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Chapter 7
Investment Decision Rules

7-1.
Your brother wants to borrow $10,000 from you. He has offered to pay you back $12,000 in a year. If the cost of capital of this investment opportunity is 10%, what is its NPV? Should you undertake the investment opportunity? Calculate the IRR and use it to determine the maximum deviation allowable in the cost of capital estimate to leave the decision unchanged.

NPV = 12000/1.1 – 10000=909.09. Take it!

IRR = 12000/10000 – 1 = 20%

The cost of capital can increase by up to 10% without changing the decision.
7-2.
You are considering investing in a start-up company. The founder asked you for $200,000 today and you expect to get $1,000,000 in nine years. Given the riskiness of the investment opportunity, your cost of capital is 20%. What is the NPV of the investment opportunity? Should you undertake the investment opportunity? Calculate the IRR and use it to determine the maximum deviation allowable in the cost of capital estimate to leave the decision unchanged.
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Do not take the project. A drop in the cost of capital of just 20 – 19.58 – 0.42% would change the decision.

7-3.
You are considering opening a new plant. The plant will cost $100 million upfront. After that, it is expected to produce profits of $30 million at the end of every year. The cash flows are expected to last forever. Calculate the NPV of this investment opportunity if your cost of capital is 8%. Should you make the investment? Calculate the IRR and use it to determine the maximum deviation allowable in the cost of capital estimate to leave the decision unchanged.

Timeline:

NPV = –100 + 30/8% = $275 million. Yes, make the investment.

IRR: 0 = –100 + 30/IRR. IRR = 30/100 = 30%. Okay as long as cost of capital does not go above 30%.

	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	


7-4.
Your firm is considering the launch of a new product, the XJ5. The upfront development cost is $10 million, and you expect to earn a cash flow of $3 million per year for the next five years. Plot the NPV profile for this project for discount rates ranging from 0% to 30%. For what range of discount rates is the project attractive?
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The project should be accepted as long as the discount rate is below 15.24%.
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7-5.
Bill Clinton reportedly was paid $10 million to write his book My Way. The book took three years to write. In the time he spent writing, Clinton could have been paid to make speeches. Given his popularity, assume that he could earn $8 million per year (paid at the end of the year) speaking instead of writing. Assume his cost of capital is 10% per year.

a.
What is the NPV of agreeing to write the book (ignoring any royalty payments)?

b.
Assume that, once the book is finished, it is expected to generate royalties of $5 million in the first year (paid at the end of the year) and these royalties are expected to decrease at a rate of 30% per year in perpetuity. What is the NPV of the book with the royalty payments?
a.
Timeline:
	0
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b.
Timeline:
	0
	1
	2
	3
	4
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First calculate the PV of the royalties at year 3. The royalties are a declining perpetuity:
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So the value today is
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Now add this to the NPV from part (a),
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7-6.
FastTrack Bikes, Inc. is thinking of developing a new composite road bike. Development will take six years and the cost is $200,000 per year. Once in production, the bike is expected to make $300,000 per year for 10 years. Assume the cost of capital is 10%.

a.
Calculate the NPV of this investment opportunity, assuming all cash flows occur at the end of each year. Should the company make the investment?

b.
By how much must the cost of capital estimate deviate to change the decision? (Hint: Use Excel to calculate the IRR.)

c.
What is the NPV of the investment if the cost of capital is 14%?

a.
Timeline:
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i.
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NPV > 0, so the company should take the project.

ii.
Setting the NPV = 0 and solving for r (using a spreadsheet) the answer is IRR = 12.66%.


So if the estimate is too low by 2.66%, the decision will change from accept to reject.
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7-7.
OpenSeas, Inc. is evaluating the purchase of a new cruise ship. The ship would cost $500 million, and would operate for 20 years. OpenSeas expects annual cash flows from operating the ship to be $70 million (at the end of each year) and its cost of capital is 12%.

a.
Prepare an NPV profile of the purchase.

b.
Estimate the IRR (to the nearest 1%) from the graph.

c.
Is the purchase attractive based on these estimates?

d.
How far off could OpenSeas’ cost of capital be (to the nearest 1%) before your purchase decision would change?

a.
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b.
The IRR is the point at which the line crosses the x-axis. In this case, it falls very close to 13%. Using Excel, the IRR is 12.72%.

c.
Yes, because the NPV is positive at the discount rate of 12%.

d.
The discount rate could be off by 0.72% before the investment decision would change.
	R
	NPV (000s)

	0%
	$900.00 

	5%
	$372.35 

	10%
	$95.95 

	12%
	$22.86 

	13%
	($8.27)

	15%
	($61.85)

	20%
	($159.13)

	25%
	($223.23)


7-8.
You are CEO of Rivet Networks, maker of ultra-high performance network cards for gaming computers, and you are considering whether to launch a new product.  The product, the Killer X3000, will cost $900,000 to develop up front (year 0), and you expect revenues the first year of $800,000, growing to $1.5 million the second year, and then declining by 40% per year for the next 3 years before the product is fully obsolete.  In years 1 through 5, you will have fixed costs associated with the product of $100,000 per year, and variable costs equal to 50% of revenues.

a.
What are the cash flows for the project in years 0 through 5?
b.
Plot the NPV profile for this investment from 0% to 40% in 10% increments.

c.
What is the project’s NPV if the project’s cost of capital is 10%?

d.
Use the NPV profile to estimate the cost of capital at which the project would become unprofitable; that is, estimate the project’s IRR.
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7-9.
You are considering an investment in a clothes distributor. The company needs $100,000 today and expects to repay you $120,000 in a year from now. What is the IRR of this investment opportunity? Given the riskiness of the investment opportunity, your cost of capital is 20%. What does the IRR rule say about whether you should invest?

IRR = 120000/100000 – 1 = 20%. You are indifferent

7-10.
You have been offered a very long term investment opportunity to increase your money one hundredfold. You can invest $1000 today and expect to receive $100,000 in 40 years. Your cost of capital for this (very risky) opportunity is 25%. What does the IRR rule say about whether the investment should be undertaken? What about the NPV rule? Do they agree?
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Both rules agree—do not undertake the investment.

7-11.
Does the IRR rule agree with the NPV rule in Problem 3? Explain.

Timeline:
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	–100
	
	30
	30
	30
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The IRR solves
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Since the IRR exceeds the 8% discount rate, the IRR gives the same answer as the NPV rule.

7-12.
How many IRRs are there in part (a) of Problem 5? Does the IRR rule give the right answer in this case? How many IRRs are there in part (b) of Problem 5? Does the IRR rule work in this case?

Timeline:
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	10
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	–8
	–8


IRR is the r that solves
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To determine how many solutions this equation has, plot the NPV as a function of r
[image: image16.png]



From the plot there is one IRR of 60.74%.
Since the IRR is much greater than the discount rate, the IRR rule says write the book. Since this is a negative NPV project, from 7-5(a), the IRR gives the wrong answer.

Timeline:
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From 7-5(b) the NPV of these cash flows is
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Plotting the NPV as a function of the discount rate gives
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The plot shows that there are two IRRs—7.165% and 41.568%. The IRR does give an answer in this case, so it does not work.

7-13.
Professor Wendy Smith has been offered the following deal: A law firm would like to retain her for an upfront payment of $50,000. In return, for the next year the firm would have access to 8 hours of her time every month. Smith’s rate is $550 per hour and her opportunity cost of capital is 15% (EAR). What does the IRR rule advise regarding this opportunity? What about the NPV rule?

The timeline of this investment opportunity is:

	0
	1
	2
	
	
	
	 12

	
	 
	 
	 
	 
	 
	
	 
	
	 
	

	
	 
	 
	 
	 
	 
	
	 
	
	 
	

	50,000
	–4,400
	–4,400
	
	
	
	 –4,400


Computing the NPV of the cash flow stream
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To compute the IRR, we set the NPV equal to zero and solve for r. Using the annuity spreadsheet gives

	N
	I
	PV
	PMT
	FV

	12
	0.8484%
	50,000
	–4,400
	0


The monthly IRR is 0.8484, so since
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(1.008484)1.106696

=


then 0.8484% monthly corresponds to an EAR of 10.67%. Smith’s cost of capital is 15%, so according to the IRR rule, she should turn down this opportunity.

Let’s see what the NPV rule says. If you invest at an EAR of 15%, then after one month you will have
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so the monthly discount rate is 1.1715%. Computing the NPV using this discount rate gives
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which is positive, so the correct decision is to accept the deal. Smith can also be relatively confident in this decision. Based on the difference between the IRR and the cost of capital, her cost of capital would have to be 15 – 10.67 = 4.33% lower to reverse the decision

7-14.
Innovation Company is thinking about marketing a new software product. Upfront costs to market and develop the product are $5 million. The product is expected to generate profits of $1 million per year for 10 years. The company will have to provide product support expected to cost $100,000 per year in perpetuity. Assume all profits and expenses occur at the end of the year.

a.
What is the NPV of this investment if the cost of capital is 6%? Should the firm undertake the project? Repeat the analysis for discount rates of 2% and 12%.

b.
How many IRRs does this investment opportunity have?

c.
Can the IRR rule be used to evaluate this investment? Explain.

a.
Timeline:

	0
	1
	2
	
	
	
	10
	11
	12
	

	
	 
	 
	 
	 
	 
	
	 
	
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	
	 
	
	 
	 
	 
	 
	 
	 
	 

	–5
	1 – 0.1
	1 – 0.1
	
	
	
	1 – 0.1
	0.1
	0.1
	


The PV of the profits is
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The PV of the support costs is
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r = 6% then NPV = $693,420.38

r = 2% then NPV = –$1,017,414.99

r = 12% then NPV = –$183,110.30

b.
From the answer to part (a) there are 2 IRRs: 2.745784% and 10.879183%

c.
The IRR rule says nothing in this case because there are 2 IRRs, therefore the IRR rule cannot be used to evaluate this investment

7-15.
You have 3 projects with the following cash flows:

	Year
	0
	1
	2
	3
	4

	Project 1
	-150
	20
	40
	60
	80

	Project 2
	-825
	0
	0
	7000
	-6500

	Project 3
	20
	40
	60
	80
	-245


a.
For which of these projects is the IRR rule reliable?
b.
Estimate the IRR for each project (to the nearest 1%).
c.
What is the NPV of each project if the cost of capital is 5%? 20%? 50%?
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Year 0 1 2 3 4

Project 1 -150 20 40 60 80

Project 2 -825 0 0 7000 -6500

Project 3 20 40 60 80 -245

a.

b.Project IRR

Project 1 10%

Project 2 10%

Project 3 10%

c.Project 5% 20% 50%

Project 1 $22.98 -$32.25 -$85.31

Project 2 -$125.70 $91.28 -$34.88

Project 3 -$19.94 $23.14 $48.64

Project 1 is the only project where the IRR rule (Take any investment where the IRR exceeds the 

opportunity cost of capital). Project 2 has multiple sign switches and thus multiple IRRs. Project 3 has 

a positive NPV when the cost of capital is greater than the IRR.


7-16. 
You own a coal mining company and are considering opening a new mine. The mine itself will cost $120 million to open. If this money is spent immediately, the mine will generate $20 million for the next 10 years. After that, the coal will run out and the site must be cleaned and maintained at environmental standards. The cleaning and maintenance are expected to cost $2 million per year in perpetuity. What does the IRR rule say about whether you should accept this opportunity? If the cost of capital is 8%, what does the NPV rule say?

The timeline of this investment opportunity is:

	0
	1
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	11
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	–120
	20
	20
	
	
	
	20
	–2
	–2
	


Computing the NPV of the cash flow stream:
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You can verify that r = 0.02924 or 0.08723 gives an NPV of zero. There are two IRRs, so you cannot apply the IRR rule. Let’s see what the NPV rule says. Using the cost of capital of 8% gives
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So the investment has a positive NPV of $2,621,791. In this case the NPV as a function of the discount rate is n shaped.

[image: image29.png]



If the opportunity cost of capital is between 2.93% and 8.72%, the investment should be undertaken.

7-17.
Your firm spends $500,000 per year in regular maintenance of its equipment. Due to the economic downturn, the firm considers forgoing these maintenance expenses for the next three years. If it does so, it expects it will need to spend $2 million in year 4 replacing failed equipment.

a.
What is the IRR of the decision to forgo maintenance of the equipment?

b.
Does the IRR rule work for this decision?

c.
For what costs of capital is forgoing maintenance a good decision?

a.
IRR = 15.091

b.
No

c.
COC > IRR = 15.091%
	
	1
	2
	3
	4
	

	
	500
	500
	500
	–2000
	

	IRR =
	15.09%
	
	
	
	

	NPV at 10% =
	($122.60)
	
	
	

	IRR rule does not work, Positive NPV only if r > 15.09%


7-18.
You are considering investing in a new gold mine in South Africa. Gold in South Africa is buried very deep, so the mine will require an initial investment of $250 million. Once this investment is made, the mine is expected to produce revenues of $30 million per year for the next 20 years. It will cost $10 million per year to operate the mine. After 20 years, the gold will be depleted. The mine must then be stabilized on an ongoing basis, which will cost $5 million per year in perpetuity. Calculate the IRR of this investment. (Hint: Plot the NPV as a function of the discount rate.)

 Timeline:

	0
	1
	2
	3
	
	
	
	20
	21
	22
	

	
	 
	 
	 
	 
	 
	 
	 
	
	 
	
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	
	 
	
	 
	 
	 
	 
	 
	 
	 

	–250
	20
	20
	20
	
	
	
	20
	–5
	–5
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In year 20, the PV of the stabilizations costs are
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So the PV today is 
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Plotting this out gives
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So no IRR exists.

7-19.
Your firm has been hired to develop new software for the university’s class registration system. Under the contract, you will receive $500,000 as an upfront payment. You expect the development costs to be $450,000 per year for the next three years. Once the new system is in place, you will receive a final payment of $900,000 from the university four years from now.

a.
What are the IRRs of this opportunity?

b.
If your cost of capital is 10%, is the opportunity attractive?


Suppose you are able to renegotiate the terms of the contract so that your final payment in year 4 will be $1 million.

c.
What is the IRR of the opportunity now?

d.
Is it attractive at these terms?

a.

	
	0
	1
	2
	3
	4

	
	500
	-450
	-450
	-450
	900

	IRR =
	8.53%
	
	
	
	

	IRR =
	31.16%
	
	
	
	

	NPV at 10% =
	$(4.37)
	
	
	


b.
No

c.

	
	0
	1
	2
	3
	4

	
	500
	-450
	-450
	-450
	1000

	IRR =
	#NUM!
	(does not exist)
	
	

	IRR =
	#NUM!
	
	
	
	

	NPV at 10% =
	
	 $ 63.93 
	
	
	


d.
Yes

7-20.
You are considering constructing a new plant in a remote wilderness area to process the ore from a planned mining operation. You anticipate that the plant will take a year to build and cost $100 million upfront. Once built, it will generate cash flows of $15 million at the end of every year over the life of the plant. The plant will be useless 20 years after its completion once the mine runs out of ore. At that point you expect to pay $200 million to shut the plant down and restore the area to its pristine state. Using a cost of capital of 12%,

a.
What is the NPV of the project?

b.
Is using the IRR rule reliable for this project? Explain.

c.
What are the IRR’s of this project?

Timeline:
	
	0
	1
	2
	3
	
	
	
	 21

	
	
	 
	 
	 
	 
	 
	 
	 
	
	 
	
	 
	

	
	
	 
	 
	 
	 
	 
	 
	 
	
	 
	
	 
	

	Cash Flow
	–100
	
	15
	15
	
	
	
	 15 + –200


a.
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 with r = 12%, NPV = –18.5 million.
b.
No, IRR rule is not reliable because the project has a negative cash flow that comes after the positive ones.

c.
Because the total cash flows are equal to zero (–100 + 15 x 20 – 200 = 0), one IRR must be 0%. Because the cash flows change sign more than once, we can have a second IRR. This IRR solves 
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. Using trial and error, Excel, or plotting the NPV profile, we can find a second IRR of 7.06%. Because there are two IRRs, the rule does not apply.

7-21.
You are a real estate agent thinking of placing a sign advertising your services at a local bus stop. The sign will cost $5000 and will be posted for one year. You expect that it will generate additional revenue of $500 per month. What is the payback period?

5000 / 500 = 10 months.

7-22.
You are considering making a movie. The movie is expected to cost $10 million upfront and take a year to make. After that, it is expected to make $5 million when it is released in one year and $2 million per year for the following four years. What is the payback period of this investment? If you require a payback period of two years, will you make the movie? Does the movie have a positive NPV if the cost of capital is 10%?

Timeline:

	0
	1
	2
	3
	4
	5
	6
	

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	–10
	0
	5
	2
	2
	2
	2
	


It will take 5 years to pay back the initial investment, so the payback period is 5 years. You will not make the movie.
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So the NPV agrees with the payback rule in this case.
	0
	1
	2
	3
	4
	5

	-10
	5
	2
	2
	2
	2

	Payback =
	4 years
	
	
	
	

	NPV at 10% =
	$0.31 
	million
	
	


7-23.
You are deciding between two mutually exclusive investment opportunities. Both require the same initial investment of $10 million. Investment A will generate $2 million per year (starting at the end of the first year) in perpetuity. Investment B will generate $1.5 million at the end of the first year and its revenues will grow at 2% per year for every year after that.

a.
Which investment has the higher IRR?

b.
Which investment has the higher NPV when the cost of capital is 7%?

c.
In this case, for what values of the cost of capital does picking the higher IRR give the correct answer as to which investment is the best opportunity?

a.
Timeline:
	
	 0
	1
	2
	3
	

	
	
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	 
	 
	 
	 
	 
	 
	 
	 

	A
	 –10
	2
	2
	2
	

	B
	 –10
	1.5
	1.5(1.02)
	1.5(1.02)2
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Setting NPVA = 0 and solving for r

IRRA = 20%
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Setting NPVB = 0 and solving for r
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Based on the IRR, you always pick project A.
b.
Substituting r = 0.07 into the NPV formulas derived in part (a) gives


NPVA = $18.5714 million,

NPVB = $20 million.

So the NPV says take B.
c.
Here is a plot of the NPV of both projects as a function of the discount rate. The NPV rule selects A (and so agrees with the IRR rule) for all discount rates to the right of the point where the curves cross.
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So the IRR rule will give the correct answer for discount rates greater than 8%

7-24.
You have just started your summer internship, and your boss asks you to review a recent analysis that was done to compare three alternative proposals to enhance the firm’s manufacturing facility. You find that the prior analysis ranked the proposals according to their IRR, and recommended the highest IRR option, Proposal A. You are concerned and decide to redo the analysis using NPV to determine whether this recommendation was appropriate. But while you are confident the IRRs were computed correctly, it seems that some of the underlying data regarding the cash flows that were estimated for each proposal was not included in the report. For Proposal B, you cannot find information regarding the total initial investment that was required in year 0. And for Proposal C, you cannot find the data regarding additional salvage value that will be recovered in year 3. Here is the information you have:

[image: image43.emf]

Suppose the appropriate cost of capital for each alternative is 10%. Using this information, determine the NPV of each project. Which project should the firm choose?

Why is ranking the projects by their IRR not valid in this situation?

a.
Project A: 
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Project B: We can use the IRR to determine the initial cash flow:



[image: image45.wmf]23

0

()(206/1.5595/1.55)$111.25.

CFB

=-+=-



Thus, 
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Project C: We can use the IRR to determine the final cash flow:
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Thus, 
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b.
Ranking the projects by their IRR is not valid in this situation because the projects have different scales and different patterns of cash flows over time.

7-25.
Use the incremental IRR rule to correctly choose between the investments in Problem 21 when the cost of capital is 7%. At what cost of capital would your decision change?

Timeline:
	
	 0
	1
	2
	3
	

	
	
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	 
	 
	 
	 
	 
	 
	 
	 

	A
	 –10
	2
	2
	2
	

	B
	 –10
	1.5
	1.5(1.02)
	1.5(1.02)2
	


To calculate the incremental IRR subtract A from B

	
	0
	1.5 – 2
	1.5(1.02)–2
	1.5(1.02)2–2
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So the incremental IRR is 8%. This rate is above the cost of capital, so we should take B.
7-26.
You work for an outdoor play structure manufacturing company and are trying to decide between two projects:

[image: image52.emf]

You can undertake only one project. If your cost of capital is 8%, use the incremental IRR rule to make the correct decision.

Timeline:
	
	 0
	1
	2

	
	
	 
	 
	 
	 
	 

	
	
	 
	 
	 
	 
	 

	Playhouse
	 –30
	15
	20

	Fort
	 –80
	39
	52


Subtract the Playhouse cash flows from the Fort
	
	 –50
	24
	32
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Solving for r
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Since the incremental IRR of 7.522% is less than the cost of capital of 8%, you should take the Playhouse.
[image: image55.png]



7-27.
You are evaluating the following two projects:

[image: image56.emf]

Use the incremental IRR to determine the range of discount rates for which each project is optimal to undertake. Note that you should also include the range in which it does not make sense to take either project.


To compute the incremental IRR, we first need to compute the difference between the cash flows. Compute Y – X to make sure the incremental net investment is negative and the other cash flows are positive:

	
	Year-End Cash Flows ($ thousands)
	
	

	Project
	0
	1
	2
	
	
	IRR

	X
	–30
	20
	20
	
	
	21.53%

	Y
	–80
	40
	60
	
	
	15.14%

	
	
	
	
	
	
	

	Y-X
	–50
	20
	40
	
	
	11.65%


Because all three projects have a negative cash flow followed by positive cash flows, the IRR rule can be used to decide whether to invest. The incremental IRR rule says Y is preferred to X for all discount rates less than 11.65%. The IRR rule says X should be undertaken for discount rates less than 21.53%, so combining this information, Y should be taken on for rates up to 11.65%; for rates between 11.65% and 21.53% X should be undertaken; and neither project should be undertaken for rates above 21.53%.

7-28.
Consider two investment projects, which both require an upfront investment of $10 million, and both of which pay a constant positive amount each year for the next 10 years. Under what conditions can you rank these projects by comparing their IRRs?

They have the same scale, and the same timing (10-year annuities). Thus, as long as they have the same risk (and therefore, cost of capital), we can compare them based on their IRRs.
7-29.
You are considering a safe investment opportunity that requires a $1000 investment today, and will pay $500 two years from now and another $750 five years from now.

a.
What is the IRR of this investment?

b.
If you are choosing between this investment and putting your money in a safe bank account that pays an EAR of 5% per year for any horizon, can you make the decision by simply comparing this EAR with the IRR of the investment? Explain.

a.
6.16%

b.
Yes—because they have the same timing, scale, and risk (safe), you can choose the investment with the higher IRR.
7-30.
AOL is considering two proposals to overhaul its network infrastructure. They have received two bids. The first bid, from Huawei, will require a $20 million upfront investment and will generate $20 million in savings for AOL each year for the next three years. The second bid, from Cisco, requires a $100 million upfront investment and will generate $60 million in savings each year for the next three years.

a.
What is the IRR for AOL associated with each bid?

b.
If the cost of capital for this investment is 12%, what is the NPV for AOL of each bid? Suppose Cisco modifies its bid by offering a lease contract instead. Under the terms of the lease, AOL will pay $20 million upfront, and $35 million per year for the next three years. AOL’s savings will be the same as with Cisco’s original bid.

c.
Including its savings, what are AOL’s net cash flows under the lease contract? What is the IRR of the Cisco bid now?

d.
Is this new bid a better deal for AOL than Cisco’s original bid? Explain.

a.
Huawei 83.9%, Cisco 36.3%

b.
Huawei $28.0 m, Cisco $44.1m

c.
CF = –20, 25, 25, 25,

IRR = 111.9%

d.
No! Despite a higher IRR, it actually involves borrowing 80 upfront and paying 35 per year, which is a borrowing cost of 14.9%, which is higher than AOL’s borrowing cost.

7-31.
Natasha’s Flowers, a local florist, purchases fresh flowers each day at the local flower market. The buyer has a budget of $1000 per day to spend. Different flowers have different profit margins, and also a maximum amount the shop can sell. Based on past experience, the shop has estimated the following NPV of purchasing each type:

[image: image57.emf]

What combination of flowers should the shop purchase each day?


[image: image58.emf]NPV per Cost per Max . Profitability Index Max

bunch bunch Bunches (per bunch) Investment
Roses $3 $20 25 0.150  $500
Lilies $8 $30 10 0.267 $300
Pansies $4 $30 10 0.133 S300
Orchids $20 $80 5 0.250 $400

Buy $300 of lilies, $400 of orchids, and $300 of roses









NPV per 

bunch

Cost per 

bunch

Max

 

. 

Bunches

Profitability Index 

(per bunch)

Max 

Investment

Roses $3  $20  25

0.150 $500

Lilies $8  $30  10

0.267 $300

Pansies $4  $30  10

0.133 $300

Orchids $20  $80  5

0.250 $400

Buy $300 of lilies, $400 of orchids, and $300 of roses


7-32.
You own a car dealership and are trying to decide how to configure the showroom floor. The floor has 2000 square feet of usable space. You have hired an analyst and asked her to estimate the NPV of putting a particular model on the floor and how much space each model requires:

[image: image59.emf]

In addition, the showroom also requires office space. The analyst has estimated that office space generates an NPV of $14 per square foot. What models should be displayed on the floor and how many square feet should be devoted to office space?


[image: image60.emf]| Space

Requirem

ent (sq.
Model NPV ft.)  NPV/sqft
MB345 $3,000 200 §15.0
MC237 $5,000 250 $20.0
MY 456 $4,000 240 §16.7
MG231 $1,000 150 $6.7
MT 347 $6,000 450 $13.3
MF302 $4,000 200 $20.0
MG201 $1,500 150 $10.0

Take the MC237, MF302, MY456, and MB345 (890 sqft)
Use remaining 1,110 sqgft for office space.









Model NPV

Space 

Requirem

ent (sq. 

ft.)

NPV/sqft

MB345 $3,000 200

$15.0

MC237 $5,000 250

$20.0

MY456 $4,000 240

$16.7

MG231 $1,000 150

$6.7

MT347 $6,000 450

$13.3

MF302 $4,000 200

$20.0

MG201 $1,500 150

$10.0

Take the MC237, MF302, MY456, and MB345 (890 sqft)

Use remaining 1,110 sqft for office space.


7-33.
Kaimalino Properties (KP) is evaluating six real estate investments. Management plans to buy the properties today and sell them five years from today. The following table summarizes the initial cost and the expected sale price for each property, as well as the appropriate discount rate based on the risk of each venture.

[image: image61.emf]

KP has a total capital budget of $18,000,000 to invest in properties.

a.
What is the IRR of each investment?

b.
What is the NPV of each investment?

c.
Given its budget of $18,000,000, which properties should KP choose?

d.
Explain why the profitability index method could not be used if KP’s budget were $12,000,000 instead. Which properties should KP choose in this case?

a.
We can compute the IRR for each as IRR = (Sale Price/Cost)1/5 – 1. See spreadsheet below.

b.
We can compute the NPV for each as NPV = Sale Price/(1 + r)5 – Cost. See spreadsheet below.


[image: image62.emf]Expected Sale Profitability

Project Cost Today Discount Rate | Price in Year 5 IRR NPV Index
Mountain Ridge $ 3,000,000 15% $ 18,000,000 43.1% $ 5,949,181 1.98
Ocean Park Estates 15,000,000 15% $ 75,500,000 38.2% 22,536,844 1.50
Lakeview 9,000,000 15% $ 50,000,000 40.9% 15,858,837 1.76
Seabreeze 6,000,000 8% $ 35,500,000 42.7% 18,160,703 3.03
Green Hills 3,000,000 8% $ 10,000,000 27.2% 3,805,832 1.27
West Ranch 9,000,000 8% $ 46,500,000 38.9% 22,647,119 2.52









Project Cost Today Discount Rate

Expected Sale 

Price in Year 5 IRR NPV

Profitability 

Index

Mountain Ridge 3,000,000 $  15% 18,000,000 $      43.1% 5,949,181 $     1.98

Ocean Park Estates 15,000,000   15% 75,500,000 $      38.2% 22,536,844   1.50

Lakeview  9,000,000    15% 50,000,000 $      40.9% 15,858,837   1.76

Seabreeze 6,000,000    8% 35,500,000 $      42.7% 18,160,703   3.03

Green Hills 3,000,000    8% 10,000,000 $      27.2% 3,805,832     1.27

West Ranch 9,000,000    8% 46,500,000 $      38.9% 22,647,119   2.52


c.
We can rank projects according to their profitability index = NPV/Cost, as shown below. Thus, KP should invest in Seabreeze, West Ranch, and Mountain Ridge. (Note that ranking projects according to their IRR would not maximize KP’s total NPV, and so would not lead to the correct selection.)

d.
The profitability index fails because the top-ranked projects do not completely use up the budget. In this case, you should take Mountain Ridge and West Ranch.
7-34.
Orchid Biotech Company is evaluating several development projects for experimental drugs. Although the cash flows are difficult to forecast, the company has come up with the following estimates of the initial capital requirements and NPVs for the projects. Given a wide variety of staffing needs, the company has also estimated the number of research scientists required for each development project (all cost values are given in millions of dollars).

[image: image63.emf]
a.
Suppose that Orchid has a total capital budget of $60 million. How should it prioritize these projects?

b.
Suppose in addition that Orchid currently has only 12 research scientists and does not anticipate being able to hire any more in the near future. How should Orchid prioritize these projects?

c.
If instead, Orchid had 15 research scientists available, explain why the profitability index ranking cannot be used to prioritize projects. Which projects should it choose now?

	Project
	PI
	NPV/Headcount

	I
	1.01
	5.1

	II
	1.27
	6.3

	III
	1.47
	5.5

	IV
	1.25
	8.3

	V
	2.01
	5.0


a.
The PI rule selects projects V, III, II. These are also the optimal projects to undertake (as the budget is used up fully taking the projects in order).

b.
The PI rule using the headcount constraint alone selects IV, II, III, I, and V, because the project with the next highest PI (that is NPV/Headcount), V, cannot be undertaken without violating the resource constraint. These projects are also feasible to do under the current capital budget because they happen to require exactly $60 million in capital. The only other feasible possibility is to take only project V, which generates a lower NPV, so this choice of projects is optimal.
c.
Can’t use it because (i) you don’t hit the constraint exactly. Now choose V and IV.
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Sheet1

				Investment		1,000,000

				Annual Revenue		200,000

				growth rate		2.0%

				Annual Cost		100,000

				growth rate		3.0%

				Cost of Capital		5.0%



						0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

				Revenues				200,000		204,000		208,080		212,242		216,486		220,816		225,232		229,737		234,332		239,019		243,799		248,675		253,648		258,721		263,896		269,174		274,557		280,048		285,649		291,362

				Costs				(100,000)		(103,000)		(106,090)		(109,273)		(112,551)		(115,927)		(119,405)		(122,987)		(126,677)		(130,477)		(134,392)		(138,423)		(142,576)		(146,853)		(151,259)		(155,797)		(160,471)		(165,285)		(170,243)		(175,351)

				Investment		(1,000,000)

				Total Cash Flow		(1,000,000)		100,000		101,000		101,990		102,969		103,936		104,889		105,827		106,750		107,655		108,541		109,407		110,251		111,072		111,868		112,637		113,377		114,086		114,764		115,406		116,012

				Discount Factor		1.000		0.952		0.907		0.864		0.823		0.784		0.746		0.711		0.677		0.645		0.614		0.585		0.557		0.530		0.505		0.481		0.458		0.436		0.416		0.396		0.377

				PV		(1,000,000)		95,238		91,610		88,103		84,713		81,436		78,270		75,209		72,252		69,395		66,635		63,968		61,392		58,904		56,501		54,180		51,939		49,776		47,687		45,670		43,724

				NPV		336,602

				IRR		8.59%



				Discount rate		336,602

				0%		1,172,437

				1%		955,057

				2%		766,958

				3%		603,592

				4%		461,186

				5%		336,602

				6%		227,220

				7%		130,845

				8%		45,638

				9%		(29,954)

				10%		(97,239)

				11%		(157,327)

				12%		(211,160)

				13%		(259,541)

				14%		(303,156)

				15%		(342,590)



NPV Profile
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Sheet2

				Rivet  Networks

				Cost of Capital		10.0%



						0		1		2		3		4		5

				Revenues				800,000		1,500,000		900,000		540,000		324,000

				yoy growth						87.5%		(40.0%)		(40.0%)		(40.0%)

				Variable Costs				(400,000)		(750,000)		(450,000)		(270,000)		(162,000)

				% sales				50.0%		50.0%		50.0%		50.0%		50.0%

				Fixed Costs				(100,000)		(100,000)		(100,000)		(100,000)		(100,000)

				Investment		(900,000)

				Total Cash Flow		(900,000)		300,000		650,000		350,000		170,000		62,000

				Discount Factor		1.000		0.909		0.826		0.751		0.683		0.621

				PV		(900,000)		272,727		537,190		262,960		116,112		38,497

				NPV		327,487

				IRR		26.62%



				Discount rate		327,487

				0%		632,000

				5%		466,065

				10%		327,487

				15%		210,517

				20%		110,835

				25%		25,148

				30%		(49,087)

				35%		(113,862)

				40%		(170,750)

				45%		(221,012)

				50%		(265,663)

				55%		(305,529)

				60%		(341,292)

				65%		(373,511)

				70%		(402,656)

				75%		(429,117)



NPV Profile
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																				Corr

																				100%		22%

																				22%		100%

				x(J&J)		x(Walgreen)		SD		ER						ER		SD		Cov

				-50%		150%		29.30%		11.50%				JJ		7%		16%		0.0256		0.00704

				-40%		140%		27.32%		11.20%				WAL		10%		20%		0.00704		0.04

				-30%		130%		25.38%		10.90%

				-20%		120%		23.50%		10.60%

				-10%		110%		21.70%		10.30%

				0%		100%		20.00%		10.00%

				10%		90%		18.42%		9.70%

				20%		80%		16.99%		9.40%

				30%		70%		15.77%		9.10%

				40%		60%		14.79%		8.80%

				50%		50%		14.11%		8.50%

				60%		40%		13.78%		8.20%

				65%		35%		13.75%		8.05%

				70%		30%		13.82%		7.90%

				80%		20%		14.23%		7.60%

				90%		10%		14.97%		7.30%

				100%		0%		16.00%		7.00%

				110%		-10%		17.27%		6.70%

				120%		-20%		18.73%		6.40%

				130%		-30%		20.34%		6.10%

				140%		-40%		22.07%		5.80%

				150%		-50%		23.88%		5.50%
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				Project		Cost Today		PI		NPV		Discount Rate		Sale Price in Year 5		Expected Sale Price in Year 5				IRR		NPV		Profitability Index

				Mountain Ridge		$   3,000,000		2.00		6,000,000		15%		18102214.6875		$   18,000,000				43.1%		$   5,949,181		1.98				1				1		1

				Ocean Park Estates		15,000,000		1.50		22,500,000		15%		75425894.53125		$   75,500,000				38.2%		22,536,844		1.50

				Lakeview		9,000,000		1.75		15,750,000		15%		49781090.390625		$   50,000,000				40.9%		15,858,837		1.76								1

				Seabreeze		6,000,000		3.00		18,000,000		8%		35263873.8432		$   35,500,000				42.7%		18,160,703		3.03				1

				Green Hills		3,000,000		1.25		3,750,000		8%		9917964.5184		$   10,000,000				27.2%		3,805,832		1.27				1		1

				West Ranch		9,000,000		2.50		22,500,000		8%		46283834.4192		$   46,500,000				38.9%		22,647,119		2.52						1				1

																												27915716.700405		26452950.632407		21808018.0002837		28596299.8974387

																												12000000		12000000		12000000		12000000

				Parkside Acres $500,000 $ 900,000								650				1150				1.7692307692

				Real Property Estates 800,000 1,400,000								800				1400				1.75

				Lost Lake Properties 650,000 1,050,000								650				1050				1.6153846154

				Overlook 150,000 350,000								150				350				2.3333333333
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																						0		1		2		3		4

				r		NPV		IRR														500		-450		-450		-450		900

				0%		5.000		15.24%												IRR =		8.53%

				5%		2.988														IRR =		31.16%

				10%		1.372														NPV at 10% =				$   (4.37)

				15%		0.056

				20%		-1.028																0		1		2		3		4

				25%		-1.932																500		-450		-450		-450		1000

				30%		-2.693														IRR =		ERROR:#NUM!		(does not exist)

																				IRR =		ERROR:#NUM!

																				NPV at 10% =				$   63.93
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						R		NPV (000s)										0		1		2		3		4		5

						0%		$900.00										-10		5		2		2		2		2

						5%		$372.35										Payback =		4 years

						10%		$95.95										NPV at 10% =				$0.31		million

						12%		$22.86

						13%		($8.27)

						15%		($61.85)

						20%		($159.13)																								1		2		3		4

						25%		($223.23)										r		NPV ($m)												500		500		500		-2000

																		2%		$   (1.02)										IRR =		15.09%

																		6%		$   0.69										NPV at 10% =				($122.60)

																		12%		$   (0.18)										IRR rule does not work, Positive NPV only if r > 15.09%

										NPV per bunch		Cost per bunch		Max . Bunches				Profitability Index (per bunch)		Max Investment

								Roses		$3		$20		25				0.150		$500

								Lilies		$8		$30		10				0.267		$300

								Pansies		$4		$30		10				0.133		$300

								Orchids		$20		$80		5				0.250		$400



								Buy $300 of lilies, $400 of orchids, and $300 of roses





Sheet2





Sheet3






Sheet1

						-10		3		3		3		3		3

																						0		1		2		3		4

				r		NPV		IRR														500		-450		-450		-450		900

				0%		5.000		15.24%												IRR =		8.53%

				5%		2.988														IRR =		31.16%

				10%		1.372														NPV at 10% =				$   (4.37)

				15%		0.056

				20%		-1.028																0		1		2		3		4

				25%		-1.932																500		-450		-450		-450		1000

				30%		-2.693														IRR =		ERROR:#NUM!		(does not exist)

																				IRR =		ERROR:#NUM!

																				NPV at 10% =				$   63.93



								1		2		3		4		5		6		1		2		3		4		5		6		7		8		9		10

								-200		-200		-200		-200		-200		-200		300		300		300		300		300		300		300		300		300		300

						IRR		12.66%

						NPV

						10%		$169.482

						14%		($64.816)



						R		NPV (000s)										0		1		2		3		4		5

						0%		$900.00										-10		5		2		2		2		2

						5%		$372.35										Payback =		4 years

						10%		$95.95										NPV at 10% =				$0.31		million

						12%		$22.86

						13%		($8.27)

						15%		($61.85)

						20%		($159.13)																								1		2		3		4

						25%		($223.23)										r		NPV ($m)												500		500		500		-2000

																		2%		$   (1.02)										IRR =		15.09%

																		6%		$   0.69										NPV at 10% =				($122.60)

																		12%		$   (0.18)										IRR rule does not work, Positive NPV only if r > 15.09%

										NPV per bunch		Cost per bunch		Max . Bunches				Profitability Index (per bunch)		Max Investment
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								Orchids		$20		$80		5				0.250		$400



								Buy $300 of lilies, $400 of orchids, and $300 of roses

								Model		NPV		Space Requirement (sq. ft.)		NPV/sqft

								MB345		$3,000		200		$15.0

								MC237		$5,000		250		$20.0

								MY456		$4,000		240		$16.7

								MG231		$1,000		150		$6.7

								MT347		$6,000		450		$13.3

								MF302		$4,000		200		$20.0

								MG201		$1,500		150		$10.0

								Take the MC237, MF302, MY456, and MB345 (890 sqft)

								Use remaining 1,110 sqft for office space.
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