
CORPORATE FINANCE:

AN INTRODUCTORY COURSE


DISCUSSION NOTES

MODULE #5


INVESTMENT CRITERIA 
The objective of these discussion notes is to evaluate different techniques used to analyze the desirability of long-term asset acquisitions.  Capital budgeting is the process of making long-term fixed-asset investment decisions.  For capital-intensive firms, firms with high percentages of fixed assets to total assets, these are the most critical decisions that the firm makes.  Mistakes are painful to rectify.  The phrase throwing good money after bad did not arise in a vacuum.

To be a well-educated business student, you must understand the decision-making options that a firm may use to make project choices.  Importantly, you must understand the strengths and weaknesses of these methods.

The capital budgeting analytic techniques we will discuss in turn are:

· NPV,

· The Profitability Index,

· Internal Rate of Return (IRR),

  ---------------------------------------------
· Payback (and Discounted Payback), and

· Accounting Rate of Return

The techniques above the line discount all project cash flows to make assessments about the merits of the project.  All three of these methods also use market-determined discount rates instead of using "ad hoc" cutoff levels for project acceptance.  These methods are referred to as

Discounted Cash Flow Techniques, or DCF Techniques.
DCF techniques are the most frequently used decision making tools in corporations today, and large firms are more likely to use these tools than are smaller firms as are firms whose CEOs have MBAs.  The latter two methods, below the dotted line, do not consider (or inadequately consider in the case of Discounted Payback) the time value of money.  There are other problems with these approaches that we will discuss later.

DCF methods properly focus on the required rate of return for a project, r, or, alternatively, the opportunity cost of capital for the project.  Therefore, these techniques acknowledge the time value of money.  The cash flows of a project should cover the outlays for the project plus the return you could earn elsewhere instead of this project, i.e., cover the opportunity costs of the investment.  However, as we will also discover, not all DCF methods are created equally.  The NPV method will emerge as the clear winner when all of the "dust settles!"
Non-DCF methods ignore the opportunity cost of capital, or the time value of money.  This is their main source of error.  With respect to the Accounting Rate of Return method, this method "adds insult to injury;" in that cash flows are not even used in the analysis.

Proper methods of analyzing capital budget projects should value more highly:

· More cash versus less cash,

· Nearer cash versus later cash, and

· Less risky cash versus more risky cash.
As we will discover, only the NPV Rule consistently satisfies all of these criteria!  NPV is the method of choice for project evaluation among well-trained financial managers.

Having made the above point, you may wonder why we are taking valuable class time to discuss the other methods.  Good question!

Say you go to work for a firm that does not use NPV.  Without insights into the strengths and weakness of the method being used, and the ability to contrast this method to the virtues of the NPV approach, you will not be able to present a very effective case for changing capital budgeting evaluation methods.

A) NPV:

NPV Decision Rule:  Take Positive NPV Projects; Reject Negative NPV Projects.
NPV = PV inflows - PV outflows, where all cash flows are discounted at the appropriate rate of return, r.  Since we've discussed using NPV in calculating project desirability extensively, we will only briefly review the mechanics of this method.

Example
A project has a required rate of return of 10% and the following cash flows

	
Time
	
0
	
1
	
2
	
3
	
4

	Cash Flow
	 -$5,000
	 $2,000
	 $2,500
	 $3,000
	 $2,000


NPV = -$5,000 + $2,000/(1.10)1 + $2,500/(1.10)2 + $3,000/(1.10)3 + $2,000/(1.10)4
NPV = $2,504.  

The NPV is (+) and so collective shareholder wealth increases by $2,504 if the project is accepted. Therefore, take the project.  If 1,000 shares are outstanding, the price of each share should increase by $2.504 when the firm announces the project.

NPV measures the immediate increase in wealth of shareholders in dollars.  If the NPV is positive, the project has earned more than the opportunity cost of funds, r.  

NPV focuses on cash flows, the timing of the cash flows, and the risk of the cash flows (the higher the risk, the higher the discount rate, r).  NPV is expressed in dollars.  Measuring project desirability in dollars is consistent with our target objective--maximizing shareholder wealth.  After all, isn't wealth expressed in dollars (or pounds, yen, deutsche marks, francs, krona, pesos, krone, lira, peseta, etc.)?

B) Profitability Index (PI):
Profitability Index Decision Rule:  Take Projects when the PI > 1.0; Reject Projects when the PI < 1.0.
In government “jargon,” the PI method is referred to as Benefit/Cost Analysis.  However, it is calculated in the same manner.

        T
PI = [Σ CFt/(1+r)t]/C0
       t=1  

PI = PV of Cash Flows (after t=0) divided by the negative of the Cash Flow at t = 0.

Discuss this equation.  If PI > 1.0, the PV of the inflows is greater that the PV of the outflows.  Hence, NPV is + when PI > 1.0.

For an individual project, the decision made using the PI method always will equal the decision made using the NPV method.  When one method signals acceptance, so will the other method.  When one method signals rejection, so will the other method.  Can you see why?  

However, PI can give us accept/reject signals that conflict with the NPV Rule when we must rank projects against one another.

When must we rank projects?

· Projects are mutually exclusive, and/or

· The firm is capital rationed.

By mutually exclusive, we mean you can take one project or the other, but not both.  Say you own a corner lot.  You can build a gas station or you can build a flower shop, but you cannot build both buildings.  These options are mutually exclusive.

By capital rationing, we mean that the firm has more good projects than it has capital to fund the projects, this requires some capital market imperfection.  On the personal level, most of us find ourselves capital rationed most of the time!  That’s not a capital market imperfection that’s greed.

Example--Mutually Exclusive Projects:
Let's take two mutually exclusive projects and demonstrate how NPV and PI can give us conflicting answers.  CF stands for Cash Flow,

	
PROJECT
	
CF @ t = 0
	
CF @ t = 1
	
NPV @ 10%
	
PI

	
A
	  -$1,000
	   $1,500
	  $  364
	   1.36

	
B
	 -$10,000
	  $13,000
	  $1,818
	   1.18


By both decision criteria, these are good projects.  Do you see why?  If we could, we would take both.  This example illustrates that if we are considering projects independently, the NPV Rule and the PI Rule give us the same accept/reject decisions.

However, these projects are mutually exclusive; we can only take one.  By the NPV Rule, we should take Project B; it has a higher NPV.  We can think of project A’s (B’s) NPV as part of the opportunity cost of taking project B (A).  Thus we must take the project with the higher NPV, i.e. find the project’s NPV in the normal way and subtract the NPV of the other project to account for the opportunity cost.  However, by the PI Rule, we should take Project A; it has a larger PI.  Accordingly, the two procedures give us conflicting signals.

However, remember our goal is to maximize shareholder wealth.  Our shareholders can't spend an index, they need cash.  Accordingly, we should choose Project B.

The conflict occurs because the PI does not properly consider the scale of the project.  As an index it gives the profit per dollar of invested capital.  Larger projects may often have smaller PI's than smaller projects, but the larger project may increase shareholder wealth by a larger amount (think about a 100% increase on $1,000 versus a 1% increase on $1 Billion).

Example--Capital Rationing:
I rarely disagree with the authors of the text, if I had there is some chance Steve would not have given me my degree.  However, I take issue with them on their recommendation to use PI for ranking projects if the firm is capital rationed.

Say your firm has a capital budget of $25 million that it cannot exceed.  The interest rate is 15%.  You have identified six projects that have positive NPV's and PI's that exceed 1.0.  None of the projects are mutually exclusive.  Therefore, you'd like to accept all six projects, but you don't have the funds to do so.  The data are as follows (all dollars in millions):

	
PROJECT
	
OUTLAY t=0
	
NPV
	
PI
	
PI RANK

	
A
	      $25
	    $8.52
	      1.34
	
3

	
B
	      $20
	    $5.69
	      1.28
	
4

	
C
	      $15
	    $1.76
	      1.12
	
6

	
D
	      $10
	    $1.42
	      1.14
	
5

	
E
	      $ 5
	    $3.13
	      1.63
	
2

	
F
	      $ 5
	    $3.56
	      1.71
	
1

	
	  Σ = $80
	 Σ = $24.1
	
	


Without capital rationing, you would accept all six projects at a t = 0 cost of $80 million and a combined NPV = $24.1.  However, you have a budget constraint of $25 million.

If you rank the projects based on PI you would take projects F, E, and D for a total outlay of $20 million.  Why?  Those are the highest ranked projects within the budget constraint of $25 million.  After F and E, you'd like to take A, the #3 ranked project.  However, you only have $15 million left after taking the first and second ranked projects, so you cannot afford A which costs $25 million.  Similarly, you can't take B after taking F and E.  Our analysis assumes that you cannot take 3/5ths of project A or 3/4ths of project B.  If you can freely take fractional projects without affecting their profitability per dollar invested, the PI rank is a valid approach.

What is the combined NPV of these three projects?  $3.56 + $3.13 + $1.42 = $8.11 million.  Is this PI ranked set really the best set of projects from the shareholders' perspective?  NO!

Is ranking the projects by their NPV's the best solution?  What projects would you take?  Project A, it has the highest NPV, $8.52 million, but it exhausts our $25 million budget.  However, this choice is still not optimal from the shareholders perspective.

Consider all possible subsets of these six projects such that each subset is within the budget constraint.  Sum the NPV's within each subset.  The results are as follows:

	
PROJECT SUBSET
	
SUBSET t = 0 COST
	
Σ SUBSET NPV

	   A
	          $25
	         $8.52

	   B,E
	          $25
	         $8.82

	   B,F
	          $25
	         $9.25 **

	   C,D
	          $25
	         $3.18

	   C,E,F
	          $25
	         $8.45

	   D,E,F
	          $20
	         $8.11


This analysis suggests that Projects B and F are the shareholders' preferred choice.  The two projects are within the budget constraint and have a total NPV of $9.25 million.  Note that this choice is different from, and preferred to, the choices made by ranking projects with either the PI ranking method or the individual project NPV ranking method.

Accordingly, if a firm is capital rationed it should find all possible subsets of projects that individually have positive NPV's and fit within the budget constraint.  Choose the subset of projects that has the highest combined NPV.

In the above example, note what capital rationing costs the shareholders in foregone wealth.  Without capital rationing, all six projects would be chosen which have a combined NPV of $24.1 million.  With capital rationing, only Projects B and F are chosen with a combined NPV of $9.25 million.  What is the loss of wealth because of capital rationing?  $24.1 - $9.25 = $14.85 million!  This loss is a very steep price to pay for being capital rationed. 

Should the firm impose capital rationing upon itself?  I contend that the firm should try very hard to find the money to take all positive NPV projects.  Theoretically, in a perfect capital market, a firm should never be capital rationed!  If you have good projects, some investor(s) should be very willing to supply the capital!  

However, a very high percentage of firms self impose some form of capital rationing year-after-year.  The reasons for this observed phenomenon are not well understood.  Perhaps the real reason firms turn down positive NPV projects has more to do with not being able to find qualified employees to manage the projects, or perhaps they suffer shortages in required raw materials to initiate the projects.  Another reason some firms give for imposing capital rationing is to force managers to prioritize among projects.  While prioritization may be desirable, sacrificing shareholder wealth is not.

C) Internal Rate of Return (IRR):
IRR Decision Rule:  Take Projects with IRR's > r; Reject Projects with IRR's < r, where r is the market required rate of return for the project.
Note: In our one-period world discussion we used r* as the rate of return generated by the project.  From now on we will use IRR to represent the project's rate of return.

Also recall that in our one-period world discussion we examined both the NPV Rule and the Rate of Return Rule (now the IRR Rule) to determine project acceptability.  If the NPV of a project was positive (negative), or if its Rate of Return was greater than (less than) the market rate, we learned that the project should (not) be accepted.

In the one-period world the NPV Rule and the IRR Rule always gave us the same accept/reject answer for any individual project.

Unfortunately, in a multi-period world we discover that sometimes the NPV Rule and the IRR Rule will give us conflicting answers regarding project acceptance/rejection.  One rule might indicate the project should be accepted while the other rule might signal rejection, and vice-versa.  

The IRR on a project is calculated just like the yield-to-maturity (YTM) on a bond is calculated, i.e., what is the rate of return that will drive the NPV of the cash outflows and inflows to zero.  People like it because it is a way to summarize the project in a single number that is derived only from information specific to the project.  (Unlike the NPV which uses the market determined discount rate.  Of course to use the IRR rule you must compare the IRR to this same market rate.)  The IRR is internal to the project.  It is just that rate that corresponds to a zero NPV.  The IRR is not the market rate of return, or r.  We will compare the IRR to r.  Why?  The IRR is in essence the return on invested capital provided by the project.  The market determined r is the opportunity cost of capital.  Unless the project returns more than its opportunity cost it’s a dog.
Example (review of problem considered above)
A project has a required rate of return of 10% and the following cash flows

	
Time
	
0
	
1
	
2
	
3
	
4

	Cash Flow
	 -$5,000
	 $2,000
	 $2,500
	 $3,000
	 $2,000


NPV = -$5,000 + $2,000/(1.10)1 + $2,500/(1.10)2 + $3,000/(1.10)3 + $2,,000/(1.10)4 = $2,504.

Since the NPV is (+), shareholder wealth will increase if the project is accepted.  Therefore, take the project.  As stated above, if 1,000 shares are outstanding, the price of each share should increase by $2.504 when the firm announces the project.

If we calculate the IRR of this project we find it is 30.97%.

Those of you without "smart" calculators can arrive at this answer through the "trial and error" method.  It may take a bit of time, but you can try various IRR's until you get a zero NPV.  Again, spreadsheets will do the trial and error for you.

If r = 10%, the IRR Rule says take this project.  The IRR of 30.97% is greater than the market rate of 10%.

The IRR Rule will still give us the same accept/reject decision on an individual project as the NPV Rule if the project has "normal" cash flows.  By "normal," we mean the project has negative cash outflows followed by positive cash inflows.

Let's calculate a NPV Profile diagram using this same numerical example.  In a graph put NPV on the vertical axis and on the horizontal axis put various discount rates.

	
DISCOUNT RATE
	
NPV

	           0.00%
	          $ 4,500

	          10.00%
	          $ 2,504*

	          20.00%
	          $ 1,103

	          30.00%
	          $    84

	          30.97%
	          $     0

	          40.00%
	         -$   682

	          50.00%
	         -$ 1,272


You should confirm these NPV's using these various discount rates.

Draw the NPV Profile.  Explain what the diagram represents and that the intersection on the X-Axis represents the IRR, or the rate where the NPV equals zero.

The NPV Profile will always decline smoothly from left to right if the project has "normal" cash flows, i.e., outflows followed by inflows.  However, many projects do not meet this requirement:

· Inflows followed by outflows.  Examples.  Consulting retainer.  Manufacturing advances.

· Cash flows flip-flop between positive and negative values.  Examples:  Strip mines.  Projects whose physical plants require major overhauls during their lives.

Draw a NPV Profile for inflows followed by outflows.  Note that in these cases the line increases from negative to positive NPV, upward from left to right.  Think about the reversed IRR acceptance criteria for cash inflows followed by cash outflows, i.e., accept projects with r > IRR; reject projects with r < IRR.  Why does this change occur?  

The NPV Profile for projects with cash flows that alternate more than once in sign, e.g., outflows followed by inflows followed by more outflows gets interesting, try one.  We get multiple IRR's for cases where cash flows change sign more than once.  Descartes' Rule of Signs for nth degree polynomial expressions tells us that "n" real "roots," or solutions, can exist.  In general, a project can have as many IRR's as it has changes in the signs of its cash flows over time.  (In our numerical example given above there was only one sign change, the negative C0 followed by a positive C1.  After that all were positive so no more changes.)
In addition to the above two cases where the IRR Rule and the NPV Rule may give us different answers, we can also get conflicting signals between the two methods if we must rank projects.  Again, why would we rank projects?  Two common reasons: 1) Mutually exclusive projects must be ranked; 2) We must rank projects if we are capital rationed.  Scale is again the issue.
Example
Projects A and B are mutually exclusive.

	
PROJECT
	
CF @ t = 0
	
CF @ t = 1
	
NPV @  10%
	
IRR

	
A
	  -$  100
	  $  150
	   $ 36
	    50%

	
B
	  -$1,000
	  $1,200
	   $ 91
	    20%


Which project would you prefer?  Why?  If you prefer more wealth to less wealth, you should pick Project B.  Note, however, that ranking by IRR would suggest A is the preferred choice.  Even in a one period world IRR gives the wrong advice if the projects must be ranked.

Example
Let's say I give you the following options.

Option A:  Give me $1.00 now and I'll give you $1.50 at the end of class.  IRR on this option?  A 50% return over about 75 minutes.  

Option B:  Give me $10.00 now and I'll give you $11.00 at the end of class.  The IRR on this option?  A 10% return over about 75 minutes.  

Using IRR's, Option A appears superior.  What option will you pick?  Again, if you are a wealth maximizer, and assuming that you have $10.00, you should pick Option B.  Why?  You'd prefer a $1.00 increase in your wealth to a $0.50 increase in your wealth.

Summary--NPV VERSUS IRR:
· For one-period, individual projects, the NPV Rule and the IRR Rule will always agree (however, see the third item in this list).  

· For multi-period projects, the NPV Rule and the IRR Rule will give us the same accept/reject decisions when we evaluate individual projects with "normal" cash flows, i.e., outflows followed by inflows.

· For projects, either single-period or multi-period, with inflows followed by outlays, the normal decision criteria of the IRR Rule are reversed, i.e., take projects with IRR's < r and reject projects with IRR's > r.

·  For multi-period projects with several changes in the signs of cash flows, multiple IRR's will exist.  Which IRR should you use?  Theory does not give us an answer.

· For ranking projects, either because they are mutually exclusive or because the firm is capital rationed, the IRR Rule can give us conflicting signals relative to the NPV Rule even in a one period world.  Since NPV maximizes shareholder wealth, versus a "paper" rate of return, the NPV Rule is superior.

Making PI and IRR Calculations that Agree with NPV Answers:
The authors of your textbook discuss how you can calculate the PI and IRR on the "incremental" cash flows of two projects that must be ranked and make the PI and IRR methods compatible with the answers that NPV provides.  However, my question is why bother?  Why should we "stand on our heads" to make PI and IRR answers consistent with NPV answers?  Why not just calculate project NPV's in the first place?  Also, what if there are more than two projects to rank?

D) Payback:
Payback Decision Rule:  Take Projects with Payback periods < The Required Payback Period; Reject Projects with Payback periods > The Required Payback Period.  The required payback period is specified by management and is not market determined, e.g., a project must have a payback in (say) three years or less to be acceptable.  Why 3 years?
Payback has two virtues: 1) It is easy, and 2) It uses project cash flows.  Other than these positive points, little can be said to recommend its use.  

(Note:  Sometimes managers say payback has a third virtue--payback favors projects with a rapid return of capital, or investment outlay.  This observation is true.  However, at what cost in shareholder wealth?  If you buy a T-Bill today and sell it for the same price tomorrow you have a payback of one day.  Did you increase your wealth in the process?  Achieving the rapid return of capital is not what shareholders hire managers to do!  They want managers to maximize their wealth!  The timing of cash flows can be adjusted by using the capital market.)

Example
Look at Table 6.1 in RWJ.  In this context, be sure you can discuss the problems associated with Payback.  The Payback method does not satisfy the three criteria for judging capital budgeting techniques identified earlier.
  

The weaknesses of Payback are that it 1) Ignores the time value of money within the payback period, 2) Ignores cash flows beyond the payback period, 3) Does not consider risk, and 4) Uses required payback cut offs that are arbitrarily determined, i.e., these periods are not determined using feedback from the market but rather by management fiat.

What about Discounted Payback?  Does Discounted Payback solve the problems?  It solves one of the problems stated in the previous paragraph but not the rest!  This method still suffers from problems 2) through 4) listed above.  Plus, as long as you're discounting cash flows in the first place, why not do it right and discount all cash flows at a market determined risk-adjusted rate, i.e., use NPV?

E) Accounting Rate of Return (ARR):
ARR Decision Rule:  Take Projects with ARR's > Required Accounting Rate; Reject Projects with ARR's < Required Accounting Rate.  The required accounting rate is specified by management; it is not market determined, e.g., take projects only if they have an ARR greater than 20%.
One of my accounting friends (yes, I have some) once remarked to me, "Why is it that every time you "finance types" find some really stupid decision rule you attach "accounting" to its title?"
Accounting Rate of Return is simply the average net income over the life of a project divided by the average investment in the project.

Example
Say a project with a five-year life has earnings after-tax (EAT) of $50, $60, $60, $50, and $40.  The five year average EAT is $52.  Say this project requires assets with a net book value of $200, $180, $160, $140, and $120 at the start of each year over its five-year life.  The average book value investment is $160.

The ARR equals (Average EAT)/(Average Book Value Investment) = $52/$160 = 0.325, or 32.5%.  If management specifies that acceptable projects must earn a 25% return, this project would be accepted.

The weaknesses of the ARR are that it 1) Does not focus on cash flows (even payback uses cash flows!), 2) Does not consider the time value of money, even for accounting profits, 3) Does not adjust for risk, and 4) Uses an arbitrarily specified cut off rate, i.e., it is not a market determined required rate of return.

Concluding Comments:
My comments on the varying capital budgeting evaluation procedures are completed.  After our discussion, and carefully reading Chapter 6, you should feel comfortable discussing the strengths and weaknesses of each of the five procedures used by corporations to make capital budgeting decisions.  Again, the methods we've discussed are:

· The NPV Rule,

· The Profitability Index,

· The Internal Rate of Return Rule (IRR Rule),

· Payback (and Discounted Payback), and

· Accounting Rate of Return

You should be able to make an intelligent and persuasive defense for using the NPV approach to evaluating capital budgeting proposals.

� This lecture module is designed to complement Chapter 6 in B&D.


� This problem can be solved using a variant of Linear Programming called Integer Programming.


� NOTE: This conclusion is true only for normal projects, which we will discuss momentarily.  


� Recall our earlier discussion:  1) We prefer more cash to less cash, 2) We prefer cash sooner versus later, and 3) We prefer less risk to more risk.  Superior capital budgeting evaluation techniques must recognize all three of these dimensions.)  
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