Determining discount rates for risky projects

Our objective is to come up with a systematic and objective procedure for determining discount rates on risky projects.  This write up is based very loosely on the Ruritania project described in Rakesh’s email.  The Ruritania project is particularly difficult to evaluate with a traditional finance approach for the following reasons:

1. The project appears to require very little upfront costs and future cash flows can be negative as well as positive.  I will explain why this creates specific challenges below.

2. Most of what looks to be systematic risk seems to be hedged.  Hence, the CAPM would suggest that the appropriate discount rate is the risk free rate.  For a variety of reasons, Enron management is unlikely to think the risk-free rate is the appropriate discount rate for this project.

3. There appears to be some optionality in this project.  At this point I will ignore the optionality, but this is clearly something that needs to be addressed in the future.

As I discuss below, coming up with an appropriate discount rate for projects with these characteristics require that we also determine what I will call the required risk capital for the project, which will be defined shortly.

The discounted cash flow approach versus the certainty equivalence approach


There are two alternative methods for valuing a stream of risky cash flows that are generally equivalent.  The first method, which is most frequently used in industry, is the discounted cash flow approach.  This approach projects the expected cash flows of an investment and discounts them to the present at some risk-adjusted discount rate.  An alternative approach is generally referred to as the certainty equivalence approach.  The second approach calculates what are known as certainty equivalent cash flows that are then discounted at the risk-free rate.  In other words, we can risk-adjust a project’s cash flows or its required rate of return, but in general you should not do both.


The certainty equivalence approach is essentially a tautology and will provide correct valuations as long as one can define the certainty equivalent cash flow.   For this reason, it is quite useful to think about valuing projects using the certainty equivalent approach as a way to evaluate the soundness of potential applications of the discounted cash flow approach.  

As the following example illustrates, there are potential problems with the discounted cash flow approach that arise in cases that are similar to the Ruritania project. 

Stripper Well Example


Consider the following simple problem of valuing a stripper well that produces 100 barrels of oil per year for five years.  We will assume that the expected price of oil each year is $28/barrel and the cost of extracting the oil is $25/barrel.  (To simplify this problem we will assume that the oil is extracted at the end of each year, that shutting down the well prior to 5 years is infinitely expensive, and that it is costless to shut down the well after 5 years.)

The discounted cash flow approach is quite straightforward, at least in theory.  Given our assumptions, the expected cash flow in each year is $300, so if we know the appropriate discount rate, valuing the well should, in theory, be straightforward.  It is not obvious, however, how one might come up with the appropriate discount rate.  In fact, as I argue below, there might not exist an appropriate discount rate.

To understand how one might solve this problem, consider first how one would value the stripper well using the certainty equivalent approach, which is probably the approach that Enron would actually take when evaluating such a project.  In this particularly case, the forward market provides us with the certainty equivalent cash flow.  The forward price is the certain price that is equivalent to the risky price that will be realized in the future.  Hence, the certainty equivalent approach takes the cash flow that would be realized if price risk were fully hedged in the forward market, and then discounts those certain cash flows at the risk free rate.  One can use a simple arbitrage argument to verify that this will indeed provide the appropriate valuation.

If the appropriate risk-adjusted discount rate on oil is sufficiently high, then the forward price for oil will be considerably below the expected price of oil.  Suppose, that in the above example, the forward price of oil is $23/barrel for all maturities.  In this case, it is quite clear that the stripper well has a negative value.  If the appropriate risks are hedged, the project generates negative cash flows in every period, and thus must have a negative value.  

Will the discounted cash flow approach generate the appropriate valuation with the correct discount rate?  For any given discount rate, the discounted cash flow approach generates positive values, which are of course incorrect.  
Although the problems associated with the stripper well example can easily be addressed, similar problems can potentially arise within the context of the Ruritania project.  However, within the context of the Ruritania project, the challenges are much greater because it may not be possible to hedge the particular risks that can generate negative cash flows in the future.

Bottom Line:  Extra caution must be used in applications of the discounted cash flow approach when cash flows can potentially be significantly negative.  In these cases, it may be possible that no appropriate discount rate exists.

II. What is risk capital?


The above mentioned difficulty associated with the discounted cash flow approach arises because the examples do not explicitly account for what people in industry refer to as the risk capital required for the project.  I was unable to find any definition of risk capital, so will define it myself as follows:

My definition of risk capital requirement is the amount of equity that the corporation would need to issue to finance the project, so that the addition of the project will not reduce the firm’s credit rating.  Of course, this concept of credit rating is a continuous variable --- we understand that a single small project is not likely to cause the firm’s bond rating to drop even if it is financed entirely with debt.  This concept is very similar to the debt capacity of the project, but has the advantage that it is applicable even when the project requires no initial capital.  


The required risk capital of a project is likely to be affected by the following factors:

1. The project’s risk, (e.g., volatility of its cash flows)

2. How the project covaries with the firm’s other cash flows.

3. The liquidity of the project. 

If one can define the appropriate level of the required risk capital for a project, then one should be able to determine an appropriate discount rate that can be used to evaluate the project.  Specifically, one might want to think about the required rate of return on the required risk capital.  It should be emphasized that this framework suggests that risk will affect project values in two separate ways.  Riskier projects will require more risk capital, and riskier projects will require a higher rate of return.  However, the risk characteristics that determine the required risk capital will not necessarily be the same as the risk characteristics that determine the required rate of return.

III.  What determines the appropriate risk-adjusted discount rate?


Traditional financial models suggest that the appropriate risk-adjusted discount rate on a project is determined solely by the project’s systematic risk.  In reality, although many firms give some lip service to a cost of capital that they calculate based on the CAPM, the evidence suggests that firms consider a number of other issues when they make their investment choices.


In a less idealized world where taxes and other market imperfections affect the availability and cost of capital, there are a number of potential determinants of the appropriate discount rate that should be used to evaluate a project.

These potential determinants of project discount rates include:

1. The volatility of the project’s cash flows

2. Their covariance with the market 

3. Their covariance with the firm’s other cash flows

4. Liquidity of the project

5. Duration of the project

6. The firm’s cost of equity (is its stock over or underpriced?)

7. The firm’s financial position (availability of internally generated cash and the extent to which the firm is temporarily under or overlevered).

It should be noted that some of the determinants of the discount rate are specific to the project and others are determined by Enron’s overall financial situation.  It is also the case that some components of the discount rate are determined as an interaction between the project’s characteristics and Enron’s financial situation.   

The project characteristics I have in mind here are the liquidity and the duration of the project.  These characteristics may be relatively unimportant if Enron believes that it can raise capital at a competitive price that does not change over time.  However, if Enron’s cost of capital (or equivalently the opportunity cost of its capital) varies over time, it will have an incentive to take shorter duration projects that are more liquid.  For example, if Enron’s opportunity costs of investment funds are temporarily relatively low (i.e., the firm has substantial internally generated cash flows but relatively small investment requirements) the firm may be willing to take on either very liquid or short duration projects with relatively low rates of return, but would not want to commit capital for long periods at low rates of return.

