

 

 

 

8.1 Step 1: Compute base case PV without flexibility 

The valuation computed for the producing mines in the preceding section will be used as the expected 

valuation and is in line with the method suggested by Copeland & Antikarov (2003) and Munn (Mun, 2006). 

The ability for management to react to uncertainty in proceeding periods will then be incorporated into the 

valuation. The base case valuation will be used as the UAV. The options will be modelled in yearly time 

steps, due to the sheer number of bifurcations. The base case valuation of the production assets (UAV) is 

$1,536 million.  

 

8.2 Step 2: Model the uncertainty 

 

 

 

 

 

 

 

 

As introduced in the theoretical framework, uncertainty is captured in the probability of the price paths (up 

state and down state).  These are often referred to as risk-neutral probabilities, as the asset is priced on a risk 

neutral basis. The values can then be discounted over time at the risk free rate. It’s assumed that the value of 

Gloucester Coal follows a Geometric Brownian Motion (GBM). This is essentially a random walk. This is 

justified by the fact that the valuation of the firm incorporates all information that was available and 

therefore valuation developments will be based upon unpredictable shocks (Brandão, Dyer, & Hahn, 2005). 

The formula used in the binomial tree is based upon work by Cox, Ross & Rubinstein (1979) whereby the 

probability of an up movement (increase in valuation) is defined as: ܲ ൌ ሺݎ െ ݀ሻ/ሺݑ െ ݀ሻ and the 

probability of a down movement is equal to: ሺ1 െ ܲሻ. The value of r is equal to the risk-free rate. As we have 

assumed the price evolution of the firm follows a GBM the up movement (U) is defined as: ܷ ൌ	݁ఙ√ሺ்ሻ. D 

                                                      
20 These comments can be found in Professor Damoraran’s real options notes. See: 

http://people.stern.nyu.edu/adamodar/pdfiles/eqnotes/packet3a.pdf 

Time 3 

Time 0

Time 1

Time 2
At each decision node the 

company decides: expand 

production, continue 

operations or abandon 

investment.  
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can be defined as: 1/݀. The up and down movement capture the fluctuation in the possible value of the firm 

over a time step.  

 

From the above, it is quite clear that volatility is a prime driver of price development. The inherent weakness, 

as demonstrated by Willigers & Hansen (2008) is that the binomial model cannot handle mulit-dimensional 

uncertainty.  However, the use of Monte Carlo simulation can overcome this through its ability to 

incorporate multi sources of uncertainty into one volatility estimate. For this reason, a Monte Carlo 

simulation was conducted in order to derive a volatility estimator. The steps behind this approach involve 

modelling the uncertain variables, calculating the degree of co-movement in the variables and then 

performing the simulation. 

  

Whilst capital expenditure and mineable resources are significant points of uncertainty, it was determined 

that these estimates rely primarily on geological technical data, and based upon the sensitivity analysis it is 

clear that cost and pricing assumptions are the most sensitive estimates. Placing limitations on which 

volatility inputs to use is advocated by Copeland & Antikarov (2003), whom suggest not clouding the 

analysis with too many variables. The two main sources of uncertainty used in the calculation of volatility 

were coal prices and production costs. Coal prices were assessed utilising a time series statistics whereas 

production costs were estimated on a case orientated basis. Though, volatility estimation is fallible and 

therefore most papers provide a range of option values based on a sensitivity analysis of the volatility 

estimator (Davis, 1998).  

 

Coal Prices 

Australian export coal price data was sourced from the OECD, the maximum observations (126 quarterly 

data points/ 31.5 years of data) were used to analyse price volatility. The price observation were based upon 

Australian export prices and calculated as a mix of thermal and coking coal in line with the projected 

composition of Gloucester Coal’s production. The average quarterly return was calculated and then the 

squared excess return over the period was reviewed. Five volatility estimates were calculated using historical 

equally weighted averages (15 years, 10 years and 5 years) and exponentially weighted averages (lambda of 

0.94 and lambda of 0.909). The last observation was calculated by minimising the root mean squared error 

(RMSE): 
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Figure 47: 
Yearly coal 
price volatility

The RMSE calculates the 

average distance between the 

predicted and realised volatility 

estimate. The 5 year 

observation generated the 

lowest RMSE due to an 

observed shift in volatility over 

the last seven years. It can be 

seen there was a clear increase 

in the volatility over the period, which is in line with comments made by the IEA (2011) suggesting that coal 

price volatility has increased since 2005. A report published by the Reserve Bank of Australia (Dwyer, 

Gardner, & Williams, 2011), provided commentary on recent announcements by the G-20 to address 

excessive commodity price volatility. The report sought to establish if recent increases in commodity 

derivatives had fuelled increased volatility, or whether the increase was being driven by fundamental factors. 

It was found that at this stage fundamental factors were the main driving force behind the increased 

volatility.  

 

The five year equally weighted standard deviation equates to 35% per annum. This is quite higher than the 

long-term estimates calculated by Pindyck (1999) from 1870-1996 of around 9%. However, coal has had 

periods of significantly higher volatility. In the early 1970’s the standard deviation of coal prices was 23%, 

and was more volatile than crude oil between 1950 – 1970 (Regnier, 2007).  

 

Autocorrelation (Serial Correlation): 

The coal price return data was analysed over a period of 5 and 10 years to assess for any autocorrelation. 

Autocorrelation refers the degree of correlation a variable has with itself. To test whether autocorrelation was 

statistically significant a Durbin Watson test was performed. The formula is as follows: 

ܹܦ ൌ	
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The results were calculated for 20 and 40 observations (5 and 10 years of quarterly observations) and 

compared to the DW critical values. Both estimations returned evidence of statistically significant positive 

autocorrelation (DW value of 0.87 and 0.89 respectively). According to Copeland & Antikarov (2003) the 

formula for autocorrelation, assuming the time series of the random variable is stationary, can be defined as: 

݊݋݅ݐ݈ܽ݁ݎݎ݋ܿ݋ݐݑܣ ൌ 	
,ሺܺ௧ݒ݋ܥ ܺ௧ାଵሻ
ሺܺ௧ሻݎܸܽ

 

The values returned: 0.54 and 0.536 (10 and 5 years respectively)  
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Mean Reversion 

Commodity prices do exercise a degree of mean reversion; essentially this is a process whereby prices resort 

to a long-run average. Mean reversion therefore means the further out we look in time, the less volatility we 

would expect to see as volatility adjusts to a long-run average.  The typical adjustment for mean reversion is:  

்ߪ ൌ ௧ඩ෍ሾሺ1ߪ	 െ ܽሻ்ି௧ሿଶ
்

௧ୀଶ

 

The process for incorporating mean reversion would involve estimating alpha and then building this into the 

Monte Carlo simulation. However, as pointed out by Pindyck (1999), the use of the GBM assumption may 

be permissible due to the long reversion period.  However, as a reasonableness check, the long-run historical 

coal price volatility estimate will be discussed in the forthcoming Monte Carlo simulation. 

 

Operating Costs: 

A report compiled by independent mining consultant, Behre Dolbear (Gloucester Coal, 2012), indicated that 

production cost estimates are accurate within a +10/-10% range. This will be the vales used in the 

consolidated volatility estimation due to the high degree of technical knowledge behind the cost estimate. 

These estimates will be treated as a best and worst case scenario for each period. The results will be tested 

assuming a triangulated distribution with the upper and lower estimates forming the periphery. Whilst 

management estimations are always subjective, the use of an independent report aims to alleviate this 

concern.  

 

Correlation between variables: 

A search of academic literature was conducted however no tangible results were derived. Natural logic 

would suggest some degree of positive correlation between mining costs and coal prices. To test this 

relationship the Australian Bureau of Statistics coal mining materials index was compared to both thermal 

and coking coal export prices. Quarterly prices from September 1987 to June 2011 were used (maximum 

dataset). The open cut index was used over that of the underground index as a majority of Gloucester’s 

product is derived from open cut mines. A correlation of 0.38 and 0.33 was generated between costs and that 

of coking and thermal coal. A median estimate will be used in the Monte Carlo simulation.  
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Monte Carlo Simulation 

A Monte Carlo simulation was 

performed, utilising the above 

information. The standard 

deviation (sigma) generated 

was 55.29%. This was initially 

thought to be quite high. For 

this reason, and to see the 

effect of coal price volatility 

on the estimate, it was decided 

to factor in different scenarios. Pindyck’s estimation of sigma from 1870-1996 of approximately 9% was 

used (Pindyck, 1999) and phased in at different periods. To test the effect this has on the volatility estimator, 

the cut-in time of the 1870-1996 long-term historical volatility estimator was incorporated at three different 

stages, a kick in: immediately, 5 years, 10 years and after 15 years. The range in volatility is shown above. 

 

Firstly, it is quite obvious to see that the more recent, short-term volatility estimator generates a substantially 

higher sigma. Though what’s interesting to see is that the volatility estimator only changes a small degree if 

volatility reverts back to longer-term averages over a 10 to 15 year period. However, the assumption of 

reversion to pre-1996 levels cannot be predicted. According to Credit Suisse, increased commodity volatility 

is indicative of a longer-term shift21. For that reason, the base case will be the estimated result of 55.29%.  

 

8.3 Step 3: Identify and incorporate managerial flexibilities 

In each period Gloucester is faced with a multitude of decisions, however the biggest operating decision the 

company can face is whether to expand the operations or deciding to close the mining operations if cost and 

or commodity prices decline. Whilst, process optimisation (quantity adjustments and or temporary closure) is 

an option available to Gloucester this is outside the scope of the paper as it requires a different modelling 

approach. For an understanding of this see Shafiee, Topal, & Nehring (2009). This section will elaborate 

upon the expansion and abandonment option that Gloucester Coal has over their operations. 

 

1) Expansion 

As explained in the Production section of the paper, coal must be processed and transported to port before 

being shipped to the end customer. In order to assess Gloucester’s ability to expand production, given 

favourable conditions, an assessment of current contracted capacity was undertaken. The information has 
                                                      
21 Full article available at: https://www.credit-

suisse.com/us/asset_management/doc/commodities_and_volatility_white_paper_2011.pdf 

Figure 48: Monte 
Carlo Results 
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Figure 49: Coal production capacity analysis 

been summarised from a shareholder report released on 30th April, 201222 and is available in appendix P. The 

analysis is broken down by mine site and categorised by process: coal handling and preparation plant 

capacity, rail entitlements and port capacity. Mining capacity was not included below as the investment 

decision to increase or decrease mine site production is internalised, namely, it does not rely on third party 

investment or supply agreements. The data will be used as a barometer to assess Gloucester’s current 

utilisation of existing agreements or the need to enter into additional arrangements.  

 

As highlighted in the industry overview, vessel waiting times brought about by port capacity constraints have 

been an inhibitor to further expansion. When assessing the ability to expand, port capacity is a key concern 

going forward. The data from above has been combined with the expected production profile of each mine 

sites. 

 

The group has total projected port capacity of 17.7mtpa with excess capacity in NSW (capacity in NSW and 

QLD is not transferable due to geographical distance). Based on the provided data, the company has 3.5mtpa 

of available port capacity in NSW; this will form the basis of the expansion option. To assess the cost of 

expansion a list of Australian wide coal projects was obtained from the Australian Mines Atlas site23. The list 

contained high level information on 28 documented mine development or expansion projects. The list was 

somewhat incomplete which meant that some data needed to be inputted from other sources i.e., company 

websites & business publications. There were seven documented expansion projects, five of these projects 

provided useful information in relation to expected expansionary capital expenditure. The average cost of 

expansion per million tonnes was $47m (with a range of 36m to 63m). This was cross checked with 

information obtained from the International Energy Agency (2011) that suggested capital expenditure per 

million tonnes for an open cut mine equated to $90m. However, it is presumed this figure includes 

investments in new mines. The average capital expenditure for the 7 documented new projects in Australia 

was $142m per million tonnes. Therefore the figure of $47m ($165m for 3.5mtpa) will be used as the cost of 

expansion. The variable costs will be in line with the current cost estimates. In addition, based on historical 

                                                      
22 The report is available at http://www.gloucestercoal.com.au/investor_media/asx_announcements/ 
23 http://www.australianminesatlas.gov.au/ 
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information, a two year time to build period was factored in to reflect the point when the decision is made 

and when actual production uplift occurs.   

 

2) Abandonment 

The option to abandon operations carries significant value. Colwell, Henker and Ho (2003) studied the value 

of abandonment options on 27 Australian gold mining companies. They found that the value to abandon 

operations to be statistically significant. That being said, they found the option carries a large fluctuation 

between operations. They postulate that if the value of the firm becomes too low, then the company can exit 

its investment for the salvage value. The cost of abandonment and expected payoff is discussed below. 

 

The company provides for the estimated closure of mine sites, the information was sourced from 

Gloucester’s financial statements. According to note 3(Q) the estimated rehabilitation cost is estimated at 

face value and a series of undiscounted bonds are lodged with the Department of Resources and Energy. 

Therefore the cost of rehabilitation is recognised on the financials in totality. The dismantling charge is 

assessed by Gloucester and a discounted provision is recognised in the company accounts. The discount was 

assessed based on the 2011 unwinding charge (the unwinding charge is treated as interest and in effect each 

year the provision is marked up until realised on decommissioning of the mine site). On average, the mines 

are expected to be mined for just under 30 years. The discount on the estimated dismantling provision was 

calculated at 8%. The total estimated closure cost for the three mines is approximately $79m. It is assumed 

that these costs are approximately equally shared and therefore the strike price of the abandonment option is 

estimated at $26.3m per mine.  

 

Take or pay contracts: 

In order to guarantee infrastructure access both Donaldson & Middlemount entered into take or pay 

agreements for rail and port access. The purpose of take or pay contracts is to safeguard supply chain 

capacity for the upstream miner and to ensure the infrastructure provider will earn an adequate return on the 

initial capital investment in providing port or rail infrastructure. Essentially these agreements mean that 

access to infrastructure must be paid for even if it is not utilised. Donaldson’s total commitment is $470.5m 

and covers a contractual period of 10 years. Middlemount has entered into a 15 year take or pay contract 

with a committed value of $455.7m. This commitment must be taken into account when calculating the 

strike price of the abandonment and temporary closure call option. The strike price will therefore decline for 

Donaldson & Middlemount over 10 and 15 years by $47.05m and $30.38m respectively.  
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As an example: If Gloucester was to close the Donaldson mine in five years time it would incur a charge of 

$26.3 million for dismantling and rehabilitation and the five years remaining take or pay commitment of 

$235.25m. As a result, the put option available to Gloucester coal will have a declining strike price. 

 

The assets of the business were reviewed in order to determine an appropriate payoff from exercising the 

option. It was presumed that intangible assets would be unrecoverable as these investments are mine specific 

and are a reflection of costs incurred to develop the mine. In addition, the port allocation asset would also be 

given a value weighting equal to zero.  The value of Property Plant & Equipment by far is the driver of the 

options payoff. Williamson (1988) postulates that the liquidation value of an asset is defined by its 

redeployability. Vishny and Shleifer (1992) augment this by putting forward a market equilibrium approach 

to liquidation value. Essentially they argue that in times of economic distress the most likely buyer of a 

firm’s asset will be another firm within that industry. Though in most circumstances, the other firms is most 

likely also affected by the industry- or economy-wide shock that has led to the seller disposing of their 

assets.  

 

Whilst Gloucester coal operates within the coal industry it is fair to suggest that the assets of the open pit 

mine may be redeployed into other parts of the mining sector, therefore slightly reducing the asset 

specificity. This being said, the mining industry as a whole is arguably tied to macro-economic variables. 

Therefore the resale value on mining equipment will be heavily correlated to economic conditions. 

Furthermore, Aldersona & Betker (1995) found that firms with higher liquidation discounts tend to have 

lower levels of debt. As evident by the capital structure section of the thesis, it is clear that the mining sector 

generally has lower gearing ratios than other sectors, such as the airline industry. Their study of 88 US 

companies found a median liquidation cost of 34.7% of asset value. Firms with liquidation values in the top 

quartile had a median recovery rate of approximately 38% (loss of 62%) and a debt to asset ratio of 0.347.  

Therefore assuming that intangible assets are unable to be sold, recovering working capital at full, and 

receiving 60% of the net book value on tangible PP&E leads to an average recovery rate of 38%. This will be 

the assumed abandonment cash flow used in the real options valuation.  

    

8.4 Step 4: Conduct Real Options Analysis 

The ROV has been setup in time steps (discrete time intervals) of one year. As the analysis is being 

conducted over a period of approximately 30 years, shorter time intervals would lead to a cumbersome 

binomial lattice. Utilising the volatility figure a binomial asset tree was produced. Two trees were calculated 

to take into account the drop in asset value caused by the cash flow generated in each respective period. As 

the mining assets have a finite life cash flow in effect represent the erosion of the asset value (i.e., exhaustion 

of the mine).  
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At the end of each period the asset value will be reduced by the portion of the current period’s cash flow to 

the remaining value. This is in line with examples provided by Copeland and Antikarov (2003) and shown 

below: 

 

 ܲ ௘ܸ௫.௖௔௦௛	௙௟௢௪ ൌ 	 ቀ1 െ	
஼ி೎ೠೝೝ೐೙೟	೛೐ೝ೔೚೏

∑ோ௘௠௔௜௡௜௡௚	஼௔௦௛	ி௟௢௪௦
ቁ ∙ ܲ ௕ܸ௘௙௢௥௘	௘௡ௗ	௢௙	௣௘௥௜௢ௗ	௖௔௦௛	௙௟௢௪ 

 

This inherently assumes that the reduction in the value of the mining assets is proportional to the value 

realised in the respective period.  The resulting asset price development over the mining project is shown in 

Appendix C. The stochastic process is calculated as follows: 

1) The PV of the asset in the next period is calculated by multiplying the current period’s asset value 

(after cash flow) by the up and down figure. 

2) To find the PV after periodic cash flow (asset erosion value) the formula as listed above is applied to 

the result obtained in step 1. 

3) This process is repeated throughout the tree up until 2042. 

 

Abandonment option: 

The appropriate liquidation discount was applied as it was assumed that if the option was exercised, it was 

likely as a result of an industry wide downturn and likely firm-specific financial distress, therefore requiring 

the need to reflect this in the ability for the company to sell the mining assets. The contract liability arising 

from rail and port commitments was also calculated in each period. In addition, if the mines were abandoned 

early then the associated difference in the early rehabilitation and dismantlement was included. This is 

effectively the difference caused by the provision being smaller than the actual cost due to the liability 

coming to fruition earlier than forecast. However, this being said there may be small differences in the 

calculation due to inflation assumptions not being adjusted for (the value however is quite small). The results 

are presented in appendix C.   

 

Expansion option: 

Capacity was reviewed over the expansion period. Based upon Gloucester & Donaldson’s expected reserves, 

the last year in which the option could be exercised is in 2035. The cash flow generated by expansion was 

calculated based on the value contribution of the Gloucester and Donaldson mine. As the NSW based mines 

generate a lower margin, due to cheaper varieties of coal, utilising a simple average FCF per million tonnes 

of total company wide production (including Middlemount) would not give an accurate measure. Therefore 

in each year of production, the additional uplift in production was adjusted for differences in the margin 

between the mines. Furthermore, temporal adjustments were made to the strike price to reflect capacity 
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adjustments24. This means that not every decision node required 3.5mtpa of CHPP expansion as the company 

had unutilised capacity in later periods due to their current expansion plans; therefore a refurbishment 

allowance was provided for. The UAV with flexibility is modelled in appendix C.  

 

Combined Option Value 

In order to get an accurate option valuation, the options must be combined. This is due to the principle of 

non-additivity. Lenos Trigeorgis, found that the incremental value in isolation, declines as more options are 

added to the valuation. This has two implications. Firstly, it suggests that the options should be combined 

when analysing the additional value uplift and secondly, “neglecting a particular option while including 

others may not necessarily cause significant valuation errors.” (Trigeorgis, 1993, p. 2).The reason why the 

options need to be added to the same underlying tree is due to the fact that at each decision node, Gloucester 

can choose to expand, keep either option alive or abandon. The company cannot decide to exercise both 

options simultaneously – they’re mutually exclusive. 

 

Furthermore, to ensure that there was no double counting of cash flows, due to the interaction between the 

options, the expansion option assumed that any cash flow associated with planned asset sales due to the 

scheduled closure of the mines, occurred at the same time as the original DCF. While this might be 

debatable, the reason for the choice is not, if this was not done then there was a chance that the payoff would 

be artificially inflated. For instance there could be a situation where the model derives value from expanding 

the operations, receiving a cash flow associated from early asset sales, and then the option to abandon being 

exercised several years later. This process would double count cash flow from asset sales. A possible method 

to incorporate early closure of mines and the interaction of the abandonment options would be to utilise a 

varying payoff depending on the asset value path. Though this would become quite complex quite quickly.   

 

The combined lattice tree is provided in appendix C. The utilisation of a ROV framework led to an increased 

value of $288m. This corresponds to a value uplift of 14% on that of enterprise value.  

 

Sensitivity Analysis 

The combined option portfolio was subjected to sensitivity analysis in order to determine the most important 

variables driving the valuation. The volatility estimate, risk free rate, recoverability rate of asset 

abandonment and the estimated cost of expansion were adjusted. The values were adjusted by a factor 

ranging from -40% of the base case estimate to +40% of the base case estimate. The results are presented 

below: 
                                                      
24 Note: FCF includes capital expenditure; therefore only the initial expansionary expenditure has been recognised. Periodic cash 

flows inherently allow for asset replacement costs. 
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The red diamond highlights the base case scenario. The risk free rate appears to have the least effect, 

increasing in gradient at the extremities. This is most likely as a result of the conflicting movement in put 

and call option values in response to a change in the risk free rate. Volatility appears to have the greatest 

impact upon the valuation. The value begins to level out at lower points in the volatility estimate, this is due 

to the payoff of expansion becoming much more certain, and more likely to be executed. The cost of 

expansion and the recoverable rate of asset sales, move in line with expectations.  

9. Recapitulation and Valuation 

The valuation has been provided in three parts, a static DCF, a terminal value driven by the nine exploration 

leases the group holds, and the options valuation which derives its value from future uncertainty and the 

ability management has to actively respond to new information.  To provide an indicative valuation the sum 

of parts combined, yield a total enterprise value of $2.2bn. As the valuation is based upon the operating 

assets of the business, non-operating assets must be added to the valuation. The equity value is ascertained 

by subtracting net debt and debt equivalents. This yielded an equity value of $1.626 billion. According to the 

HY2012 Annual report, Gloucester Coal had approximately 203m shares outstanding. This results in a 

valuation per share of $8.02. Based upon the discussion and results presented in chapters 4-8 the valuation 

results have been tabulated and presented below:  

  

Figure 50: ROV sensitivity analysis 
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In line with the approach established in the introduction of the thesis, the value has been provided in several 

parts, namely: a traditional DCF model assuming no flexibility, a valuation of the exploration based activities 

of Gloucester Coal, and lastly, the modelling of strategic flexibility through the pricing of an expansion and 

abandonment option. Combining the results obtained in the aforementioned sections resulted in a valuation 

of $8.02 per share. The most recent trading data (1st May 2012 to 15th June 2012) shows that the stock has 

ranged between $6.82 and $7.78. Therefore the fair value represents a premium of approximately 9.9% on 

the middle of the range. The valuation is lower than the stocks historical highs, recorded in late 2010 and 

2011, when Gloucester was subject to a cash share offer by the largest shareholder25.    

9.1 Analyst Valuations 

 The target price was compared against analyst reports provided by three banks: Macquarie, RBC Capital 

Markets and Morgan Stanley. Surprisingly, despite employing a different valuation approach, the results 

lined up with analyst reports. The paper provides strong justification for a fair value of $8.02 per share. The 

results have been compared to the analyst reports and are presented in the table below. 

 

 

 

 

 

 

 

 

                                                      
25 Refer to Appendix E for historical share price and Appendix F for an historical overview. 

Analyst reports sourced from Macquarie 

Bank, RBC Capital Markets & Morgan 

Stanley 

Figure 51: Valuation 
Results 

Figure 52: Comparison of results with 
brokerage reports 
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9.2 Insights from analyst reports 

Throughout the process it was quite interesting to see that the analysts covering the stock often used vastly 

different assumptions amongst one another though generally had target prices that were quite similar. Four 

main insights into the valuation reports covering the stock were gained. The reports often applied a discount 

or premium to the DCF value to reach a target price with very little technical information as to how the 

percentage was established. Secondly, it was interesting to see that the treatment of exploration based 

activities deviated amongst all of the analysts. Some firms assigned a valuation to exploration leases, others 

did not provide for it and one listed a valuation for Monash which was below the net book value of the asset, 

which is already measured in each period for impairment. Thirdly, calculation of terminal value or the 

assumption as to how many periods the model provided for was rarely alluded to. Lastly, it was interesting to 

see a wide range of capital expenditure assumptions. This was surprising even though the company released 

five years of capital expenditure information. Of course, there is a degree of subjectivity and therefore a 

range is warranted though it was interesting to see some of the nominal deviations from the capital budget 

supplied by the company. However, this being said, the reports provide a useful high level insight that can be 

used as a basis for further investigation. 
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Part	III	–	Conclusion	

10. Contributions 

The paper has showcased a comprehensive valuation model, which in turn demonstrated the complementary 

nature of DCF and ROV (expanded NPV). This highlighted that there is value in uncertainty and flexibility 

that the traditional static DCF model is unable to capture. The model is computationally heavy and time 

consuming; requiring the need to still perform a comprehensive DCF valuation to ascertain the UAV. 

However, identifying and correctly assessing value is the main objective. The valuation model provided the 

ability to unlock strategic options available to management. This provided maximum impact when dealing 

with uncertainty and flexibility. The aim of the paper was to provide a pragmatic approach, transcending the 

realm of pure academia. The model presented, alleviates the myopic ‘set and forget’ presumption of DCF by 

uncovering and correctly valuing the strategic options an organisation face. The paper highlights the 

importance of understanding the link between strategy and finance and demonstrates the dilemma 

highlighted by Myers (1984) of two cultures addressing the same problem. The discussion between strategy 

and financial implication is an important one, even more so in an era shaped by tumultuously dynamic 

operating environments.   

 

The ROV sensitivity analysis highlighted that estimating volatility is paramount. This can be quite a 

complicated process and the choices/assumptions made have a fundamental effect upon the valuation of the 

options. Volatility estimation is not an easy process. This paper demonstrated the application of statistical 

tools to recognise the best measurement period of historical data, that prior period volatility has an effect on 

the current period (autocorrelation), identified multiple sources of uncertainty and lastly employed a method 

to combine these uncertainties. 

 

The benefit of this paper is it demonstrates how to incorporate ROV into a DCF model, providing a valuation 

on a companywide level. Often ROV is only used in the capital budgeting domain. However, this paper was 

able to demonstrate how it could be applied from a companywide approach. The benefit of this is it allows 

external stakeholders to review the ability management has to influence value, and perhaps assess their 

ability to add value. Wherefore it can be used as a critical tool to assess management’s performance at 

harnessing the options identified. Utilising this tool provides a better understanding of the trigger points in a 

company valuation where active management should be employed. 

 

10.1 Limitations 

Performing the valuation utilising this framework yielded a strategic insight into the options available to the 

company. However, from an external investors perspective, this becomes quite complex when faced with 

issues such as information asymmetry. Access to content is critical; a better informed investor can always 
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provide a more accurate valuation.  This however is the case with all models and types of valuations. The 

natural limitation of this method involved a balance between computational complexity and the ability to 

discover the most pertinent options available to a company. However a natural balance between usefulness 

of results and computational complexity is going to, for the immediate future, continue to exist. The model 

was applied on a group basis in line with comments and methods suggested by Professor Aswath 

Damodaran26. The inherent limitation is that the options applied relate to group level activities, the more 

detailed the model becomes the greater bundle of options that can be modelled, with a focus on honing in on 

project specific options. However there is a fine balance between unlocking value and the time spent 

discovering it. Although the methods employed were specifically focused upon reviewing the most pertinent 

options available to Gloucester. In addition, as suggested in the scope of the case study the model utilised 

throughout the paper took the assumption that Gloucester Coal would realise the expected amount of 

economically recoverable reserves. Whilst technical uncertainty was delimited due to the need for mining 

specific technical knowledge, further modelling around this would yield greater investment outcomes. That 

being said, the degree of relatedness between technical uncertainty and other sources of uncertainty may be 

questionable. This therefore may lead to the adaptation of the model to a quadrinomial lattice framework. 

However, the fundamentals of the lattice model approach are similar. 

 

10.2 Conclusion and future research 

The paper sought to provide a pragmatic valuation through the application of an expanded net present value 

framework to Gloucester Coal. This commenced with an understanding of fundamental valuation models and 

their ability to capture uncertainty and flexibility. A comprehensive literature review and technical 

understanding of ROV was provided (and further supplemented in Appendix H). 

 

The valuation of Gloucester coal was performed in three steps. Firstly, a fundamental DCF analysis was 

conducted, resulting in a valuation based upon no flexibility, with the mine recovering all economically 

recoverable coal. This involved a strategic discussion of the global industry, an understanding of the 

Australian market and also a strategic review of Gloucester coal. Consulting based reports, global public 

energy bodies, national statistical agencies and investment banking reports were used to identify expected 

coal prices and also mine cost drivers. A global review of coal mining capital structure, investigation into 

market equity premiums, an historical review and established methodology of the beta calculation was 

discussed, and a synthetic debt rating was performed to establish an acceptable cost of capital.  Secondly, a 

terminal valuation calculation was performed by reviewing all Australian based mineral companies. A list of 

companies was sorted to identify pure coal exploration companies. Once a list was established, a review of 

                                                      
26 See comments at http://people.stern.nyu.edu/adamodar/pdfiles/eqnotes/packet3a.pdf 
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company based information was performed to identify, if applicable, the amount of JORC resources the firm 

held. This involved reviewing company based literature and financial reports. A multiple was then applied to 

Gloucester Coal’s exploration based reserves. Finally, a ROV framework was introduced to model the 

company’s ability to influence the value of the producing mines. This resulted in a 14% in enterprise value. 

The ROV was performed utilising the four-step framework. This essentially involved highlighting the 

options available, modelling the uncertainty, investigating the parameters of the ROV model, and pricing the 

mines with flexibility incorporated.  

 

Whilst this was outside the paper’s scope, further investigation into switching options and also production 

optimisation would yield greater information as to the company’s ability to time the extraction of resources 

and the value derived from storing coal for sale in a later period. Though compiling this based on external 

information may prove to be a challenge. Authors such as Brennan & Schwartz (1985) and Hodges (2004) 

provide interesting insights to this process. On the other hand, methods that better harness the interaction 

between DCF and options based approaches are likely to receive attention from the outside investment 

community. Mathews, Datar and Johnson (2007) provide interesting insights into a new approach (The DM 

method) that involves utilising the standard DCF method and triangulating scenario based analysis, which 

provides results equivalent to the Black-Scholes formula. This model shows some promise as it provides an 

easy transition into ROV. 

 

Flexibility almost certainly carries value. As shown in the theoretical framework when uncertainty is high 

the ability to change plans; circumnavigating negative outcomes and capitalising in positive periods will 

always lead to greater value.  However, measuring this and acting upon it are two mutually exclusive events. 

Whilst the valuation demonstrates options available to Gloucester coal, the value is only appropriate if 

management correctly address, plan and act in accordance with a changing environment. Management, like 

all humans are susceptible to fallibility. Ensuring that management is equipped to identify the correct period 

for execution of flexibility is paramount. Investigating the historical performance of management to changes 

in the operating environment may yield some interesting insights. 
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Appendix A: Financials 

 

 

 

 

 

 

 

  



92 | P a g e  

 



93 | P a g e  

 

 

  



94 | P a g e  

 

Appendix B: Free Cash Flows 
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Appendix C: Real Options 

 

The values below represent the evolution of the UAV based upon the stochastic process established in the body of the thesis. The UAV is 

adjusted for value erosion, brought about by the depletion of coal reserves.  

ݕݐ݈݅݅ݐ݈ܽ݋ܸ ൌ ݁ݐܴܽ	݁݁ݎܨ	݇ݏܴ݅       55.29% ൌ 3.08% 

ݎ݋ݐܿܽܨ	݌ܷ ൌ 	 ݁଴.ହହଶଽ ൌ ݎ݋ݐܿܽܨ	݊ݓ݋ܦ     1.7383 ൌ
ଵ

௘బ.ఱఱమవ
ൌ 0.5753 

௨ܲ௣ ൌ 	
௘బ.బయబఴି	଴.ହ଻ହଷ

ଵ.଻ଷ଼଼ଷି଴.ହ଻ହଷ
ൌ 	0.392    ௗܲ௢௪௡ ൌ 	1 െ 0.392 ൌ 	0.608     

 

Free cash flows from DCF model: 

 

  

  

 

Formula used to calculate erosion of asset from depletion of reserves: 

ܲ ௘ܸ௫.௖௔௦௛	௙௟௢௪ ൌ 	 ቀ1 െ	
஼ி೎ೠೝೝ೐೙೟	೛೐ೝ೔೚೏

∑ோ௘௠௔௜௡௜௡௚	஼௔௦௛	ி௟௢௪௦
ቁ ∙ ܲ ௕ܸ௘௙௢௥௘	௘௡ௗ	௢௙	௣௘௥௜௢ௗ	௖௔௦௛	௙௟௢௪

Asset value without flexibility 

Input parameters used in calculation of binomial tree 
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Asset value without flexibility 
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Asset Value with flexibility: Put Option – Abandonment 

 

 

 

 

 

 

 

Asset Value with flexibility: Call Option – Expansion  
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 Asset Value with combined Expansion and Contraction Option 
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Abandonment Option: Calculation of Payoff Structure  

The payoff from abandonment was established by discounting the book values in each period by a corresponding adjustment factor. As 

explained in the body of the thesis, the Liquidation Discount factor were established after reviewing empirical studies. The results are shown 

below.  

Put: 2012 - 2026
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Abandonment Option: Calculation of Payoff Structure 

Put: 2027 - 2040   
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Expansion Option: Calculation of Payoff Structure 

 

1) In order to determine the FCF effect of an increase in production from Gloucester/Donaldson the weighted average contribution of 

the mines were compared. For each period a gross margin per tonne of coal was calculated for Middlemount and for 

Gloucester/Donaldson. This was calculated by factoring in production mix (type of coal), cost data and also coal price assumption. 

 

 

 

 

 

2) The adjustment factor provides for the fact that Middlemount is a higher margin mine than that of Gloucester and Donaldson. The 

free cash flows calculated in each period were then divided by total production. This was after scaling Middlemount production by 

the adjustment factor (which leads to a lower FCF figure per tonne generated from Gloucester and Donaldson). 

 

 

 

 

 

 

3) The production uplift was then calculated for each decision node. The total production figures were cross checked to ensure that 

only the amount of resources available where factored into the model, i.e., to ensure there was no over counting of production.  

 

4) The free cash flow at each time period was calculated based upon the production profile and the cash flow contribution calculated in 

steps 1 & 2. The free cash flow are shown below: 
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5) To apply this to a ROV model, the free cash flows where scaled by multiplying the summation of the Free Cash Flows by the 

stochastic binomial lattice model as shown below. As an example. The decision node in 2014 was summed and then multiplied by 

one of the three factors shown below. This produced three possible payoffs in 2014.  

 

 

 

 

 

 

 

 

 

 

6) The strike price in each period was then subtracted from the results in step 5. This obtained the value from expansion and drives the 

values in the expansion option tree. The strike value was adjusted depending on the capacity needed to reach the 3.5mt uplift in 

production. 
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Source: compiled from data provided by The World Coal Institute (2005).

Appendix D: Coal Information 

Types of coal 

Coal can be separated into two main groups: hard coals and low rank (soft) coals. The focus of this thesis is on 

hard coals, which constitute 53% of the known reserves and the majority of industry production. The global 

statistics are shown below:  

 

 

 

 

 

The table below shows the five countries with the largest coal reserves. The top 5 coal countries account for 78% 

of the known reserves and 71% of total global production. China by far produces at the highest production to 

reserve ratio, as shown below: 

 

 

 

 

 

Typical Production Process 

The typical coal production process is shown below. The Plant is referred to as the CHPP (Coal handling and 

processing plant). The coal can be either railed from the mine to the processing plant or transported by truck. 

 

 

 

 

 

 

 

 

Source: compiled from data provided by The World Energy Council (2009).
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Australian Coal Companies 

The industry has gone through a strong period of consolidation primarily driven by two factors: strong support 

from resource seeking nations such as China and diversified mining giants strengthening production capacity. 

An article published in The Australian (Fitzgerlad, 2012) highlighted that there were $30 billion of completed 

M&A deals in the Australian Coal sector. This has reduced the number of pure coal miners to less than six 

companies. Comparable Australian coal mining companies are: Whitehaven Coal, Macarthur Coal (for historical 

comparisons as it has now been acquired by Peabody Energy) & New Hope Corp. Furthermore, according to 

The Wall Street Journal (Winning, Blogs WSJ, 2012), these companies control less than 5% of Australia’s total 

output in 2011. This is further supported by data from IBISworld (2012), the largest 4 diversified miners with 

interests in coal control 45.4% of the market. 

 

Competitive Substitutes 

As discussed, coal is a major input used in the production of electricity. Various substitutes exist and are used to 

produce electricity, namely: natural gas, nuclear, wind energy and hydropower. Due to current infrastructure it’s 

expected that natural gas will alleviate some of the burden in energy consumption, the majority being in 

developed nations, as countries push to meet C0² reduction targets. Though, according to OPEC data, fossil fuels 

are expected to represent 80% of the global energy demand over the next twenty-years (World Energy Council, 

2011). Whilst coal has its substitutes, the U.S. Energy Information Administration forecasts coal will continue to 

fuel a large share of the world’s demand for energy – in 2035 coal is expected to supply 27% of total energy; 

similar to current levels (U.S. Energy Information Administration, 2011). 

 

Competition 

The main driver of competition is price: customers are concerned with the total delivered price of coal and 

therefore miners located closer to the end customer are able to benefit over competitors. For miners, quality 

considerations affect the price received. Miners producing soft coking coals have the advantage of switching 

between markets. These lower ranking coking coals do not necessarily receive a premium over steam coals with 

similar energy content and are sometimes used for electricity generation. Therefore in times of high demand 

from still mills, further pressure is placed on thermal coal prices due to a tightening of supply (International 

Energy Agency, 2011). Coal miners may either wash the coal, reducing the amount of impurities (reduces the 

volume as well) and sell it in the coking market or opt to cut out the washing process, saving the associated costs 

and sell the higher volume in the thermal market. Lastly, customers are also concerned with security of supply 

and therefore companies with solid reputations, and mines located in geopolitical safe environments carry an 

added advantage. This being said, mining companies cannot effectively differentiate their product. The resource 
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is a commoditised product and will sell in the market at market prices with adjustments made for the product 

specific characteristics i.e., energy content   

 

Coal Production & Consumption 

The IEA world energy outlook report (2011) highlights three main policy scenarios. These scenarios are based 

primarily on governmental policy. The first scenario makes forecasts based on the current policy environment. 

The second is termed the new policy scenario, this being the central scenario in the report, which combines the 

commitments announced by countries around the world. The last scenario is the 450 scenario, this is the 

predicted forecasts required (with a 50% chance) of meeting the goal of limiting the increase in average global 

temperatures by two degrees Celsius. The graph below highlights the expected developments in demand.  

 

 

 

 

 

 

 

 

 

 

 

 

Based on the IEA forecasts; the current policy scenario forecasts coal to grow at 1.8% per annum, if politicians 

stick to announced commitments then growth will be substantially lower at 0.7% per year on average (well 

below the 30 year average of 2.3%), if policy makers agree on suggested climate restriction levels (450 Scenario 

though is unlikely) then coal demand is forecasted to decline by 1.5% per annum. This establishes the fact that 

uncertainty in forecasted demand exists. However, as shown by the chart above, the majority of these 

commitments required are from China (most importantly) and India. Therefore these two nations will play a 

crucial role in deciding the energy mix going forward. A focus on understanding Chinese Energy policies and 

also China’s domestic coal production issues is of primary importance when assessing the global seaborne coal 

market. This has been established and presented in the body of the thesis. 

 

  

Source: World Energy Outlook 2011 (International Energy Agency, 2011, p. 356) 
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Australian Coal Export Data 

The table below presents historical export production volumes and value. 

 

 

 

 

 

 

 

 

 

Coal Production Cost Breakdown 

An Australian wide thermal and coking coal cost structure breakdown was charted based upon data provided by 

AME Group Pty Limited. The chart highlights that onsite mining costs are by far the largest cost faced by coal 

miners.  

 

 

 

 

 

 

 

  

Source (AME Group Pty Limited, 2012c) 

(AME Group Pty Limited, 2012d) 
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The industry cost curve for Thermal and Metallurgical (coking) coal are presented below: 
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Appendix E: Gloucester Coal and Australian Coal miners stock prices 

 

The below chart shows Gloucester Coal’s stock price over a five year period 

 

 

 

 

 

 

 

 

 

 

 

 

 

The strong stock price performance in 2010 & 2011 was namely attributable to a cash offer by the Noble Group 

to acquire additional shares. Refer to the appendix F for an historical snapshot of Gloucester’s major events. The 

most recent six week trading data (1st May 2012 to 15th June 2012) is also presented. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Yahoo Finance 

Source: Yahoo Finance 
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Gloucester’s stock was reviewed over a five-year period. The company’s stock has underperformed that of two 

of its peers (Whitehaven Coal and New Hope Corporation). Due to the limited number of pure play coal 

companies it was decided that these two companies would provide the best comparison. The performance is 

somewhat skewed due to the strong performance at the start of the comparison period (2008). The jump in the 

share price in the first 6 months in 2008 was primarily driven by takeover speculation, with Gloucester coal 

being touted as good value amongst its peers during a strong period of consolidation in the sector27.   

 

 

 

 

 

 

  

 

 

 

 

 

 

                                                      
27 See Bloomberg article for further information: 

http://www.bloomberg.com/apps/news?pid=newsarchive&sid=aUYWHWrxkTow&refer=australia 

Source: Yahoo Finance 
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Appendix F: Gloucester Asset Overview  

The table below highlights the major assets of Gloucester coal: Gloucester Basin, Donaldson, Middlemount and Monash. 

Gloucester Basin Donaldson Middlemount 

Forecasted Production profile: 
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A review of the projects the currently under operation highlights the pipeline the company has going forward. 

The projects were classified by Exploration, Pre-feasibility, Feasibility and Production. In addition, the location 

of these projects is presented.   

 

 

 

 

 

 

  

Sourced from Gloucester 

Coal (2012) 

Source: Data from 

Gloucester Coal (2011) 
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A review of Gloucester major announcements was conducted in order to provide a brief historical snapshot of 

the company.  
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Gloucester’s historical production profile is presented below: 

 

 

 

 

 

 

 

 

 Gloucester has historically sold a higher proportion of Thermal coal, averaging approximately a 60/40 split. 

This is forecast to shift with the addition of Middlemount, a pure coking coal mine.  

  

Source: Gloucester Coal Annual Reports 
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Appendix G: Discounted Cash Flow 

The method used for calculating FCF was adopted from Koller, Goedhart, & Wessels (2010) and presented 

below: 

 Free Cash Flow 

1 Earnings before interest, taxes, and amortization (EBITA) 

2 Cash taxes on EBITA 

3 = 1 – 2 Net operating profits less adjusted taxes (NOPLAT) 

(4) Depreciation 

5 = 3 + 4  Gross cash flow 

6 (Increase)/Decrease in working capital 

7 Capital expenditures 

8 (Increase)/Decrease in net other assets 

9 = 6 – 7 + 8 Gross investment  

10 = 5 + 9 Operating free cash flow 

 

 

The value of the firm’s operating assets is calculated by discounting the free cash flows generated by the 

required return on capital. The terminal value (based on a going concern assumption) is calculated by marking 

up the last projected cash flow by the terminal growth figure then discounting by the spread between the terminal 

growth figure and WACC. This value is then discounted back by the number of periods in the forecast. The 

terminal value can also be established through multiples analysis or liquidation value. As a steady state terminal 

value is inappropriate for a company with finite resources a multiples approach was utilised.  
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Source: (Damodaran, 1996, s. 242) 



115 | P a g e  

 

 

Most valuations utilise the weighted average cost of capital (WACC) to capture the systematic risk of the cash 

flows. Though often users do not correctly understand the assumptions implied by using this method. As 

outlined by Stanton and Seasholes (2005) assumptions must be made with respect to capital structure: whether a 

firm has a constant amount of debt in dollar terms or maintains a proportional amount and the frequency of 

capital rebalancing.  In addition the WACC is calculated on the basis that the firm is able to access the entire tax 

shield. The calculation of the tax shield is based on the marginal tax rate. It is assumed the firm harnesses the tax 

shield at the entire corporate tax rate. 

 

The usual assumption behind WACC is the firm will target a constant proportion of debt. The proportions used 

to calculate WACC are not based on market values or book values.  According to Fernandez (2011) the 

weightings are based upon vales calculated using valuation formulae. It is assumed that the firm targets the 

valuation in line with the WACC calculated. 

 

The WACC formula used is shown below:  
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Source: (Damodaran, 1996, s. 37 & 62) 
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Appendix H: ROV Fundamentals and Types of Option Models 

Review of Real Options Literature 

Option theory has been debated and augmented in the academic community for over one hundred years. French 

mathematician Louis Bachelier introduced option pricing theory in 1900. According to Merton (1973), Bachelier 

was able to deduce an options pricing model based on the assumption that stock prices follow a Brownian 

motion with zero drift. Option pricing transcended the academic realm with the creation of the Fisher Black and 

Myron Scholes (1973) option pricing model. The Black-Scholes (B-S) model gave practitioners an easy solution 

to calculate the price of European-style options. Their contribution to the academic community created a stir in 

the finance industry and was the driving influence behind the boom in options trading. Coincidently, the creation 

of the model coincided with the establishment of the first options exchange: The Chicago Board Options 

Exchange. Prior to their work a majority of studies focused on the pricing of warrants. Warrants are somewhat 

like options however they are issued by the company, unlike options, the issuance of a warrant dilutes the 

number of shares outstanding. The introduction of warrant pricing tools helped to shape the industry, however, 

these models were often incomplete, since they all involved arbitrary parameters (Fisher & Scholes, 1973). 

Black and Scholes, with help from Merton were able to eliminate the need for establishing a stock’s expected 

return, or any other assets’ expected return, therefore removing the discount dilemma that had plagued previous 

academic work (Amran & Kulatilaka, 1999). The B-S model therefore only required the risk-free rate of return, 

as the payoff of an option is directly related to the underlying security. As the US treasury rate is often the 

assumed benchmark, the only free parameter is the assumed volatility figure (Hull, 2008). 

 

The B-S formula provided a continuous-time and -state model to price European options on non-dividend paying 

financial assets. This means that the underlying financial asset can do anything between zero and infinity and 

time goes continuously (Hull, 2008). Merton (1973) commented that the B-S model was a significant “break-

through” in option pricing; however, Merton was able to take the model a step further by relaxing several of the 

assumptions postulated around capital changes and dividend paying stock,  resulting in a formula that was able 

to take into account a continuously compounded dividend or erosion of the underlying asset. The model is often 

now referred to as the Black-Scholes-Merton (BSM) model.  

 

Work from Cox, Ross & Rubinstein (1979) aimed to simplify this approach by introducing a discrete-time 

option pricing formula. This helped to reduce the black-box nature of the BSM model. Cox, Ross & Rubinstein 

(1979) posits that the utilisations of their formula results in a numerical procedure that is both easier to use and 

computationally more efficient. Cos, Ross & Rubinstein (1979) assumed that the development of the stock price 



117 | P a g e  

 

follows a multiplicative binomial process over a discrete period. This assumption can then be modelled as a 

bifurcation, resulting in either: a return of u-1 with probability of q or d-1 with the reciprocal probability (1-q). 

 

The strength of the binomial process is that the discrete time nodes allow practitioners to visualise the evolution 

of the stock price, allowing for the analysis of premature exercising of the option – achieved through the 

backwardation process. However, if we shorten the time-steps between periods and the number of steps 

approach infinity the formula produces results obtained from a Brownian motion; solving this in the discrete 

form produces the binomial equation, in a continuous sense, the results yield closed-form equations like the B-S 

model (Munn, 2002). According to Cox, Ross & Rubinstein (1979), the economic arguments used in the creation 

of the binomial process, are exactly the same; the divergence results from Black and Scholes beginning with the 

assumption of continuous trading. This assertion was proved by Cos, Ros & Rubinstein and establishes the B-S 

model as a limiting case. The practical benefit of this is both methods can be used as a means of cross checking 

the computational accuracy of the result. 

 

Up until this point, options were purely seen as a derivative instrument with a payoff determined by an 

underlying financial asset. Prior to the discovery of financial options, Miller and Modigliani (1961) hypothesised 

that the value of a firm comprised of the present value of its cash flows and the present value of growth 

opportunities. This was also supported by Stewart Myers (1977), suggesting that the value of a firm consisted of 

two parts: existing units of productive capacity and the option to purchase additional units of productive capacity 

in the future. The latter consists of investments the firm is yet to pursue. These discretionary growth 

opportunities can then be considered as options to make future investments. Myers (1977) coined the term ‘real 

option’ through demonstrating how these growth opportunities could be viewed as call options. Though initially 

these options were undefined; the valuation of a firm was derived from a set of growth opportunities stemming 

from a bundle of firm resources. This made the systematic identification of these options somewhat impalpable 

(McGrath, Ferrier, & Mendelow, 2004).    

 

Lenos Trigeorgis (1996) is credited with moving the field further into the corporate realm. His work pioneered 

the field of real options. In 1996 Trigeorgis published, Real Options: managerial flexibility and strategy in 

resource allocation. Stephen Henry’s (1997)  review credited Trigeorgis for reminding managers that 

management flexibility carries value. Furthermore, work by Munn (2002), Copeland & Antikarov (2003) and 

Kodukula & Papudesu (2006) serve as technical aids. This being said, there are still criticisms in its application; 

the field has received considerable academic attention yet it is still to develop to the point where consensus on its 

main properties has emerged (McGrath, Ferrier, & Mendelow, 2004). 



118 | P a g e  

 

Types of ROV models 

The three types of ROV models are Partial Differential Equations, Simulation and Lattice Models. An overview 

of the three is provided below: 

 

- Partial Differential Equations 

PDE involve solving a mathematical solution with defined boundaries, these boundaries are based upon the 

characteristics determining the change in option value with respect to changes in certain variables in the market. 

Both analytical and numerical methods are quite computationally complex and therefore not often used by 

practitioners, the most common PDE used is the closed form solution B-S method (Kodukula & Papudesu, 

2006). The B-S formula provides a simple way to calculate the price of a European style option. The model 

requires the input of five variables (6 if including a dividend payment); the most difficult of the variables to 

forecast is the assumed underlying volatility. Methods of calculating volatility will be discussed in the following 

section. This being said, the model is computationally simple to use and the results are accurate. This makes the 

B-S formula in reality easy to use. However, the model makes seven assumptions, some in which present 

difficulties to using the formula to price real options. Due to the closed form nature of the B-S model it is unable 

to handle multiple sources of uncertainty and more than one underlying asset. Though, the most common 

problem associated with using the model result from optimal timing issues and multiple options. The B-S model 

calculates the price of European options and therefore cannot take into account the ability to exercise early. This 

makes it hard to price optimal timing in the case where the underlying asset is subject to value decay. In 

addition, it is quite common that management face multiple options, the B-S model is unable to take into account 

the interaction between multiple options. For instance an option to expand cannot be exercised if an option to 

abandon has been exercised. In this case, the value of the two options is non-additive and must be calculated 

together, making the B-S model unusable. Therefore the B-S model is best used when the exercise date is fixed 

and management only have one option to make. However a major pitfall results from users not being able to see 

the inner workings of the model, this makes it quite hard to convince users to rely on the model when making 

investment decisions and is termed the ‘black box’ impression (Copeland & Antikarov, 2003). For these reasons 

Mun (2006) suggests that the model is not a good approach in its entirety, but best at providing an approximation 

or a benchmark. 

 

- Simulation 

This generally involves running a Monte Carlo simulation, which provides the user with a series of projected 

asset values. A maximisation formula is applied to the end point and the results are discounted back. 

Traditionally the Monte Carlo method was used to calculate individual European options, as it is fairly difficult 
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to use this method to calculate American options (Mun, 2006); this being a major flaw of the Monte Carlo 

method as it can’t handle the interaction of multiple options, therefore not taking into account the true amount of 

management flexibility (Gamba, 2002). To overcome this Longstaff and Schwartz (2001) introduced the Least 

Squares Monte Carlo (LSMC) approach to further bridge the gap between financial options and real options. The 

approach overcomes some of the short comings of other option models, namely the curse of dimensionality; 

which refers to the inability for other models to deal with more than a few stochastic (uncertainty) factors 

(Stentoft, 2004). The binomial model (introduced below) becomes computationally infeasible as the number of 

nodes grow exponentially with the number of input factors (i.e, number of independent uncertainties). In 

addition, the model was created to calculate optimal exercise of American options. Whilst simulation has come a 

long way, the LSMC approach is still quite a statistically complex method and therefore limits is practical 

applicability.  

 

Quite often Monte Carlo simulation can be used in isolation as a method to consolidate a variety of uncertain 

variables into one headline volatility figure, therefore overcoming the issue of a lattice model becoming too large 

to work with. Therefore, instead of using Monte Carlo simulations to calculate the real options, it is quite a 

helpful tool in determining a volatility estimate that can then be incorporated into a real options based model, 

such as a lattice based solution. 

 

- Lattice Models 

The simplified approach to valuing real options was introduced by Cox, Ross and Rubinstein in 1979. The 

approach simulates the evolution of the UAV in discrete time over a set period. The binomial lattice model 

assumes at each discrete point in time the stock can either move up (u) or down (d); this is essentially a 

probability tree with binary chance branches. As this is the case, the tree is recombining – various paths can lead 

to the same outcome. The model is also an accurate approximation to the B-S model, as the number of steps 

increase, or the discrete periods of time between nodes decrease the model converges upon the limiting case – 

the B-S continuous time model (Brandão, Dyer, & Hahn, 2005). Though the inherent advantage of the lattice 

model is it allows for a solution of early termination of an American option and the ability to handle compound 

options. The optimal solution is obtained through a process of backwardation, this essentially means that the 

value of the lattice is forward projected and then solved backwards, maximising the value at each node. 

 

The lattice approach is applied under the assumption of no-arbitrage and the model can be solved by applying 

one of two approaches: the replicating portfolio or the risk-neutral probability approach – both yield the same 

results. The replicating portfolio approach is computationally more difficult to deal with as an identical set of 
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traded assets must be identified that mimic the payoff structure of the existing asset. The traded portfolio must 

then be rebalanced at each time step. On the other hand, the risk-neutral probability approach adjusts the 

probability factors therefore allowing cash flows to be adjusted at the risk free rate, this approach is simpler to 

instigate and therefore is the recommended approach (Mun, 2006).  

 

Problems with applying the Black-Scholes model 

Whilst the Black Scholes (Partial differential equation) model provides a useful tool, its assumptions usually 

mean it is unable to be used in a real world environment due to the restrictive assumptions. Often the model is 

best used as a limiting case, or a proxy for the ROV. Copeland and Antikarov provide a summary of the B-S 

model’s assumptions. 

 

 

 

  

Source: (Copeland & Antikarov, 2003, p. 106) 

Black Scholes 

The B-S Model assumes: 

1. The option may only be exercised at maturity – it is a European option 

2. There is only once source of uncertainty – the B-S model cannot handle rainbow options 

3. The option is contingent only on a single underlying asset – therefore it cannot handle compound 

options 

4. The underlying asset pays no dividends (however can rule this out if taking into account Merton’s 

work on dividend paying assets) 

5. The current market price and the stochastic process followed by the underlying asset are known 

(observable) 

6. The variance of return on the underlying is constant through time 

7. The exercise price is known and constant 
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Appendix I: Historical Financials 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Source: Gloucester Coal Annual Reports 
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Historical Gross Profit Margin 

 

 

 

 

 

 

 

 

 

 

The gross profit margin over the last six years, whilst volatile, has generally average around 25 to 35%. Going 

forward, the gross margin is expected to peak in 2014 at 36% and settle close to 25% in the long run. The chart 

below highlights the average rev, cost and gross profit per tonne.  

 

 

 

 

 

 

 

 

 

 

 

 

Cash Costs are presented below: 
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Average cash costs per tonne have risen quite dramatically over the period, averaging 16.6% per annum. This is 

somewhat above Australian wide industry levels. Gloucester has indicated that costs should normalise going 

forward. Production delays and higher stripping ratios have led to an increase in the cost burden. The tables 

present average industry wide costs for thermal coal and coking coal: 

 

 

 

 

 

 

 

 

 

 

 

 

From 2006 to 2011 Thermal Coal and Hard Coking Coal costs have increased by 8.3% and 8.9% respectively 

per annum.   

Data sourced from (AME Group Pty Limited, 

2012c) (AME Group Pty Limited, 2012d) 
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Source: Gloucester Coal Annual Reports 
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Appendix J: Acquisition of Middlemount, Donaldson and Monash  

Source: Reconstruction from Gloucester Coal Annual Reports 
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Appendix K: Gloucester cash taxes 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix L: Capitalisation of Operating Leases 

 

 

 

 

 

 

 

 

Capitalised operating leases are driven from the cost of sales estimation. Based on the cost section of the thesis, 

it was established that mining expenses are 65% of the cost of sales. Of mining expenses, the lease expense 

equated to 3.35% of total mining expense.  This was held constant over the projection period. An average asset 

life (leased asset) was estimated at 5 years. This is based upon the average life of the current commitments and 

also based on the fact that mining machinery (vehicles) is the main leased asset. These items are typically 

depreciated over a five year period – this was used as an approximate rental period. 
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Appendix M: Geosciences Australian Mine Atlas 

 

Below is a screenshot of the Geoscience mine database. The website provides information on all mine sites 

within Australia. This was used to isolate mines close to Gloucester’s producing mines and in order to establish a 

peer group of mines used to calculate the expected growth in yearly cost of production. 

 

Source: http://www.australianminesatlas.gov.au/?site=atlas 

 

Appendix N: Synthetic Debt Rating – Credit Rating agency data 

The S&P key ratios were used as a base to calculate a synthetic credit rating. The ratios were sourced from 

(Petersen & Plenborg, 2012) 

The ratios have been calculated for the historical financials and also based upon the projected financials. 
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The formulas employed for the calculation of the ratios are shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In addition, the ratings were also assessed and adjusted for mining specific strategic factors. The strategic 

framework is presented below. 
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Source: DBRS  

Decisions driving the strategic framework: 

1) Based on current forecasted production rates the company has a significant amount of reserve years (in 

excess of 20 years).  This was compared to the fourth largest coal miner in the USA (Foundation coal), 

which has an average reserve life of 15 years.  

2) Based on historical cost structure Gloucester is classified at the higher end of producers. Though this is 

expected to decline in the next two to three years (Gloucester and Donaldson Basin). This will place 

positive pressure on rating.  

3) Limited mining locations and reliance on single commodity. 

4) Australia is an AAA rated country, there has been some risk around taxation issues. 

5) Mid cap miner with the ability to handle small project over runs. Australia has experienced skill 

shortages in the recent years which has led to an escalation in mining costs. 
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Appendix O: Peers – exploration value 

These are the peer companies used to calculate the value of the JORC compliant resource body that is not part of the main mine’s reserves
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Appendix P: Volatility Calculation 

This was based on historical prices available from the OECD (1980 – 2011). The prices were calculated on a 

basket weighted price in accordance with Gloucester’s expected production. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The EWMA lamda of 0.909 was calculated by minimising the RMSE.  

 

 

 

 

The five year Volatility figure was selected as this had the lowest Root Mean Squared Error. 
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Appendix Q: Monte Carlo distribution assumptions 

A log normal distribution with autocorrelation (1 year) was used for coal prices. Production costs were 

triangulated based upon management reports. Correlation, as discussed in the thesis is based upon industry cost 

and coal price trends. 

 

 

 

  

Screenshots from Oracle Crystal Ball 
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Appendix P: Capacity Considerations – expansion option 

 

The ability to expand operations was assessed by reviewing the capacity Gloucester has in the current rail and 

port agreements. Due to bottleneck as mentioned in the industry analysis, this was considered the best approach 

to establishing the flexibility the company has to expand production. 
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Appendix Q: Mining Depletion Calculation 

 

The calculation below represents the depletion expense recognised in the income statement going forward. 

Historical depletion charges (2006 to 2011) have also been presented. Depletion charges represent capitalised 

costs that were incurred prior to the mine reaching production stage. The capitalised costs are expensed on a unit 

of production basis over the production life of the mine. Depletion includes the premium paid on acquisition of 

Donaldson and Middlemount Resources.  
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Appendix R: Share Ownership Structure 

 

The share ownership structure as at 15th March 2012 is presented below:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The top two shareholders are holding companies owned by The Noble Group, giving the company a 

consolidated holding of approximately 64.6% of the shares outstanding.  

Source: Thomson Financial 


