
Section 17.3 Real Options

Problem. The Phase 1 Facility Cost (implicit Call Cost) is $6.00 million, the Date 0 Asset Value is $100.00 million, the Phase 2 Equipment Cost (implicit Exercise Price) is $106.00 million, the riskfree rate (r ) is 6.0%, the time to maturity (T) is 1.00 years, the Plant Value Standard Deviation () is 20.0%, the Date T Average Plant Value is $112.00 million, and the Discount Rate is 15.00. What is the project’s Real Option NPV and Regular NPV (when calculated incorrectly by ignoring the Phase 2 option to continue or not)?

Solution Strategy. Calculate the Real Option NPV using the Black-Scholes formula. Calculate the Regular NPV by discounting expected cash flows back to the present, but incorrectly ignoring the Phase 2 option to continue or not.

FIGURE 17.3.1 Real Options NPV vs. Regular NPV (ignoring Phase 2 option to continue or not).
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 How To Build Your Own Spreadsheet Model.
Real Options NPV

1. Inputs. Enter the inputs described above into the ranges B4:B9 and E6:E7.

2. d1 and d2 Formulas. The 
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formula is 
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. In cell B12, enter

                          =(LN(B5/B6)+(B7+B9^2/2)*B8)/(B9*SQRT(B8))

       The 
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 formula is 
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. In cell B13, enter

                          =B12-B9*SQRT(B8)

3. Cumulative Normal Formulas. Enter 
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  using the cumulative normal function in cell B14 

                          =NORMSDIST(B12)

       Copy the cell B14 to cell B15 or enter 
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 using the cumulative normal function in cell B15 

                          =NORMSDIST(B13)

4. Black-Scholes Call Formula.  Substituting V for S, the Black-Scholes Call formula is 
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. In cell B16, enter

                          =B14*B5-B15*B6*EXP(-B7*B8)

5. Real Option NPV.  The NPV of the project is the difference between the Call Value (as calculated by the Black-Scholes formula) and the Call Cost (the required expenditure to obtain the real option). Enter  =B16-B4  in cell B17.

Regular NPV (when calculated incorrectly by ignoring the Phase 2 option to continue or not).

6. Expected Cash Flows. The Date 0 Expected Cash Flow is a (negative) payment for Phase 1 Facilities Cost. Enter  =-B5  in cell E14. The Date 1 (Date T) Expected Cash Flow is Date T Expected Plant Value minus Phase 2 Equipment Cost. Enter  =E6-B7  in cell F14.

7. Present Value of Expected Cash Flows. Calculate the present value of the cash flows by entering the Time Value of Money formula  =E14/((1+$E$7)^E13)  in cell E15 and copy cell E15 to cell F15. The Discount Rate $E$7 uses an absolute reference because it stays constant from date to date. For convenience, the number of times to compound $E$7 is taken from the date number. 
8. Regular NPV (ignoring the option to continue). Calculate the Regular NPV by summing all of the present value of cash flow terms. Enter   =SUM(E15:F15)  in cell B10.
The Real Option NPV is positive $2.05 million, whereas the Regular NPV (ignoring the option to continue) is negative ($0.78 million). The Real Option NPV correctly accounts for the option to continue and thus provides a much better estimate the project’s true NPV, than the Regular NPV approach. 

The Regular NPV approach can be “fixed” by modeling many different scenarios with a wide spectrum of different realized values of V and explicitly incorporating the option to continue. For those scenarios where V > E, continue the project by paying the Phase-2 Equipment Cost and gaining a positive Date 1 cash flow of V-E. For those scenarios where V < E, then hault the project and realize a Date 1 cash flow of zero (rather than a negative amount). The Regular NPV approach can be estimated more accurately by creating additional scenarios to more closely approximate the true distribution of V. A very effective way to implement the Regular NPV approach is to consider thousands of different scenarios in a few minutes via simulation. There are several excellent Excel add-in packages to do simulation modeling in a spreadsheet.

Using The Power Of Your Spreadsheet Model.

What would happen to the project’s Real Option NPV and Regular NPV if you increased Plant Value Standard Deviation? Figure 17.3.2 shows that an increase in Plant Value Standard Deviation causes Real Option NPV to increase, but leaves Regular NPV unaffected. 

FIGURE 17.3.2  A Spreadsheet of the Sensitivity of Equity Value and Risky Debt Value.
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(1) Create A List of Input Values and Two Output Formulas. Create a list of input values for the Plant Value Standard Deviation (10.0%, 20.0%, 30.0%, etc.) in the range C22:G22. Create two output formulas. One that references the Real Option NPV by entering the formula  =B18  in cell B23. Another that references the Regular NPV by entering the formula  =E16  in cell B24.
(2) Data Table. Select the range B22:G24 for the Data Table. This range includes both the list of input values at the top of the data table and the two output formulas on the side of the data table. Then choose Data  Table from the main menu and a Table dialog box pops up. Enter the Plant Value Standard Deviation cell B10 in the Row Input Cell and click on OK.
(3) Graph the Sensitivity Analysis. Highlight the range C22:G24 and then choose  Insert  Chart from the main menu. Select an  XY(Scatter)  chart type and make other selections to complete the Chart Wizard.
Why does an increase in Plant Value Standard Deviation have such different effects on Real Option NPV vs. Regular NPV? Essentially, the Real Option NPV takes into account the option to continue and thus the option increases as standard deviation goes up. By contrast, the Regular NPV approach ignores the option to continue. Indeed, Plant Value Standard Deviation is not even an input in the Regular NPV calculation. This lack of sensitivity to standard deviation by the Regular NPV approach is an error. As indicated above, it is possible to “fix” this problem by modeling multiple scenarios and explicitly incorporating the option to continue. The corrected Regular NPV approach would have approximately the same degree of sensitivity to standard deviation as the Real Option NPV does.
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