Valuing Real Options

There are five procedures that can be used to deal with real options:
1. Use discounted cash flow valuation and ignore any real options by assuming their values are zero.

2. Use DCF valuation and include a qualitative recognition of any real option’s value.
3. Use decision tree analysis

4. Use a standard model for a financial option

5. Develop a unique, project specific model using financial engineering techniques

Investment Timing Option: Illustration
Firm has the following option to start a new project. The cost would be $50,000,000. If the market favorability is high, there is a 25% probability to make 33,000,000 each year for 3 years. If market is average, 50% probability to make 25,000,000/yr. If low, 25% probability to make 5,000,000/ty.
	Demand
	Probability
	
	
	Annual Cash Flow

	Hight
	25%
	
	
	 $33,000,000.00 

	Average
	50%
	
	
	 $25,000,000.00 

	Low
	25%
	
	
	 $  5,000,000.00 

	
	
	
	
	

	Expected annual Cash flow
	
	 $22,000,000.00
 

	Project's cost of capital
	
	14%

	Life of Project
	
	
	3

	Required Investment, or cost of proejct
	
	 $50,000,000.00 


Approach 1: DCF analysis ignoring the Time Option
Ignoring the investment timing option, the traditional NPV is equal to 
NPV = -50 + (22 / (1+.14)) + (22 / (1+.14)^2) + (22 / (1+.14)^3)
NPV = $1.08 million

	
	0
	1
	2
	3

	Cash Flow
	$(50,000,000.00)
	$ 22,000,000.00 
	$22,000,000.00 
	$22,000,000.00 

	Discount
	$(50,000,000.00)
	$ 19,298,245.61 
	$16,928,285.63 
	$14,849,373.36 

	DCF
	$(50,000,000.00)
	$ 19,298,245.61
 
	$16,928,285.63 
	$14,849,373.36 

	
	
	
	NPV
	$  1,075,904.60 


In this case the project would be accepted. If the cash flows were a bit lower, say 21,500,000, then the project would be rejected because of a negative NPV
	
	0
	1
	2
	3

	Cash Flow
	$(50,000,000.00)
	$ 21,500,000.00 
	$21,500,000.00 
	$21,500,000.00 

	Discount
	$(50,000,000.00)
	$ 18,859,649.12 
	$16,543,551.86 
	$14,511,887.60 

	DCF
	$(50,000,000.00)
	$ 18,859,649.12 
	$16,543,551.86 
	$14,511,887.60 

	
	
	
	NPV
	$    (84,911.42)


Approach 2: DCF analysis with a Qualitative Consideration of the Time Option
See page 483 for more info on this section.

Approach 3: Scenario Analysis and Decision Trees
PART 1: See chapter 14 Investment Timing Options EXCEL sheet
	SCENARIO ANALYSIS
	

	TODAY
0
	
	Prob.
	1
	2
	3
	 
	NPV of 
Scenario
	Prob.
	Prob. 
x NPV
	Data for 
Std. Deviation
	

	
	High
	25%
	 $ 33.00
	 $ 33.00 
	 $ 33.00 
	 
	$26.61
 
	25%
	$6.65 
	163.0468
	

	-50
	Avg.
	50%
	 $ 25.00
	 $ 25.00 
	 $ 25.00 
	 
	$8.04 
	50%
	$4.02 
	24.25489
	

	
	Low
	25%
	 $ 5.00
	 $ 5.00 
	 $ 5.00 
	 
	($38.39)
	25%
	($9.60)
	389.4257
	

	
	
	
	
	
	
	
	
	100%
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	Expected Value of NPVs
	=
	$1.08 
	576.7274
	 = Variance of PV

	
	
	
	
	
	
	Standard Deviation
	=
	24.02
	
	

	
	
	
	
	
	
	Coefficient of Variation
	=
	22.32
	
	


NPV = 1.08 million

Under this analysis, the project is quite risky. It has a std deviation of 24 and a coefficient variation, which is defined as the ratio of std deviation to the expected NPV, of 22.32, which is large. 
PART 2: See chapter 14 Investment Timing Options EXCEL sheet

	DECISION TREE ANALYSIS: IMPLEMENT NEXT YEAR
	 
	 
	 
	

	TODAY 0
	
	Prob.
	1
	2
	3
	4
	 
	NPV of 

Scenario
	Prob
	Prob. 
x NPV
	Data for 
Std. Deviation

	
	High
	25%
	$(50)
	 $33
	$ 33
	$33 
	 
	$23.35
 
	25%
	$5.84 
	48.87722


	WAIT
	Avg
	50%
	$(50)
	 $25
	$ 25
	$ 25
	 
	$7.05 
	50%
	$3.53 
	2.667369

	
	Low
	25%
	$ -   
	 $-   
	$ -   
	$  -   
	 
	$0.00 
	25%
	$0.00 
	21.91663

	WACC
	14%
	
	
	
	
	
	
	
	100%
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	Expected Value of NPVs
	=
	
	$9.36 

	73.46122


	
	
	
	
	
	
	Standard Deviation
	=
	
	8.57

	

	
	
	
	
	
	
	Coefficient of Variation
	=
	
	0.92

	


NPV = 9.36 million

If the firm waits, they will have a higher NPV. The std deviation will also be less and no possibility of losing money.
Approach 4: Valuing the Timing Option with the Black-Scholes Option Pricing Model

To use this model you must find a standard financial option that resembles the project’s real option.
For example, the option to delay a project is similar to a call option on a stock. Hence, then the Black-Scholes Option Pricing Model can be used. This model requires five inputs.
1. the risk-free rate

2. time until the option expires

3. exercise price

4. current price of stock

5. variance of the stock’s rte of return

1) Assume that rate on a 52 week t-bill is 6%. 2) The firm must decide within a year if they want the project, so there the option expires in one year. 3) Cost is 50 million, so $50 million is used for the exercise price. 4) We need the current stock price. For this the current stock price will be the Present Value of its expected future cash flows. 5) the variance of the of the project’s expected return can be used to represent the variance of the stock’s return in Black-Scholes model
Could not figure it out in EXCEL

GROWTH OPTION: Illustration
A company with a successful name brand can capitalize on some success. Growth options add value to a project. 
The following sections apply the first four valuations approaches:

1. DCF

2. DCF, and qualitative assessment

3. decision tree analysis

4. analysis with stand financial option

Approach 1: DCF Analysis Ignoring Growth Option
Based on the probabilities of different levels of demand, the expected annual operating cash flows for the project are $19 million per year:
.25($34) + .5($20) + .25($2) = $19 million per year
Ignoring the investment timing option
, the traditional NPV is 1.29

NPV = - 30 + $19/(1+.14) + $19/(1+.14)^2 = 1.29
	
	Prob.
	0
	1
	2
	
	NPV
	Prob.
	Prob. NPV

	High
	25%
	-30
	34
	34
	
	 $ 25.99

	25%
	$ 6.50


	Avg
	50%
	-30
	20
	20
	
	 $   2.93 
	50%
	$ 1.47 

	Low
	25%
	-30
	2
	2
	
	 $(26.71)
	25%
	$ (6.68)

	
	
	
	$19.00

	$19.00 
	
	
	
	$ 1.29

	WACC
	14%
	
	
	
	
	
	
	


In this case the proect should be accepted. But it ignores the potential valuable real option. So we do approach 2 – DFC Analysis with a Qualitative Consideration of the Growth Option.

Approach 2: DFC Analysis with a Qualitative Consideration of the Growth Option
See page 493 – 494.
Approach 3: Decision Tree Analysis of the Growth Option
See the chapter 14 investment Timing option EXCEL sheet.
Pay close attention as to how to deal with the adding the second project.

� See chapter 13 notes for more info on real options


� = (prob. * annual cash flow)+(prob. * annual cash flow) +(prob. * annual cash flow)


� =C16/POWER((1+$E9),C15)


� = NPV(WACC, (cash flows) + INITIAL LAYOUT


� = NPV(WACC, (initial layout+all cash flows)


� = (NPV – Expected Value of NPV)^2*Probability


� Sum of all Probability x NPV


� Sum of all Std Deviations


� =SQRT(VARIANCE OF PV, which is the 73.46122)


� Std Deviation / Expected Value of NPV 


� See page 488


� By timing option we are talking about holding off or starting the investment today.


� = NPV(WACC, SUM of year 1 and 2) + INITIAL LAYOUT


� NPV x Probability


� .25* 34 + .50*20 + .25*2 – this is the cash flow it would generate per year





