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Discounted Cash Flow (DCF) analysis
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* To review recent developments

» To explore how real options valuation




INVESTMENT CRITERIA

Discounted Cash Flow (DCF)
dominant
Investment decision-making criteria



HOWEVER DCFEVALUATION
CAN BE BIASED BECAUSE

single time- and risk-adjusted
discount rate

1. different projectswith different risk characteristics

same project under different development design
scenarios

riskier revenue and lessrisky cost functions



COMPANY

Price $t

Production t * 000

Revenue $000

Variable cost of production $it
Annual fixed cost $000

Total annual cost of production $000
Gross annual cash flow $000

A B
Capital ~ Labour
Intensive Intensive

3000
30 30
90000 90000
1000 1666.667
30000 10000
60000 60000
30000 30000

A
Capital
Intensive
Demand volatility % 25.00%

B

Labour
Intensive

Sensitivity of CFs to changes in demand

225 15000
30 30000
375 45000

Standard devation of CFs $000 12247
Standard deviation of CFs % 40.82%

2.5
30
31.5

20000
30000
40000
8169
21.20%



Low High Low High

Price $it 3000 Price volatility % pa  25.00%

Cost of production $/t 2000 2500 Sensitivity of gross CFs to price changes

Annual production t *'000 30 60

Annual Revenue $000 90000 180000 2250 7500  -15000

Annual operating cost $000 60000 150000 3000 30000 30000

Annual gross cash flow $000 30000 30000 3750 52500 75000
Standard deviation of CF $000 18371 36742
Volatility of CF % 61.24%  122.47%

Price of risk = Percentage discount per 1% of CF volatility 0.10% 6.12%  12.25%



PRICE OF RISK AND DIFFERENT
DISCOUNT RATES

cannot beindifferent between thetwo projects
because their single-discount, NPV isthe same

unless
hedged

obj ective comparison
large differencesin CFsvolatility
different discount rates

“prices of risk”
common percentage of risk-discount per unit of CF
volatility



OTHER CAUSES OF DCF BIAS

asingle time- and risk-adjusted
discount rate



OVERCOMING DCF BIAS USING ROV



REAL OPTIONS
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Discounted
Cash Flow

Real Option
valuations

Options
Pricing

Preference
theory

Decision
Tree

Simulation

Sensitivity
Scenario

Analysis

v
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VOLATILITY CAN BOTH
ADD OR CONSUME VALUE

management
flexibility
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EXPLORATION, R & D and PILOT
STUDIES CREATE OPTIONS

e Exploration, R & D and pilot studies

create
opportunities but not obligations

management flexibility to keep their
future options open
depending on
emerging circumstances and information
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EXAMPLE OF DCF versus REAL OPTION LOGIC
INR & D AND PILOTING

DCF LOGIC

Decision:
(After Searson, 2002)
REAL OPTION LOGIC

Decision:
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THE STOCK MARKET PREMIUM
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EXAMPLE OF THE ROV OF AN
EXPLORATION/DEVELOPMENT PROJECT
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NICKEL PRICE VOLATILITY
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TREND IS SENSITIVE TO WHERE
WE START AND STOP

Ni Price US$H/t

AN et

<
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YEAR

0 1 2 3 4 5
Up 5 times in
succession | $10,732
Up factor 1.165 $9,212
Down factor 0.809 $7,907 $7,907
$6,787 $6,787
$5,825 $5,825 $5,825
$5,000 $5,000 $5,000
$4,045 $4,045 $4,045
$3,273 $3,273
$2,648 $2,648
$2,142

Down 5 times in

Succession




NPV ASM

21.8
-8.9
-59.0

YEAR
2 3 4

Alot ofupside —
/ 558.9

247.0

95.7 95.7
21.8

-8.9 -8.9
-59.0

-129.4 -129.4
-187.8

\ -221.8

/’

But also alot of downside

1241.5

247.0

21.8

-59.0

-187.8

-236.4
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YEAR

0 1 2 3 4 5
Mine
Mine
Mine Mine
Mine Mine
Develop Develop Develop
Delay Delay Delay
? Delay Delay Delay
What isthe Delay Delay
Val ue Of Delay Delay
cp ey Delay
> a
flexibility” - | - belay
Downside is avoided by delaying

development



TIMING OF A POSSIBLE
DEVELOPMENT

but no obligation to proceed with development
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PROJECT ASA CALL OPTION

call option

$46M
development = Exercise price (X)

expiry date (t)
11 years

present value of all future
net after-tax operating cash flows (S)
Spot price less that of the capital
Investment (X)

Max(between S— X or zero)
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C =Value of real option (ROV) A$ million

SS = Spot price = PV of net after-tax operating CFs
X = Exercise price = PV of capital investments

t = Time to expiry (years)

SD = CF Volatility

Risk-free interest %

ENPV =Enhanced NPV =NPV + ROV A$ million =-8.9M+20.94M:-

20.94

41.12
46.00
11
29.00%

5.00%

12.04



NPV versus ENHANCED NPV (ENPV)
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LIMITATIONS OF BLACK AND
SCHOLES FORMULA
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DECISIONSWITH THE BENEFIT
OF HINDSIGHT

27



THEFUTURE AS A TREE-LIKE
STRUCTURE OF POSSIBLE SCENARIOS

Initial project plan
Incorporating
flexibility/options

Plan 1

Decision at
Time linlight
Of information

Plan 2

Decision at
Time2inlight
Of information

Plan 3




EXPLORATION PROGRAMSAS
SEQUENTIAL REAL OPTIONS
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CATPURING THE VALUE OF
GRADE-TONNAGE TRADE-OFFS
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PROJECTS WITH GRADE-TONNAGE TRADE-OFFS CAN
BE VIEWED AS A SERIES OF REAL OPTIONS TO:

1. Wait or defer
2. Commence stage development

3. Alter scale

e Expand/contract production
e  Shut down/restart

4. Abandon
these options worth
several times the discount not captured by
static NPV*



Mine Run /
of Mill Ore _
/7 MineLow
- Grade

Mine High

production 2



ROV MODELLING OF MULTIPLE OR
COMPOUND OPTIONS CAN BE COMPLEX
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IDEAS BEHIND REAL

OPTIONSVALUATIONS
(Salahor,1998 and Bradley, 1998)

Timing and Risk

there should be “no arbitrage”



PROJECTSASCLAIMS ON
FUTURE CASH FLOWS (samis, 2002)

— Mineral Forward contracts

— Bonds
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ARBITRAGE VALUATION
“NEUTRALISES’ RISK (Samis, 2002)

forward price
Incorporates discounting for risk

bonds are secured

« ROV methodologies® neutralise’” or managerisk

e only risk-freeratesof discount areused in ROV to
compensate just for the time-value-of-money
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NET VALUE OF MINERAL
PRODUCTION (samis, 2002)
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CERTAINTY
EQUIVALENT
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HOW IS RISK NEUTRALISED?

Black and
Scholes (B-S) formula

binomial lattice

replicating portfolio
State Prices
“Risk-free Probability”

*contingency
clams’ and “no arbitrage” principles
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I'T ALL SOUNDS SIMPLE IN THEORY, BUT.....
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CONCLUSIONS
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CONCLUSIONS (Cont.)
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