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Chapter 8
Investment Decision Rules

Note:
All problems in this chapter are available in MyFinanceLab. An asterisk (*) indicates problems with a higher level of difficulty.


1.
Plan: Calculate the NPV by computing the present value of the 60,000 using r  0.08.



Execute:



NPV  $50,000  $60,000/1.08  $50,000  $55,555.56  $5,555.56



Evaluate:



This is a good investment opportunity because it produces a positive NPV.


2.
Plan: Calculate the NPV by computing the present value of the two positive cash flows 
using r  0.09.



Execute:
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Evaluate:



This is a bad investment opportunity because it produces a negative NPV. Even though the total of the cash flows is more than the investment, they come later in time and are not enough to overcome the time value of money at your cost of capital.


3..
Plan: Determine the net present value of the proposal.
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Execute:
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Evaluate: No, you should not take the contract because the NPV of the contract is negative. This would destroy value for the firm.


4.
You are preparing to produce some goods for sale. You will sell them in one year, and you will incur costs of $80,000 immediately. If your cost of capital is 7%, what is the minimum dollar amount you need to expect to sell the goods for in order for this to be a non-negative NPV?
Solution:

Setting the NPV to 0 and solving for the cash flow in one year:
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5.
Plan: The NPV of a project is the present value of the benefits minus the present value of the costs. Compute the NPV of the project. If NPV is positive, accept the project. If NPV is negative, reject the project.



If the project is accepted, then determine how much money a lender would be willing to lend against the cash flows of the project.



Execute: 
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PVThis year’s cost
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Accept the project.



Evaluate: The firm can borrow $19.22 million today and pay it back with 10.8% interest using the $21.3 million it will receive from the government (19.22 ( 1.108  21.3). The firm can use
$10.3 million of the $19.22 million to cover its costs today and save $4.78 million in the bank earning 10.8% interest to cover its cost of 4.78 ( 1.108  $5.3 million next year. 



This leaves 19.22  10.3  4.78  $4.14 million in cash for the firm today, the same amount as 
the NPV.
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6.
Timeline:
	0
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	–20,000
	1,000
	3,000
	
	
	
	
	20,000


a.
NPV = –20,000 + 1,000 / 1.121 + 3,000 / 1.122 + 20,000 / 1.1210 = –$10,276.10


Since the NPV < 0, don’t take it.

b.
NPV = –20,000 + 1,000 / 1.021 + 3,000 / 1.022 + 20,000 / 1.0210 = $270.86


Since the NPV > 0, do take the opportunity.
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7.
Timeline:
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NPV = –10,000 + 40,000 / 1.091 – 10,000 / 1.092 + 40,000 / 1.093 = $49,167.79



Yes, make the investment.

8.
Plan: We can compute the NPV of the project similarly to Eq. 8.3. The cash flows are an immediate $8 million outflow followed by an annuity inflow of $5 million per year for three years and a discount rate of 8%. 



Execute:

a.
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You can also use a financial calculator to determine that the present value of the annuity of cash inflows is $12,890,000. 

	Given:
	N
	I/Y
	PV
	PMT
	FV
	Excel Formula

	
	3
	8.00%
	 
	5
	0
	 

	Solve for PV:
	 
	 
	(12.89)
	 
	 
	PV(0.08,3,5,0)



NPV  8M  12.89M  4.89M


The NPV rule dictates that you should accept this contract.

b.
The value of the firm will increase by $4.89 million.



Evaluate: The NPV rule indicates that by making the investment, your factory will increase 
the value of the firm today by $4.89 million, so you should undertake the project.

9.
NPV = –95.8 + 31.5/7.4% = $329.88 million. Yes, make the investment.

IRR: 0 = –95.8 + 31.5/IRR. IRR = 31.5/95.8 = 32.88%. 



The cost of capital can increase by up to 32.88 – 7.4 = 25.48% without affecting the decision.

10.
Plan: We can compute the NPV of agreeing to write the book, ignoring any royalty payments, using an approach similar to Eq. 8.3. The cash flows are an immediate $10 million outflow followed by an annuity inflow of $8 million per year for three years and a discount rate of 10%. We can compute the NPV of the book with the royalty payments by first computing the present value of the royalties at year 3. Once we compute the royalties at year 3, we can compute the present value of the royalties today and add that number to the NPV of agreeing to write the book ignoring any royalty payments.


Execute:

a.
Timeline:
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b.  Timeline:
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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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Evaluate: The NPV rule indicates that by agreeing to write the book (ignoring any royalties), you will decrease the value of the firm today by $9.895 million, and by agreeing to write the book including royalties, you will decrease the value of the firm by only $503,381 and therefore Bill should not undertake either project because both will decrease the value of the firm. 

[image: image19.jpg]



*11.
Plan: We can compute the NPV using an approach similar to Eq. 8.3, a spreadsheet in Excel, or a financial calculator. We can compute the IRR using a financial calculator or spreadsheet or by setting the NPV equal to zero and solving for r. After we find the IRR, we can compute the maximum deviation allowable in the cost of capital estimate to leave the decision unchanged by subtracting the cost of capital from the IRR. We can compute the length of time that the development must last to change the decision by using a financial calculator, a spreadsheet, or by setting the NPV equal to zero and solving for n. 



Execute:

a.
NPV
[image: image20.wmf]6610

6610

197,30011286,1851

11

(1)(1)(1)

197,30011286,1851

11

0.1(1.107)(1.107)0.1(1.107)

$85,527.738

rrrrr

æöæöæö

=--+-

ç÷ç÷ç÷

+++

èøèøèø

æöæöæö

=--+-

ç÷ç÷ç÷

èøèøèø

=



NPV  0, so the company should take the project.

b.
Setting the NPV  0 and solving for r (using a spreadsheet), the answer is IRR  12.15%.
So if the estimate is too low by 1.45%, the decision will change from accept to reject.
c.
The new timeline is:
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Setting the NPV  0 and solving for N gives:
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Assuming the cost of capital is 13.9%:

a. Timeline:
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b.
Because the IRR still has not changed it is still 12.1566%, so if the estimate is too high by 1.75%, the decision will change.

c.
Setting the NPV  0 and solving for N gives:
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Evaluate: When your cost of capital is greater than your IRR, your project will produce a negative NPV, and according to the NPV rule, you should not accept this project if there is an alternative project with a higher or positive NPV. In this case, a lower cost of capital produced 
a higher NPV and also happens to be less of a time commitment because this project takes half the time of the second project. 
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12.
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 13.082%.

c.
Yes, because the NPV is positive at the cost of capital of 12.5%.

d.
The cost of capital could only be off by 13.08 – 12.5 = 0.58% before the investment decision changes. Thus, if it increases by 1%, the decision would change.
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13.
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14.
5,000/500  10 months. You will recover your expenditure for the sign in 10 months.
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15.
The IRR is 39.45%. The IRR rule agrees with the NPV rule. 
[image: image31.jpg]



16.
Plan: We can compute the IRR by first computing the NPV and find the rate that sets that NPV equal to zero. In order to determine how many IRRs will set NPV equal to zero we can plot NPV as a function of the discount rate.



Execute:


Timeline:
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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.
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From the plot there is one IRR of 60.74%.



Because the IRR is much greater than the discount rate, the IRR rule says write the book. Because this is a negative NPV project (from 9.2(a)), the IRR gives the wrong answer.



Evaluate: In this case, there is only one IRR (the intercept on the x-axis), and the IRR is greater than the discount rate. According to the IRR rule, Bill should accept the project, yet because the NPV is negative, the NPV rule states that Bill should not accept the project. Although the two rules are conflicting, the NPV rule tends to be more reliable. 
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17. 
Plan: We can compute the IRR by first computing the NPV and finding the rate that sets that NPV equal to zero. In order to determine how many IRRs will set NPV equal to zero, we can plot NPV as a function of the discount rate.



Execute:
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From 9.2(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.



Evaluate: In this case, there are two IRRs (the intercepts on the x-axis), and the IRR does not provide an answer, so we cannot use the IRR rule, and therefore the IRR rule does not work.
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18.
The timeline of this investment opportunity is:
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Yearly IRR = 1.0040412 – 1 = 4.96% (EAR). 

Smith’s cost of capital is 14%, 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 14%, then after one month you will have 1.141/12 – 1 = 1.098%, so the monthly cost of capital is 1.098%. 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.



The reason that the IRR rule gives the opposite recommendation is that, in this case, positive cash flows occur first and negative cash flows later. When this happens, the naïve IRR rule should not be used, and instead the opposite recommendation should be followed (which is consistent with the NPV rule). 
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19.
Plan: We can compute the NPV of the project using an approach similar to Eq. 8.3. Setting the NPV to zero, we can then solve for the IRR and then analyze the results according to the IRR rule.


Execute:

a.
Timeline:
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The PV of the profits is:
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The PV of the support costs is:
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If r  5.6%, then NPV  $1,521,016 .


If 
r  1.4%, then NPV  $1,549,926 .


If 
r  14.8%, then NPV  $86,534 .

b.
From the answer to part (a) there are at least two IRRs. We can see that because the NPV is negative at 1.4%, then is positive at 5.6%, and then is negative again at 14.8%. Therefore, the NPV profile must cross the x-axis at least twice.

c.
The IRR rule says nothing in this case because there are at least two IRRs.

Evaluate: The IRR investment rule is based on the concept that if the return on the investment opportunity you are considering is greater than the return on other alternatives in the market with the equivalent risk and maturity, you should undertake the investment opportunity. In this case, there are two IRRs, and therefore the IRR rule is not useful. The NPV rule states that when making an investment decision, take the alternative with the highest NPV. Choosing this alternative is equivalent to receiving its NPV in cash today. In this case, the NPV is positive only when the cost of capital is at 5.6%, and therefore they should accept the project at the cost of capital of 5.6% only. 

20.
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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.










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.
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21.
The timeline of this investment opportunity is:
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Computing the NPV of the cash flow stream:
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You can verify that r = 1.846% or 12.349% 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 7.8% gives
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So the investment has a positive NPV of $20.074 million. In this case the NPV as a function of the discount rate is n shaped.
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If the opportunity cost of capital is between 1.846% and 12.349%, the investment should be undertaken.
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22.
Plan: Compute various IRR calculations for the proposed project.



Execute: The timeline of the investment opportunity is:

	0
	1
	2
	3
	4

	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	–4.55
	3.5
	3.5
	3.5
	–6


a.
Looking at the NPV profile below, this project has two IRRs.
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b.
To use the MIRR approach, calculate the PV of the cleanup costs and add this value to the initial startup costs.
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The new timeline of cash flows associated with this investment is now:

	 0
	1
	2
	3
	4

	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	–4.55 – 4.098  –8.648
	3.5
	3.5
	3.5
	–6



MIRR of these cash flows is 10.37%.



Evaluate:

c.
MIRR is greater than the cost of capital, so the investment should be taken.


23.
Plan: Compute the NPV of the project.



Execute: The timeline of the investment opportunity is:

	0
	1
	2
	3
	4
	5

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Investment
	1
	1
	1
	1
	1




To have an NPV greater than zero, the initial investment must be less than the PV of the five-year annuity of $1 million per year.
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Initial investment  3.6 million



Evaluate: The most you could pay for the project and achieve the 12% annual return is 
$3.6 million.
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*24.
Plan: Compute the modified IRR of the project.



Execute:



The timeline of the investment opportunity is:

	0
	1
	2
	3
	
	
	
	8
	9
	10
	11

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	–5.4
	1.1
	1.1
	1.1
	
	
	
	1.1
	1.1
	1.1
	1.1 – Shutdown costs




In order to earn the 15% cost of capital, the NPV must be positive. To determine the maximum shutdown costs allowable to still have a positive NPV:
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Evaluate: Shutdown costs cannot exceed $561,290.
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*25.

Timeline:

	0
	1
	2
	3
	
	
	
	20
	21
	22
	

	
	 
	 
	 
	 
	 
	 
	 
	
	 
	
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	
	 
	
	 
	 
	 
	 
	 
	 
	 

	–290
	14
	14
	14
	
	
	
	14
	–4.9
	–4.9
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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


Plotting this out gives:
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So no IRR exists.


26.
a. The payback period is four years (4 × 125,000 = 500,000).
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b.
As the NPV is positive, you should proceed with the project because it will increase the value of the company even though it takes longer than the preferred payback period.

27.

Timeline:

	
	0
	1
	2
	3
	4
	5
	6
	

	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Period
	–8.8
	0
	4.3
	2.1
	2.1
	2.1
	2.1
	

	Accumulated
	–8.8
	–8.8
	–4.5
	–2.4
	–0.3
	1.8
	3.9
	




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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The NPV says that you should make the movie. 
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28.
Plan: We can compute the IRR by using an approach similar to Eq. 8.3 and then rearranging it so that NPV equals zero and solving for r. Once we compute r, we can compute the NPV of both projects.

	0
	1
	2
	3
	4

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	–50
	25
	20
	20
	15

	–100
	20
	40
	50
	60


a.
NPVA 
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IRR (A)  24%



NPVB 
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IRR (B)  21%
b.
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Evaluate: The IRR and NPV rank differently due to the difference in the initial investment. Investment A earns a higher rate of return on a smaller investment.


29.
Plan: Compute the timeline and the NPV and IRR for each project. Decide which one to accept.



Execute:
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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So,
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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 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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Evaluate: Based on the IRR, you always pick Project A.


Based on the NPV, take B.



So the IRR rule will give the correct answer for discount rates greater than 8%.
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30.
Plan: Compute the NPV and the IRR of each project.



Execute: The timeline of the investment opportunity is:

	0
	1
	2
	3
	4

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	–100
	25
	30
	40
	50

	–100
	50
	40
	30
	20


a.
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b.
Solving for the discount rate that results in zero NPV


IRR(A)  14.7%


IRR(B)  17.8%

c.
This can be solved two ways. One is to calculate the IRR of the difference in cash flows between the two projects. The other is to create NPV profiles of both investments and determine the cost of capital at which the NPVs of both projects are the same.

	0
	1
	2
	3
	4

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	–100
	25
	30
	40
	50

	–100
	50
	40
	30
	20

	0
	–25
	–10
	10
	30
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NPV Profiles of investments A and B:
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The profiles cross at a cost of capital of 5.567%.



Evaluate:

d.
You should invest in B because it has a higher NPV.


31.
Plan: Compute the cost of ownership of the asset as well as the cost of leasing the asset. Select the option with the lowest cost.



Execute: The timeline of the investment opportunity is:

	
	0
	1
	2
	3
	4
	5

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Ownership:
	–40
	–2
	–2
	–2
	–2
	–2

	Leasing:
	
	–10
	–10
	–10
	–10
	–10
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Evaluate: The cost of leasing is less, so the firm should lease the equipment.

32.
This is an equivalent annual cost problem applied to a monthly setting:
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Choose carrier A because it is cheaper once all the costs are considered. 


33.
Plan: Compute the NPV and the EAA of each bus. Choose the bus with the lowest costs.



Execute: The timeline of the investment opportunity is:

	
	0
	1
	2
	3
	4
	5
	6
	7

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Old Reliable:
	–200
	–4
	–4
	–4
	–4
	–4
	–4
	–4

	Short and Sweet:
	–100
	–2
	–2
	–2
	–2
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Evaluate: The annual cost of the Short and Sweet bus is less, so they should buy this bus.

34.
Plan: Compute the NPV and the EAA of this investment opportunity. Determine the lowest value-enhancing bid.



Execute: The timeline of the investment opportunity is:

	
	0
	1
	2
	3

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	–15
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Evaluate: Hassle-Free could bid as little as $8,032 per year and increase its value.


35. 
This is an equivalent annual cost problem. Compare the EAC of buying and maintaining the copier to leasing it. 
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So, because buying and maintaining it is equivalent to paying $874.79 per year for five years, that is the most you would pay to lease it.


36.
Plan: Compute the NPVs of the alternatives. Select the alternative with the highest NPV.



Execute:

a.


	
	NPV
	Use of Facility
	NPV/Use of Facility

	A
	$2 million
	100%
	2

	B
	$1 million
	  60%
	1.67

	C
	$1.5 million
	  40%
	3.75


b.
They should invest in B and C. Together, these result in an NPV of $2.5 million, which is greater than the $2 million NPV earned by A alone.


37.
Plan: Compute the NPV and Profitability Index of each proposed investment. Select the best combination of investments.



Execute:

	Project
	NPV
	Profitability Index

	Parkside Acres
	106,143
	0.16

	Real Property Estates
	120,523
	0.15

	Lost Lake Properties
	40,392
	0.06

	Overlook
	80,131
	0.53




Evaluate: The PI implies that Overlook and Parkside Acres should be selected. The alternative investment opportunities that meet the resource constraint are: (i) Real Property Estates alone, or (ii) Lost Lake and Overlook. These alternatives generate lower NPVs, so in this case the PI rule gives the correct answer, although as the text explains, this need not always be the case when the complete budget is not used by taking the projects in order.

38.
Plan: Compute the NPV and Profitability Index of each proposed investment. Select the best combination of investments.



Execute:

	Project
	PI
	NPV/Head Count

	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




Evaluate:

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

b.
The additional constraint that only 12 research scientists are available will alter the set of projects that can be selected and the optimum number of projects to select. Specifically, Project V is the most attractive project with the highest PI. But because Project V requires 12 research scientists, selecting it would mean no other projects could be selected. (Taking Project V would also only use $30 million of the $60 million available.) The PI rule selects IV, II, III, and I because these projects have the highest PI and use the entire $60 million and 12 research scientists. However, this choice of projects does not maximize NPV. This solution shows that it may be optimal to skip some projects in the PI ranking if they will not fit within the budget and resource constraints.
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