CHAPTER 9
Net Present Value & Other Investment Criteria

We looked at areas of concern for a financial manager – one of them being deciding which fixed assets to buy; the capital budgeting decision. 

The process of allocating or budgeting capital is usually more involved than just deciding whether or not to buy a particular fixed asset. Should we launch a new product or enter a new market? These decisions determine the nature a firm’s operations and products for years to come, mainly because fixed asset investments are generally long-lived and not easily reversed once made.

The most fundamental decision that a business can make concerns its product line. What services will we offer, what will we sell? In what markets will we compete?

All these strategic issues fall under the general heading of capital budgeting – so the process of capital budgeting can be given a more descriptive name: strategic asset allocation.

How a firm chooses to finance its operations (the capital structure question) and how a firm manages its short-term operating activities (the working capital question) are issues of concern – but fixed assets define the business of a firm.

The essence of successful financial management is learning to identify which investments are valuable to the firm.

We look at different procedures and approaches; the most important concept being the idea of net present value. When evaluating each method and deciding which to use, it’s important to look at 3 important criteria and ask the following questions:

· Does the decision rule adjust for the time value of money?
· Does the decision rule adjust for risk?
· Does the decision rule provide information on whether we’re creating value for the firm?

A good decision rule will adjust for both the time value of money and risk, and will determine whether value has been created for the firm and for shareholders.


NET PRESENT VALUE

An investment is worth undertaking if it creates value for its owners – value is created by identifying an investment that’s worth more in the marketplace than it costs us to acquire.

The difference between an investment’s market value and its cost is called the net present value (NPV) of the investment.


	
Net Present Value – The difference between an investment’s market value and its cost.




NPV is a measure of how much value is created or added today by undertaking an investment. Our goal is to create value for shareholders, so the capital budgeting process can be seen as a search for investments with positive NPVs.

Investment decisions are simplified when there’s a market for assets similar to the investment we’re considering. Capital budgeting becomes much harder when we can’t observe the market price for at least roughly comparable investments. We’re then faced with the problem of estimating the value of an investment using on indirect market information – this is precisely the situation the financial manager usually encounters.


ESTIMATING NET PRESENT VALUE
Imagine that we’re thinking of starting a business to produce and sell a new product, organic fertilizer. We can estimate the start-up costs with reasonable accuracy because we know what we’d need to buy to start production. Would this be a good investment?

The answer depends on whether the value of the new business exceeds the cost of starting it. Does this investment have a positive NPV?

You might be able to estimate the value of our fertilizer business. We start by trying to estimate future cash flows that we expect the new business to produce. We then apply our basic discounted cash flow procedure to estimate the PV of those cash flows.

Once we have this number, we estimate NPV as the difference between the PV of the future cash flows and the cost of the investment. This procedure is called the discounted cash flow (DCF) valuation.

	
Discounted Cash Flow (DCF) Valuation – The process of valuing an investment by discounting its future cash flows.




Suppose we believe that the cash revenues from our fertilizer business will be $20,000 per year, assuming everything goes as expected. Cash costs (including taxes) will be $14,000 per year. We’ll wind down the business in 8 years.

The plant, property and equipment will be worth $2000 as salvage at that time. 

The project costs $30,000 to launch.

We use a 15% discount rate on new projects such as this one.
Is this a good investment? If there are 1000 shares of stock outstanding, what will be the effect on the price per share from taking it?

We need to calculate the PV of the future cash flows at 15%. The net cash inflow will be $20,000 cash income less $14,000 in costs per year for 8 years.

So, we effectively have an 8 year annuity of $20,000 - $14,000 = $6000 per year along with a single lump sum inflow of $2000 in 8 years. The total PV is:

Present Value
=








When we compare this to the $30,000 estimated cost, the NPV is:

NPV = -$30,000 + $27,578 = -$2,422

So this isn’t a good investment. Based on our estimates, taking it would decrease the total value of the stock by $2422. With 1000 shares outstanding, our best estimate of the impact of this project is a loss of value of $2422/1000 = $2.422 per share.

This example shows us how NPV estimates can help determine whether or not an investment is desirable. Notice that if the NPV is negative, the effect on the share value would be unfavorable.

If the NPV is positive, the effect on the share value would be favorable.

As a result, all we need to know about a particular proposal for the purpose of making an accept/reject decision is whether the NPV is positive or negative.

	
Net Present Value Rule:

An investment should be accepted if the net present value is positive and rejected if it’s negative.




In the unlikely event that the NPV is 0, we’d be indifferent to taking the investment or not taking it.

2 comments about our example:

1. It’s not the mechanical process of discounting the cash flows that’s important. Once we have the cash flows and the appropriate discount rate, the required calculations are fairly straightforward.

Coming up with the cash flows and the discount rate in the first place is more challenging. Right now, we take it as given that we have estimates of the cash revenues and costs and, where needed, an appropriate discount rate.

2. The $2422 NPV is an estimate – it can be high or low. The only way to find out the true NPV would be to place the investment up for sale and see what we’d get for it. We generally won’t be doing this, so it’s important that our estimates are reliable.

If we go back to the decision criteria set out earlier, we can see that the NPV method of valuation meets all 3 conditions – it adjusts cash flows for both the time value of money and risk through the choice of discount rate; the NPV figure itself tells us how much value will be created with the investment.

But the NPV method isn’t the only way of assessing profitability. But when compared to NPV, each of the ways we’ll look at is flawed in some way. So NPV is the preferred approach in principle.

	
Ex.:
We’ve been asked to decide whether or not a new consumer product should be launched. Based on projected sales and costs, we expect that the cash flows over the 5 year life of the project will be $2000 in the first 2 years, $4000 in the next 2 and $5000 in the last.

It will cost about $10,000 to begin production. We use a 10% discount rate to evaluate new products. What should we do here?

Given the cash flows and discount rate, we can calculate the total value of the product by discounting the cash flows back to the present:

Present Value
=

=
$1818 + 1653 + 3005 + 2732 + 3105
=
$12,313

The PV of the expected cash flows is $12,313, but the cost of getting those cash flows is only $10,000. So the NPV is $12,313 – 10,000 = $2313. This is positive, so based on the NPV rule, we should take on the project.





Calculator Hints – FINDING NPV
You can solve this problem using a financial calculator by doing the following:

	2nd
	CE/C

	
	CF

	CFo
	-10,000

	ENTER
	↓

	C01
	2000

	ENTER
	↓

	F01
	2

	ENTER
	↓

	C02
	4000

	ENTER
	↓

	F02
	2

	ENTER
	↓

	C03
	5000

	ENTER
	↓

	F03
	1

	ENTER
	NPV

	I
	10%

	ENTER
	↓

	NPV
	CPT

	
	=2,312.99





THE PAYBACK RULE

The payback on a proposed investment is the length of time it takes to recover our initial investment. This idea is widely understood and used.


Defining the Rule
The timeline below shows cash flows from a proposed investment – how many years do we have to wait until the accumulated cash flows from this investment equal or excess the cost of the investment?

The initial investment is $50,000 – after the first year; the firm has recovered $30,000 leaving $20,000. The cash flow in the 2nd year is exactly $20,000 so this investment pays for itself in exactly 2 years.


Put another way, the payback period is 2 years. If we require a payback of 3 years or less, then this investment is acceptable. This illustrates the payback period rule.

	
Payback Period – The amount of time required for an investment to generate cash flows to recover its initial cost.




Based on the payback rule, an investment is acceptable if its calculated payback is less than some pre-specified number of years.

In our example, the payback works out to be exactly 2 years. This won’t usually happen so customarily we use fractional years.

	
Ex.:
Suppose the initial investment is $60,000 and the cash flows are $20,000 in the 1st year and $90,000 in the 2nd. The cash flows over the first 2 years are $110,000, so the project pays back sometime in the 2nd year.

After the 1st year, the project is paid back $20,000 leaving $40,000 to be recovered.

To figure out the fractional year, note that this $40,000 is $40,000/$90,000 = 4/9 of the 2nd year’s cash flow.

Assuming that the $90,000 cash flow is paid uniformly throughout the year, the payback would this be 1 4/9 years.





Analyzing the Payback Period Rule
Compared to the NPV rule, the payback period rule has some sever shortcomings. The biggest problem is coming up with the right cutoff period because we don’t really have an objective basis for choosing a specific number. There’s no economic rationale for looking at payback, so we have no guide as to how to pick the cutoff – we end up using a number that’s arbitrarily chosen.

Another disadvantage is that the payback period is calculated by simply adding the future cash flows. There’s not discounting involved, so the time value of money is ignored.

Finally, the payback rule doesn’t consider risk differences – it would be calculated the same way for both very risky and very safe projects.

Ex.:
Let’s say we somehow decided on a payback period of 2 years or less. The payback period rule ignores the time value of money for the first 2 years – more seriously, cash flows after the 2nd year are ignored.
Consider the following 2 investments, long & short:

	Year
	Long
	Short

	1
	$100
	$100

	2
	$100
	$200

	3
	$100
	$0

	4
	$100
	$0



Both projects cost $250. Based on our discussion, the payback on Long is 2 + $50/100 = 2.5 years. The payback on short is 1 + $150/200 = 1.75 years

With a cutoff of 2 years, Short is acceptable but not Long.

Maybe the payback period rule isn’t giving us the right decision. Suppose that we require a 15% return on this type of investment. We can calculate the NPV for these 2 investments as:






Now we have a problem 0 the NPV of the shorter-term investment is actually negative, meaning that taking it diminishes the value of the shareholders’ equity. The opposite is true for the longer term investment – it increases share value.

Our example shows the 2 primary shortcomings of the payback period rule:

#1 – By ignoring time value, we may lead to take investments (like Short) that actually are worth less than they cost.

#2 – By ignoring cash flows beyond the cutoff, we may be led to reject profitable long-term investments (like Long).

Generally, using the payback period rule tends to be bias toward shorter-term investments.


Redeeming Qualities
Despite the drawbacks, the payback period rule is often used by small companies whose managers lack financial skills. It’s also used by large and sophisticated companies when making relatively small decisions.

Why?

The main reason is that many decisions don’t warrant detailed analysis because the cost of analysis is higher than loss from a mistake. Practically, an investment that pays back relatively quickly and has benefits extending beyond the cutoff period probably has a positive NPV.

It wouldn’t be uncommon for a corporation to require, for example, a 2 year payback on all investments of less than $10,000 – investments larger than this are subjected to more scrutiny.

The payback period rule has several other features to recommend it:

1. Because it’s biased toward short-term projects, it’s biased toward liquidity. So a payback rule favors investments that free up cash for other uses more quickly. This could be important for a small company, less so for a large one.

2. The cash flows that are expected to occur later in a project’s life are probably more uncertain. A payback period rule takes into account the extra riskiness of later cash flows, but it does so by ignoring them altogether.

The payback rule isn’t as simple as it seems – we still have to come up with cash flows first and this isn’t easy to do. It’s probably more accurate to say that the concept of a payback period is both intuitive and easy to understand.


Summary of the Rule
The payback period rule is a kind of “break-even” measure. Because time value is ignored, you can think of the payback period as the length of time it takes to break even in an accounting sense, but not in an economic sense.

The biggest drawback to the rule is that it doesn’t ask the right question – the relevant issue is the impact an investment will have on the value of our stock, not how long it takes to recover the initial investment.

So, the payback period rule fails to meet all 3 decision criteria.

But because it’s so simple, companies often use it as a screen for dealing with minor investment decisions. Like with any simple rule, there will be some errors in using it, but it wouldn’t have survived all this time if it wasn’t useful.

	Advantages & Disadvantages of the Payback Period Rule

	Advantages
	Disadvantages

	1. Easy to understand
	1. Ignores the time value of money

	2. Adjusts for uncertainty of later cash flows
	2. Requires an arbitrary cutoff point

	3. Biased towards liquidity
	3. Ignores cash flows beyond the cutoff point

	
	4. Biased against long-term projects, such as R&D and new projects

	
	5. Ignores any risks associated with projects







THE DISCOUNTED PAYBACK RULE

One shortcoming of the payback rule was that it ignored time value. There’s a variation of the payback period rule known as the discounted payback period – that fixes this particular problem.

	
Discounted Payback Period – The length of time required for an investment’s discounted cash flows to equal its initial cost.




The discounted payback rule is:

	An investment is acceptable if its discounted payback is less than some prescribed number of years.



Ex.:
Suppose we require a 12.5% return on new investment.
We have an investment that costs $300 and has cash flows of $100 per year for 5 years. To get the discounted payback, we have to discount each cash flow at 12.5% and then start adding them up. We do this below:

	
	Cash Flow
	Accumulated Cash Flow

	Year
	Undiscounted
	Discounted
	Undiscounted
	Discounted

	1
	$100
	$89
	$100
	$89

	2
	$100
	$79
	$200
	$168

	3
	$100
	$70
	$300*
	$238

	4
	$100
	$62
	$400
	$300*

	5
	$100
	$55
	$500
	$355



We have both the discounted and the undiscounted cash flows. Looking at the accumulated cash flows, the regular payback period is exactly 3 years – the discounted cash flows total $300 only after 4 years, so the discounted payback is 4 years as shown.

So, how do we interpret the discounted payback?
Remember that ordinary payback is the time it takes to break even in an accounting sense. Since it includes the time value of money, the discounted payback is the time it takes to break even in an economic or financial sense.

Loosely speaking, in our example, we’d get our money back along with the interest we could have earned elsewhere in 4 years.

The discounted payback is actually rarely used.
Why?
Probably because it really isn’t any simpler than NPV - to calculate a discounted payback, you have to discount cash flows, add them up, and compare them to the cost, just as we do with NPV.

So unlike the ordinary payback, the discounted payback isn’t much simpler to calculate.

A discounted payback rule still has some drawbacks. The biggest one is that the cutoff still has to be arbitrarily set and cash flows beyond that point are ignored. So a project with a positive NPV might not be acceptable because the cutoff is too short. Just because one project has a shorter discounted payback period than another doesn’t mean it has a larger NPV.

So the discounted payback is a compromise between a regular payback and NPV that lacks the simplicity of the first and the conceptual rigor of the second.

But, if we need to assess the time it takes to recover the investment required by a project, the discounted payback is better than the ordinary payback because it considers time value.

In other words, the discounted payback recognizes that we could’ve invested the money elsewhere and earned a return on it. The ordinary payback doesn’t take this into account.

	Advantages & Disadvantages of the Discounted Payback Period Rule

	Advantages
	Disadvantages

	1. Includes the time value of money
	1. May reject positive NPV investments

	2. Easy to understand
	2. Requires an arbitrary cutoff point

	3. Doesn’t accept negative estimated NPV investments
	3. Ignores cash flows beyond the cutoff point

	4. Biased towards liquidity
	4. Biased against long-term projects, such as R&D and new projects




THE AVERAGE ACCOUNTING RETURN

Another attractive but flawed approach to making capital budgeting decisions is the average accounting return (AAR) – there are many different definitions of the AAR, but in one form or another, it’s always defined as:



	
Average Account Return (AAR) – An investment’s average net income divided by its average book value.




The specific definition that we always use is:



Ex.:
Suppose we’re deciding whether to open a store in a new shopping mall – the investment requires $500,000 in improvements. The store would have a 5-year life because everything reverts to the mall owners after that time.

The required investment would be 100% depreciated (straight-line) over 5 years, so the depreciation would be $500,000/5 = $100,000 per year.

The tax rate for this small business is 25%. 

The table below contains the projected revenues and expenses – based on these figures; net income in each year is also shown.


	Projected Yearly Revenue & Costs for Avg Accounting Return

	
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	Revenue
	$433,333
	$450,000
	$266,667
	$200,000
	$133,333

	Expenses
	200,000
	150,000
	100,000
	100,000
	100,000

	Earnings before Depreciation
	$233,333
	$300,000
	$166,667
	$100,000
	$33,333

	Depreciation
	100,000
	100,000
	100,000
	100,000
	100,000

	Earnings before Taxes
	$133,333
	$200,000
	$66,667
	$0
	-$66,667

	Taxes (T = 0.25)
	33,333
	50,000
	16,667
	0
	-16,667

	Net Income
	$100,000
	$150,000
	$50,000
	$0
	-$50,000

	

	Average net income =
	($100,000 + 150,000 + 50,000 + 0 – 50,000)
	= $50,000

	
	5
	

	

	Average Investment =
	$500,000 + 0
	= $250,000
	
	

	
	2
	
	
	

	
	
	
	
	
	



To calculate the average book value for this investment, note that we started out with a book value of $500,000 (the initial cost) and ended up at $0.

The average book value during the life of the investment is thus:



As long as we use straight-line depreciation, the average investment is always ½ of the initial investment.

Looking at the table, net income is $100,000 in the 1st year, $150,000 in the 2nd, $50,000 in the 3rd year, $0 in the 4th, and -$50,000 in the 5th. The average net income, then is:




The average accounting return is:



If the firm has a target AAR less than 20%, this investment is acceptable; otherwise it’s not. The average accounting return rule is thus:

	Based on the average accounting return rule, a project is acceptable is its average accounting return exceeds a target average accounting return.



But this rule has a lot of problems.


Analyzing the Average Accounting Return Method
You can see the drawback to the AAR right away – the AAR isn’t a rate of return in any meaningful economic sense. Instead, it’s the ratio of 2 accounting numbers and isn’t comparable to the returns offered (for example) in financial markets.

Problems with AAR:

1. It isn’t a true rate of return because it ignores time value – when we average figures that occur at different times, we’re treating near future and the more distant future the same way. For example, there was no discounting when we computed the average net income.

2. This is almost the same as the problem we had with the payback period rule (about the lack of an objective cutoff period).

Because a calculated AAR isn’t really comparable to a market return, the target AAR should be specified in some way. There’s no one way to do this – one way is to calculate the AAR for the firm as a whole and use it as a benchmark – but there are many ways

3. The worst way, and a flaw in the AAR is that it doesn’t even look at the right things. Instead of cash flow and market value, it uses net income and book value. These are both poor substitutes because the value of the firm is the PV of future cash flows.

As a result, an AAR doesn’t tell us what the effect on share price will be from taking an investment, so it doesn’t tell us what we really want to know.

The only redeeming feature of the AAR is that it almost always can be computed because accounting information is almost always available – for the project under consideration and for the firm as a whole.

Once the accounting information is available, we can always convert it to cash flows, so even this isn’t a particularly important fact.

	Advantages & Disadvantages of the Average Accounting Return (AAR) Rule

	Advantages
	Disadvantages

	1. Easy to calculate
	1. Not a true rate of return; time value of money is ignored

	2. Needed information is usually available
	2. Uses an arbitrary benchmark cutoff rate

	
	3. Based on accounting (book) values, not cash flows and market values





THE INTERNAL RATE OF RETURN

The most important alternative to NPV is the internal rate of return, universally known as the IRR. It’s closely related to NPV.

With IRR, we try to find a single rate of return that summarizes the merits of a project. We want this rate to be an internal rate in the sense that it depends only on the cash flows of a particular investment, not on rates offered elsewhere.

	
Internal Rate of Return (IRR) – The discount rate that makes the NPV of an investment zero.




The IRR rule is:

	Based on the IRR rule, an investment is acceptable if the IRR exceeds the required return. It should be rejected otherwise.



Ex.:
We consider a project that costs $100 today and pays $110 in one year.
If you’re asked, “what’s the return on this investment?” What would you say?
It seems obvious to say the return is 10% because for every dollar we put in, we get $1.10 back. As we’ll see in a moment, 10% is the IRR on this investment.

Is this project with 10% IRR a good investment?
It would be a good investment only if our required return is less than 10%.

Imagine we wanted to calculate the NPV for our simple investment. At a discount rate of r, the NPV is:


If we don’t know the discount rate, we have a problem – but we could still ask how high the discount rate would have to be before this project was unacceptable. We’re indifferent about taking or not taking this investment when its NPV is just equal to zero – in other words, this investment is economically a break-even proposition when the NPV is zero because value is neither created nor destroyed.

To find the break-even discount rate, we set NPV equal to zero and solve for r.


=

=

=
r = 10%

This 10% is the return on this investment – we’ve just shown that the IRR on an investment (or just return for short) is the discount rate that makes the NPV equal to zero, so:

The IRR on an investment is the return that results in a zero NPV when it’s used as the discount rate

This is important because it tells us how to calculate the returns on more complicated investments. As we’ve seen, finding the IRR is fairly easy for a single period investment. But suppose we’re now looking at an investment with cash flows like the below:


The investment costs $100 and has a cash flow of $60 per year for 2 years, so it’s only slightly more complicated than a single period case.

What’s the return on this investment? Based on what we know, we can set the NPV equal to zero and solve for the discount rate:



We find the IRR we have to use trial and error (same problem when we found the unknown rate for an annuity and when we found the yield to maturity on a bond – on both of these cases, we were finding the IRR)

In this particular case, the cash flows form a 2-period, $60 annuity. To find the unknown rate, we can try different rates until we get the answer. 

If we start at a 0% rate, the NPV would obviously be $120 - $100 = $20. At a 10% discount rate, we’d have:



We’re getting close – we can summarize these and other possibilities as shown below:

	Discount Rate
	NPV

	0%
	$20.00

	5%
	$11.56

	10%
	$4.13

	15%
	-$2.46

	20%
	-$8.33



From our calculations, the NPV seems to be ZERO between 10% and 15%, so the IRR is somewhere in that range. With a little more effort, we’d find that the IRR is about 13.1%.

So if our required return is less than 13.1%, we’d take this investment. If our required return exceeds 13.1%, we’d reject it.

So as you see, the IRR rule and the NPV rule are quite similar. In fact, the IRR is sometimes called the discounted cash flow of DCF return.

The easiest way to show the relationship between NPV and IRR is to plot the numbers we calculated.

We put discount rates on the horizontal x-axis – the resulting picture would be a smooth curve called a net present value profile.

	
Net Present Value Profile – A graphical representation of the relationship between an investment’s NPVs and various discount rates.




In our example, the NPV rule and the IRR rule lead to the same accept/reject decision. We accept an investment using the IRR rule is the required return is less than 13.1%.

The graph would illustrate that the NPV is positive at any discount rate less than 13.1%, so we’d accept the investment using the NPV rule as well. The 2 rules are equivalent in this case.

Do the IRR and NPV rules always lead to identical decisions?
Yes.
As long as 2 very important conditions are met:

1. The project’s cash flows must be conventional, meaning that the first cash flow (the initial investment) is negative and all the rest are positive.

2. The project must be independent, meaning the decision to accept or reject this project doesn’t affect the decision to accept or reject any other.
The first condition is usually met, but the 2nd isn’t. In any case, when one or both of these conditions isn’t met, problems can arise.

	
Ex.:
A project has a total up-front cost of $435.44
The cash flows are $100 in the 1st year, $200 in the 2nd and $300 in the 3rd
What’s the IRR? If we require and 18% return, should we take this investment?

We’ll describe the NPV profile and find the IRR by calculating some NPVs at different discount rates. Check our answers for practice; starting with 0%, we have:

	Discount Rate
	NPV

	0%
	$164.56

	5%
	$100.36

	10%
	$46.15

	15%
	$0.00

	20%
	-$39.61



The NPV is 0 at 15%, so 15% is the IRR. 
If we require an 18% return, we shouldn’t take the investment.

The reason is because the NPV is negative at 18% (it’s -$24.47). The IRR rule tells us the same thing in this case 0 we shouldn’t take the investment because its 15% return is less than our required 18% return.




Finding the IRR on a Financial Calculator
Suppose we have a 4-year project that costs $500. The cash flows over the 4 year life will be $100, $200, $300 and $400. What’s the IRR?

	2nd
	CE/C

	
	CF

	CFo
	-500

	ENTER
	↓

	C01
	100

	ENTER
	↓

	F01
	1

	ENTER
	↓

	C02
	200

	ENTER
	↓

	F02
	1

	ENTER
	↓

	C03
	300

	ENTER
	↓

	F03
	1

	C04
	400

	ENTER
	↓

	F04
	1

	ENTER
	

	IRR
	CPT

	
	=27.2732%



Problems with the IRR
Problems with the IRR come about when the cash flows are unconventional or when we’re trying to compare 2 or more investments to see is best.

In the first case, the simple question – what’s the return? – can be difficult to answer. In the second case, the IRR can be a misleading guide.


1. Non-Conventional Cash Flows

Suppose we have an oil sands project that requires a $60 investment. 
Our cash flow for the 1st year will be $155; in the 2nd year, the mine is depleted, but we have to spend $100 to restore the terrain. As our figure below shows, both the 1st and 3rd cash flows are negative.


To find the IRR on this project, we can calculate the NPV at various rates:

	Discount Rate
	NPV

	0%
	-$5.00

	10%
	-$1.74

	20%
	-$0.28

	30%
	$0.06

	40%
	-$0.31



The NPV behaves oddly here – as the discount rate increases from 0% to 30%, the NPV starts out negative and becomes positive. This seems backward because the NPV is rising as the discount rate rises. It starts getting smaller and become negative again.

What’s the IRR?

To find out, we draw the NPV profile below:



Notice that the NPV is zero when the discount rate is 25% - so this is the IRR. Or is it? The NPV is also zero at 33 ½%. Which of these is correct?

The answer is both or neither; more precisely, there’s no unambiguously correct answer. This is the multiple rates of return problem. Many financial computer packages aren’t aware of this problem and just report the first IRR that’s found. Others report only the smallest positive IRR, even though this answer is no better than any other.

	
Multiple Rates of Return – One potential problem in using the IRR method if more than one discount rate makes the NPV of an investment zero.




So in this problem, our IRR rule breaks down completely.

If our required return was 10%, should we take the investment? Both IRRs are greater than 10%, maybe we should. But as the graph shows, the NPV is negative at any discount rate less than 25%, so this isn’t a good investment.

When should we take it?
Looking at the figure again, the NPV is positive only if our required return is between 25 and 33 ½ %.

Non-conventional cash flows occur when a project has an outlay (negative cash flow) at the end (or in some intermediate period in the life of a project) as well as the beginning.

Basically, when cash flows aren’t conventional, strange things can start to happen to the IRR – but the NPV rule works fine. This shows that, oddly enough, the obvious questions – what’s the rate of return? – may not always have a good answer.


2. Mutually Exclusive Investments

Even if there’s a single IRR, another problem can come up concerning mutually exclusive investment decisions. If 2 investments, X and Y, are mutually exclusive, then taking one of them means we can’t take the other.

	
Mutually Exclusive Investment Decisions – One potential problem in using the IRR method is the acceptance of one project excludes that of another.




As an example, if we own one corner lot, we can build a gas station or an apartment building, but not both – these are mutually exclusive alternatives.

At this point, we’ve asked whether or not a given investment is worth undertaking – a related question comes up though: Give 2 or more mutually exclusive investments, which one is the best?

The answer is actually simple  The best one is the one with the largest NPV.

Can we also say that the best one has the highest return? No.

To illustrate the problem with the IRR rule and mutually exclusive investments, consider the cash flows from the following 2 mutually exclusive investments:

	Year
	Investment A
	Investment B

	0
	-$100
	-$100

	1
	$50
	$20

	2
	$40
	$40

	3
	$40
	$50

	4
	$30
	$60

	IRR
	24%
	21%



Since these investments are mutually exclusive, we can only take one of them. Simple intuition suggests that Investment A is better because of its higher return. But simple intuition isn’t always right.

To see why Investment A isn’t necessarily the better of the 2 investments, we’ve calculated the NPV of these investments for different required returns:

	Discount Rate %
	NPV (A)
	NPV (B)

	0
	$60.00
	$70.00

	5
	$43.13
	$47.88

	10
	$29.06
	$29.79

	15
	$17.18
	$14.82

	20
	$7.06
	$2.31

	25
	-$1.63
	-$8.22



The IRR for A (24%) is larger than the IRR for B (21%) – but if compare the NPVs, you’ll see that which investment has the higher NPV depends on our required return.

B has a greater total cash flow, but it pays back more slowly than A. As a result, it has a higher NPV at lower discount rates.

In our example, the NPV and IRR rankings conflict for some discount rates. If our required return is 10%, for instance, B has the higher NPV and is therefore the better of the 2 even though A has the higher return.

If our required return is 15%, there’s no ranking conflict: A is better.




The conflict between the IRR and NPV for mutually exclusive investments can be shown below by plotting their NPV profiles.



The NPV profiles cross at about 11% - the discount rate is referred to as the cross-over point. Notice that at any discount rate less than 11%, the NPV for B is higher. In this range, taking B benefits us more than taking A, even though A’s IRR is higher.

At any rate greater than 11%, project A has the greater NPV.

This example shows us that whenever we have mutually exclusive projects, we shouldn’t rank them based on their returns. Anytime we’re comparing investments to determine which is best, IRRs can be misleading.

Instead, we need to look at the relative NPVs to avoid the possibility of choosing incorrectly. We’re ultimately interested in creating value for the shareholders, so the option with the higher NPV is preferred, regardless of the relative returns.

Think of it this way:
Ex.:
[bookmark: _GoBack]You have 2 investments: one has a 10% return and makes you $100 richer immediately. The other has a 20% return and makes you $50 richer immediately.
Which one do you like better?
We’d rather have $100 than $50, regardless of returns, so we like the first one better.

A final important consideration in choosing between investment options is the actual amount of funds to be invested. 





	
Ex.: Calculating the Crossover Rate
How can we determine what the crossover point is?
The crossover rate, by definition, is the discount rate that makes the NPVs of the 2 projects equal.

Suppose we have the following 2 mutually exclusive investments:

	Year
	Investment A
	Investment B

	0
	-$400
	-$500

	1
	$250
	$320

	2
	$280
	$340



What’s the crossover rate?

To find the crossover rate, consider moving out of Investment A and into Investment B. If you make the move, you’ll have to invest an extra $100 = ($500 - $400). For this $100 investment, you’ll get an extra $70 = ($320 – 250) in the 1st year and an extra $60 = ($340 - $280) in the 2nd year. 

Is this a good move? Is it worth investing the extra $100?

The NPV of the switch, NPV (B – A) is:



We can calculate the return on this investment by setting the NPV equal to zero and solving for the IRR:



If you go through the calculation, you’ll find that the IRR is exactly 20% - this tells us that at a 20% discount rate, we are indifferent between the 2 investments because the NPV of the difference in their cash flows is zero.

As a consequence, the 2 investments have the same value, so this 20% is the crossover rate. Check that the NPV at 20% is $2.78 for both.

So you can take the crossover rate by taking the difference in cash flows and calculating the IRR using the differences. It doesn’t make any difference which one you subtract from which. 








Redeeming Qualities of the IRR
Despite its flaws, the IRR is popular in practice, more so than the NPV. It probably survives because it fills a need that the NPV doesn’t – in analyzing investments, people in general and financial analysis prefer talking about rates of return rather than dollar values.

The IRR also seems to provide a simple way of communicating information about a proposal  one manager might say to another, “Remodelling the clerical wing has a 20% return”, but it’s simpler to say “At a 10% discount rate, the net present value is $4000.”

Under certain circumstances, the IRR might have a practical advantage over NPV. We can’t estimate the NPV unless we know the appropriate discount rate, but we can still estimate the IRR.

Suppose we only have a rough estimate of the required return on an investment, but we found that, for example, it has a 40% return. We’d probably be inclined to take it since its very unlikely that the required return is that high.


	Advantages & Disadvantages of the IRR (Internal Rate of Return) Rule

	Advantages
	Disadvantages

	1. Closely related to NPV, generally leading to identical decisions
	1. May result in multiple answers or no answer with non-conventional cash flows

	2. Easy to understand and communicate
	2. May lead to incorrect decisions in comparisons of mutually exclusive investments





THE PROFITABILITY INDEX

Another way to evaluate projects is called the profitability index (PI) or the benefit/cost ratio.

	
Profitability Index (PI) – The present value of an investment’s future cash flows divided by its initial cost. Also known as the benefit/cost ratio.

Benefit/Cost Ratio – The profitability index of an investment project.







So, if a project costs $200 and the PV of its future cash flows is $220, the profitability index value would be $220/200 = 1.10.
The NPV for this project is $20, so it’s a desirable investment.
Generally, if a project has a positive NPV, the PV of the future cash flows must be bigger than the initial investment. The profitability index would thus be bigger than 1.00 for a positive NPV investment and less than 1.00 for a negative NPV investment.

Positive NPV investment = PI > 1.00
Negative NPV investment = PI < 1.00

How do we interpret a profitability index?

Ex.:
If our PI is 1.0, it tells us that per dollar invested, $1.10 in value or $0.10 in NPV results. The profitability index therefore measures “bang for the buck” – the value created per dollar invested.

Because of this, the index can be used by attempting to quantify both tangible and intangible costs and benefits of a particular program or project.

The PI is similar to the NPV. 
Consider an investment that costs $5 and has a $10 PV and an investment that costs $100 with a $150 PV. The first investment has an NPV of $5 and a PI of 2. The second has an NPV of $50 and a PI of 1.50.

If these were mutually exclusive investments, the second one is preferred even though it has a lower PI. This ranking problem is similar to the IRR ranking problem – there seems to be little reason to rely on the PI instead of the NPV.


	Advantages & Disadvantages of the Profitability Index (PI) Rule

	Advantages
	Disadvantages

	1. Closely related to NPV, generally leading to identical decisions
	1. May lead to incorrect decisions in comparisons of mutually exclusive investments

	2. Easy to understand and communicate
	

	3. May be useful when available investment funds are limited
	




THE PRACTICE OF CAPITAL BUDGETING

We’ve asked the question  Which capital budgeting methods should companies be using? An equally important question is: Which methods are companies using?

Three-quarters of Canadian companies use the NPV method and two-thirds use IRR – this is understandable given the theoretical advantages of these approaches.

Over half of companies use the payback method, which is surprising given the conceptual problems with this approach.



	Summary of Investment Criteria

	i. DISCOUNTED CASH FLOW CRITERIA Net Present Value (NPV)

	Definition:
	The difference between a project’s market value and cost

	Rule:
	Invest in projects with positive NPVs

	Advantages:
	No serious flaws, preferred decision criteria


	Internal Rate of Return (IRR)

	Definition:
	The discount rate that makes the estimated NPV equal to zero

	Rule:
	Invest in projects when their IRR exceeds the required return

	Advantages:
	Closely related to NPV; leads to the exact same decision as NPV for conventional, independent projects

	Disadvantages:
	Cannot use to rank mutually exclusive projects or when cash flows are unconventional


	Profitability Index (PI)

	Definition:
	Ratio of present value to cost. Also known as the benefit/cost ratio

	Rule:
	Invest in projects when the index exceeds 1

	Advantages:
	Similar to NPV

	Disadvantages:
	Cannot use to rank mutually exclusive projects


	ii. PAYBACK CRITERIA PAYBACK PERIOD

	Definition:
	The length of time until the sum of an investment’s cash flow equals its cost

	Rule:
	Invest in projects with payback periods less than the cutoff point

	Advantages:
	Easy to use and understand

	Disadvantages:
	Ignores risk, the time value of money and cash flows beyond the cutoff point


	Discounted Payback Period

	Definition:
	The length of time until the sum of an investment’s discounted cash flows equal its cost

	Rule:
	Invest in projects if the discounted payback period is less than the cutoff point

	Advantages:
	Includes time value of money, easy to understand. Ignores cash flows after the cutoff point

	Disadvantages:
	Ignores cash flows after the cutoff point


	iii. ACCOUNTING CRITERIA AVERAGE ACCOUNTING RETURNS (AAR)

	Definition:
	A measure of accounting profit relative to book value

	Rule:
	Invest in projects if their AAR exceeds a benchmark AAR

	Advantages:
	Easy to calculate, information is readily available

	Disadvantages:
	Not a true rate of return, ignores time value of money, cash flows and market values
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