CHAPTER 9

Net Present Value and Other Investment Criteria

Answers to Concepts Review and Critical Thinking Questions

 

1.
A payback period less than the project’s life means that the NPV is positive for a zero discount rate, but nothing more definitive can be said. For discount rates greater than zero, the payback period will still be less than the project’s life, but the NPV may be positive, zero, or negative, depending on whether the discount rate is less than, equal to, or greater than the IRR. The discounted payback includes the effect of the relevant discount rate. If a project’s discounted payback period is less than the project’s life, it must be the case that NPV is positive.

 

2.
If a project has a positive NPV for a certain discount rate, then it will also have a positive NPV for a zero discount rate; thus the payback period must be less than the project life. Since discounted payback is calculated at the same discount rate as is NPV, if NPV is positive, the discounted payback period must be less than the project’s life. If NPV is positive, then the present value of future cash inflows is greater than the initial investment cost; thus PI must be greater than 1. If NPV is positive for a certain discount rate R, then it will be zero for some larger discount rate R*; thus the IRR must be greater than the required return.

 

3.
a.
Payback period is simply the accounting break-even point of a series of cash flows. To actually compute the payback period, it is assumed that any cash flow occurring during a given period is realized continuously throughout the period, and not at a single point in time. The payback is then the point in time for the series of cash flows when the initial cash outlays are fully recovered. Given some predetermined cutoff for the payback period, the decision rule is to accept projects that payback before this cutoff, and reject projects that take longer to payback.


b.
The worst problem associated with payback period is that it ignores the time value of money. In addition, the selection of a hurdle point for payback period is an arbitrary exercise that lacks any steadfast rule or method. The payback period is biased towards short-term projects; it fully ignores any cash flows that occur after the cutoff point.


c.
Despite its shortcomings, payback is often used because (1) the analysis is straightforward and simple and (2) accounting numbers and estimates are readily available. Materiality considerations often warrant a payback analysis as sufficient; maintenance projects are another example where the detailed analysis of other methods is often not needed. Since payback is biased towards liquidity, it may be a useful and appropriate analysis method for short-term projects where cash management is most important.

 

4.
a.
The discounted payback is calculated the same as regular payback, with the exception that each cash flow in the series is first converted to its present value. Thus, discounted payback provides a measure of financial break-even because of this discounting, just as regular payback provides a measure of accounting break-even because it does not discount the cash flows. Given some predetermined cutoff for the discounted payback period, the decision rule is to accept projects that whose discounted cash flows payback before this cutoff period, and to reject all other projects.


b.
The primary disadvantage to using the discounted payback method is that it ignores all cash flows that occur after the cutoff date, thus biasing this criterion towards short-term projects. As a result, the method may reject projects that in fact have positive NPVs, or it may accept projects with large future cash outlays resulting in negative NPVs. In addition, the selection of a cutoff point is again an arbitrary exercise.


c.
Discounted payback is an improvement on regular payback because it takes into account the time value of money. For conventional cash flows and strictly positive discount rates, the discounted payback will always be greater than the regular payback period.

 

5.
a.
The average accounting return is interpreted as an average measure of the accounting performance of a project over time, computed as some average profit measure due to the project divided by some average balance sheet value for the project. This text computes AAR as average net income with respect to average (total) book value. Given some predetermined cutoff for AAR, the decision rule is to accept projects with an AAR in excess of the target measure, and reject all other projects. 


b.
AAR is not a measure of cash flows and market value, but a measure of financial statement accounts that often bear little semblance to the relevant value of a project. In addition, the selection of a cutoff is arbitrary, and the time value of money is ignored. For a financial manager, both the reliance on accounting numbers rather than relevant market data and the exclusion of time value of money considerations are troubling. Despite these problems, AAR continues to be used in practice because (1) the accounting information is usually available, (2) analysts often use accounting ratios to analyze firm performance, and (3) managerial compensation is often tied to the attainment of certain target accounting ratio goals.

 

6.
a.
NPV is simply the present value of a project’s cash flows. NPV specifically measures, after considering the time value of money, the net increase or decrease in firm wealth due to the project. The decision rule is to accept projects that have a positive NPV, and reject projects with a negative NPV.


b.
NPV is superior to the other methods of analysis presented in the text because it has no serious flaws. The method unambiguously ranks mutually exclusive projects, and can differentiate between projects of different scale and time horizon. The only drawback to NPV is that it relies on cash flow and discount rate values that are often estimates and not certain, but this is a problem shared by the other performance criteria as well. A project with NPV = $2,500 implies that the total shareholder wealth of the firm will increase by $2,500 if the project is accepted.

 

7.
a.
The IRR is the discount rate that causes the NPV of a series of cash flows to be equal to zero. IRR can thus be interpreted as a financial break-even rate of return; at the IRR discount rate, the net value of the project is zero. The IRR decision rule is to accept projects with IRRs greater than the discount rate, and to reject projects with IRRs less than the discount rate.


b.
IRR is the interest rate that causes NPV for a series of cash flows to be zero. NPV is preferred in all situations to IRR; IRR can lead to ambiguous results if there are non-conventional cash flows, and also ambiguously ranks some mutually exclusive projects. However, for stand-alone projects with conventional cash flows, IRR and NPV are interchangeable techniques.


c.
IRR is frequently used because it is easier for many financial managers and analysts to rate performance in relative terms, such as “12%”, than in absolute terms, such as “$46,000.” IRR may be a preferred method to NPV in situations where an appropriate discount rate is unknown or uncertain; in this situation, IRR would provide more information about the project than would NPV.

 

8.
a.
The profitability index is the present value of cash inflows relative to the project cost. This index is calculated by dividing the present value of future cash flows by the initial cost.  As such, it is a benefit/cost ratio, providing a measure of the relative profitability of a project. The profitability index decision rule is to accept projects with a PI greater than one, and to reject projects with a PI less than one.


b.
PI = (NPV + Cost)/Cost = 1 + (NPV/Cost). If a firm has a basket of positive NPV projects and is subject to capital rationing, PI may provide a good ranking measure of the projects, indicating the “bang for the buck” of each particular project.

 

9.
PB = I / C ;  – I + C / R = NPV, 0 = – I + C / IRR so IRR = C / I ;  thus IRR = 1 / PB


For long-lived projects with relatively constant cash flows, the sooner the project pays back, the greater is the IRR.

 

10.
The single biggest difficulty, by far, is coming up with reliable cash flow estimates. Determining an appropriate discount rate is also not a simple task. These issues are discussed in greater depth in the next several chapters. The payback approach is probably the simplest, followed by the AAR, but even these require revenue and cost projections. The discounted cash flow measures (discounted payback, NPV, IRR, and profitability index) are really only slightly more difficult in practice.

11.
Yes, they are. Such entities generally need to allocate available capital efficiently, just as for-profits do. However, it is frequently the case that the “revenues” from not-for-profit ventures are not tangible. For example, charitable giving has real opportunity costs, but the benefits are generally hard to measure. To the extent that benefits are measurable, the question of an appropriate required return remains. Payback rules are commonly used in such cases. Finally, realistic cost/benefit analyses along the lines indicated should definitely be used by the various levels of government and would go a long way toward helping maintain a balanced budget!

Solutions to Questions and Problems

 


Basic
 

1.
Payback = 2 + ($500/700) = 2.71 years

 

2.
Payback 
= 4($300) + (200/300) = 4.67 years



= 5($300) + (250/300) = 5.83 years



   8($300) = $2,400; project never pays back if cost is $2,500

 

3.
A:
Payback = 2 + ($5,000/10,000) = 2.5 years


B:
Payback = 3 + ($10,000/250,000) = 3.04 years


Using the payback criterion and a cutoff of 3 years, accept project A and reject project B.

 

4.
$7,000/1.15 = $6,086.96;   $7,500/1.152 = $5,671.08;   $8,000/1.153 = $5,261.13;   


$8,500/1.154 = $4,859.90


Cost = $8,000: Discounted payback = 1 + ($8,000 –6,086.96)/5,671.08 = 1.34 yrs


Cost = $13,000: Discounted payback = 2 + ($13,000 – 6,086.96 – 5,671.08)/5,261.13 = 2.24 yrs


Cost = $18,000: 3 + ($18,000 – 6,086.96 – 5,671.08 – 5,261.13)/4,859.90 = 3.20 yrs

 

5.
R = 0%:
4(1,100) + (600/1,100) = 4.55 yrs; Discounted payback = regular payback = 4.55 years


R = 5%:
$1,100/1.05 + 1,100/1.052 + 1,100/1.053 + 1,100/1.054 + 1,100/1.155 = $4,762.43;



$1,100/1.056 = $820.84



Discounted payback = 5 + ($5,000 – 4,762.43)/820.84 = 5.29 years


R = 15%:
$1,100/1.15 + 1,100/1.152 + 1,100/1.153 + 1,100/1.154 + 1,100/1.155 + 1,100/1.156    



 = $4,162.93;  never pays back.

 

6.
Average net income = ($1,741,000 + 1,628,000 + 1,301,000 + 1,000,000) / 4 = $1,417,500


Average book value = ($14M + 0) / 2 = $7M


AAR = Average net income / Average book value = 20.25%

 

7.
$0 = – $30,000 + 25,000/(1+IRR) + 15,000/(1+IRR)3 ; IRR = 18.78% > R = 18%, so accept the project.

 

8.
NPV = – $30,000 + 25,000/1.09 + 15,000/1.093 = $4,518.53;  NPV > 0 so accept the project.


NPV = – $30,000 + 25,000/1.19 + 15,000/1.193 = – $90.36;  NPV < 0 so reject the project.

 

9.
NPV = – $1,500 + 400(PVIFA8%, 8) = $798.66 ; accept the project if R = 8%


NPV = – $1,500 + 400(PVIFA24%, 8) = – $131.51 ; reject the project if R = 24%



 $0 = ( $1,500 + 400(PVIFAIRR, 8);  IRR = 20.78% ;  indifferent about the project if R = 20.78%

 

10.
$0 = – $1,500 + 400/(1+IRR) + 500/(1+IRR)2 + 1,300/(1+IRR)3 ; IRR = 17.63%

 

11.
NPV
= – $1,500 + 400 + 500 + 1,300 = $700



= – $1,500 + 400/1.1 + 500/1.12 + 1,300/1.13 = $253.57



= – $1,500 + 400/1.2 + 500/1.22 + 1,300/1.23 = – $67.13



= – $1,500 + 400/1.3 + 500/1.32 + 1,300/1.33  = – 
$304.73

12.
a.
A:
$0 = ($11,000 + 4,000/(1+IRR) + 5,000/(1+IRR)2 + 6,000/(1+IRR)3 + 1,000/(1+IRR)4 




IRR = 18.75%



B:
$0 = ($11,000 + 1,000/(1+IRR) + 6,000/(1+IRR)2 + 5,000/(1+IRR)3 + 5,000/(1+IRR)4



IRR = 17.11%



IRRA > IRRB, so ranked IRR implies accept project A. This may not be a correct decision however, because the IRR has a ranking problem for mutually exclusive projects. To see if the ranked IRRs lead to the correct decision or not, we need to evaluate the project NPVs.


b.
A:
NPV = – $11,000 +4,000/1.11+ 5,000/1.112 + 6,000/1.113 + 1,000/1.114 = $1,707.60



B:
NPV 
= – $11,000 + 1,000/1.11 + 6,000/1.112 + 5,000/1.113 + 5,000/1.114 




=  
  $1,720.25



NPVB > NPVA, so NPV decision rule implies accept project B.


Crossover rate: $0 = $3,000/(1+R) – 1,000/(1+R)2 + 1,000/(1+R)3 – 4,000/(1+R)4;  


R =11.19%

At discount rates above 11.19% choose project A; for discount rates below 11.19% choose project B; indifferent between A and B at a discount rate of 11.19%.
 

13.
X:
$2,600 = $1,500/(1+IRR) + 1,000/(1+IRR)2 + 500/(1+IRR)3 ;  IRR = 9.10%


Y:
$2,600 = $250/(1+IRR) + 1,250/(1+IRR)2 + 1,850/(1+IRR)3 ;  IRR = 10.87%


Crossover rate: $0 = $1,250/(1+R) – 250/(1+R)2 – 1,350/(1+R)3 ;  R = 14.4%



R%
$NPVX
$NPVY


0
   400.00
 750.00



5
  167.52
 369.98



10
  (34.26
    50.26



15
–210.75
–221.02



20
–366.20
–453.01



25
–504.00
–652.80

 

14.
a.
NPV = – $28M + 53M/1.1 – 8M/1.12 = $13,570,247.93 ;  NPV > 0 so accept the project.


b.
$0 = ($28M + 53M/(1+IRR) – 8M/(1+IRR)2 

  

IRR = 72.75% , – 83.46%



When there are multiple IRRs, the IRR decision rule is ambiguous; in this case, if the correct IRR is 72.75%, then we would accept the project, but if the correct IRR is – 83.46%, we would reject the project. 

 

15.
PI
= [ $900/1.1 + 350/1.12 + 300/1.13 ] / $1,600 = .833



= [ $900/1.15 + 350/1.152 + 300/1.153 ] / $1,600 = .778



= [ $900/1.22 + 350/1.222 + 300/1.223 ] / $1,600 = 0.711

 

16.
a.
PII = $8,500(PVIFA9%,3) / 15,000 = 1.434;  PIII = $2,500(PVIFA9%,3) / 2,000 = 3.164



The profitability index decision rule implies accept project II, since PIII > PII

b.
NPVI = – $15,000 + 8,500(PVIFA9%,3) = $6,516.00



NPVII = – $2,000 + 2,500(PVIFA9%,3) = $4,328.24



NPV decision rule implies accept I, since NPVI > NPVII

c.
Using the profitability index to compare mutually exclusive projects can be ambiguous when the magnitude of the cash flows for the two projects are of different scale. In this problem, project I is roughly 8 times as large as project II and produces a larger NPV, yet the profit-ability index criterion implies that project II is more acceptable.
 

17.
a.
PBA = 3 + ($120K/380K) = 3.316 years;  PBB = 3 years



Payback criterion implies accept project B, because it pays back sooner than project A.


b.
A:
$10K/1.15 + 25K/1.152 + 25K/1.153 = $44,037.15;  $380K/1.154 = $217,266.23




Discounted payback = 3 + ($180,000 – 44,037.15)/217,266.23 = 3.63 years



B:
$10K/1.15 = $8,695.65 ;  $5K/1.152 = $3,780.72; $3K/1.153 = $1,972.55




$2K/1.154 = $1,143.51; Discounted payback = never




Discounted payback criterion implies accept project A, because it pays back sooner than B


c.
A:
NPV = – $180K + 10K/1.15 + 25K/1.152 + 25K/1.153 + 380K/1.154 = $81,303.38



B:
NPV = – $18K + 10K/1.15 + 5K/1.152 + 3K/1.153 + 2K/1.154 = – $2,407.57




NPV criterion implies accept project A, because project A has a higher NPV than project B.


d.
A:
$0 = ($180K + 10K/(1+IRR) + 25K/(1+IRR)2 + 25K/(1+IRR)3 + 380K/(1+IRR)4 




IRR = 27.32%



B:
$0 = ($18K + 10K/(1+IRR) + 5K/(1+IRR)2 + 3K/(1+IRR)3 + 2K/(1+IRR)4; IRR =  5.96%




IRR decision rule implies accept project A, because IRR for A is greater than IRR for B.


e.
A:
PI = [ $10K/1.15 + 25K/1.152 + 25K/1.153 + 380K/1.154 ] / 180K = 1.452



B:
PI = [ $10K/1.15 + 5K/1.152 + 3K/1.153 + 2K/1.154 ] / 18K = .866




Profitability index criterion implies accept project A, because its PI is greater than project 
B’s.


f.
In this instance, the NPV criterion happens to be consistent with all other methods except payback.  A appears to be the dominant project.

 

18.
NPV @ R = 0% = – $257,650 + 75,429 + 153,408 + 102,389 + 50,000 = $123,576


NPV @ R = ( = – $257,650


NPV = $0 = –$257,650 + 75,429/(1+IRR) + 153,408/(1+IRR)2 + 102,389/(1+IRR)3 



+ $50,000/(1+IRR)4;  IRR = 18.95% 

 


Intermediate
 

19.
Since the NPV index has the cost subtracted in the numerator, NPV index = PI – 1.

 

20.
a. 
To have a payback equal to the project’s life, given C is a constant cash flow for N years, C = 
I/N.


b. 
To have a positive NPV, I < C (PVIFA R%, N). Thus, C > I / (PVIFA R%, N).


c. 
Benefits = C (PVIFA R%,N) = 2 costs = 2I



C = 2I / (PVIFA R%, N)

 


Challenge
 

21.
Given the six year payback, the worst case is the payback occurs at the end of the sixth year. Thus, the worst-case NPV = – $200,000 + 200,000/1.126 = – $98,673.78. The best case has infinite cash flows beyond the payback point. Thus, the best-case NPV is infinite.

 

22. 
From trial and error, IRRs of 25%, 33.33%, 42.86%, and 66.67% are found. Take the project when NPV > 0, for required returns between 25% and 33.33% or between 42.86% and 66.67%.

 

23.
a.
PV of cash inflows = C1/(R – g) = $25,000/(.16 – .07) = $277,777.78 



NPV of the project = – $300,000 + 277,777.78 = ($22,222.22 < 0 so don't start the cemetery 
business.


b.
$25,000/(.16 – g) = $300,000; g = 7.67%

24.
a.  
PVA=-240m/(1.14)-240m/(1.14)2+624m/(1.14)3=25.98m

PVB=-528m/(1.14)+ 624m/(1.14)2=16.99m

No, the firm should not subcontract the work.

b.  
Let NPVA=NPVB and solve for r=21.13% and r=78.87%.  Therefore, subcontracting is attractive only over the range 21.13% to 78.87%.

25.  a.
Capital budgeting is the process of selecting fixed assets with a goal of maximizing the increase in firm value and shareholder wealth.

b.
Mutually exclusive. Projects must be evaluated independently and the one with the highest NPV should be selected..


c.
Payback Hightech: 2.38 years.  Payback Refit: 1.61 years.  Project Refit is better.  Advantage: Simple analysis.  Disadvantages: Ignore time value of money and cash flows that occur after the cutoff point.


d.

NPV @ 10%: Refit: 12.38.  Hightech: 45.17.  Undertake Hightech.


e.
IRR     Hightech: 36.92%.
Refit: 25.81%




Undertake Hightech.


f.
These are standard cash flows and the two methods will yield the same answer.




If there is any disagreement, the NPV method is preferred.


g.
Even though the payback for project Refit is shorter, shareholder wealth is maximized by 




project Hightech and this holds at all reasonable discount rates.
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