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REAL OPTIONS
The real options approach is the extension of options theory to the management of real assets. The real option tools enhance the traditional approaches to capital budgeting and valuation. 

In a world of uncertainty, companies have the flexibility to defer a project to adjust its scale (expand, contract, or abandon), and to extend or shorten the life of the project in response to technological and economic developments over time. These opportunities and flexibilities can be valued using the pricing methods of financial put and call options. 

The real option tools enhance the traditional approaches to capital budgeting and valuation. Real options are not publicly traded and replicable like financial options but it is possible to use the pricing method of financial options to understand them and calculate their values.

Real options analysis GENERALIZES the traditional valuation methods such as Net Present Value (NPV) or Discounted Cash Flows (DCF) to take into account the values of the different options associated with the investment.

Put differently, the traditional NPV and DCF valuation methods are special cases of the real options valuation method.

What’s “wrong” with net present value or discounted cash flow rules?

NPV or DCF is based on one or all of the following assumptions:

· The investment is an all or nothing, now or never, project.

· The project is held passively. A SINGLE EXPECTED cash flow forecast is used in the NPV analysis. 

All the possible future cash flows and their probabilities, for any given time, are “collapsed” into a single EXPECTED cash flow.

This ignores the fact that managers can take advantage of futures developments.

Managers can add value to the project by responding to developing circumstances – making the most of opportunities when conditions turn out to be “good” or reducing losses when conditions turn out to be “bad.”
· The expected cash flows are discounted using a CONSTANT risk-adjusted discount rate.

This is because the risk is assumed to be constant over the life of the project.

Real options analysis GENERALIZES the NPV (DCF) rule by taking into account the values of the different options and opportunities associated with the investment.

For example:

· The company has the option to delay the investment to a later date.

· The company has the flexibility to scale (expand, contract or abandon) the project at future dates after some uncertainty is resolved.

· The project risk, internal (technological, project specific) risk and external (market or systematic) risk change over time. (Think of developing a new drug. At the beginning, the critical factor is the ability to develop the drug. Then, after a successful drug is developed, market conditions tend to become the bigger factor.)

Opportunities and flexibilities can be valued using the pricing methods of financial put and call options. The real options approach is the extension of options theory to the management of real assets. The real option tools enhance the traditional approaches to capital budgeting and valuation. Real options are not publicly traded and replicable like financial options but it is possible to use the pricing method of financial options to understand them and calculate their values.

Real options analysis provides a framework and a decision-making process:

· Getting together people from different units to examine how to take advantage of uncertainty; become aware of the costs and benefits of doing or not doing things, build flexibility and take advantage of opportunities over time.

· The option to make decisions gradually and sequentially as the project develops over time. 

· Develop efficient dynamic relations with customers and suppliers.

· IMPROVE THE FUNCTIONING AND MANAGEMENT OF THE COMPANY.

1. Embracing UNCERTAINTY – Limited losses (limited to initial investment) versus substantial potential gains.
2. Embracing TIME - Time is on your side.
Just the process of taking time to think about, and be more prepared for, some of the future choices adds value, even when we do not use “real options values.”

Real options analysis provides a MARKET-BASED, objective, discipline to quantify and value uncertain situations and opportunities.
It provides valuation models (of risky cash flows) that can be “sold” to managers, financial analysts and shareholders.
Real option analysis = Dynamic decision-tree analysis with “certified” financial techniques.

Option pricing theory also provides a way to examine how sensitive our present values are to the different factors affecting our cash flows.

Examples of real options:
The timing option - THE VALUE OF WAITING TO INVEST.

Scaling Options: options to expand or contract

the abandonment option

SEQUENTIAL (OR COMPOUND) OPTIONS.

Rainbow options - Options that involve several sources of uncertainty.
SWITCHING OPTIONS – Options to switch between different modes of operation at a cost.

A VERY IMPORTANT FLAW: THE HUMAN FACTOR.

Real option analysis typically ignores the psychological, political and organizational considerations.

For example, we assume that if the optimal (financial) decision is to abandon a “favorite” project – management will indeed abandon it.
If the net present value is flawed, why is it being used so much? 

·  Managers are familiar with it and are comfortable using it.  
Making people abandon “old habits” and replacing them with new and improved methods takes time.

· There are many situations where the difference between the net present value answer and the real options answer is quite small. 

There are projects where the net present value is so high, it is clear even without adding the value of future options that we should adopt it.

Conversely, there are projects with a large negative net present value, where no amount of flexibility provided by options can save it. 

RECOMMENDED TEXTBOOKS:

· Real options: Managing Strategic Investment in an Uncertain World, by Amram and Kulatilaka, Harvard Business School Press, 1999.
This book has more of a “MANAGERIAL” approach to real options. It does an excellent job in identifying real options and discussing how to work with them in your company.

The book has an interesting web site: www.real-options.com
The site also includes “ERRATA” – CORRECTIONS TO MISTAKES IN THE BOOK. 
See, http://www.real-options.com/err.html
· Real Options: Managerial Flexibility and Strategy in Resource Allocation, by Trigeorgis, MIT Press, 1996.

This book has more of a “QUANTITATIVE” approach to real options.  It requires a very strong mathematical and statistical background.

· Real options: A Practitioner’s Guide, by Copeland and Antikarov, Texere, 2001.
This book has many examples, but the calculation of option values is often more complicated than it has to be.

The book has many mistakes. Corrections to the mistakes are available online at
http://mcfonline.com/forums/
The timing option

THE VALUE OF WAITING TO INVEST.

The decision to invest today or later is the same as the decision to exercise an AMERICAN CALL option today or waiting to exercise later.

Case 1: Now or Never

Suppose that we have the following project:

We are considering investing in a new networking system at a cost of $190 million.

Suppose that we get the following values for the system:


Now 




Year 1





$250

System is integrated successfully 








Strong demand for our products.

200






$160

Major integration problems 








Weak demand for our products.

Should we invest now if it is a now or never project?

Yes, it has a positive NPV of 200(190 = $10 million.

Case 2:

Suppose that we can invest now only $10 million in a pilot project and delay the investment of the rest ($180 million) by up to one year.

Should we invest now?

To find out what to do we must calculate the value of the option to wait.

We can think of $180 million s the exercise price of the option.

If we delay until next year:

The option’s cash flows:









Year 1







$70 (=250-180)  (Invest = Exercise)
(10








$0  (160-180<0)  (Do not invest.)

We calculate the option’s value using the binomial option pricing model. 

Suppose the present value of the option’s Year 1 cash flows is $22.90 million.

Subtracting the $10 million cost of the pilot project, we get $12.90 million.

The SIMPLE NPV of investing all now in Case 1 is $10 million.  

But this rule ignores the cost of forgoing the option to wait.

By investing everything now we lose the option to wait and invest next year. That is, WE LOSE $12.9 MILLION!

After subtracting the cost of giving up the option to wait, the MODIFIED NPV of investing everything now is negative: = 10 ( 12.9 = ($2.9 million. 

Put differently, the value added by waiting is $2.9 million.

Therefore, we should choose to invest now only $10 million in a pilot project and delay the investment of the rest ($180 million) by up to one year.

the timing option is like a long position in an American call with an exercise price of $180 million with one year to expiration.  

the decision to invest everything now is like exercising this American call option IMMEDIATELY.

The option to abandon 

Suppose that the project is now described by:

· You must invest everything now or never.

· It takes two years for the completion of the project.
· We can abandon the project during the next two years and sell it for $150 million.
· The cost to build the system is $205 million.
Suppose that the values of the project are:



NOW 


YEAR 1 



YEAR 2









 

312.5 







 250


     200    






 

200 







 160












128 

The simple NPV rule, which ignores the option to abandon, is negative: 
 ( $5 million.  

Based on the simple NPV rule we should not invest in the project! 

Now consider the option to abandon.

The option to abandon gives us a “floor” of $150 million.

The option to abandon is like a long position in an American PUT option with an exercise price of $150 million and two years to expiration.

The values of the option to abandon are: 

NOW 


YEAR 1 


    YEAR 2







 
  0   (312.5 > 150)





  0

   P






 
  0   (200 >150)





 Pd








  22 (=150(128)   








(Exercise the option to abandon)

We calculate the option’s value using the binomial option pricing model. 

Suppose that Pd = 13.76 and P = $8.61 million.

The NPV of (5 ignored the added value from having the option to abandon.

The Modified NPV after adding the value of option to abandon is positive:  (5 + 8.61 = $3.61.

Therefore, we should INVEST!

The tree of the MODIFIED values of the project including the abandonment option is:


NOW 



YEAR 1 




YEAR 2









 
   

312.5







250+0=250

200+8.61= 208.61








200






160+13.76=173.76
150

The DECISION tree of the project using the modified values of the project including the abandonment option is:


NOW 



YEAR 1 




YEAR 2









 
   
    312.5>150












   CONTINUE







  250>150







CONTINUE

   208.61>205

     INVEST









     200>150












   CONTINUE







173.76>150







 CONTINUE


     128<150












   ABANDON

MAPPING PROJECT CHARACTERISTICS ONTO OPTION VARIABLES

	Project’s Characteristic
	Financial Option’s Variable

	Present value of assets to be acquired or project to be undertaken
	Asset price

	Costs or expenditures required to acquire the assets or undertake the project
	Exercise price

	Length of time decision may be deferred
	Time to expiration

	Volatility of underlying asset or project
	Volatility

	Time value of money to the company
	Riskless interest rate

	Cash flows and yields paid by the asset and not captured by holding the option
	Cash dividends


FINANCIAL OPTIONS VERSUS REAL OPTIONS

	FEATURE
	FINANCIAL OPTION
	REAL OPTION

	Underlying asset
	Traded stock
	Project. Non-traded asset.
Trackable? Perfectly? *

	Underlying asset price or value
	Known
	Estimated

	Exercise price
	Known 
and constant
	Estimated and can change over time

	Time to Expiration
	Known 
and fixed
	Estimated and can change over time

	Volatility
	Estimated
(from observable time series) and can change over time
	Estimated and can change over time

	Interest rate
	Risk-free
	Risk-free?

	“Leakage”
	Dividends; 
interest coupons
	Convenience yield;
Income; 
Market share

	Optimal exercise strategy
	Decision to exercise exchange-traded financial options does NOT affect on the value of the underlying asset.
	Decision to exercise the option often affects the future values of the underlying asset (investment).


* - It is important to understand that the assumption that there exists a “twin” security that can be used to estimate the present value or volatility is exactly the same assumption that we make when we estimate the beta of a project and use it to calculate its risk-adjusted discount rate or cost of capital. 








