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1 Introduction

1.1 Motivation

Mining and metals continue to be among the bedbpaing global equity sectors, but
conflicting issues — from “pricing bubbles”, “immant recessions”, “demand
destruction” to “resource scarcity’- are confusingestors. Nevertheless, the importance
of mining to the world has become very apparenteicent years, as commodity and
equity prices have exceeded most expectatidimerefore, investments in commodities
become more attractive as a long-term investmenhegs are a safe haven in times of
economic crisis and provide a protection againstecicy devaluation. Thus, it is useful
to know how to value metals and mining companies.

The prediction of the value of a mining companyaisomplex matter. Various
methods are available to estimate a company’s value many are not useful or
applicable. The reason is the specific nature ofimgi industry. Aside from the usual
financing risk in the case of mining producers, &ndncing and “finding” risk in the
case of pure exploration companies, there are pryj@dicality, ongoing changes in
operating and capital cost structures, stock markagjaries, and volatility in
circumstances.

Consequently, even traditional methods such asobiged Cash Flow, Relative
Multiples or Real Options cannot be applied witheomne adjustments and demarcations.
For example, cash flow or earnings based valuatiethodologies may not be relevant
for the valuation of a mining exploration comparmatt has no production assets or
revenues, neither operating cash flow or earnings.

The purpose of this paper is to find out which a#ilbn methods are available for
valuing metals and mining companies and explain tif@ge companies are valued this
way in practice.

The paper takes the reader through different stagesnetals and mining
companies from mineral exploration to mine produttand provides an overview of
suitable valuation approaches, discussing soméefdifficulties and limitations that
arise in using these approaches.

1.2 Structure

This study is organized into eight chapters:

Chapter 1 introduces the study and providegnitions of specific terms used in
the metals and mining industry.
In Chapter 2 gecial features of metals and mining comparies discussed to provide
the broad basis that is essential to understanttiagnature of the mining sector. A
subchapter of Chapter 2 summarizes variealsiation approaches usually applied for
valuation of mining and metals companies and defmethods which are in the focus of

! Brebner, Daniel/ Tanners, Timna/ Snowdowne, Andig®S Investment research, Mining and Steel
Primer, June 2008
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this paper. A second subchapter charactenieseurces and reserves to give readers’
clear understandingf important differences between a mineral resoame a mineral
reserve

Chapter 3 describes exploration properties andalsigitvaluation methods for
them, such as Appraised Value and Comparable Tcaoss.

Chapter 4 explains why economic and price cyckes\ery important when
valuing mining companies. It also gives an idea howvoid commonly made mistakes
when valuing metals and mining companies.

Chapter 5, 6 and 7 describes Discounted Cash Mljples and Real Options
methods and discusses applications for metals amdgrcompanies.

Chapter 8 is a practical chapter. A copper miningug, Antofagasta, is valued
with different valuation methods.

1.3 Definition of terms

Valuation approaches for metals and for mining canigs are similar; therefore, for
convenience the term “mining companies” will be duislr “metals and mining
companies”.

It is necessary to know what some subject-spetgfims mean. Thus, there are
some important terms definitions:

Metallurgy is the study of metals: the study of the structanel properties of
metals, their extraction from the ground, and thecedures for refining, alloying, and
making things from therf.

Mining is the science, technique, and business of mindistovery and
exploitation. Mining includes all activities reldt¢o extraction of metals, minerals and
gemstones. Strictly, the word connotes undergrowndk directed to severance and
treatment of ore or associated rock. Practicallyyadludes opencast work, open cut work,
quarrying, alluvial dredging, and combined operadio including surface and
underground attack and ore treatnient.

Explorationis searching for natural resources: the testing atimber of places
for natural resources, e.g. drilling or boring $amples that will be examined for possible
mineral deposits. Exploration aims at locating theesence of economic deposits
and establishing their nature, shape, and dtade.

Desktop-studys an archaeological research to outline the Bistory, Geology
and Hydrogeology, and any environmental risk asdedi with that particular plot.
Desktop Study is often required by local plannintharities, when applying for planning
permissiorr.

2 Encarta Dictionary, found at
http://encarta.msn.com/encnet/features/dictiondcyiharyResults.aspx?lextype=3&search=metallurgy
accessed date 11.03.2010

% Hacettepe University Department of Mining Engiriegy found at
http://www.maden.hacettepe.edu.tr/dmmettcessed date 11.03.2010

* Hacettepe University Department of Mining Engiriegy found at
http://www.maden.hacettepe.edu.tr/dmmettcessed date 11.03.2010

® Southwest Environmental Limited, foundhdip://www.desktop-study.co.ukaccessed date 30.03.2010
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There are at least four “feasibility” studies thahing companies often undertake
in making a decision to develop a projddtese studies vary in the depth of inquiry and
reliability of the geological and cost data andleations included, although the content
is often similar. Here are their definitions (pnetsel ascending in the depth of inquiry
and reliability...):

Scoping Studis an early stage study based on the economiaswfing project
used for development planning. It is generally Hase assumptions and estimated costs,
and is neither as detailed nor as reliable as sty study. Scoping study may also be
called a preliminary economic assessment.

Pre-Feasibility Studyis a comprehensive study of the viability of a maie
project that has advanced to a stage where thegimethod, in the case of underground
mining, or the pit configuration, in the case of an opdnims been established, where an
effective method of mineral processing has beeerd®bhed, and includes a financial
analysis based on a reasonable assumptions ofic¢atlengineering, legal, operating and
economic factors and evaluation of other relevamtdrs which are sufficient for a
competent person, acting reasonable, to deterrhiak or part of the Mineral resource
may be classified as a Mineral Resetve.

Feasibility studyis a comprehensive study of a mineral deposit inciwvhall
geological, engineering, legal, operating, econgrsigcial, environmental and other
relevant factors are considered in sufficient detet it could reasonably serve as the
basis for a final decision by a financial institutito finance the development of the
deposit for mineral productioh.

“Bankable” feasibility studyis a comprehensive forward analysis of a project’s
economics to be used by financial institutions $eess the credit-worthiness for project
financing. The feasibility part is guided by a eéassumptions, a strategy, development
conditions and a planned outcome. The outcome ¢srtain and targets and objectives
may not be achievable. The bankable part relatéisettvasis and conditions for a future
financial agreement to collateralize mining as$&ts project loan, to set a premium and
a repayment schedule, with appropriate risk/rewactbrs. Then a lender would accept
or not accept a feasibility study prepared by adwer or the borrower’s consultants as
the basis for financing a projett.

Mineable Reserve ithose parts of the ore body, both economic andamanic,
that are extracted during the normal course of mgini

Mineral Resourceis a concentration or occurrence of material dfinsic
economic interest in or on the Earth’s crust inhsfmrm and quantity that there are
reasonable prospects for eventual economic extraddortions of a deposit that do not
have reasonable prospects for eventual economiactixin should not be included in a
Mineral Resource. The location, quantity, grad@lggical characteristics and continuity
of a Mineral Resource are known, estimated or pm&ged from specific geological
evidence and knowledde.

®In chapter 2.3 you will find detailed descriptiohMineral Resources and Mineral Reserves

" Canadian Institute of Mining (CIM), Metallurgy aétroleum, 2009, p.79

8 Infomine, found atvww.infomine.com/publications/docs/Evans2007, gcessed date 25.05.2010
° See South African Mineral Resource Committee, doan
http://www.geolsoc.org.uk/webdav/site/G SL/sharet8fiebllowship/South%20Africa%20Code.pdf
accessed date 13.03.2010
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Mineral Reservas the economically mineable part of a Measuredndicated
Mineral Resource demonstrated by at least a pnedirgi feasibility study. This study
must include adequate information on mining, precgs metallurgical, economic, and
other relevant factors that demonstrate (at the tiffreporting) that economic extraction
can be justified. A mineral reserve includes dilgtmaterials and allowances for losses
that may occur when the material is mined.

Oreis a mixture of valuable minerals and gangue nailserom which at least
one of the minerals can be extracted economicaftyore body is a natural concentration
of valuable material amenable to economic extractio

By-productis a secondary or additional produetovered in the extraction
process (e.g. molybdenum is a common by-producopper).

Mine Designis a framework of mining components and procetsang into
account mining methods, access to the ore bodgppeel, material handling,
ventilation, water, power and other technical regmients such that mine planning can be
undertakert?

Dredging is emoving solid matter from the bottom of an areaeced by watet!

Open pit minings a method of extracting rock or minerals frora garth by their
removal from an open pit or borrow. Mining compgenchoose this way to get rocks and
minerals out of the ground because it is the etaaies$ cheapest way to do it. Open-pit
mining is only used if the rocks or minerals aresel to the surface of the land or if a
normal tunnel-type of mine isn't possible.

Underground minings carried out when the rocks, minerals, or gemestoare
located at a distance far beneath the ground textracted with surface mining. To
facilitate the minerals to be taken out of the mitiee miners construct underground
rooms to work in. Underground mining is typicallpngloyed to gain access to richer,
deeper and smaller ore bodies where open-pit mimngot considered practical.
Underground mines are usually higher cost due nodling, ventilation, water control
and safety issue$

Units of measurement:

1 troy ounce (0z) = 31.1034748 grams
1 pound (Ib) = 16 oz = 0.4536 kg

1 tonne (t) = 2 204.62262 Ib

1 kilotonne (kt) = 1000 tonnes

Characteristics of precious and industrial metals
All mining activity takes places within the Earthésust, about the top 7-35 km of the
solid matter comprising the bulk of the planet. Th&ribution of metals within the crust
can be seen by the differences in the types of vdukh it contains: limestone, granite,
sandstone or basalt. Nevertheless, these diffecakt types are generally of uniform
composition and further concentrations need to ootorder to produce concentrations
of material which can be mined and sold at a prdfiterefore, the importance of the

10 CIM, Metallurgy and Petroleum, 2009, p.491

"Hacettepe University Department of Mining Enginegrifound at
http://www.maden.hacettepe.edu.tr/dmmaticess date 2.04.2010

2 For more details see OracleThinkQuest, fourtuttat/library.thinkquest.org/05aug/00461/open.htm
access date 5.04.2010

10
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concentration factdf in determining the value of mining company shouldt be
undervalued. A company with a lower grade of ord thave to process more rock,
possibly at greater cost in order to obtain a giaemount of economically valuable
material™*

Metals classification is presented in the FigureThe precious metals are
relatively rare but, having formed the basis ofreacies and jewellery, they are widely
traded and are thought of as secure havens in winesr or financial crisis. The base
metals have wide range of applications throughodustry and could be thought of as
the industrial metals> The minor metals are produced very often bothyagrbducts of
the extraction of the major metals or are requifed specific applications and are
therefore produced sometimes in small quantitieshfprimary deposits. It can happened
that, if new producer brings a low cost mine intoduction or if there is a massive
increase in demand due to the discovery of a nelicaion, prices swing widel}f

Figure 1: Classification of Metals

Metals
Ferrous Non ferrous
- containing iron M\
precious base minor
- gold - aluminium - molybdenum
- silver - copper - cobalt
- platinum - lead - Manganese
- palladium - nickel - gallium
- rhodium - tin - germanium
Source: Kernot, 2006 - zinc - Selenium

- Silicon

A lower grade gold ore would contain something lkkegrams per tonne (5 parts per
million). So, gold ore needs to be concentratecalbgut 1,000 times above its average
dispersion to become viable for gold mining.

*The generally accepted background concentratiottseaiajor metallic elements and the concentration
factors required for economic viability are detdila Table 5, page 41

4 Kernot, 2006, p. 57-72

15 Iron is separated for historical reasons and teatithe much larger amount of the metal which is
produced

16 Kernot, 2006, p. 58-60

11
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The perceived advantage of investing in gold mirshgres is that their value is
usually more sensitive to the price of gold thaerewa gold bar. This is because gold
mining shares are valued on the basis of theicigatied profits through the life of the
mine*’, and these depend on the reserves, and on thimskip between gold mining
production costs and the anticipated value of thld gxtracted.

Valuing mining company a price forecasting shouwtdundertaken. After this we
can see if the company’s profit is consistently\abthe level of operating cost and if the
company generates any return. There are some isgntifdifferences between price
forecasting of industrial and precious metals. bidal metals tend to be strongly
influenced over the long term by supply/demanddiectvhilst precious metals are not
influences by these factors. One more special dutof industrial metals is their
respective market, which tend to be either smalboalized with other factors such as
transport cost accounting for a significant parthefir price*®

2 Valuation models in mining and metals industry

2.1 Special features of metals and mining comparsie

The different methods of valuing commodity companae complicated because of
highly cyclical nature of mining and metals indystfhere are two cycles in the game:
commaodity price and/ or economic cycle. Commoddgnpanies are, mostly, price takers
with exception of Nickel and Iron producers. Sudmpanies as Norilsk Nickel, BHP
Billiton and Vale can determine the price of comiitydy changing amount of their
production. Because of big changes in the pricesining company’s products, they are
characterized by highly volatile earnings and d&shis over a number of yeat$.

The resulting valuation will greatly depend on when the cycle (economic or
commodity price) we are. When commodity pricesiarapswing or in boom phase, all
producers of this commodity benefit, whereas arerek¢d economic downturn or a
lengthy phase of a low commodity prices burdengaipes, even the best companies in
the business. Consequently, commodity companiesegpesed to cyclical risk over
which they have little contrgP

The value of the commodity company is not only et#fd by the price of the
commodity but also by the expected volatility inathprice. Commodity companies
experience far greater price volatility than mawctiees or services do.This leads again
to volatile revenues, earnings and cash flows efcttmmodity company.

7 See an example with a gold mine on the page 42

18 Kernot, 2006, p. 155-176

19 See Mc Kinsey & Company, Inc. Copeland/ Koller/iin, 2000, p. 327

20 See Damodaran, 2010, p.417-449

2L Jacks and Fraser, 2009 in their research “Comydttice Volatility and World Market Integration
since 1700"explore commodity and manufactures price over tast phree centuries and conclude that
commodities always have shown greater price valatthan manufactures. But also that commodity gric
volatility did not increased over time

12
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The other special feature is high fixed cost, tbasimodity companies may have
to keep mines operating even during low pointsrinepcycles. The reasons for this are
prohibitive costs of shutting down and reopeningrafions’? Indeed, in a worst case
scenario such events could even force the mineldsecand put the company into
liquidation before the exhaustion of its reseries.

It is important to mention that for metals and mmifirms to get started, large
infrastructure investments are needed. It hasddtd fact that many of these companies
are significant users of debt financing. Becausthisf the volatility in operating income
that we referred to earlier manifests itself in regeater swings in net incorfieAlso
when a commodity company will seek opportunitieextend its existence beyond the
life of its reported reserves in new areas, onethef main financing will be debt
financing® Consequently, metals and mining companies havie Widatility in equity
values and debt ratios.

Next, the mining industry has long lead times (erdering equipment like a mill)
to bring on new capacity. The mine development ggscis very specific and can
typically take 5-10 years or more. Thus, most esthprojects will begin their operations
after many years. The consequence of long leadstisna high risk for mining projects.

Mining projects may have many different risks, degiag on the specific situation of
the project. The most serious risks include:

» financing risk: equity (can funds be raised in tharket), debt (interest rate,
requirement of hedging by the lenders)
» permitting risk
» Issues associated with geology (size and gradieeoiineable portion of the ore
body) and how the deposit can be economically mined
» Metallurgy (often underestimated — how much of thetal can be recovered,
what is the preferred recovery method; are thene imnpurities or associated
minerals that could affect this?)
» Economics (metal markets and their forecast belnaivansportation costs,
interest rates)
» Country risk:
o political risk (government stability, taxation iability, laws,
environmental policy)
o economic risk (currency stability, foreign exchangstrictions). Metals
prices and metals’ stock performance are strongiyetated to exchange
rates and particularly to the US dollar. This isnarily because over 70%
of materials production comes from outside US dalenominated
regions. As the dollar strengthens/weakens it sltére production
economics of suppliers and consumers.
0 Geographic risk (transportation, climate)

2 See Damodaran, 2010, p.417-449
% See Kernot, 2006, p.192-199

24 See Damodaran, 2010, p.417-449
% See Kernot, 2006, p.145

13
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o0 social risk (corruption, availability of workers @rocal labour laws,
ethnic or religious differences within the indigeisgopulatiorff

The country risk premium ranges from 0% to 14%s tlange is presented in
Figure 2.

Figure 2: Country Risk Premiums

Canada
Australia
Chile

USA

Europe

Peru
Mexico
Brazil
Caribbean
South Africa
S.Am Other
S-E Asia
Indonesia
Africa (Other)
China
Kazakstan
FSU Other
Russia

1 1 1 1

0 2.5 5 7.5 10 12.5 15

m Discount Rate Risk Premium

Source: Lawrence, CIM MES Survey

Lastly, this planet has finite quantity of naturakources; therefore metals and
mining is a finite business. Mineral deposits conta certain amount of ore and when
that ore is mined out the deposit is depleted, attan what one does or wishes. Lord
Harris, Chairman of the board of Consolidated Gé&lds of South Africa summed up in
the year 1911: “some years earlier the directoid &aliscussion as to whether Gold
Fields was to be a company with a terminable orfasanundane things go, was it to
have an interminable existence, and the board dantbe conclusion that what the
investing public would expect of such company add@eelds was that it should be
interminable but we are a company which habituallyests in properties which have
terminable lives’ The longevity of a commodity company depends ocgueetly on
astute acquisitions, successful exploration, and/mnge of non-mining or downstream
businesses.

When valuing commodity companies, scarcity of reses will play a role in
what our forecasts of future commodity prices Wik and may also operate as a
constraint of assuming perpetual growth.

% Brebner/ Tanners/ Snowdowne, UBS Investment reeedune 2008, p. 100
2" Kernot, 2006, p. 195

14
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2.2  Classification of valuation models

There are three different approaches to valuatwmch are applied to three main
categories of mineral properties. These are exjpbor@roperties, development properties
and production properties. The definitions of theategories are below. They will help
to understand why different approaches apply ttent types of mineral properties as
do different methods, as illustrated in Table 1.

Exploration Propertiesre those on which an economically viable mineegplasit
has not been demonstrated to exist. The real \afla® exploration property lies in its
potential for the existence and discovery of ecapally viable mineral deposit. Only a
very small number of exploration properties wiltimately become mining properties,
but until exploration potential is reasonably webBted, they have very little value.

Development propertiegre those on which economically viable depositeen
demonstrated to exist by a Feasibility Study or-féesibility Study, but is not yet
financed or under construction. Such propertiesatigesufficiently advanced stage or are
former producing mines. There is enough reliablerimation available to value the
property by discounted cash flow methods, with @somable degree of confidence. In
general, such information includes reasonably assumineable reserves, workable
mining plan and production rate, metallurgical testults and process recoveries, capital

and operating cost estimates, environmental andamation cost estimates, and
commodity price projections.

Production Propertiesire mineral assets that are in production.

Table 1: Valuation Approaches and Methods for Diffeent Types of Mineral Properties

VALUAT | DESCRIPTION VALUATION EXPLORATION DEVELOP PRODUCT
ION METHOD PROPERTIES MENT ION
APPROA PROPERTI | PROPERTI
CH ES ES
Income or | Relies on the *“value-in{ Discounted Cash | Not generally used | Widely used | Widely used
Cash Flow| use” principle and require| Flow
determination  of  th§ Real Options Less widely used | Quite widely | Quite widely
present value of futur used used
cash flows over the usefi- . . .
life of the Minerall Monte Carlo Less widely used Less widely | Less widely
Property Analysis used used
Probabilistic Not widely used Not widely | Not widely
Methods used used
Market Relies on the principle ¢ Comparable Widely used Widely used | Widely used
substitution. The Mineral Transactions
Property being .valued 'POption Agreement | Widely used Widely used Quite wide
compare_zd with . t.hE Terms used
transaction value of similar
Mineral Properties Gross “in Situ” Not acceptable
transacted on an opgrMetal Value
market Net Metal Value | Widely used rule of thumb
per unit of metal

8 CIM, Metallurgy and Petroleum, 2009, p.606
29 CIM, Metallurgy and Petroleum, 209, p.491
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Value per Unit Widely used Not widely | Not widely
Area used used
Market More applicable to single property asset junior
capitalization companies
Cost Relies on historical and/{ Appraised Value | Quite widely used Not widely Not
future amounts spent @ used generally
the Mineral Asset used
Multiples Quite widely used Quite widely | widely used
used
Geoscience Factor| Not widely used Not widely | Not
used generally
used

Source: Canadian Institute of Mining, MetallurgydaPetroleum

The three approaches should not be viewed as l@ilegpendent of each other.
Generally, they draw mainly on the same sourcetatd, but the data are analyzed using
different methods. The underlying idea is that ttmee approaches should complement
the findings of each other.

This paper will focus on the methods that are gralpred. The approaches used
to value a business depend on how marketable setsasre, whether it generates cash
flow, and how unique it is in terms of its operasd® There can be significant
differences in outcomes, depending on which appraacised. One of the objectives of
this paper is to explain the reasons for such mdiffees in value across different models,
and to help in choosing the right model to useafspecific task.

This paper will focus on the valuation methods whare acceptable by the
Exchanges.

For propertiesvith mineral reservediscounted Cash Flow/ Net Present Value.

For propertiesnvithout mineral reservesComparable Transactions, whereby the
market value can be determined through Modified raged Value, whereby only the
retained past expenditures (“historical costs”reptacement costs”) are includ&d.

Figure 3 illustrates different applicable valuatiomethods which should be
applied depending on the stages of developmerth@®mineral property. It is, however,
important to note that mineral properties represenbntinuum from early stage to late
stage and therefore the transition from one metbahother will demand some level of
judgment®

%0 See Damodaran, 2002, p.946-
31 Canadian Institute of Mining (CIM), 2009, p. 512
%2.CIM, 2009, p. 527-532
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Figure 3: Valuation methods depending on the stagef development on the mineral property
| : |

PROSPECT
MINERAL EXPLORATION EVALUATION

PROJECT CONSTRUCTION

PROD
1
Reserves

PROJECT
COMMISSIONING

FEASIBILITY
STUDY

PRE-FEASIBILITY
STUDY

DESK TOP
* STUDY

DISCOVERY
METHODS

Value

METHODS DCF

Appraised Value Multiples

Comparable transactions Real options

Confidence >

A function of the amount of knowledge on a mineral resource/property and the
degree of probability of it being brought to accoun t.

Source: MVENMYN

2.3 Resource and Reserve

For all property types, asset value is a joint poaef any potentially extractable mineral
resources located under the earth’s surface anthaagted capital that is used to extract
this mineral resource. In order to perform a fundatal valuation of a mining company
the amount of mineral reserves must be estimate&:nGhe importance to the mining
industry to distinguish the definitions of Miner&eserve and Mineral Resource,
definitions are given here in full.

Mineral Resourceis a concentration or occurrence of material dfinsic
economic interest in or on the Earth’s crust inhsfmm and quantity that there are
reasonable prospects for eventual economic extraddortions of a deposit that do not
have reasonable prospects for eventual economiactixin should not be included in a
Mineral Resource. The location, quantity, gradelagical characteristics and continuity
of a Mineral Resource are known, estimated or pm&ted from specific geological
evidence and knowledge.

Mineral Resources are sub-divided in order of iasieg geological confidence,
into inferred, indicated, and measured categosasia shown in Figure 4.
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| Inferred Mineral Resource .1 Indicated Mineral Resource | | Measured Mineral Resource

is that part qf a l:/lineral Resource for which quantity anF grélide, or quality,

can be estimated on the basis of : densities, shape an(:l thsicaI characteristics
geological evidence and limited ; | - - 1 - 1
sampling; and reasonably 1 1 can be estimated with a level of | | are so well established that they ,

confidence 11 can be estimated with confidence 1
[

sufficient to allow the appropriate application of technical and economic
parameters, to support

assumed, but not verified, !
geological and grade continuity.

production planning and evaluation :

of the economic viability of the
deposit. 1

mine planning and evaluation of the
economic viability of the deposit.

The estimate is based on

limited information and sampling detailed and r
gathered through appropriate
techniques from locations such
as outcrops, trenches, pits,

workings and drill holes.

liahle exploration,

1
1
1
1
1
[
1
1
T
o}
T
| .
. sampling

I B | o s

and testing information gathered throUgh:appropriate techniques from
locations such as outcrops, trenches: pits, workings and drill holes that are
spaced closely enough 1

for geological and grade continuity
to be reasonably assumed.

to confirm both geological and
grade continuity.

The chance is 10 % or greater
that mineralization is there

The chance is 50 % or greater
that mineralization is there

The chance is 90 % or greater
that mineralization is there

Source: own presentation

Mineral Resources can be estimated on the basgeoiscientific information
with input from relevant disciplines. The main negs to take away from these
definitions is that the most uncertain categoryregources, Inferred Resources, is so
uncertain and so unlikely to transfer one for on®® imore certain resources that no
income projections can reasonable be made. Theradasian Code for Reporting of
Exploration Results, Mineral Resources and Ore iResqJORC) determine the chance
of 10% or greater that mineralization is therelfderred Resources. Indicated Resources
would mean 50% or greater that mineralization ey¢hand Measured Resources 90% or
greater* As a result Inferred Resources have highly spé&eel@alue and are worth little
per unit until upgraded to the Indicated or Meaduoategories through additional
exploration work.

Mineral Reservas the economically mineable part of a Measuredndicated
Mineral Resource demonstrated by at least a pnedirgi feasibility study. This study
must include adequate information on mining, precgs metallurgical, economic, and
other relevant factors that demonstrate (at the tiffreporting) that economic extraction
can be justified. A mineral reserve includes dilgtimaterials and allowances for losses
that may occur when the material is mined.

3 See the text definitions of resources and resdrvéppendix 2
3% The JORC Code and Guidelines, founditgy://www.jorc.org/jorc_code.aspccessed date 12.06.2010
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Mineral Reserves are sub-divided in Probable andd?r Mineral Reserves. The
definitions of them are given in the Figure 5:

_________________________________ |
I . (. .
1 Probable Mineral Reserve 1| 1 Proved Mineral Reserve !

T i
is the economically mineable part of

I anindicated, and in some
I circumstances, a measured mineral
: resource

a measured mineral resource

i }
demonstrated by at least a preliminary feasibility study. This study must include
adequate information on mining, processingl metallurgical, economic, and other
relevant factors that demonstrate thatlecondmic extraction can be justified.

1 1

Mineral reserves, which are a modified sub-sethef indicated and Measured
Mineral Resources (shown with the dashed outlinBigure 5), require consideration of
factors affecting extraction, including mining, rakrgical, economic, marketing, legal,
environmental, social and governmental factors, ahduld in most instances be
estimated with input from a range of disciplifiésFigure 6 is reflecting the relationship
between Mineral Resources and Mineral Reserves.

Figure 6: Relationship between Mineral Resources ahMineral Reserves

EXPLORATION
RESULTS
MINERAL MINERAL
Increasing RESOURCES RESERVES
eloesvct?(ler?;ﬁc Reported as in situ Reported as mineable
gknowledge Mineralization estimates production estimates
and
confidence
INFERRED
: INDICATED < > PROBABLE |
| MEASURED PROVED :
: < —> |
Consideration of mining, metallurgical, economic, marketing, legal,
environmental, social and governmental factors (the “Modifying factors”)

Source: South African Mineral Resource Committ&@9®@

35 South African Mineral Resource Committee, found at
http://www.geolsoc.org.uk/webdav/site/GSL/sharetifreellowship/South%20Africa%20Code. pdf
accessed date 13.03.2010
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In general, before an extraction program can beBiesources and Probable
Reserves must be “proven up” to the category oférdReserves, the most geologically
certain category. This requires additional costxpeaditure on drilling (information
gathering) at the site, which will make assetshim ¢ategory of Resources and Probable
Reserves less valuable then Proven Reserves. Theresignificant premium paid for
operating mines, where reserve and cost uncert&iasy been reduced. According to
major gold property acquisitions during the 199@spven and Probable Reserves are
valued at a 44% discount, Measured and Indicatestirees at an 83% discount, with no
value being attributed to Inferred Resources. Tiertainty surrounding the estimate of
extractable reserve is called reserve ffsk.

Mining companies may also commence production feomeposit with only a
small amount of reserves, in the hope that additioaserves will be discovered as
mining proceeds. The Dome mine, owned by Placer®@@nd now Goldcorp) is a good
example: it has now been mined continuously foy@&&s and it has never had more than
about 3 years mine life. As the mine has progressetrground, more of the vein has
been opened up for mining; consequently the lifthefmine has been extendéd.

3 Valuations of Explorations Properties

Mineral exploration properties are those on whicleaonomically viable mineral deposit
has not been discovered. Exploration Propertie® hemset values derived from their
potential for the discovery of economically viabineral deposit&®

“Exploration companies do not have assets, cash dr earnings. They typically
only have a management team, sometimes a bit bf aas one to several propertié€s.”
The main attraction of exploration companies toestors is the potentially massive
increase in share price which a company may expegievhen it finds a new deposit.
This is the initial spurt in the life-cycle of ammg share, and it is possible that the shares
will never regain the heights seen in the initighysl of trading following the
announcement of a discove‘%/.

Figure 7 illustrates up and downswings of a minghgre price depending on
where in the life cycle the mine is. During discogvand exploration, there is usually an
increase in stock price as investors speculategdbas preliminary drilling or other
sampling results, whether the company has foundharg: As the company defines
resources and releases further results, institaltiowestors usually become interested in
the stock. At these stages, the stock price teamdxtease.

Once a decision is made to proceed with feasibilitg stock price may decline as
investors worry that a feasibility report may detya project uneconomic. If a decision is

% See Ludeman, 2000

37 See Kernot, 2006, p.69-81

38 CIM, 2009, p.490

%9 Eeden, January 2006, founchétp://www.paulvaneeden.com/Valuing.an.explorattompany accessed
date 6.06.2010

9 Kernot, 2006, 55-68
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made to go into production, the stock will stilhrain relatively flat, as investors are
uncertain whether a company can secure financimg parmits. Once financing and
permits are in place, the stock may start to irggesgain, although at a slower pace, due
to uncertainty regarding cost over-runs and othgprsses.

As the mine starts production, the stock shoudsh increase at a faster rate. The
above discussion is a simplification as the stsakiso influenced by general market risk
and commodity price risk.

Figure 7: The Life Cycle of a mine

The Life Cycle of a Mine

START UP
Becomes Tier 2
Company
9 - |CONFIRMED DEPOSIT REALITY SETS IN
Becomes Tier 3
Company

8 —

1 “LOWER RISK"
LiJ
S 6 PRODUCTION
= DECISION

b
%
< 4-
1=
(7] 3

2 —

1-

0

= Discovery —l— Development —|— Production —
Speculation Investment Revaluation
1-2Years Analysis 2-3Years
2-3Years

Source: U.S. Global Research

Figure 8 demonstrates the life cycle of a miningrehwhich shows how the share
price behaves depending on the stage of the mprimjgct. At more mature stages of the
project the risk goes down and the share price gpes

“! Tang, March-April 2010, found &ttp://magazine.mining.com/issues/1003/Vol03-02-
DeterminingTheRealValueOfJnrMiningCompanies-08-iif).pccessed date 7.05.2010
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Figure 8: Life Cycle of a Mining share

Life Cycle of a Mining Share

Shares of mining development projects have typically followed a similar trading pattern

Higher Risk Stage

Early Stage
Exploration

Resource t
Identification

Resource
Definition
Pre-Feasibility
Study Resource definition,
: pre-feasibility and full

Early stage feasibility

exploration and
resource identification

Feasibility Study

Share Price (3)

Development

Production

Clarity and certainty

Lower Risk
Source: US Global Research

As mentioned in the Chapter 2.1, mining is a dapdebusiness — “the more you
mine, the less you have left to mine and withoyplesation, mining will cease very
rapidly. The mining companies know they need actegpod exploration projects and,
more importantly, good exploration teani§.Therefore it is important that a company’s
management has the ability to generate new expargprojects — brownfied or
greenfield®, and the business acumen to joint venture thosggis to major mining
companies. They provide financial capital to theigu exploration company using its
intellectual capital to generate exploration ideas.

Valuation of exploration companies has a highejesivity compared to mining
companies. Therefore, investment in exploration ppries is the realm of the
professional investor that is able to access thative probability of an economic
discovery.

2 Eeden, January 2006, founchétp://www.paulvaneeden.com/Valuing.an.exploratiompany accessed
date 6.06.2010
43 With a lrownfield exploration project a mining company can discavew ore zones and extend existing
ones “in the shadow of a headframe”. It is the npwsspective geologically and it is also fundamiyta
more economical to find ore near existing mininfyastructure. Brownfields exploration is less riskg
the geology is better understood and exploratiothatmlogy is well known, but since most large déjsos
are already found the rewards are incrementally les

A greenfield project involves the discovery and/or the develeptof a land that has not been
previously developed for commodity mining and samining of that commodity there, found at
http://www.quantecgeoscience.com/Minesite/index, @ggess date 15.06.2010
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3.1 Appraised Value Method (Cost Approach)

The Appraised Value Method is based on the prethesethe real value of an
Exploration Property or a marginal development progplies in its potential for the
existence and discovery of an economic mineral siepdhe Appraised Value Method
assumes that the amount of exploration expendisurelated to its valu&. Therefore, it
is important to understand the definition of cdpégpenditure in mining industry. They
are given below in the Figure 9.

Figure 9: Different Cost in Mining Industry

Mining Cost
Start-up Capital Operating Cost Sustaining Capital
Expenditure Expenditure
» the costs of developing a > labour » capital expenditure
mining operation ready > energy required to keep the mine
for production. »raw materials required operating at its planned
( e.g. final feasibility during production production run-rate.
studies, constructing mine > mining costs excluding (e.g. replacing smelters and
shafts, building processing depreciation, capital other capital equipment
plants, purchasing mining expenditure, head such as diggers, new types
equipment, developing office and finance costs for trucks etc.)
transport (roads and rail > expressed as cost per
links) and developing unit of production
infrastructure (power and (e.g. US$/oz for precious
water supply metals

Source: Citigroup’

The appraised value is the sum of the meaningfsl paploration expenditures
and warranted future costs. Only those past expeedithat are considered reasonable
and that have contributed to identification of exption potential are retained as
contributors to value. Warranted future costs cosepa reasonable exploration budget to
test the identified potentiéf. However, the Exchanges do not generally accept the
inclusion of warranted future expenditures for therposes of the appraised value
method. Also associated administrative costs weitierally not be acceptéd.

Appraised Value Retained Past ExpendituregWarranted Future Costs)

Past expenditures are usually analyzed on an anpasis, using technical
expertise to assess which expenditures to retach which to reject in terms of

4Roscoe, found ahttp://www.cim.org/mes/pdf/VALDAYBIll Roscoe.pdéccessed datg.04.2010
S Citygroup: Fitzpatrick, Sainsbury, Jansen, Aug@a2

46 Oliver/ Roscoe/ Chamois, December 2008

47 CIM, 2009, p. 512
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identifying remaining exploration potential. Usyalittle of the expenditures more than
five or so years prior to the effective valuaticated are retained. In the case of dual or
multiple property ownership, the Appraised Valuetlod whole property is determined
first, and then the value is apportioned to onmore of the property ownef8.

In this method a property is deemed to be worthtwiaa been spent on it, with a
premium, if results are positive, or a discounte$ults are poor. If we are valuing past
producing mines which have some usable infrastracawailable, we should take into
account what the replacement value of this inftecstire might be at today’s prices and
accordingly add some premium to the value of theemi

R. Lawrence and Agnerian restrict the accumulatibsuch expenditures to the
past three or four years, rather than to all histoosts, with the accumulation basis
ranging from 100% positive results, to 25% for naga results but with some
exploration potential, to 0%-10% with little or potential*®

The appraised value method is best applied to ptiepevhich are actively being
explored. It is more difficult to apply the methtal properties that have been idle for
some years, especially those which have had suladtexpenditures in the past.

One advantage of the Appraised Value Method is thgploration cost
information and technical data are readily avadaflor most exploration properties and
marginal development properties. It is a good whgamparing the relative values of
exploration properties. The main disadvantageas ¢lRperienced judgment is required to
separate the past expenditures considered to lokigiree from those considered not to
contribute to the value of the property, and toeasswhat is a reasonable future
exploration program and cost. This leaves the ngktbpen to misuse and possible
abuse”?

It is prudent to compare the Appraised Value ofeaploration property with
values obtained from other methods, particularpséhwhich use Market Approach, as
summarized in the next part of this paper.

3.2 Comparable Transactions (Market Approach)

Comparable methods allow the value estimated fmirang project to be benchmarked
against mining project values established in theketa Comparable methods thus are a
key tool for ensuring value estimates are congruetht what the market would actually
51
pay.
The comparable transaction method uses the tramsaptice of comparable
properties to establish a value for the subjecperty.

Determinative factors of the value an exploraticogerty:

48 Roscoe, found ahttp://www.cim.org/mes/pdf/VALDAYBIll Roscoe.pdhccessed date 3.04.2010

49 See Thompson, found dittp://www.cim.org/mes/pdf/VALDAYlanThompson.pdiccessed date
21.04.2010

**Domingo/ Lopez-Dee, March 2007, found at
http://unstats.un.org/unsd/envaccounting/londongfmeetingl11/LG11 14a.pdhccessed date 10.05.2010
°1 Roberts, found dtttp://www.infomine.com/publications/docs/Robert88(pdf accessed date
15.05.2010
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» potential for the existence and discovery of ameaoac deposit

» geological attributes: ore grade (high or low) defseof the amount of impurities
in the ore. Separation of impurities gives risdigher cost. A low grade ore will
mean more material has to be processed to produoang of metal versus a
higher grade ore.

» mineralization, exploration results and targetsgimeoring properties

» Infrastructure: a fully developed infrastructurdlwenefit mines through cheaper
and more efficient transport links, water supphyemy supply etc.

» area and location of an exploration property: esgilon properties in established
mining areas often have a premium value becauséhefhigher perceived
potential for discovery of a mineral deposit, andcduse of developed
infrastructure. Ore bodies located in remote arsash as some Chilean copper
mines high in the Andes, or deep underground, ssckome South African gold
mines, will have higher unit costs due to the diffiiles of extraction. However,
this can normally be compensated by other benéfia@ors such as a high ore
grade and / or valuable by-products.

» Existing permits

Challenges:

» There are a limited number of transactions forarahproperties

» There are no true comparables in the mining ingluginlike oil and gas). Each
property is unique with respect to key factors saslgeology, mineralization, costs
and stage of exploration.

» Effective date of valuation is important (value aproperty will vary widely from
day to day, week to week and year to year becauthe wvolatility of mineral price).
Therefore, especially for purposes of litigatianisinecessary to establish a date on
which to value the asset.

» Subjective judgment is needed to identify simileogerties

Exploration property transactions give an indicatxd how active the market may
be at any given time. It should be noted again éxgtoration is cyclical, and in periods
of low metal prices there is often no market, omarket at a very low price. For
example, if there are relatively few exploratiomrsperty transactions, because of the
depr;azssed state of exploration and mining indusstmearket values will be relatively
low.

Comparable transactions are indispensable forvglspeculative and exploration
properties, where there is not enough informatmpedrform a reasonable fundamental
NPV analysis. This method, when available, can igea benchmark for development
and producing properties when calculating the fomelstal value of the asset.
Conggarable transactions also take into accountrifket factor for reserve and other
risk.

%2 Roscoe, found ahttp://www.cim.org/mes/pdf/VALDAYBIll Roscoe.pdhccessed date 3.04.2010
%3 Davis, 2002, found at

http://www.bvappraisers.org/contentdocs/Conferdacatiam Davis Economic_Method.pdtcessed
date 25.05.2010
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To allow market values to be compared among prejetttey are generally
expressed (or normalized) as ratios of the form:
Market value / Fundamental project parameter

Table 2 summarizes the terminology typically used distinguish between
fundamental and market value, and between projettarporate value.

Table 2: Value Matrix

Fundamental Value Market Value

Project Value Net Present Value (NPV) Adjusted Market Capitalization (AMC) or
Enterprise Value (EV) or
Asset Transaction Price

Corporate Value Net Asset Value (NAV) Market Capitalization or
Corporate Transaction Price

Source: Roberts, Craig

The market value of a mining company’s project&)MC or EV) is estimated
from the market value of the company (market céipation) that holds the project(s) is
calculated in the following manner:

+ Company market capitalization
- Working capital
- Value of other investments
+ / - Value of hedge book
+ Liabilities
(+ Capital to production)

= Implied market value of mining projects (AMC or EV)

The principle is that in addition to value the pap held by a mining company,
the market also takes into account things suchaxkimg capital, debt, hedge book value
and other investments when deciding what to pagfshare in a company. When taking
these considerations into account the market Viahwe to be adjusted according to the
table above. After the adjustment, the value ofrtheing project itself is isolated from
the other assets and liabilities undertaken bytmpany*

54 Roberts, found dtttp://www.infomine.com/publications/docs/Robert88(pdf accessed date
15.05.2010
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A company’s neasset value (NAV) is calculated from the estimatgdregate
net present values (NPV’s) of the company’s pragjelay essentially the reverse back in
comparison to the AMC:

Aggregate net present value of company’s projects
+ Working capital

+ Value of other investments

+ Value of hedge book

- Liabilities

= Net asset value of the company (NAV)

Now it is possible to compare the implied markelugaof a company’s mining
projects (AMC or EV) to the estimated fundamentalue (NPV) of its projects. A
valuation indicates whether the estimated fundaaterdlues are above or below the
values that would likely be realized in the market.

Similarly, by comparing a company’s market valueafket capitalization) to its
estimated fundamental value (NAV), an analyst calcutate the premium or discount
the market is paying to a particular fundamentél@dNAV) estimate?

Table 3 shows some examples of comparable propeinpeters and market valuation
ratios of a comparable project.

Table 3: Parameters for relative PV valuation
Comparable project parameter | Market valuation ratio of comparable

project
Geological resource AMC / oz resource
Mineable reserve AMC / oz reserve

Operating cash flow (= EBITDA)*| AMC / operating cash flow or EBITDA
Cash flow after capital (= EBIT)* | AMC / EBIT

Net cash flow (= Earnings)* AMC / NCF or earnings

Net present value AMC / NPV

Source: Roberts

As the table moves down, more information of thejgut is taken into account,
including all information in the upper parametéree AMC / NPV ratio includes all the
guantifiable information about a project comparalitederive a single ratio for market to
fundamental value.

Equity Value / Current Resources ratio is also aintne widely used ratios. Table
4 gives an example of iron ore transactions confgh@saand this ratio. If two companies
would have approximately the same Current Resoubcgsdifferent Equity Value,
logically the ratio of the company with higher EiyuvValue would have higher Equity

%5 Roberts, found dtttp://www.infomine.com/publications/docs/Robert88(pdf accessed date
15.05.2010
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Value / Current Resources ratio. But the advantegeld have the company with lower

ratio >®

Table 4: Iron Ore Transactions Comparables

Equity
Current Capex Full Cost Value
Resources required  (EV+Capex) (EV) EV/ Current
Transactions Date (Mt) (US$M) (US$M) (US$M) Resources
Hancock-Hope Downs to RIO Jul 05 423 1330 1930 600 1.4
Cape Lambert Sth to MCC Aug 08 487 2000 2368 368 0.8
Mid West to Sinosteel Seo 08 243 2956 4152 1196 4.9
Portman to Cliffs Nov 08 94 Na 465 465 4.9
UMC to BHP Oct 09 92 123 311 188 2.0
Warwick to Atlas Dec 09 15 Na na 75 5.0
Polaris to Mineral Resources Feb 10 25 115 247 132 5.3
RIO to Chinalco Mar 10 1487 6600 9624 3024 2.0
Aurox to Atlas Mar 10 205 1178 1321 143 0.7
Average 3
Median

Source: Ocean Equities Ltd, Ferrous Resources ednji. 38

Figure 10 shows that Cape Lambert Sth to MCC anato Atlas companies have the
lowest EV/ Current Resources Ratio. Therefore, thaye an advantage over the other
companies at first view leaving aside any of theedrinative factors described earlier
(infrastructure access, ore grade, existing peretds.

Figure 10: Iron Ore Transactions Comparables

Aurox to Atlas

RIO to Chinalco

Polaris to Mineral Resources
Warwick to Atlas

UMC to BHP

Portman to Cliffs

Mid West to Sinosteel
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Selected Transaction

Hancock-Hope Downs to RIO

0.0

1.0

2.0 3.0 4.0
EV/ Current Resources

5.0

6.0

Source: Ocean Equities Ltd

Implementing market comparable analysis involvesumber of challenges, for
example in selecting valid comparables, and inmedtng the market value of
comparable projects from the companies that owselpoojects.

*% Ocean Equities Ltd, May 2010, p. 38
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Any of approaches should not be used as stand-amloations methods for any
rigorous valuation of advanced mining projects perating mines. By estimating both
market and fundamental values for the comparalkdg¢iser than only the market value of
the comparables, the valuator is able assess hewntrket is really valuing projects
relative to their estimated fundamental value. Mar&nd fundamental approaches can
and should be combined into an integrated valugironedure.

4  Cycle importance in valuation of mining and metals
companies

Before going to the detail of DCF and Multiples heats, it is useful to know which
errors analysts commonly make when valuing miniognganies. As far as mining
companies are concerned, the cycles are doublyrtengobecause they suffer falling
demsf;md and falling prices, yet cost and interelss bn new deposits will continue to
rise.

Usually analysts ignore the economic or commoditgepcycle or they fixate on
it (put a great deal of weight on current finanatements). The consequences are listed
below:

Base year fixation:
» If the base year is at or close to the peak ofcéecyand we use the numbers from
that year as the basis for valuation, we overvilaecompanies.
» If the base year represents the bottom or trougla @fycle, we consistently
underestimate their values.
» Inputs are skewed such as
o Profitability measureq profit margins, Return on Equity (ROE), Return
on Capital (ROC) )
0 Reinvestment measur@sapital expenditures and investments in working
capital)
o Debt ratios and cost of funding
0 Risk —free rates and risk premiumisange over the economic cycle, with
the former decreasing and the latter increasingcanomy slows. Thus,
cost of financing changing from period to perfgd.

The cycles are hard to predict, particularly theflection points. The share price
volatility of metals and mining companies can belaxed by the uncertainty over the
direction of the industry cycle. An example of awneycle is illustrated in the Exhibit 1.
Of course, a new cycle trend can also lie undepttieycle trend.

" See Kernot, 2006, p.202
*8 Damodaran, 2010, p. 417-449
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Exhibit 1: When the cycle changes

When the cycle changes

New Trend establishe:

New Trend

N Cycle returns

< Old Trend

Earnings

Today

Source: McKinsey & Company, Inc, 2000

The cyclicality could also include the start-up méw mines leading to the
oversupply of a thinly traded commaodity or the aoluction of new tax incentives to try
to encourage the development of new operationsh Sycles are important, but
unfortunately, somewhat unpredictable. Howevery tth@ occur and need to be included
in any discounted valuatiot.

In order to reduce mistakes, at least the pricéecgtthe commodity should be
included in any analysis of mining company casw$#ie- especially companies with only
a relatively short projected Iif8.

DCF reduces future expected cash flow to a singlaev Therefore DCF Value
has much lower volatility than the earnings or ciels included in the valuation. This
is illustrated in exhibit 2.

%9 Kernot, 2006, p. 179-202
®0See Kernot, 2006, p. 192-203
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Exhibit 2: The Long-Term View: Free Cash Flow and OCF Valuation
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DCF Value \
100
0 \ Free cash
- flow
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1 2 3 4 5 6 7 8 9 10 11
Periods (years)

Index

Source: McKinsey & Company, 2000, the data for thiart are presented in the Appendix 1.

As a result, any single year is not important whaluing a mining company with
DCF method, as the high cash flows cancel the kst dlows. Therefore, many financial
analysts use the reversion to the mean in theiegdrecasting’ The idea of this method
is that both, high and low prices are temporary tiad a price will tend to have average
price adjusted for inflation, over time. Thus, ot long-term trend really matters and
long-term commodity prices are widely used in DGfuation.

However, there are some facts against the revetsidhe mean methodology.
“The world is hungry for commodities. Urbanizatidrnives infrastructure development;
increased economic development drives wealth wticles consumption... this will be
a commodity demand driver for several decades tnet8® Exhibits 3, 4, 5 and 6
confirm this tendency:

Exhibit 3: China and India lagging behind

Vehicles per thousand people
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700 1 Canada (1994)
600 >
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—
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200 1 China (2005)\'\,L o _—— Eastern Europe (1994)
100 china (1994)! Y South America (1994)
o v a7 — Africa (1994/2005)
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NE MG M LGN LERC S IRC GRS SR SSRGS IR s

Source: Basinvest AG

®1Real Options in Petroleum, foundkdtp://www.puc-rio.br/marco.ind/revers.htnalccess date,
14.06.2010
®2 Basinvest, 2010, see Exhibit 3, 4, 5 and 6
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Exhibit 4: China, India: Urbanization drives commodity use

e e

o

B ettt

Urban Population as a Percentage of Total

Tl == e e e e e e e e e e e e e e i

L

T

0 ----

20 4

Sn Lanka
Vietnam

India

Thailand
Pakistan

Asia ex-Japan

Africa

China
World

Indonesia

Philippines

© <

g2 & §
. 4 3 =
L. 4 w
-

Latin America

& 3 g g2
= s 28 a8
= <)

2 =

7 @D

Source: UN, CEIC, BAS-ML estimates

b

basinvest

In recent months, China has represented 46—-49% 1 \steel demand and 45-46% of
World base metal demand compared with 34.4% arg&P@2espectively, in 2008.

Exhibit 5: China'‘s share of global demand soars in

China's share of world demand
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Source: China Metals, Macguarie Research, January 2010
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Exhibit 6: China’s share of global demand - monthly

China's share of global demand - monthly
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Source: China Metals, Macquarie Research, Jand§ 2

The problem is that supply for non-renewable comitrexlgrows slower than its demand
(see Exhibit 7§°

Exhibit 7: Mine Supply
Global Copper Mine Supply Breakdown, 2008-2020
(Mt, Copper Contained)

207 = probable Greenfield Projects

o] * Reactivations, Mine Life Extensions & Expansions (70%)
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Source: Brook Hunt.

53 Basinvest, 2010

33



b

basinvest

Therefore the prices of commodities in the longrtetiew should increase and not stay
constant like it is assumed in reversion to themmaathodology.

Regarding multiples valuation, which will be ietdil described in chapter 5.1,
the price cycle can be included in the valuationfakbwing manner. Reasonable
valuation approach is to build three scenarios @ldulate price/earnings ratio for each
of them and compare their values.

Example:

1. “Bull market” scenario: with a certain percent pabbity the industry breaks out
of the cycle and follows a new long-term up-trerabddd on current improved
environment.

2. Base market scenario: with a certain percent pritityathe cycle will follow the
past, and that the industry will turn down in thexnyear so.

3. “Bear market” scenario: with a certain percent itality the industry breaks out
of the cycle and follows a new long-term downtrdraed on current improved
environmenf?

Exhibit 8 illustrates this approach for two miniogmpanies: Teck Resources and
First Quantum Minerals. It shows also that P/Eosatire usually lower in the bull market
case than in the bear market case, because ofrtughemodity prices at the bull market
and hence earnings of commodity companies.

Exhibit 8: P/E Ratios for Different scenarios
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o

< 14 m Bull
S 12
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§e]

Il
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w

o

Teck Resources First Quantum Minerals

Source: Bank of America Merrill Lynch, Global Metand Mining

Exhibit 9 presents upside and downside potenttathfcurrent share price of two mining
companies. You can see that Teck Resources offetterbupside and downside
protection than Lundin Mining Corporation in alkes@arios.

% The terms bull market and bear market descriveath and downward market trends, respectively
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Exhibit 9: Upside and downside potential accordindo different scenarios
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40%
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20%
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Teck Resources Lundin Mining Corp.

Upside/ downside from current

Source: Bank of America Merrill Lynch, Global Metand Mining

This probabilistic approach avoids the traps of simgle forecast and allows the
exploration of a wider range of outcomes and thaplications. “If cycles did not exist
then a mining company would not make a point ohgei low cost producér.indeed, in
such a situation, there would be no need to wobgua massive declines in prices,
revenues and earnings which occur at the bottoaretession®

5 Discounted Cash Flow

5.1 Introduction

Delimitation: there are different variations of thHeiscounted Cash Flow
concept’ This paper will not describe the wide range ofitheut will illustrate the use
of the DCF method specifically for mining companies
In order to calculate an accurate valuation of aimgi company it is necessary to have
access to detailed information (i.e. primary resleaabout all aspects of the company —
its deposit, mine plan, process routes, operatosgse financial structure, tax regime and
management qualiti€s.

In undertaking any discounted cash flow analygiss iimportant to recognize
certain fundamental attributes of the mining indyst

» The basis of any mineral development is the excgtef an ore reserve.

» Costs are determined by the number of pounds ocesumined and processed,
while revenues are determined by the number of g®wan ounces of metal sold
times price of the metal. The two are related leyrdtovered grade of the ore.

%5 Appendix 3 gives a sample calculation of low aighttost producer margins and explains the leverage
of high cost producer.

% Kernot, 2006, p. 203

87 Kruschwitz/ Léffler, 2005, p. 1-30. In this booKfdrent variations of DCF concept and the economic
differences between them are clarified

8 Kernot, 2010, p. 192
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» Profit is typically more sensitive to changes imarue than it is to changes in cost
due to the high fixed cost nature of the business.

» Commodity price is a principal determinant of rewenbut it is also the factor
with which the greatest level of financial riskaissociated?

It must be taken into consideration that DCF is applicable to early stage
projects without reasonably assured mineral resewerkable mining plants with rates,
metallurgical test results and process recovedapijtal and operating cost estimates,
environmental and reclamation cost estimates amdnumity price projectionf’ The
reason of this is the theory behind DCF: the valievery asset is simply the present
value of the cash flows this asset produces owerlifatime. One must have enough
information that we can reasonably estimate caslisflfrom production. Therefore DCF
is only appropriate for mineral properties in proglon, very near production or for
mineral properties at the stage of developnieht.these cases, the economic viability of
the property will be based on preliminary estimavégroduction, revenue and cost.
Despite the preliminary nature of the underlyingneates, it is still generally accepted
that discounted cash flow analysis is the best atkti valuing mineral properties at this
stage of developmerit.

5.2 Inputs and Mechanics of DCF analysis

The most important factors in DCF methodhe Discount Factor andthe assumption
of long-term prices The other principal factors which need to benested in providing
input to a DCF analysis are:

» Tonnage and grade of the mineable reserve
» Revenue(volume x price)
» Production costs

0 Operating Costs

o Capital Expenditure

o Taxes and Royaltie&®

These inputs are shown in a figure 11, a simpliBgdmple of a spreadsheet for
DCF valuation. The left-hand column of the spreadslist the various factors (typically
in much greater detail than shown in Figure 11)clhinfluence the levels of cash
revenue and cash expenditure associated with thgedy being valued. The top line
specifies the time periods, typically years, ovériok the property is to be valued. This
time period should cover the full productive lifé the known reserves and may be
extended further to account reasonably for theodisy of new reserves, should the

89| attanzi, found abttp://www.cim.org/mes/pdf/VALDAY ChrisLattanzi.pdéiccessed date 31.05.2010
0 See Damodaran, 2010, p. 417-449

" Tang, March-April 2010, found dtitp:/magazine.mining.com/issues/1003/Vol03-02-
DeterminingTheRealValueOfJnrMiningCompanies-08-if). pccessed date 7.05.2010

2 | attanzi, found at dtttp://www.cim.org/mes/pdf/VALDAY ChrisLattanzi.pdfccessed date 31.05.2010
3 Lawrence, found atttp://www.cim.org/mes/pdf/VALDAY LarrySmith.pgficcessed date 30.05.2010
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geological potential of the property warrant tHis.practical terms the value today of
cash flow in year 25 is relatively small and sasihot normally necessary to take such
long life reserves into account in the valuatioogass.

Figure 11 Simplified Discounted Cash Flow Valuation (all Unis in thousands)

Year O Year 1 Year 2 Year 3 Total

Gold produced 200 250 280 730
Gold price 500 500 500 500
Sales Revenue 100'000 125'000] 140'000{ 365'000
Less: Site Operating Cost 55'000 70'000 70'000 195'000

Refining 1'500 1'700 1'700 4'900
Operating Profit 43'500 53'300 68'300| 165'100
Less: Income Tax 5'000 9'000 11'000 25'000]

Capital Expenditure 80'000 640 1'600 9'600 91'840
Net Cash Flow -80'000 37'860 42'700 47'700 48260
Discount Factor (13%) 0.885 0.783 0.693 2
Net Present Value -80'000 33'504 33'440 33'058 20003
Total Net Present Value ($ millions) 20'003

Source: C. Lattanzi

Obviously, the accuracy of the numbers, represgntite forecast level of a
particular factor at a specified future period iofig, will determine the validity of the
resultant estimates of profitability and rate dfira on invested capitaf.

In the simplified valuation shown in Figure 11, gtemputed net present value of
the stream of future annual cash flows, at a asduttiecount rate of 13% per year, is
$20'003 million. This means that, if an investor paid $8® million for this property, the
future cash flow stream would be sufficient to ratthe entire $8000million.

In order to perform a proper discounted cash flavalgsis, therefore, it is
necessary to make a separate and reasoned estifthie future value of each of the
factors which will influence cash revenue and cagbenditure. The more comprehensive
the available data, the more reliable will be tlsedunted cash flow valuation.

5.3 Discount Factor

The first variable that has a greatest impact alisaounted cash flow valuation is the
discount rate. Depending on the life of the projie different discount rates cause a
variation of a more than 50% in the value placedagmoject! Consequently it is crucial

to calculate an appropriate discount rate. Mosthef books and articles focus on the
calculation of the corporate cost of capital. Hoam\t is possible to determinate a
discount rate that is appropriate for an individpabject on the basis of industry

expectations for project returns (Internal RateReturri®), the risk factors associated

with mineral projects in general, and the risksied to the specific projett.

4 Lattanzi, found abttp://www.cim.org/mes/pdf/VALDAY ChrisLattanzi.pdfccessed date 31.05.2010
5 Internal Rate of Return (IRR) reflects the raténtérest or discount factor that reduces the &itiash
inflows to the value of the initial cash outflowgknot, 2006, p.203/204

8 | awrence, found atttp://www.cim.org/mes/pdf/VALDAY LarrySmith.pgficcessed date 30.05.2010
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The formula for calculating IRR of a project usimgrative techniques in
computer spreadsheet packages is:

Y(n
=T vy
(1+1)
where:X = the initial outflow
Y(n) = the inflow in year n
i = the internal rate of return (IRR)

By comparing the IRR of a project with its costcapital a company will be able
to determine whether or not the mine will be ecoivatty viable!’

Cost of Debt

Most mining companies assume that the cost of igndi calculated on the basis of the
company’s weighted average cost of capital. Incthuntries where debt service costs can
be offset against taxable income the cost of chpitiaulation is weighted to take account
of the tax efficiency of ded

The cost of Debt is calculated on an after taxd&onsequently, the actual yield
of the company’s long term debt is adjusted for kbeal marginal tax rate of the
company. Risk of a project and of the country whitie company is situated must be
included in the calculation of cost of debt:

Cd=(r, +r ) x@-t)

Where:Cd = Cost of Debt
r. = Risk-free country rate

t =the company’s marginal tax rate expressegercent
r, =risk premium which adequately reflects risktué project’

Cost of Equity

Cost of equity capital is, perhaps, one of the numsttentious elements of the whole
calculation process and it is too wide a subjette@overed in detail here.

The Capital Asset Pricing Model (CAPMs perhaps the most widely used
method of assessing the cost of equity capital eqpiessing it as an interest rate. The
cost of equity is related to the assumed market obsequity and the beta of the
company’s own shares to give the premium or disctmmthe market cost of equity for
the specific company:

Ce=r; +5*(r,—1¢)

" Kernot, 2006, p. 203-205
8 Kernot, 206, p. 205
9 Viebig/ Poddig / Varmaz, 2008, p. 37
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where:
Ce = cost of equity
r, =the risk-free Rate
[ = the beta of the company (expresses the vatiabilithe common stock with

respect to the variability of the market as a wjifle
r,, = the markets cost of equity

r.—r, =can be also described as a market prefffium

Weighted Average Cost of Capital (WACC)

Using the results of the previous calculations thenula to generate a company’s
weighted average cost of capital (WACC) is caladads follows:

WACC = (Equity x Cg) + (Debtx Cd)
(Equity + Debt)
where:
Equity = market value of equity
Debt = market value of debt

Given that the cost of finance will include an atfbn component it is necessary
to allow for inflation in the forecasts. At its l@st levels in decades, it still reflects itself
as cost increases of 2% to 3% each year. The inalud inflation in the forecasting
process is a necessity as the cost of capital insemiculation will include an inflationary
component, effectively the interest premium of aglderm government bond over the
interest rate of an equivalent dated index linkecusity® One example from the praxis
is illustrated in exhibit 10. Almost half of Rio fito’s> increase in capital expenditure
between 2003 and 2006 was absorbed by inflation.

8 By definition, the beta of the market is 1.00.tAck with a beta greater than 1, will tend to ouftpen
the market, should it rise or fall, whereas onédwitbeta of less than 1 will underperform. Duririgud
market a portfolio should therefore be construetét a beta greater than 1, during a bear market th
converse should be the case. Kernot, 2006, p.226

81 Mc Kinsey & Company, Inc. Copeland/ Koller / Murri2006, p. 231

82 Kernot, 2006, p. 205-208

8Rio Tinto is one of the world's leading mining amgloration companies, foundatvw.riotinto.com
accessed date, 26.05.2010
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Exhibit 10: Breakdown of capital expenditure increases 2003-2006 for Rio Tinto

US$ mn
800
700 -
600
500 -
400 -
300 -
200 -
100 -

O i

Equipment Materials Labour Engineering

‘ B Costincrease @ Increase in baseline capital expenditure

Source: Rio Tinto. Banc of America Securities-Métrtynch Commodity Research

Risk Components in a Mineral Project
A discount rate for a mineral project comprisegéhprincipal components:

» Risk-Free Interest Rat€he value of the long-term, risk-free, real (nolatibn)
interest rate is approximately 2.5%. Long term ages range from 2.3% to 2.6%.
The 2.5% value is supported by numerous refereimcse literature and is set
out in Ontario law?*

» Mineral Project Riskinclude risks associated with reserves (tonnageg rtife,
grade), mining (mining method, mining recoveryutdn, mine layout), process
(labour factors, plant availability, metallurgy, coveries, material balances,
reagent consumption), construction (costs, schedulelays), environmental
compliance, new technology, cost estimation (capital operating), and price
and market.

» Country Riskrefers to risks that are related to country-speabcial, economic,
and political factor§®

Using these components, it is possible to calcidaimject specific discount rate:

+ Real, risk-free, long-term interest rate 2.5%
+ Mining project risk (varies with level of knowlgd) 3.0%-16%
+ Country risk 0.0%-14%

= Project specific discount rate (constant doll®0% equity) 5.5%-32.5%

8 Bruce, Christopher: Ontario’s Mandated DiscourteRaRule 53.09(1), August 2000, found at
http://www.economica.ca/ew05_ 3p2.htatcessed date 1.06.2010

8 Country risk is described in the chapter 2.1 &f faper

8 | awrence, found dtttp://www.cim.org/mes/pdf/VALDAY ChrisLattanzi.pdfccessed date 31.05.2010
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5.4 Mineable Reserve

The fundamental asset which underpins the valgfmining project is its ore reserve,
and a thorough understanding of the reserve iditsierequirement of any discounted
cash flow valuatiofi’

The tonnage (size) and grade of any reserve ima®td from a limited number of
samples which constitute a very small proportiorthaf total deposit. Sampling, by its
nature, is a statistical procedure and so is ttimason of reserves. All reserve estimates,
therefore, are subject to a greater or lesser degfrancertainty.

It is fundamental to the economics of mining thasts are determined by the
number of pounds or ounces mined and processett vevienues are determined by the
number of pounds or ounces of metal sold timesepoicthe metal. These two factors,
cost and revenue, are related by the grade ofrtheDaution by waste rock increases the
tonnage of material mined and reduces the gradecritases cost and reduces revenue. It
reduces value. Therefore, the importance of theeumation factd¥ in determining the
value of mining company should not be undervaldedompany with a lower grade of
ore will have to process more rock, possibly atatge cost in order to obtain a given
amount of economically valuable matefial.

Inaccurate analysis leads to an overestimatioesdrves grade and an inadequate
allowance for dilution leading further over-estimoatin mined grade. This in turn, leads
to over-estimation of revenﬁg.

55 Revenue

Revenue is determined by the price of the commoudihych dictates the payback period
and the level of profit and hence dividends thatrsholders expecting to receive.
Following factors have a great impact on the reeanwa mining context:

» The annual tonnage of ore mined and processed
For the major precious and base metals, once hhgg been smelted and refined, there are
lenders of last resort, such as the London MetahBrge, which are capable of absorbing the entitigub
from a new mining project. Often mining companiesee into take-off agreements to reduce commodity
price risk and to ensure the profit. This is aneagunent between the “buyer” and the mining company
where the “buyer” obligates to buy certain amouhg@ods produced by the mining company at certain
date.

» The rate of ore production
In the valuation of an existing mine, future ratégroduction can generally be forecast reliably
on the basis of historical operating experience. &vo undeveloped property, however, there is nd suc
body of experience and valuation must be baseddesign production rate. Valuation should be based
an estimated rate of ore production during theahitear of 60% to 75% of the design rate, depegndin
the complexity of the mining cycle and the proceassuitry.

8" The chapter 2.3 gives definitions and helps toenstand differences of reserves

8The generally accepted background concentratiotiseaiajor metallic elements and the concentration
factors required for economic viability are detdila Table 5, page 42

8 Kernot, 2006, p. 57-72

% | attanzi, found ahttp://www.cim.org/mes/pdf/VALDAY ChrisLattanzi.pdficcessed date 31.05.2010
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» The metallurgical recovery of saleable commodity
This is a function of the mined grade of the ord Hre level of metallurgical recovery. Typically,
metallurgical recovery will be estimated on theibad test work. If a mine has been in operationsiome
time, the throughput of ore, the mined grade of amd the metallurgical recovery are reasonably well
identified and are, to some extent at least, ctiatie@. The generally accepted background conceoitis
of the major metallic elements and the concentnafé@tors required for economic viability are degdiin
Table 5:

Table 5: Background concentrations of the major medllic elements

b

Element Abundance wt, % Economic grade, % Concentrigon
factor, x
Silicon 27.7 100 2.1
Aluminum 8.1 30 3.7
Iron 5 25 5.0
Copper 0.005 0.4 80.0
Nickel 0.0075 0.5 66.7
Zinc 0.007 4 571.0
Manganese 0.092 35 380.0
Tin 0.0002 0.5 2500.0
Chromium 0.097 30 3080.0
Lead 0.001 4 4000.0
Gold 0.0000004 0.000002 5.0
(about 5gramm/tonne)

Source: Kernot, 2006

Different types of ore are processed with differem@thods of extraction which have a visible
impact on the cost of production. For example, i@@d copper ore bodies may be treated via a solvent
extraction and electrowinning (SX-EW) plant whilencentration-floatation process is used for sulfide
bodies. Traditional sulfide ore grades require emional milling, smelting, refining and are extrem
energy intensive (comprising about 20-25% of coggeduction) while SX/EW allows the processing of
low-grade oxide ores at much lower cost¥he problem is that there is not so much oxidelefteon the
earth. Exhibit 11 illustrates world copper mineguwotion by process in million tones.

Exhibit 11: World Copper mine production by process mt
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Source: Bank of America Merrill Lynch

1 See Bank of America, Merrill Lynch, April 2010
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» The price of the commodity

Is normally totally beyond the control of the indival mine operator. It is, nonetheless, not only
the most important determinant of revenue, but gisomost important determinant of overall valués|
true that future metal prices are notoriously difft to forecast accurately, but this does not ntbah no
attempt should be made to do so. Therefore, a tigbrowell-reasoned forecast of supply, demand and
price is an integral part of any valuation. It isar, however, that there is a great deal of uaogst and
risk inherent in any such forecdét.

Mining companies make hedging using derivative rimal instruments to reduce exposure to
commodity price movements. They can buy and seéllrés trying to eliminate underlying market price
exposure.

As mentioned in the chapter 4, many analysts ugers®n to the mean in the price forecastihg.
The idea of this method that both, high and lowcegsiare temporary and that a price will tend toehav
average price inflation adjusted, over time issiltated in exhibits 12 and 13.

Exhibit 12: Base Metals Price Forecasts
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Exhibit 13: Precious Metals Price Forecasts
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92 |_attanzi, found ahttp://www.cim.org/mes/pdf/VALDAY ChrisLattanzi.pdficcessed date 31.05.2010
%3 Real Options in Petroleum, foundketp://www.puc-rio.br/marco.ind/revers.htralccess date,
14.06.2010
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London Metal Exchange (LME) has Special ContracteRwor quality (purity)
rules for each of commodities traded on LME. Faaregle, contract/ quality for Primary
Aluminium has 99.70 % purity of Aluminium, maximudl0% Si (Silicium) and 0.20%
Fe (Latin: ferrum Iron). Therefore, any deviations from quality retards will be
reflected in the price: premium/ discount to LMEicpr for higher/lower quality
accordingly®*

To avoid subjective judgments and thus not to underovervalue a company,
one should use the price of commodities from fodvand futures markets estimating
cash flows in the next few years, and use todayisep of the commodities for the
current year>

5.6 Production Costs:

Operating Cost

The sum of the operating cost of these three &ietsyisuch as mining, beneficiation and
administration. In more detail: labour costs, canghles (energy, steel expenses), power,
water, exploration and evaluation costs, strippagmgl mine development adjustments,
third-party smelting, refining and transport costshy-product deduction
costs, administrative and distribution expensesswk provision, severance charges,
currency gain and losses other operating experigestg Operating Cost of minirg.

In general, cash operating costs consist of:

» On-site costs (producing the commodity which i9pkd from the property)

» Off-site costs (transportation and downstream siog of that commodity into
saleable end products)

For agold miningoperation producing doré bars, the costs of tramapon and of refining the
bars into gold and silver metal are typically noaterial in relation to the ultimate value of thetaie
produced. In these cases, inaccuracies in the astiof transportation and refining cost have littigact
on the results of the discounted cash flow analy®isere gold is recovered in a sulphide concentsateh
as a copper concentrate, however, the costs obpoatation, smelting and refining take on added
significance. In these instances, the on-site @m%ing plant is typically operated to maximize gold
recovery, with the result that the copper gradthefconcentrate is frequently relatively low. Calesable
care must be taken in determining the terms undechwsuch concentrates can be sold, since copper
smelters are likely to increase their chargesrfeating low-grade concentrates.

For base metaloperations producing, say, copper, zinc or leadcentrates, the costs of
transportation, smelting and refining typically aaot for a significant proportion of the gross \alof

% London Metal Exchange (LME) , foundwatvw.Ime.com accessed date 15.04.2010

% Damodaran, 2010, p.417-449

% Antofagasta and BHP Billiton Annual Reports, fduatwww.antofagasta.co.ukww.bhpbilliton.com
accessed date 17.05.2010

" Refining — remove impurities: to produce a pdoem of something by removing the impurities froin i
or become pure through such a process, found at
http://encarta.msn.com/encnet/features/dictiondcfiharyResults.aspx?lextype=3&search=refining
accessed date 6.06.2010
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metal contained in the concentrate. In the germasé, after allowing for concentrate transportatiosts
and smelter terms, the mine operator will receigeravenue, at the mine gate, of only about 50%ef
gross value of lead and zinc contained in concentand about 70% of the gross value of contained
copper.

“The amount of costs depends on how far the comjmngrtically integrated in a supply chain.
The deeper the vertical integration is the higheura capital and fix costs are. In particular newly
industrialized countries have interest to keep ibbssarge part of the value added in the couniriie
mining company Ivanhoe (Joint Venture with Rio ®nthas Copper-Gold project “Oyu Tolgoi” in
Mongolia and the company was forced to build a sengllant. Ferro-chrome producers in South Africa a
punished with a high export-tax if they want to espunprocessed ore containing chrome without
processing it in ferrochromé®

Clearly, then, the cost of downstream processingase metal concentrates is a significant factor
in discounted cash flow valuation, and it is impee that these costs be accurately identified and
accounted for?

Capital Expenditure

Capital Expenditure is defined as development, ttoason, indirect costs (engineering,
management), contingencies, startup, inventoriesyking capital, inflation cost,
replacement and sustaining capital and closures.cost

In the general case, capital expenditure estinvaileseed to be prepared of:

» Initial preproduction cost of constructing a newnmg company (will be
typically vary from 500 million to 3-5 Billion dddirs over a period of two or three
years)

» On-going cost of replacing worn out equipment tiglwaut the productive life of
the operation (will be at a lower order of magn&udut, since they are incurred
in each operating year, they can be quite sigmfigatotal)

The degree of accuracy of preproduction capitaleagiure can vary in the
region of plus or minus 30%, depending of a stdgheproject.

Contingency allowances of the order of 8% to 12% tgpically applied to the
estimates of surface capital expenditure, with s@na higher allowances applied to the
estimated cost of capital mine development. Gelyesgleaking, discounted cash flow
valuation is not sensitive to the annual allowanfoessustaining capital, and relatively
gross methods of estimation may be acceptable.

Equipment has a limited economic life and works €alt of use, therefore an
annual depreciatidf’ charge must be considered as part of the cost. tWa calculated
charges, depreciation and depletfinmay be considered as giving the Capital or
Investment Cost>?

The most common errors which occur in the estimatibpreproduction capital
expenditures relate to over-optimism in the cortsibn schedule and under-estimation of

% Ronald Wildmann, portfolio manager von der FirmasBvest AG, www.basinvest.ch

% | attanzi, found ahttp://www.cim.org/mes/pdf/VALDAY ChrisLattanzi.pdéccessed date 31.05.2010

190 pepreciation provides for the recurring expenditon necessary replacements and for the complete
redemption of the related capital expenditure keefbe inevitable closure sets in.

191 An annual depletion charge is calculated to redérenprevious purchase or the exploration coshef t
mineral property.

192 5ee Truscott, 1984, p. 175-187
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owner’s cost. The estimates prepared in conjunctitin a bankable feasibility study are
based on a considerable amount of engineering stadyletailed cost estimation.

Most commonly, the owner’s capital account is aswdened by the costs of
insurance, permits and licenses, environmentallinasstudies and impact assessments,
associated public meetings, and similar items.

Finally, there is one more point which deserveshhagtention, and that is the
issue of reclamation cost upon closure. Under tadayvironmental regulations in most
jurisdictions, and internationally accepted bestcfices it is almost invariably, that the
cost of final reclamation outweighs, by a large suwea, the value of salvageable
equipment. In the discounted cash flow valuatids Has a little significance for a mine
with a projected operating life more than ten yehtd can be important in the valuation
of projects with lives of ten years or |€83.

Royalties and Taxes

Across the globe, no type of tax on mining causesiach controversy as royalty tax. It
is a tax that is unique to the natural resourceosand one that has manifested itself in a
wide variety of forms, sometimes based on measafrpsofitability but more commonly
based on the quantity of material produced oratse/**

Since 1985 over 100 countries have introduced némwinm law, most of them
have reformed or are now reforming their miningtsediscal system so as to attract
investors. Many mineral-exporting countries hawtuced their general income tax rates
and have exempted mining operations, and many atldestrial activities, from other
taxes such as import, duty, export duty, and valdeed tax, or they have zero rated them
(assessed the tax but set the rate at zero). Matigns impose royalty tax, but some
nations—as diverse as Chile, Greenland, Mexico,d8weand Zimbabwe—do ntt:

However, there are also some countries which Iggasite policy. In May 2010
Australia has warned mining companies their statéeng taxes may increase up to 40%
on profits. On one hand, that could encourage smatlining companies looking at
Australia  who might not have invested to invest noecause mines in early
development which are not making a profit in theirly years would not pay the t&X.

On the other hand such taxes will burden miningmames in production and their share
price, such as BHP Billitolf’ Figure 12 illustrates comparison of global minitag
burdens and shows the impacR#source Super Profit T]RSPT) in Australia.

103 attanzi, found ahttp://www.cim.org/mes/pdf/VALDAY ChrisLattanzi.pdccessed date 31.05.2010
104 The World Bank, 2006, found http://siteresources.worldbank.org/INTOGMC/Resos886099-
1156955107170/miningroyaltiespublication.pafcessed date 25.05.2010

105The World Bank, 2006, found http://siteresources.worldbank.org/INTOGMC/Resosf886099-
1156955107170/miningroyaltiespublication.patcessed date 25.05.2010

1% Business with The Wall Street Journal, May 20b0nt at
http://www.theaustralian.com.au/business/in-depdkesroyalty-payments-may-increase-south-australia-
warns-miners/story-fn5e06td-122586149788dcessed date 10.05.2010

197«Royalty rates will increase from 3.75 per censafes revenue to 5.625 per cent for Fines and from
3.25 per cent to 5.0 per cent for Beneficiated @te Lump royalty will be 7.5 per cent, which isezldy
the prevailing rate for most of the Lump ore pragtifrom projects managed by BHP Billiton”, found at
http://www.bhpbilliton.com/bb/investorsMedia/new81®/bhpBillitonAnnouncesAgreementWithTheGove
rnmentOfWesternAustraliaToAmendRoyaltiesAndState®gnents.jspaccessed date 12.05.2010
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Figure 12: Australia: Moving in the wrong direction?

B Comparison of global mining tax burdens

Canada
Cuile
Russia
China
Peru

South Africa

Potential RSPT impact

Australia *
Brazil

USA

20% 25% 30% 35% 40% 45% 50% 55%  60%
Source: USGS, E&Y, Citigroup

Regulations governing the levels of taxation atlle to mining companies vary
from jurisdiction to jurisdiction.

Usually applied taxes:

income tax: 25% to 35%

withholding tax on dividends, loan interest andssms: 10% to 20%
royalty: 2% to 4%

land use fees per square unit area: low

administrative fees and transaction charges: low

VVVVYVY

Rarely applied taxes:

excess profits taxes: very rare

import and export duties: zero rated or exempt
Value-added tax (VAT): refunded, offset, exempted
free equity dividends: indirect taxatiSh

Y VYVYY

Since the cash taxes payable are invariably a feignt component of the
valuation, it is a task which must be undertaketi&idegree of caré’
Table 6 illustrates Top 10 countries with the naisiactive Tax System.

198 Otto, 2006, found akww.siteresources.worldbank.org/INTOGMCY/.../miniaxgtionotto.pptaccess
date 2.04.2010
199 | attanzi, found ahttp://www.cim.org/mes/pdf/VALDAY ChrisLattanzi.pdéccessed date 31.05.2010
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Table 6: Top 10 Selected Jurisdictions, Ranked byax System Attractiveness

Percentage of companies
that rate tax system as

Royalty system (for most

Jurisdiction attractive nonbulk minerals)
Nevada 29 Profit based
British Columbia 26 Profit based
Chile 25 No royalty
Ontario 22 Profit based
India 20 Ad valorem™°
Western Australia 19 Ad valorem
New South Wales 17 Ad valorem and profit-based
Zambia 17 Ad valorem
Saskatchewan 16 Profit based and ad valorem
Ghana 14 Profit linked ad valorem

Source: Fraser Institute “Annual Survey of Miningrpanies 2004/05.”
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Table 7 contains Total Effective Tax Rate for addbCopper Mine in Selected
Countries and States.

Table 7: Foreign Investor Internal Rate of Return and Total Effective Tax Rate for a Model Copper

Mine in Selected Countries and States

Total
effective tax
Country rate (%)

Lowest taxing quartile

Sweden 28.6
Chile 36.6
Argentina 40
Papua New Guinea (2003) 42.7
Zimbabwe 39.8
Philippines 45.3
2nd lowest taxing quartile

South Africa 45
Greenland 50.2
Kazakhstan 46.1
Western Australia 36.4
China 41.7
United States (Arizona) 49.9
2nd highest taxing quartile

Indonesia (7th, COW) 46.1
Tanzania 47.8
Ghana 54.4
Peru 46.5
Bolivia 43.1

19 An ad valorem tax (Latin for according to valug)itax based on the value of real estate or parson

property, found ahttp://en.wikipedia.org/wiki/Ad_valorem_taaccessed date 12.05.2010
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Mexico 49.9
Highest taxing quartile

Indonesia (non-COW 2002) 52.2
Poland 49.6
Papua New Guinea (1999) 57.8
Ontario, Canada 63.8
Uzbekistan 62.9
Cote d’lvoire 62.4
Burkina Faso 83.9

Source: Otto, 2002

Finally, it is important to realize that DCF onlyalculates the value of the
company relative to the market on the date thatoimpleted. This means that for an
investor to obtain a positive return from an investt in a mining company the shares
have to be purchased at a discount to the pressduoe \calculation — otherwise the
investor would be better served placing the moneybank and earning interést.

6  Multiples

This chapter describes relative valuation methobihvhave a significant philosophical
difference compare to DCF valuation. In discountasgh flow valuation, we were
attempting to estimate the intrinsic value of ageaddased upon its capacity to generate
cash flows in the future. In relative valuation, are making a judgment on how much an
asset in worth by looking at what the market isipgyor similar assets.

6.1 Price/ Earnings Ratio (PER)

The price-earnings ratio (PER) is the most widedgdiand misused of all multiples.
Easy application makes it attractive, but its relehip to a firm’'s financial
fundamentals is often ignored, leading to significarrors in application.

The price-earnings ratio is defined as the ratithefmarket price per share to the
earnings per share:

PER= P
EPS
where:
PER = price-earnings ratio
P = market price per share

EPS = Earnings per shal¥

1 Kernot, 2006, p. 208-220
12 pamodaran, 2002, p. 468
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The problem with PERs is the variations of earnipgsshare over the economic
cycle and inconsistent estimates of value wherevagiables such risk, growth or cash
flows are ignored.

We can develop a simple formula improving the peniance of the earnings-
multiple approach by adding investment and ristheequation:

1-9
PER=— K
r—k
where:
g =the long-term rate in earnings and casiwio
k =the rate of return earned on new investimen

r = the discount ratg?®

There is one belief that one company is cheapsiPER is below that of another
even though both may be significantly overvaluederéfore, PERs are based on what
the respective players in any particular marketvatéing to pay for an asset at any one
time.

The essential problem with earnings-multiple vabratpproach is that it doesn’t
value directly what matters to investots.

Comparisons are often made between price-earnatgss rin different countries
with the intention of finding undervalued (marketgh lower price-earnings ratios) and
overvalued (markets with higher price-earningsosjtimarkets. Analysts often come to
wrong conclusions because they ignore wide diffe@srthat exist between countries on
fundamentals. Table 8 illustrates the differences ghould expect to see by changing
one of fundamentals, other things remaining equal.

Table 8: PER in Markets with Different Fundamentals

Fundamentals changing Consequences on PER

interest rates higher higher

lower lower
risk premiums higher lower
(riskier countries) lower higher
expected real growth higher higher

lower Lower
return on investments higher higher
(more efficient companies) lower Lower

Source: Damodaran, 2002, p. 477

Large swings in profitability of the mining companiat different stages of the
economic cycle has led to classical assumptionithastors should buy mining shares
on high PERs (i.e. when earnings are low) andtlseth on low PERs (i.e. when earnings
are high). But in fact, there is a shift in PER® da market expectations. Specifically,
during the downward leg of the cycle, the stockketawill be already anticipating a fall

13 Mc Kinsey & Company, Inc. Copeland/ Koller/ Murri2000, p. 62-67
114 See Mc Kinsey & Company, Inc. Copeland/ Koller/miiy, 2000, p. 62-67
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in earnings, even before the release of the compa@ak cycle earnings. Consequently,
although peak earnings will normally coincide wéahtrough PER this will follow the
share price’s peak. On the other hand the clagsetb buy shares in mining companies
has tended to assume that the most opportune masnghen they stand on high PERSs.

This clearly never happens because of a shift iR$&s the market will always
be discounting an improving economy, and hencagisiarnings, at the time when the
lowest earnings are reported. Consequently, thésebuy shares at the peak of the PER
will have missed the trough of the share price aildbe buying into a recovery that is
already well underway. Therefore the trough inghare price normally tends to coincide
with the middle of the PER range. The middle ofridwege is, however, also passed at the
top of the cycle as well as at the bottom. In v@whis the general state of the economy
must be taken into account, in order to determihether or not earnings are rising or
falling, before making an investment decisfon.

6.2 Enterprise Value to EBITDA Multiple

The enterprise value to EBITDA Multiple relatesth® total market value of the firm,
net of cash, to the earnings before interest, fad@gsreciation, and amortization of the
firm:
EV _ Equity+ Debt-Cash
EBITDA EBITDA

where:
EV = enterprise value
EBITDA = earnings before interest, taxes, depregcmgtand amortization
Equity = Market value of equity

Debt = Market value of debt
EV = FCF,
c-g
where:
FCF, = Free Cash flow to Firm in the next year
C = Cost of Capital
g = Expected Growth Rate

When buying a business, as opposed to just theyequithe business, it is
common to examine the value of the firm as a migltipf the operating income or
EBITDA.'®

Far fewer firms have negative EBITDA than have tiegaearnings per share or
net income. Since earnings multiples cannot be ctedpfor these firms, there is less
potential for bias with EBITDA multiples than wifPE ratios.

Multiples are a very effective tool when it is nesary to obtain quick results.
They can also be useful to identify under/overvdlauempanies out of a large sample.

15 Kernot, 2006, p. 215-220
18 v/iebig/ Poddig / Varmaz, 2008, p.361-367
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The identified companies can then additionally bried with a DCF Approach in order
to increase the accuracy of the results.

However, applying multiples for mining companiesiso strongly criticized. As
an example, here is a part of an article of anpeddent analyst Paul von Eden:

“Take a hypothetical mining company that has onlg orine as an example. Let us assume that mine is
going to produce for another five years beforedteewill be depleted. Now, let us say that the canys
price to earnings ratio is ten. A hypothetical apgots manufacturer also has a price to earninis oé

ten. Based on just this one metric, we cannot ifféate between the two stocks. Let us also asshate
the prevailing ten-year interest rate is five patce.

The auto parts manufacturer has a price to earmatgs of ten. That means for every dollar's
worth of stock you buy, you expect to earn ten geot ten percent, in earnings. ... Then you loothat
mining stock and notice that it, too, has a pricearnings ratio of ten and, therefore, you cao aiake
ten percent a year if you bought that stock. But would be wrong. The mining company's mine only ha
a five-year life ahead of it. So, if it has a prioeearnings ratio of ten it means that for evesladt of stock
you buy you get ten cents in earnings. But theiegsnare only going to last another five yearsysor
total earnings per dollar of cost will only be ¥iftents - half of what you paid for the stock - @hen the
mine is depleted.

That's why comparing a mining stock to other invesinent opportunities on the basis of price
to earnings, price to cash flow, or dividend yields complete nonsense. It is just as futile to compa
mining stocks to each other based on these metribgcause mining companies have different mine
lives in their operations”**’

7 Real Options Valuation

7.1  Description

Real option valuation (ROV) is one of the modertugion methods that provide a tool
to adapt and revise mining projects under uncesgta@nd future variable movements.
This is a proprietary valuation model is based be Black-Scholes option pricing
model!*®

Option valuation is all about the value of flexityil For example, temporary mine
closure (for an open pit mine). When metal pricegpdsome mining operations are able
to temporarily close and avoid losses. This typepifon is analogous to a put option —
incurring closure costs are exercising the optioorder to avoid further (perhaps larger)
losses. Once closed, however, the project taketh@rcharacteristic of a call option.
Incurring reopening costs when metal prices havevedohigher is analogous to
exercising the option. Therefore, options theory dee extremely helpful, assisting
management in making mine opening and closure idasisy providing the optimal
metal price at which a closure (or opening) shdngdnadée*®

Valuing early stage projects with the real optioetinod one can essentially treat
the resource in the ground as an option. Howev@y k the minerals industry is most

17 Eeden, January 2006, founchétp://www.paulvaneeden.com/Valuing.an.explorattompany
accessed date 6.06.2010

18 The Black-Sholes model is described in the Appe#di

19 cIm, 2009, p. 623-628
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applicable to those projects that have progresskhst the pre-feasibility stage, because
there will likely be a defined resource and a reabte estimation of capital and
operating costs.

Most mine investment projects comprise three factor

» irreversible investment (partially or completely). This means that capital
investment is required to establish the operatwath the initial investment not
able to be recouped. The assumption that all inveists are irreversible is a
fundamental weakness of most DCF methods.

» uncertaintyover the future rewards from the investment (comiityoprices, ore
body characteristics and operating cost may hayefgiant effects on the mine
future)

» the investmenin a minedoes not happen immediataly the reality; there is a
delay between making the decision to mine and nlkiestment occurring in the
project?°

Consequently, in any mining project, uncertaintyl wicrease its risk, and the
manager or decision maker requires flexibility tamage risks in the project. One of the
significant advantages of ROV is being able to eat mining projects in different
scenarios at the beginning of the project. The mgrproject would have responded by
changing production rates there by capitalizingi@new circumstances of the project.

The most important variables that have affectedvdlae of the opened mine are
mineral commodity price, the size of reserve, tane mine operation policy. The mine
operating policy demonstrates the options in minongpen, close, defer, expand, shrink,
or abandon the project in various ways at differglages, based on new information.
Real options valuation allows putting a quantitatialue on assets that would otherwise
be virtually impossible to valu&!

In valuing exploration options, the analyst mushsider the same factors that
influence the value of all options. Table 9 repmtseanalogy of the parameters in
financial and real option models. The left colunsts| the six parameters that serve as
inputs to the Black-Scholes-Merton (BSM) finanamdtion pricing model. The center
column lists the real option valuation parametegasponding to the financial option
parameters in the left column. The right columrtsligxamples of the sources of
uncertainty for the corresponding real option vabramodel.

Table 9: Analogous parameters in financial and reabption models

BSM Parameter Analogous ROV Example Sources of Inputs into valuing Natural
Parameters Uncertainty Resources Option
Value of Present value of Market demand for Estimated value of natural resources
underlying asset, | expected cash flow§ commodities, labor reserve. Usually estimated as the
S from investment supply and cost, materials quantity of resources times the currerjt
supply and cost price

129prieza/ Kicki/ Saluga, 2002
121 Tang, March-April 2010, found &ttp://magazine.mining.com/issues/1003/Vol03-02-
DeterminingTheRealValueOfJnrMiningCompanies-08-if).pccessed date 7.05.2010
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The exercise ol
strike price, K

Present value of
required investment
costs in real asset

Availability, timing and
price of real assets to be
purchased

The volatility of Volatility of Volatility in market

the underlying underlying cash demand, labour cost,

assetg flows materials cost, correlatio
of model assumptions

The time of

expiration, T Period for which Product life cycle,

investment
opportunity is
available

competitive advantage

Dividend rate, &
Cash flows lost to
competitors

Product life cycle,
competitive advantage,
convenience yield

Risk-free interest
rate, r Risk-free interest

rate

Inflation, money market
behavior

Cost of developing the reserve.
Generally assumed to be known and
fixed

Since the quantity of the resource is

assumed to be known, the volatility in
price of natural resources

Can be defined in one of two ways:

- If rights to the reserve are for a finiteg

period, use that period.

- The number of years of production i

would take to exhaust the estimated
reserve. (Gold mine with a mine
inventory of 3m ounces and capacity
output rate of 150000 ounces a year
will be exhausted in 20 years)

Annual cash flow as a percentage of
value of the underlying asset. Once t
reserve becomes viable, this is what
firm is losing by not developing the
reserve (also cost of delay)

Risk-free interest rate

he
e
he

Source: Damodaran, 2010, Cobb/ Charnes

The Black-Scholes-Merton (BSM) model for a valuicgl option is shown in

equation form-*

C(S.T-1)=§ xN(d,) ~K xe ™ x N(d,)

|n(§)+(r—5+iz)x(T—t)
4= K 2
' o xAt

d, =d, —ox,/(T -t)
The variables not mentioned above are:
In = natural logarithm

N(x) = standard normal cumulative distribution fuilon
e = the exponential function

122 Black / Scholes, 1973 p.637-654, Merton, 1973, p-143

(1)

(2)

@)
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For valuing a mining company that owns multiple eress, the preferred
approach would be consider each reserve sepaagedy option, value it, and cumulate
the values of the options to get the firm’s valder large mining companies which own
hundreds of such reserves, a variation of this aagr is to value all the undeveloped
reserves as one option. The estimation procedurgafs in the table 7 in column 4 will
have few differences. One must consider cumulatieveloped reserves owned by a
company, aggregate cost to the company to devdldpis undeveloped reserves and
weighted average of the lives across undevelopsgtves, with weights based in reserve
guantities. Once we have valued the undevelopeerves as options, we can value
developed reserves with conventional discounteld flaw.

Value of a mining company:

Value of Developed Reservg®CF Valuation: represent value of expected casl fl
from extraction and sale of natural resources ireftged reserves)

+

Value of Undeveloped Reservg®©ption Valuation: Option Value of undeveloped
reserves (valued either Individually or in dggregate))

= Value of Operating Assets

Higher commodity prices increases the value of gexl and undeveloped
reserves; higher volatility in this price may redute value of developed reserves by
increasing the risk and discount rate, but it iaseethe value of undeveloped reserves by
increasing option time premiuti®

Consequently, if we regard undeveloped reservespdi®ons, DCF valuation
generally undervalues the natural resources corapabecause it ignores the value of the
option — the additional value of flexibility in tHace of future uncertain events. This can
lead to poor decision making by analysts and masaged loss of potential value to the
firm.*?* The difference is greatest for firms with sigréiit undeveloped reserves and
with commaodities where price volatility is highest.

It's not only flexibility in decision making for ming stocks to trade at higher
value than the net asset value of their constitugnes. Mining stocks offer leverage to
commodity prices. For example, we look at a golding company. Assume we have a
company that mines gold for a total cost of $40Mance, and let us pretend the gold
price is $800 an ounce. The net present valueeofrtime would be calculated based on
the $400 margin. If the gold price increases by 2691000 an ounce the net present
value of the mine will increase to 50%, since thergin would now be $600 an ounce.
Thus the value of the company increased more th@mncrease in the gold price. Most
people buy mining stocks because of this levetaye.

The way to quantify the premium that one should fparya mining stock to
incorporate the leverage to the underlying comnyogiice is to add optionality of

12 Damodaran, 2010, p. 444

124 1M, 2009, p. 623-628

125 Eeden, January 2006, foundhdip://www.paulvaneeden.com/Valuing.an.explorattompany
accessed date 6.06.2010
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mining shares to the net present value of the mthemselves. You can do this by
calculating the discounted net present value ofaththe company's mines and then add
the "option value" of the mines as calculated by Black Sholes formula to obtain a
more realistic asset value per share. Such reanlbe used to compare different mining
companies to each other, and mining companies/gstments in other sectdrs.

The complicity of ROV and the lack of widely avdila tools for analyst have
been slowing new valuation technologies adoptioer dlre years. Nowadays spreadsheet
tools are widely available that make it easy to pote option values for the types of
problems that can be handled at least at the silap& with the Black-Scholes-Merton
model. *?" In the fourth part of this paper a company will b&ued using an Excel
spreadsheet tool for real options valuation.

While options theory is a valuable additional te treluator’s toolbox, it is not
applicable in every situation; it complements, eatlthan replaces, other valuation
methods. A weakness of this approach is that @ofequires assumptions that verge on
the ridiculous given the structure of the real wqtoblem*?®

7.2 Summary: Multiples, DCF and Real Options

Mining companies have volatile earnings, with thelatility coming from
macroeconomic factors that are not in the contfdhese companies. As the economy
weakens and strengthens, mining companies seedéimgs and cash flows track the
commaodity price.

In multiples valuation, we estimate the value ofaset by looking at how similar
assets are priced. To make this comparison, weetbpvices into multiples and then
compare these multiples across firms that we defisecomparable. The allure of
multiples remains their simplicity. However, thelatonship to a firm’'s financial
fundamentals is often ignored, leading to signiftoarrors in application.

Real option valuation (ROV) is one of the moderraleation methods that
provide a tool to adapt and revise mining projectder uncertainty and future variable
movements.

The main findings of most previous work in realiops applications to valuing
mining investments can be summarized as follows:

» The value of a project estimated by the ROV is grethan that estimated by the
DCF method. In other words, the DCF tends to urelaevmining investments.

» The ROV is better than the NPV method in dealinthwincertainty and operating
flexibility.

» The difference between the ROV and the DCF estsnayeresents the value of
operating or management flexibility, and that diéiece depends on the
uncertainty level and the project profitability.

126 Eeden, January 2006, founchétp://www.paulvaneeden.com/Valuing.an.explorattompany
accessed date 6.06.2010

127.c1m, 2009, p. 623-628

128 samis/ Davis, 2003
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» The ROV and the DCF method differ fundamentallyhi@ way they discount
future cash flows and in the way they deal with aggment flexibility:*°

ROV and DCF may still be complementary techniquey DCF being suitable for basic
replacement decisior&?

Some of the reasons that the methods give difféagnvalues are:

» Multiples depend on current market prices, sdiéfmarket is undervalued, all
assets will be undervalued;

» As for DCF and Real Options, one reason for thieidifice is related to the time
assumptions used;

> Options become more valuable as their time to gipareases®

8  Valuation of a mining company with different methods

8.1 Introduction

This chapter presents the results from the empisicaly and shows proceeding of the
valuation of a mining company in the praxis. Als@lysis is included of the data in this
chapter. It will be investigated as well, whetheethods presented in this paper are
effectively applied and above all in what way tipedal features of mining and metals
companies are taken into account.

Antofagasta, a Chilean-based copper mining groulp,be taken as an example
for valuation. More details to Antofagasta will peovided in the Chapter 8.2.

The banks and financial companies which commonékenmthe reviews of the
companies usually make every year or two a detaédpdrt with exact derivation of the
valuation and work out some additional specificoinfation. When some important
events occur (for example, a presentation of ayedf report or an announcement of an
acquisition), these will be updated in short “Umsdt which usually do not conclude
exact calculations. The following statements arsedaon the reports and news from
homepage of Antofagsta and several researchesn&t lznd capital companies such as
Merrill Lynch from March 10, 2010, Raymond JamesnirMarch 10, 2010, FD Capital
from March 30, 2010 and Lusight from 22 March 20%0hce these detailed reports are
based on the annual Report 2009 of Antofagastg, dhe based on the same data und
information. Hence, it is possible to compare thkiation directly.

129 Dimitrakopoulos/ Sabour, 2007, found at
http://cosmo.mcgill.ca/research/pdf/strat/STRAT_%687%5DDIM_ABDEL_SABOUR_Evaluating_mi
ne_plans.pdfaccess date 15.05.2010

130 cobb/ Charnes, 2007, foundtetp://www.informs-sim.org/wscO7papers/018.pacess date 3.06.2010
131 Tang, found ahttp://magazine.mining.com/issues/1003/V0l03-02-
DeterminingTheRealValueOfJnrMiningCompanies-08-iif).pccessed date 7.05.2010
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Antofagasta’s activities are mainly concentratedCinile, in one of the main copper
mining districts in the world, where it owns andecgtes three copper mines: Los
Pelambres, El Tesoro and Michilla, with a totaldarction in 2009 of 442,500 tonnes of
copper in cathode and concentrate and 7,800 tasfn@®lybdenum in concentrate. The
average cash cost were 96.3US¢Alin 2009 compare to the average copper price of
232USc/Ib. The company is a low-cost producer.
The fourth mine — Esperanza is expected to competestruction and begin
commissioning by the end of 2010. Over its firstyBars of operation it is expected to
produce on average 191,000 tonnes of payable cappencentrate containing 215,000
ounces of payable gold annually. Antofagasta agsofbur potential development mines:
Sierra Gorda District, Los Pelambres District, ReRa and Antucoya. Table 10
summarize detailed information of Antofagasta'srafiens:

Table 10: Operations of Antofagasta

Los Pelambres

El Tesoro

Michilla

Esperanza (production
start in the end of 2010)

Location

Chile’s Coquimbo Region, 240km
northeast of Santiago

Chile’s Antofagasta Region,
1,350 km north of Santiago

Chile’s Antofagasta
Region, 1,500 km north of
Santiago

Chile’s Antofagasta Region,
4km south of El Tesoro Mine

Shareholders

60% Antofagasta plc
40% Japanese Consortia

70% Antofagasta plc
30% Marubeni Corporation

74% Antofagasta plc
26% other Chilean
investors

70% Antofagasta plc
30% Marubeni Corporation

Process Milling and flotation to produce Heap-leaching and solvent ~ Heap-leaching and solvent  Heap-leaching and solvent
copper concentrate (containing extraction-electro winning  extraction-electro winning  extraction-electro winning
gold and silver) and molybdenum to produce copper cathode  to produce copper copper cathode to produce
concentrate cathode

Production 311,600 tonnes payable copper 90,200 tonnes 40,600 tonnes copper 97000 tonnes copper
6165 tonnes molybdenum LME grade A copper 2100 tonnes molybdenum (in

2015)

Cash costs 80.4 cents per pound 123.4 cents per pound 157.6 cents per pound 157.6 cents per pound
(116.5 cents per pound excluding
by-products)

Workforce 697 employees 534 employees 524 employees 524 employees

Safety index

1.3 accidents with lost time per
million

2.0 accidents with lost
time

4.4 accidents with lost
time

4.4 accidents with lost time

(LTIFR) hours worked per million hours worked per million hours worked per million hours worked
Mine life 28 years remaining 10 years remaining 8 years remaining 16 years remaining
Reserves 1,503m tonnes @ 0.64% copper, 212m tonnes @ 0.57% 10m tonnes @ 1.35% 583m tonnes @ 0.54% copper,
0.018% molybdenum and 0.033 copper (inc. Esperanza copper 0.01% molybdenum, 0.223g/t
g/tonne gold ROM oxides) gold
Resources 6165m tonnes @ 0.52% copper and  270m tonnes @ 0.56% 43m tonnes @ 2.27% 1204m tonnes @ 0.45%
0.011% molybdenum copper copper copper,
(inc. Esperanza ROM 0.011% molybdenum, 0.147g/t
oxides) gold

Source: Company Date

132 Antofagasta, found atww.antofagasta.co.ylaccessed date 27.03.2010
133¢/lb = cents per pound, 1lb = 0.4536 kg, 1 Ib =06 1 tonne=2204,62262 |b, Conversion Table, doun

at http://www.taylormade.com.au/billspages/converstable.htm) accessed date 4.06.2010
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Antofagasta’s operations are broken down into éiixésions; Copper production,
Molybdenum production, Gold & Silver production, Wa Facilities and Railway
Transportation. Copper is by far the largest cbator to company sales (See Figure 13)
with approximately 85% of revenue stemming fromsthrea. Molybdenum, Gold &
Silver are by-products of the copper mining functiwhile the company’s water and
railway businesses are ancillary operations treanaw divisions in their own right.

Figure 13: Dec 2009 Revenue Breakdown ($ min)
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Source: Company Date

Los Pelambres is by far the largest contributocdmpany revenues (See Figure
14) with approximately 70% of revenue. Heavy deperne on a single operation and
single metal are the weaknesses of Antofagasta.

Figure 14: Dec 2009 Revenue for mines
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Source: Company Date
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Antofagasta has a strong balance sheet with net@a$1.6bn estimated for the end of
2009. This leaves significant room to maneuver efatron to existing and future
expansion projects.

Antofagasta’s producing assets are located in Chdeever, trying to reduce the
risk of single country, the company has looked abr(See Figure 15) to secure its future
production by acquiring interests in North Ameriéaia, Africa and Europe. The stock
is a member of the FTSE 136 and Chile’s Luksic family holds a majority stakethe
company since 2004. Thus Antofagasta is unlikelyb#éoa target in ongoing sector
consolidation.

Figure 15: Antofagasta Global Operations

o

- Eritrea Exploration, -
ISA Exploration : 3
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Duluth Metals Ltd. La Zarza: Agreement wit

Ormonde Mining plc "
] - - A : Pakistan’ Pmeaand
5 $io, oy b7 \___ Exploration

Joint venture with Barm:k Gold

Chile: Operations, projects Lo in Reko Digq o
and exploration o o
‘ ! x ) \ Zambia: Exploration A ‘
Namibia Explorati

Agreement with TEAL

Kopermyn: Agreement with Intemational
Base Metals Ltd.

Sourcehttp://www.antofagasta.co.uk/interior/about/f geémh

Currently all of Antofagasta’s productions are inil€ which carries low political
risk. Fox-Davies sees this situation continuingdbleast the next twelve months and
possibly longer. It is all dependent on what hagpesrReko Diq in Pakistan, which is
undoubtedly a high risk operation.

8.3 DCF Valuation of Antofagasta (Anto)
Copper Market Demand and Supply

With the copper price cutrently sitting at US $6510/tonne (June 30, 2010) up over 100%
from 2009 (and 2004) it has become quite difficult to forecast short to mid-term targets for

134 This index comprises the 100 most highly capitaliblue chip companies, representing approximately
81% of the UK market. It is used extensively assi®for investment products, such as derivatives a
exchange-traded funds, foundhtp://www.ftse.com/Indices/UK _Indices/index.jgrcessed date
4.06.2010
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the commodity (see figure 16). For the valuation of Antofagasta long-term copper prices are
used which are mainly driven by its demand and supply.

Figure 16: Copper Grade A Price
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Source: LME

Copper market supply and demand fundamentals arenexly supportive of
current copper prices as demand is expected tcaoaitpupply over the coming years.
This will mean that copper producers with high gra@posits and consistent production
like Antofagasta will have a positive impact onreags over the coming years.

Reasons for the tightness from the supply side:

» deficit is an underinvestment in capital expenditiy the miners themselves.

In an effort to protect balance sheets during tbenemic crisis, large miners
slashed capital expenditure budgets resultingsiowdown in the development of
new assets.

» decline in the quality of copper ore being minetisTis a function of the type of
mining techniques being utilized and the maturityaonumber of the world’s
largest copper mines.

» Strikes and the threat of new strikes also conttougipport the copper price.

Driving factors on the demand side:

» the process of urbanisation taking place in emgrgtonomies like China, India
and Brazil. Dolmen Daily expect this trend contisue gather momentum and
demand for industrial metals like copper will remai

» arecent trend is that developed economies alsogitren demand

Nevertheless, the reversion to the mean will bel useorder to forecast copper
prices. To remember, the idea of this method i¢ Hwh, high and low prices are
temporary and that a price will tend to have averpdce inflation adjusted, over time.
Figure 17 shows price assumptions for valuatioAribfagasta.
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Figure 17: Copper price forecast
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Production Expansion

Antofagasta expects to produce 543,000 tonnes mferoin 2010, a 23% increase from
2009. With the completion of the expansion projattLos Pelambres, Antofagasta
expects to reach the 700,000 tonnes of coppertthygg011. The Esperanza project is on
track and expected to produce its first copper #1Q. In the next years the company
expects to produce an average of 698,000 tonnesppfer, 9,000 tonnes of molybdenum
and 215,000 ounces of gold. Thus, in the near thigher revenues are expected driven
by higher copper production and additional revefmeen the sale of gold from the
Esperanza mine (gold revenues in the DCF sheetnaheded in the category “other
revenue”).
Solid water and transport volumes will stay stader time.

Balance Sheet

Antofagasta commands one of the strongest baldresssin the specialist mining sector.
At the end of 2009 the company had a net cashiposdf $1.6bn. This figure fell
substantially during 2009 as a result of the comparessing forward with the capital
expenditure projects at Los Pelambres and Espenahizzh will provide Antofagasta
with a competitive advantage over its peers duttiegnext number of years.

Costs

Group cash costs for 2009 were 96.3USc/Ib compaiigid 87.3USc/lb in 2008. The
increase in cash costs compared to 2008 was nduelyo significantly lower by-product
credits (reflecting lower molybdenum prices) pdifiaffset by a decrease in on-site and
shipping costs. In the next years the company égpmash costs to increase mainly due
to higher energy and labor costs. One more reasoimdreasing operating costs may be
the price decrease of by-products in these years.

Therefore it is assumed that operating costs wiliease in the years 2012-2014
at 5% per year. Depreciation and amortization, @gpion and royalty, and other costs
will stay constant over time.
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Capital Structure and Free Cash Flow (FCF)

Debt/Equity last year increased significantly as ¢tbmpany increased its debt position to
finance the Esperanza mine project. Going forwarebt/Equity is expected to fall as
equity increases over the next three years, dioyemgher earnings.

In 2010, operating Cash Flow should increase maiie to higher operating
profit. As the company completes its main projeets, can expect FCF to increase
favored by lower capital expenditures and risingheas.

Cost of Capital (WACC)

In order to establish the firms cost of capital d@nel discount rate, the capital structure
has to be considered. A high leverage, debt/egattyg, generally results in a lower cost
of capital since debt is cheaper to raise thantggdowever, a too high debt/equity ratio
results in an elevated cost of debt since the &ironédit rating will deter. Antofagasta has
more cash than debt on its balance sheet. To esdcWACC the other inputs should be
defined (see table 11):

Table 11: Antofagasta cost of capital

Risk free rate 10 year G-Bond 2.75%
Equity Beta 1.40
Market Risk Premium 7.0%
Cost of Equity 12.6%
Net Debt 0
Interest paid on Debt 0
Cost of Debt ( risk free rate + 500bp) 7.75%
Cost of Equity 12.6%
Cost of Debt ( risk free rate + 500bp) 7.75%
Marginal Tax rate 21.0%
Equity Ratio 100%
Debt ratio 0%
WACC 12.6%

Source: own presentation

» an average of US and Germany 10 years bonds shewdnsidered as the risk
free rate

» stock beta is equal to 1.40 (source: Bloomberg)

» the solid cash position of Antofagasta, good positig of the company among
other mining companies and low country risk of €lallow to assume a risk
premium about 7%

» Since Antofagasta has no net debt, the WACC isléquhe cost of equity; hence
the free cash flow generated from the operatiofido@idiscounted by 12.6%
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Table 12 presents the DCF valuation of Antofagdatafit and loss calculation, Balance
Sheet, cash costs and capital expenditure infoomatie attached in the Appendix 6.

Table 12: DCF Valuation of Antofagasta

DCF 2008A 2009A 2010F 2011F 2012F 2013F 2014F 2015-2040F
uss$ uss$ uss$ Uss$ uss$ uss$ uss$ uss$
Revenues 3'498'119'008 2'962'656'192  4'203'020'480 5'576'660'800 5'556'217'600 5287'266'400 4'660'016'000
Growth (%) -9% -15% 42% 33% -0.4% -5% -12%
EBIT 2'543'919'008 1'463'556'192  2'419'120'480 3'577'760'800 3'412'317'600 3'058'366'400 2'341'866'000
LessTax 521823801.6 287531238.4  477644096.0 711312160.0 708083520.0 668273280.0 524973200.0
Tax Rate (%) 21% 20% 20% 20% 21% 22% 22%
NOPAT 2'022'095'206  1'176'024'954  1'941'476'384  2'866'448'640 2'704'234'080 2'390'093'120 1'816'892'800
Growth (%) -25% -42% 65% 48% -5.7% -12% -24%
Depreciation 186'900'000 217'500'000 270'700'000 266'700'000 267'100'000 267'100'000 267'100'000
imortisation
Sl[)?ﬁs Cash 2'208'995'206  1'393'524'954  2'212'176'384  3'133'148'640 2'971'334'080 2'657'193'120 2'083'992'800
Capital 1'189'600'000  1'335'300'000 700'000'000 500'000'000 400'000'000 400'000'000 400'000'000
Expenditure
Change in -625'000'000 566'600'000 -61'867'500 106'485'000 -1'557'750 -20'824'250 -20'243'000
Efgf Cash 1644395206  -508375046 1574043884 2526'663640 2572:891'830 2278017370 1704235800 54'512'842'616
Flow
Reserves of Antofagasta’s mines are estimateddouta80 years. As we already know,
mining is a finite business; therefore, no termialle is included in the valuation.
Instead of this, free cash flows are calculatedtiermine life by assuming 1.5% annual
growth of for the years 2014-2040.
Based up on the calculations illustrated aboveg@¢ash flow for the analyzed
company has been produced:
2010F 2011F 2012F 2013F 2014F 2015-2040F
uss$ uss$ Uss$ uss$ uss$ Uss$
Free Cash Flow 1'574'043'884 2'526'663'640 2'572'891'830 2'278'017'370 1'704'235'800 54'512'842'616
WACC 12.6% 12.6% 12.6% 12.6% 12.6% 12.6%
Discounted FCF 1'398'472'637  1'994'443'347  1'804'400'500 1'419'402'543 943'442'353 8'073'196'809
Sum discounted FCF 15'633'358'190
Minorities 452'200'000
Cash & Cash Equivalents 3'222'300'000
Debt 1'626'600'000
Total 16'776'858'190
Number of shares 985'856'695
DCEF per share (in US$) 17.0
Exchange Rate USD/GBP 0.6643
DCEF per share (in £) 11.3

At a discount rate of 12.6%, the present value Ibfrae cash flow until 2040 less
minorities and debt, plus cash is $16'776'858'190.
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Current share price of Antofagasta is about £8 figeee 18). Thus, assuming our
DCF valuation, the stock is currently trading at2&P6 discount.

Figure 18: Antofagasta Share price
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Source: Bloomberg

8.4 Multiples Valuation of Antofagasta

Based on calculations illustrated in chapter 8.8tofagasta’s earnings per share (EPS)
has been produced:

I 2008A US$ 2009AUS$  2010F US$ 2011F US$ 2012EUS$ 2013EUS$ 2014E US$

EPS (in USD) 1.73 0.71 1.21 1.80 1.80 1.69 1.33
EPS (in GBP) 1.15 0.47 0.80 1.20 1.19 1.13 0.88

Figure 19 shows EPS of Antofagasta spread oveydass:
Figure 19: Antofagasta's EPS
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For determining the current value of Antofagastthvmultiples method, we will
examine and compare PERs and EV/EBITDA with thdsgmilar companies, and it is
generally the starting point in peer comparisonyais
Two peer groups were chosen (see Tablel0 and Tbl#fe most comparable with
Antofagasta copper mining companies (Copper Stomkyl biggest London-listed
diversified mining companies (diversified). We uke group to find average valuations.
Among the companies listed in Table 13, we seeAh&tfagasta is valued at high PERs
and low EV/EBITDA than the rest of the group. Compg the average of multiples of
copper peer group and the average diversified greeip with those of Antofagasta’s we
can see that Antofagasta's PERs have premium aff8BHDTA ratios a discount in both
cases.

Table 13: Peer Group Comparison (Copper Stock)

Company Currency  Price PE 10E PE 11E EV/EBITDA 10E  EV/EBITDA 11E
Copper Peer Group

Freeport McMoRan usbD 60.80 7.6 6.8 3.6 3.3
Kazakhmys GBP 994.00 5.5 4.7 5.2 4.8
First Quantum CAD 55.59 5.2 4.3 3.0 2.5
Equinox CAD 3.69 9.7 5.9 6.0 4.0
Oz Minerals AUD 0.96 9.1 8.1 3.6 3.4
Quadra FNX CAD 10.07 6.3 4.0 3.6 2.1
Antofagasta GBP 786.5 9.7 6.5 3.9 2.8
Average Copper Peer Group 7.6 5.8 4.1 33
Premium/Discount on Antofagasta shares 28% 13% -5% -15%

to Average Copper Peer Group

Diversified

BHP Biliton GBP 1'754.50 10.7 6.7 6.9 4.5
Rio Tinto GBP 2'968.50 6.5 5.5 4.9 4.4
Xstrata GBP 886.80 6.6 5.3 4.4 3.7
Anglo American GBP 2'350.50 8.3 6.2 5.1 4.1
Antofagasta GBP 786.50 9.7 6.5 3.9 2.8
Average Diversified 8.4 6.1 5.1 3.9
Premium/Discount on Antofagasta shares 16% 8% -22% -29%

to Average Diversified Peer Group

Now we can value Antofagasta corresponding to @aecapper peer group multiples (in

GBP) and to average diversified peer group mubigle GBP). The results are presented
in the Table 14. Adding 10% premium to calculate fdar value of Antofagasta we come

to value of £9.46, an upside potential of 18.25%h® current share price of £8. We

believe a premium is warranted due the fact thabfagasta has its main operations in
Chile, one of the countries with the lowest riskmpium (see figure 1, p. 12), has a strong
balance sheet (net cash $ 1.6bn), a proven manageraek record and very low cost

long-live operations.
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Table 14: Peer Group Comparison (Diversified)

Company PE10E PE11E EV/EBITDA EV/EBITDA
10E 11E

Corresponding valuation of Anto to average copper peer 6.13 9.08 9.08 10.01

group multiples (in GBP)

Corresponding valuation of Anto to average diversified peer 6.76 10.86 10.86 11.74

group multiples (in GBP)

Average comparison-based valuation of Antofagasta in GBP 8.60

Justified premium / discount of Antofagasta relative to Sector 10.0%

Fair value of Antofagasta based on peer group valuation (in 9.46

GBP)

Upside / downside potential to current share price (%) | 18.25%

8.5 DCF and Real Options Valuation of Antofagasta

The mining assets which will only be developedha future, conditional on whether or
not the assets have a positive net present valtieeatlecision date, cannot be valued
using traditional DCF method. However, DCF and RGh be combined, in order to

receive better estimates as ROV will provide anitamtthl value to DCF. This chapter

demonstrates how the methods can complement eheh ot a simplified example: a

development project of Antofagasta — Antucoya, Whidll be valued with real options

method.

The value of Antofagasta will be calculated in thisy:

Value of Developed Reservg®CF Valuation of producing assets)
+

Value of Undeveloped Reservg®©ption Valuation: Option Value of Antucoya)
= Value of Antofagasta

The Antucoya deposit is located around 45km fronofagasta’s Michilla mine.
The prospect is an oxide deposit, and followindlidg during 2008 and 2009, there is
now a resource of estimated 1.5 billion tonnes igg@.27% copper with a cut off grade
of 0.10% copper.

In April 2008, Antofagasta became 100% owners @f éxploration area after
purchasing a final 49% stake in Antomin Ltd fromndialinvest. The final consideration
payable was $243m after interest.

A feasibility study on the property was initiated February 2008, which is
examining a number of processing options, includangducing an enriched copper
solution for processing at the company’s SX-EW plah Michilla, as well as a
standalone SX-EW plant on-site to produce aroun@@Dtonnes of copper cathodes per
year. The study was due to be finished in the stbailf of 2009, but the project has now
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been expanded to include a test pit and the res$ulte feasibility study is not expected
until mid 2011. Due to the low grade of the depokiture development will be very
sensitive to operating costs and future coppeeptic

Table 15 presents estimated resources at Antucoye. nfFor real options
valuation inferred resources will not be taken iaécount since this is the most uncertain
category among resources. In order not to ovemnnatervalue the project, an average
price of copper for the years 2000-2009 was caledldt is by D17US$/t; the marginal
cost per unit of extracting the natural resourdeyi2157.12US/t.

Table 15: Resources summary at Antucoya of 31 Decéer 2009

TYPE OF TONNES cu THE CHANCE THAT POTENTIAL

RESOURCE (MT) (%) MINERALIZATION IS COPPER (T)
THERE

Measured 497.3 0.31 is 90 % or greater 1'387'467

Indicated 656 0.26 is 50 % or greater 852'800

Inferred 355.7 0.24 is 10 % or greater 85'368

Total 1509.1 0.27 2'325'635

Source: Company data and own calculation

Antucoya will be producing copper cathodes; therefbis necessarily to convert the
copper resources to expected amount of cathoddsiged. In order to determine
Antucoya value, the inputs of real options modelusth be defined (see table 16).

Table 16: Inputs (for Antofagasta) for Real OptionModel

BSM Parameter Antucoya Inputs into valuing Natural

Resources Option
Value of (1'387'467+852'800)*90%*30%*(40174 Estimated value of natural resources.
underlying asset, 2157.12)=1'124'989'503US$ Estimated as the quantity of resources
S times recovery rate of Cu concentrate

times copper content times the current
price of Cu cathodes less costs

The exercise or

strike price, K The cost of developing has not been fixed Cost of developing the reserve. Generally

yet as the feasibility study of the project i$ assumed to be known and fixed
not complete. Therefore, it is assumed thpat
the cost of developing are

1'000'000'000US$
The VOlat'I't.y of 40% the volatility in price of natural resourcef
the underlying
assetg
The_ tirtr_1e OfT ((1'387'467+852'800)*90%*30%) / 30'000tThe number of years of production it
expiration, =20 years would take to exhaust the estimated

reserve.

13°ED Capital from March 30,2010
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Annual after-tax cash flow as a
Dividend rate, & 0.92% percentage of the value of the underlying
(after-tax cash flow are assumed by | asset. Once the reserve becomes viablg,
40'000'000USS%) this is what the firm is losing by not
developing the reserve (also cost of
delay)
Risk-free interest 2.75% Risk-free interest rate
rate, r

By setting in the inputs in Black-Scholes-Mertondaband calculating the value
using an excel spreadsheet tool for real optiohgatian, we become the value of the
natural resource option equal to $342'994'626 teele 17).

Table 17: Valuing a Long Term Option

C(S,T-t)=SxN(dy) -Kxe ™™ xN(d,)
St= $1'124'989'5(3 r= | 2.75%
K= $1'000'000'000 0= |0.16
T= 20 0= | 0.96%
dl= 0.870197135

N(d1) = 0.807903659
d2 = -0.918657247

N(d2) = 0.179137439

Value of the natural resource option = $342'994'626

Consequently, if we include the option value of eweloped reserves of
Antucoya in the company valuation, the value pearaslof Antofagasta increases up to
£11.5 (see Table 18). The additional value is $@2share or 1.80% more than previous
value (DCF value was £11.3).
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Table 18: Antofagasta share price value with includd option

Sum discounted FCF
Option Value

Minorities

Cash & Cash Equivalents
Debt

Total

Number of shares

Value per share (in US$)
Exchange Rate USD/GBP
Value per share (in £)

15"

17'119'852'816

633'358'190
342'994'626
452'200'000

3'222'300'000

1'626'600'000

985'856'695
17.4

0.6643

115

Table 19 presents final results of Antofagsta siatibn.

Table 19: Summary: Valuation of Antofagasta

12
M Share Value (in £)

11

10

©
o

9 -

8 -

Multiples

11.3

DCF

115

DCF + Real Options

Source: own presentation
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This example illustrates that DCF generally undeivdahe natural resources companies,
because it ignores the value of the option - tidbtixhal value of flexibility in the face of
future uncertain events. However, the required rapsions for this method are of
subjective nature and simplify the real world pesbs. Therefore, there exists the risk
that the company’s value is manipulated.
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Conclusion

All valuations of companies today differ from eaather, not only because the companies
are differently but also because different peopléhwdifferent knowledge and
backgrounds do the valuations. Especially in va@uimning companies, it is immensely
difficult to estimate production figures of the cioig years since they are very uncertain.

The price forecasts of the underlying commoditythiis case copper, is also very
difficult to predict and will differ even betweemgiessional analysts. Also other input’s
forecasts, like discounted factor, costs and metlogy used vary from analyst to
analyst.

No valuation method can be said to be right, lmutmethod is wrong either. The
three methods: Multiples, Discounted Cash Flow Radl Options, should not be viewed
as being independent of each other. The underidea is that they should complement
the findings of each other.

The company valuation which is done in practicat é this paper is only one
possible forecast for a company and hopefully gi@egood indication of the future.
Though, with in time it could be proven to be wromtpwever, the theory behind the
valuation and the basic models can be followedesihcs only the estimations that will
differ.

Final aspect is that, when some events in thedaartur, such as impositions of a
new 40% tax on resource in Australia, China’s ddstay or the Greek/ EU debt crisis,
valuation of mining companies seriously be distbitethe short-term.
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Appendix
+ Appendix 1: The Long-Term View: Free Cash Flow and DCF Volatilty
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The Long-Term View: Free Cash Flow and DCF Volatility

1 Free cash flow pattern, Company A ($million)

Period (years) 0 1 2 3 4 5 6 7 8 9 10
After-tax operating profit [ 10 9 6 3 0 -2 3 18 7 6 10
Net investment 3 3 2 2 1 3 5 3 3 3 3

A DCF Value 34 33 27 28 30 35 40 33 33 34 3

Index
DCF Value 100 97.05882 79.41176 8235294 8823529 1029412 117.6471 97.05882 97.05882 100 91.17647

Free cash flow 100 8571429 57.14286 14.28571 -14.2857 -71.4286 -285714 214.2857 57.14286 4285714 100

3 Free cash flow and DCF value patterns

+ Appendix 2: Definitions of Resources and Reserves

Inferred Mineral Resource is that part of a Mineral Resource for which quisnéind grade, or
guality, can be estimated on the basis of geolbgisdédence and limited sampling; and
reasonably assumed, but not verified, geologicdl gmade continuity. The estimate is based on
limited information and sampling gathered througbrapriate techniques from locations such as
outcrops, trenches, pits, workings and drill holes.

Indicated Mineral Resource is that part of a Mineral Resource for which quamtgrade or

quality, densities, shape and physical characiesisan be estimated with a level of confidence
sufficient to allow the appropriate applicationtethnical and economic parameters, to support
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mine planning and evaluation of the economic vigbof the deposit. The estimate is based on
detailed and reliable exploration and testing imfation gathered through appropriate techniques
from locations such as outcrops, trenches, pitskiwgs and drill holes that are spaced closely
enough for geological and grade continuity to lesomably assumed.

Measured Mineral Resource is that part of a Mineral Resource for which qitgntgrade or
quality, densities, shape, physical characteristiesso well established that they can be estimated
with confidence sufficient to allow the appropria#plication of technical and economic
parameters, to support production planning andueti@n of the economic viability of the
deposit. The estimate is based on detailed anadbteliexploration, sampling and testing
information gathered through appropriate techniquas locations such as outcrops, trenches,
pits, workings and drill holes that are spacedaiipenough to confirm both geological and grade
continuity.

Mineral Reserve is the economically mineable part of a Measurebhdicated Mineral Resource
demonstrated by at least a preliminary feasibiitudy. This study must include adequate
information on mining, processing, metallurgicatoeomic, and other relevant factors that
demonstrate (at the time of reporting) that ecoraeriraction can be justified. A mineral reserve
includes diluting materials and allowances for éssthat may occur when the material is mined.

Probable Mineral Reserve is the economically mineable part of amicated and in some
circumstances, aeasured mineral resourcdemonstrated by at least a preliminary feasibility
study. This study must include adequate information mining, processing, metallurgical,
economic, and other relevant factors that demaestinat economic extraction can be justified.

Proven Mineral Reserve the economically mineable part of rmeasured mineral resource
demonstrated by at least a preliminary feasibiitudy. This study must include adequate
information on mining, processing, metallurgicatoeomic, and other relevant factors that
demonstrate that economic extraction can be jadtifi

+ Appendix 3: Low and High Cost Producers

Let's assume that we have high and low cost pradasepresented in the table below.
We can see that the margin of low cost producsulistantially higher than the margin of
low cost producer.

Initial position Price1,$ |Cost,$ [Marginl, $
High Cost producer | 1000 900 100

Low Cost Producer | 1000 500 500
Scenario 1:

If the price of commodity increase to 1100$ (see table below), obviously, both
companies have positive margins. The differenadas margin 1 of high cost producer
has increased by 100% and the margin 1 of low mastucer has increased by 20%. We
can see a leverage effect on the side of high pastucer. In this scenario leverage is
equal to 5 (100/20).
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Scenario 1 Price 2,$ |Cost,$ |Margin2, $ Margin 1 increased um
High Cost producer 1100 900 200 100%
Low Cost Producer 1100 500 600 20%
Scenario 2:

If the price of commodity decrease to 900$ (seddhke below) the margin of high cost
producer decreases by 100% and of low cost prodiyc20%. Again we see the leverage
effect and the related risk of downturn in commypgitices.

Scenario 2 Price 3,$ |Cost,$ |Margin3, $ Margin 1 decreased um
High Cost producer 900 900 0 100%
Low Cost Producer 900 500 400 20%

4 Appendix 4: Black-Sholes-Merton Modet®®

In the financial world, options are types of contsathat generally include the right, but
not the obligation, to buy or sell a share, curyemccommodity.

A call optiongives the buyer the right to buy a tradable comityam currency at
a predetermined price for a specified period ofktifRor the owner of call options, they
become more valuable as the price of the underlggmgmodity increases. For the seller
of call options, these options become an increabaiglity as commodity prices rise,
since there is the obligation to sell the commoditya predetermined (perhaps lower-
than-market) price.

A put optiongives the buyer of the option the right to settadable commodity
or currency at a predetermined price for a spetifieriod of time. Put options therefore
increase in value as the price of the commoditpsiro

In the year 1973 Fischer Black and Myron Scholeslipbed a description of a
financial model for valuing options which has beeomidely accepted in the financial
world for valuing and pricing financial and othgpés of options contracts. In the same
year Merton adapted the model to include optiondigitlend paying stocks.

The Black-Scholes-Merton (BSM) model is used tewialte a theoretical call and
put price using the six key determinants of anoogg price: the current prices(), the
exercise or strike price (K), the volatility of thenderlying assetd ), the time of
expiration (T) (expressed as a percent of a yeal, free interest rater) and the
dividend rate 9).

The Black-Scholes-Merton (BSM) price for a Europealt option trading at time
tis:

C(S. T-1)=§xN(d) -Kxe™ " xN(d,) ()

136 Black / Scholes, 1973 p.637-654, Merton, 19734p-183
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Where:

Sy b -+ yx(T -
. :In(?)+(r o+ 2) (T-1)
1 o xt

d, =d, —oxy(T -t) 3)

(@)

The variables not mentioned above are:

In = natural logarithm
N(x) = standard normal cumulative distribution fuilon
e = the exponential function

The BSM price for a European put option tradingrae t is:
C(SUT —t) = -5 % N(_dl) + K xe ™™ x N(_dz)

where d1 and d2 are given by expressions (2) anab@ve

4+ Appendix 5: Normalized Valuations

What are normal numbers?

If a company’s current financial statements ansowgrquestion about how much
earnings, reinvestment, and cash flow would thimgany have generated in a normal
year? Normal year would be one in which commoditggs reflect the intrinsic price of
the commodity, reflecting the underlying demand suapply.

The volatility appears because of the price ofabeamodity. It impacts not only
revenues and earnings but also reinvestment anandial costs. Consequently,
normalization with commodity companies has to beltbaround a normalized
commaodity price.

Normalized commaodity price

1. Approach: commodity companies have a long tegadastory. We can use the
historical price date to come up with an averadackvwe can then adjust for inflation.

2. Approach: is more complicated than approachiricesthe price of the commodity is a
function of demand and supply for that commoditg @an assess the determinants of
that demand and supply and try to come up withrttransic value for the commodity.

After we have normalized the price of the commaqditg can assess what the revenues,

earnings, and cash flows would have been for thepemy being valued at that
normalized price.
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4+ Appendix 6: DCF Valuation of Antofagasta

Table 20: Balance sheet of Antofagasta
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Balance Sheet 2008A 2009A 2010F 2011F 2012E 2013F 2014E
Us$m uUs$m Ussm Us$m uUs$m Ussm Us$m

Cash and Deposits 3358.0 3222.3 2756.6 4113.3 5378.1 6737.3 7365.8

Trade and ither receivables 313.8 608.6 500.0 500.0 500.0 500.0 500.0

PPE (Property, Plant & 3679.7 4873.2 5764.5 5415.7 4995.7 4614.5 4257.4

Equipment)

Exploration 0.0 0.0 34.0 86.1 154.5 216.9 279.3

Other Assets 603.4 806.4 365.5 365.5 365.5 365.5 365.5

Total Assets 7954.9 9510.5 9420.6 10480.6 11393.8 12434.2 12768.0

Current borrowings 319.0 431.8 6.6 0.0 0.0 0.0 0.0

Non-Current borrowings 119.9 1194.8 763.0 331.2 -100.6 -100.6 -100.6

Other liabilities 1083.4 1266.5 1270.4 739.9 173.1 -432.2 -1019.5

Total Liabilities 1522.3 2893.1 2040.0 1071.1 725 -532.8 -1120.1

Total Shareholders Equity 6432.6 6617.4 7389.6 9409.6 11321.3 12958.0 13888.1

Total 7954.9 9510.5 9429.6 10480.7 11393.8 12425.2 12768.0

Source: FD Capital

Table 21: Profit and Loss of Antofagasta
Profit & Loss 2008A 2009A 2010F 2011F 2012E 2013E 2014E

US$ US$ Us$ US$ Us$ US$ US$
Copper produced (tonnes) 477'000 442'500 543'000 700’000 800'000 800000 800'000
Copper price (USc/lb) 315 234 334 345 300 285 250
Copper Revenue 3'360'369'600 2'318'416'800 4'060'076'160  5'409'600'000  5'376'000'000 5'107'200'000  4'480'000'000
Molybdenum produced (tonnes) 7'800 7'800 6200 8'000 9'000 9'000 9'000
Molybdenum price (Usc/lb) 28.9 111 14 11.5 11 10.3 10
Molybdenum Revenue 5'049'408 1'939'392 1'944'320 2'060'800 2'217'600 2'066'400 2'016'000
Water & Transport (US$m) 92'700'000 86'000'000 91'000'000 95'000'000 98'000'000 98'000'000 98'000'000
Other revenues 40'000'000 556'300'000 50'000'000 70'000'000 80'000'000 80'000'000 80'000'000
Total Revenue 3'498'119'008 2'962'656'192 4'203'020'480 5'576'660'800 5'556'217'600 5'287'266'400 4'660'016'000
Operating Costs 1'737'300'000  1'287'800'000  1'350'000'000  1'550'000'000  1'700'000'000  1'785'000'000  1'874'250'000
EBIf‘[DA (Gross Operating 1'760'819'008 1'674'856'192  2'853'020'480 4'026'660'800  3'856'217'600 3'502'266'400 2'785'766'000
Pro
Depr)eciation & Amortisation 186'900'000 217'500'000 270'700'000 266'700'000 267'100'000 267'100'000 267'100'000
Exploration & Royalties 54'900'000 67'100'000 145'200'000 164'200'000 158'800'000 158'800'000 158'800'000
Other - -73'300'000 18'000'000 18'000'000 18'000'000 18'000'000 18'000'000
1'024'900'000

EBIT 2'543'919'008 1'463'556'192 2'419'120'480 3'577'760'800 3'412'317'600 3'058'366'400 2'341'866'000
Less Net Interest Expense -65'200'000 25'900'000 30'900'000 21'200'000 -128'100'000 -283'000'000  -283'000'000
EBT (Profit before tax) 2'609'119'008 1'437'656'192 2'388'220'480 3'556'560'800 3'540'417'600 3'341'366'400 2'624'866'000
LessTax 521823801.6  287531238.4  477644096.0 711312160.0 708083520.0 668273280.0  524973200.0
Less Minorities 383300000.0  452200000.0 716'466'144  1'066'968'240 1'062'125280  1'002'409'920 787'459'800
Net Profit 1'703'995'206 697'924'954  1'194'110'240 1'778'280'400 1'770'208'800 1'670'683'200  1'312'433'000

Source: Company date and own forecasts
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Table 22: Change in Net Working Capital (NWC)
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Revenues

Change in
NWC

2006 2007 2008 2009 2010 2011 2012 2013
3870 3826.7 3498.1 2962.6 5'577 5'55 7 5'288

14% 9.50% 9.50% 9.50% 9.50%

8% 4.50% 4.50% 4.50% 4.50%

2% 12% 9% 6.25% 6.25% 6.25% 6.25%

-23.6 -625 566.6 -61.8675 106.485 -1.55775  -20.82425

2015
4'400

9.50%

4.50%

6.25%

-20.243

Source: Company Date and own forecasts

Exhibit 14: Cash costs of Antofagasta
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" Cash costz are an industry measzure of the cost of production
and are further explained in Note (c) of the Notes to the
Financial Statements

Source: Company data

Exhibit 15: Capital Expenditure of Antofagasta
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Source: Company data

81



