CHAPTER

LEARNING OBJECTIVES

After studying this chapter, you should be able to:
8-1 Calculate the net present value of a project.

8-2 Calculate the internal rate of return of a project and know what
to look out for when using the internal rate of return rule.

8-3  Calculate the profitability index and use it to choose between
projects when funds are limited.

8-4  Understand the payback rule and explain why it doesn’t
always make shareholders better off.

8-5  Use the net present value rule to analyze three common prob-
‘lems that involve competing projects: (a) when to postpone an
m'vestment expenditure, (b) how to choose between projects
with unequal lives, and (c) when to replace equipment.
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High-tech businesses often require huge investments.
© Erik Isakson/Blend Images LLC RF

he investment decision, also known as the capital
budgeting decision, is central to the success of
the company. We have already seen that capital
investments can sometimes absorb substantial amounts
of cash; they also have very long-term consequences.
The assets you buy today may determine the business
you are in many years hence.

For some investment projects, “substantial” is an
understatement. Consider the following examples:

® Verizon spent $23 billion rolling out its fiber-optic
network.

® The cost of bringing one new prescription drug
to market has been estimated to be as high as

$2.6 billion.

® The eventual cost of the Gorgon natural gas project

in Western Australia is forecast at $54 billion.

= General Motors’ research and development COStS for

the Chevrolet Volt have been about $1.2 billion.

duction costs for The Hobbit movie tril-

" Estimated pro
ogy were over $600 million.

® The development costs of the Boeing 787

Dreamliner jet were over $30 billion.

How do companies decide which investments are worth pursuing?

almost all the cost of drug development is for research
and testing. So is much of the cost of developing the
electric auto. Any expenditure made in the hope of gen-
erating more cash later can be called a capital invest-
ment project, regardless of whether the cash outlay

goes to tangible or intangible assets.
A company’s shareholders prefer to be rich rather

than poor. Therefore, they want the firm to invest in
every project that is worth more than it costs. The differ-
ence between a project’s value and its cost is termed

the net present value. Companies can best help their
shareholders by investing in projects with a positive net

present value.
We start this chapter by showing how to calculate

the net present value of some simple investment proj-
ects. We then examine three other criteria that compa-
nies sometimes use to evaluate investments. Often,
they compare the expected rate of return offered by a
project to the return that their shareholders could earn
on equivalent-risk investments in the capital market.
They accept only projects that provide a higher return
than shareholders could earn for themselves. Gener-
ally, this rule will give the same guidance as the net
present value rule, but, as we shall see, it presents
some pitfalls, especially when choosing between alter-
native projects. We explore the key pitfalls of the rate of
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Average Score on 0-4 Scale
: . tage of Firms (0 = never use; 4 = always use)
TABLE 8.3 CaPntal buggetmg Almost —— Smallm\
techniques used in practice g | All Firms
Criterion .
Internal rate of return 75 3.1 2.8 3.4
Net present value - 25 2.7 2.2
Payback period ‘2 0.8 0.9 0.8
Profitability index : ‘ —

SUMMARY

What is the net present
value of an investment, and

how do you calculate it?
(LOS-1)

How is the internal rate of
return of a project
calculated, and what must
one look out for when using
the internal rate of return
rule? (LOS-2)

-~

Source J. R. Graham and X
from Journal of FinanCio Economics, VO
WIS 7 : '

Clearly, NPV is the gold standard. It is designed e l’.el]]] d} ‘m‘l \\’l':t’:(\htir . ianeStment

e e value of the firm and by how much 1t wi 050... 1S the only rule thy

Wl kucuusme £5° Y% .nk and choose between mutually exclusive investments. The

can always be used 10 rdnm and ¢ . lving the NPV rule occurs when the f;

time that vou need to be careful when applying ; Ry 3 }rm

faces capi;al rationing. In this case, there may not be enoug Cash o take every project
with a positive NPV, and the firm must then rank projects by the profitability Index_
that is, net present value per dollar invested. e .

For managers in the field, discounted cash-flow analysis is in fact the dominant toq]
for project evaluation. Table 8.3 provides a sample of the resqlts of a large survey of
chief financial officers (CFOs). Notice that 75% of firms either always or almost
always use NPV or IRR to evaluate projects. The dominance of these criteria is evep
stronger in larger, presumably more sophisticated, firms. Despite the clear advantages
of discounted cash-flow methods, however, firms do use other investment criteria to
evaluate projects. For example, just over half of corporations always or almost always
compute a project’s payback period. The profitability index 1s routinely computed by
about 12% of firms.

What explains such wide use of presumably inferior decision rules? To some
extent, these rules present rough reality checks on the project. As we noted in
Section 8.4, managers might want to consider some simple ways to describe project
profitability, even if they present obvious pitfalls. For example, managers talk
casually about quick-payback projects in the same way that investors talk about
high-P/E stocks. The fact that they talk about payback does not mean that the payback

rule governs their decisions. Shortcuts like payback may work for very simple go-or-
no-go decisions, but they are dangerous when used to compare projects.

The net present value of a proj
eCt n
NPV is, therefi P

ore, the amount that the pro;
is project
maximizes shareholder wealth by accepting al]

the difference between its value and cost.
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will add to shareholder wealth. A company f
projects that have a positive NPV.

How is the profitability
index calculated, and how
can it be used to choose
hetween projects when

funds are limited? (LO8-3)

why doesn’t the payback
rule always make
shareholders better off?

(LO8-4)

How can the net present
value rule be used to
analyze three common
problems that involve
competing projects: when
to postpone an investment
expenditure, how to choose
between projects with
unequal lives, and when to
replace equipment? (LOS-5)

LISTING OF EQUATIONS

QUESTIONS AND PROBLEMS

= conmnect
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ge of capital, companies need to choose projects that offer the highest net

Present valye - -
r dollar of investment. This measure is known as the profitability

: pe
Indey,

The net Present value rule
money, But Companies so
rul(?, which states that a P
per!()d. The payback rule
period and fails to discoy

and the rate of return rule both properly reflect the time value of
metimes use rules of thumb to judge projects. One is the payback
roject is acceptable if you get your money back within a specified
takes no account of any cash flows that arrive after the payback
nt cash flows within the payback period.

Sometimes, a project ma

NPV if the : y have a positive NPV if undertaken today but an even higher
I the investment is delayed. Choose between these alternatives by comparing their
NPVs today.

When you have to choose between projects with different lives, you should put them on
an equal footing by comparing the equivalent annual annuity of the two projects. When
you are considering whether to replace an aging machine with a new one, you should com-

pare the annual cost of operating the old one with the equivalent annual annuity of the
new one.

8.1 NPV =PV - required investment

net present value

8.2 Profitability index = ———
initial investment

: : resent value of costs
8.3 Equivalent annual annuity = .

annuity factor

Problems 1-9 refer to two projects with the following cash flows:

Year Project A Project B
0 -$200 -$200
1 80 100
2 80 100
2 80 100
4 80

1. IRR/NPV. If the opportunity cost of capital is 11%, which of these projects is worth pursuing?

(LOS-1)

5 Mutually Exclusive Investments. Suppose that you can choose only one of these projects.

Which would you choose? The discount rate is still 11%. (LOS-1)

3. IRR/NPV. Which project would you choose if the opportunity cost of capital is 16%? (LOS8-1)

4 IRR. What are the internal rates of return on projects A and B? (LOS-2)

5 Investment Criteria. In light of your answers to Problems 2, 3, and 4, is the project with the

higher IRR the better project? (LOS-2)

6 Profitability Index. If the opportunity cost of capital is 11%, what is the profitability index for

each project? (LOS-3)
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$3,000 to install will p
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$2.2 billion to build and then will produce e
PV sed muclear PO riod (in vear 15). it must be
g A At zg?g);lillion a year for 15 at period (in ‘ St be decomp;.
ows Of 3. o e
sioned at a cost of §900 milhion. { LOS-1 %
a What is project NPV if the discount rate 18 27
| | . 1G9
b What if the discount rate 18 18%.

' C o system Wi
NPV/IRR. A new compuicr s): e =
the firm's cash flows by $4.000 a year for each of the next

: oY e . a7 9
a. Is the system worth installing if the required rate of return 1s 9%

b What if the required return is 14%” | .
| be before you would reject the project?

] require an initial outlay of $20,000, but it wi]] InCreas
§ years. (LOS8-1) *

NPV/IRR. Here are the cash flows for a project under consideration: (LOS-1 and LOS-2)
ount rates of 0, 50%, and 100%.

a. Calculate the project’s net present value for disc
b. What is the IRR of the project”

C, =
+$4,500 +$18,000

Co
-$6,750

NPV versus IRR. Here are the cash flows for two mutually exclusive projects: (LOS8-1 and

LOS-2)

PijECt Co C1 C2 C3
A -$20,000 +%$8,000 +%$8,000 +$ 8,000
B -20,000 0 0 +25,000

4. At what interest rates would you prefer project A to B? (Hint: Try drawing the NPV profile

of each project.)
b. What is the IRR of each project?
NPV _, « e :
gcner/:: l: yess ll'llEnlerpnses believes its latest project, which will cost $80.000 to install, will
$5.000. an KZ;‘#OEIQW;UE stream of cash flows. Cash flow at the end of the first year will be
o 'S 1n fut : :
(LOS-1 and LOS-2) ure years are expected to grow indefinitely at an annual rate of 5%.

a. If the discount rate for this project ;
S pro - .
b. What is the project IRR? oot ot project NPV?

IRR/NPYV. Consid | ’
\der the following project with an internal rate of return of 13.1%. (LOS-2)

a. Should you acce |
pt or reject th ect i :
b Wikt seiiesi Attt ) ¢ project if the discount rate is 12%?

Year  Cash Flow

hat if it ig 20%?
hatif it is 350%9
hatif it is 40099

. IRR. Mar;
« Marielle Machj : |
hinery Works forecasts the following cash flows on a project under consid-

eration, It uses ’
S the internal rate of return rule to accept or reject projects. (LO8-2)

g. ;\I’]hat 1s the project’s IRR?
. »hould this project be accepted if the required return is 12%?

CO C1 C2 C3
-$10,000 O +$7,500 +$8,500

19. NPV/IRR. Consider projects A and B: (LOS8-2)

Cash Flows (dollars)
Co C, " NPV at 10%

-30,000 21,000 21,000 +$6,446
—-50,000 33,000 33,000 -,24 3

a. Calculate IRRs for A and B.
b. Which project does the IRR rule suggest is best?

¢. Which project is really best?
20. IRR. You are offered the chance to participate in a project that produces the following cash

flows:

C, e, o
+$5000 +$4,000 -%$11,000

The internal rate of return is 13.6%. If the opportunity cost of capital is 12%, would you accept
the offer? (What is the net present value of the project?) (LOS-2)

. Multiple IRRs. Consider the following cash flows: (LO8-2)

Co C1 C2 C3 C4
~$22 +%$20 +%$20 +%$20 -%40

o Which two of the following rates are the IRRs of this project: 2.5%, 7.2%. 14.3%, 33.7%,

40.0%?
b. What is project NPV if the discount rate is 5%?
¢. What if it is 20%?

d. What if it is 40%?
Profitability Index. What is the profitability index of a project that costs $10,000 and provides

cash flows of $3,000 in years 1 and 2 and $5,000 in years 3 and 4? The discount rate is 9%

(LO8-3)
Profitability Index. Consider the following projects: (LO8-3)

Project Go C, C.

A -$2,100 +$2,000 +$1,200
B -2,100 +1,440 +1,728

2. Calculate the profitability index for A and B assuming a 22% opportunity cost of capital.
; fitability index rule, which project(s) should you accept?

b. According (0 the pro




stment budget of $8 million. Yoy p,
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24, Capital Rationing You are d n[];zn; and cash-flow figures arc i Duars, (L08.3)
. ? eCts Jnvest
0 the following ProJ
s Annual Project Life
w (years)
Disco:;g) Investment Cash Flo

A i 4 1 5
B : 5 2
G B 1.5 3
D 8 3 1 6
£ 12

a. Which projects sho ™y . no capital rationing?

»s  Profitability Index versus NPV. Consider projects A and B with the following cash ot
25. itability . .

(LOS-3)
Co C1 Cz C3
g3  +$20  +$20  +$20
8 _50 +25 +25 +25

Which project has the higher NPV if the discount rate is 10%?

. Which has the higher profitability index? e
Which project is most attractive (0 a firm that can raise an unlimited amount of funds to pay

.

for its investment projects”’
d. Which project is most attractive to a firm that 1s limited in the funds it can raise?

26. Investment Criteria. If you insulate your office for $10,000, you will save $1,000 a year in
heating expenses. These savings will last forever. (LO8-1, LOS-2, and LOS-4)
a. What is the NPV of the investment when the cost of capital is 8%?
b. What if it 1s 10%?
c. What is the IRR of the investment?
d. What is the payback period on this investment?

27. Payback. A project that costs $2,500 to install will provide annual cash flows of $600 for the
next 6 years. (LOS-4)

a. The firm accepts projects with payback periods of less than 5 years. What is this project’s
payback period?
b. Will it be accepted?

C. Shoulq this project be pursued if the discount rate is 2% (What is its NPV?)
d. What if the discount rate is 12%?

e. Will the firm’s decision change as the discount rate changes?

28. Payback and NPV, A project has a life of 10

. - : ,
project NPV positive or negative? (LOS-4) years and a payback period of 10 years. Is the

29. Payb '
yback and NPV. Here are the expected cash flows for three projects: (LO8-4)

Cash Flows (dollars)

Project  Year: 0 :
< 3 4
A
: -?’ggg *1.000  +1,000 +3,000 0
C —-5’000 “ 0 +1,000 +2000 +3,000
000 41,000 +3000 +5,000
=t

| by $.50 a ye

C. lf y()u us
Se a cu i .
d. If the Opporlunli(:” F)cnod of 3 years, which projects would you accept?
€. “Payback gives 2' Cost of capital is 10%, which projects have positive NPVs?
falsed > 100 much weight to cash flows that occur after the cutoff date.” True or

30. lnvestment Criteria. A n

and Yvill require ongoing
efficient thap

PCr year. Hea

cw’t‘umacc for your small factory will cost $27,000 a year to install
your old fun:\i"‘mcnun?c expenditures of $1,500 a year. But it is far more fuel-
fing 6l L rTCt al?d will reduce your consumption of heating oil by 2,40Q gallons
: year will cost $3 a gallon; the price per gallon is expected to increase
‘2" for the next 3 years and then to stabilize for the foreseeable future. The furnace
The di 0. years, at whic\)\ point it will need to be r¢  aced and will have no salvage value.
ntrate is 8%. (LOS-1, LOS-2, LO8-4, and LOS-5)

W - ' . :
hat s the net present value of the investment in the furnace?
What is the IRR?

What is the payback period?
What is the equivalent annual cost of the furnace?

What is the equivalent annual savings derived from the furnace?
Compare the PV of the difference between the equivalent annual cost and savings to your
dnswer (o part (a). Are the two measures the same or is one larger?

will last for

a.
b.
¢
d.
=
f.

31 Mu.tually Exclusive Investments. Here are the cash-flow forecasts for two mutually exclusive
projects: (LOS-5)

Cash Flows (dollars)
Year Project A Project B
0 -100 -100
1 30 49
2 50 49
“ 70 49

a. Which project would you choose if the opportunity cost of capital is 2%?
b. Which would you choose if the opportunity cost of capital is 12%?

32. Equivalent Annual Annuity. A precision lathe costs $10.000 and will cost $20,000 a year to
operate and maintain. If the discount rate is 10% and the lathe will last for 5 years, what is the

equivalent annual cost of the tool? (LOS-S)

33. Equivalent Annual Annuity. A firm can lease a truck for 4 years at a cost of $30,000 annually.
It can instead buy a truck at a cost of $80,000, with annual maintenance expenses of $10,000.

The truck will be sold at the end of 4 years for $20,000. (LOS-5) | .
a. What is the equivalent annual cost of buying and maintaining the truck if the discount rate 1s

10%?
b. Which is the better option: leasing or buying?
34. Equivalent Annual Annuity. Econo-Cool air conditioners cost $300 to purchase, result in

electricity bills of $150 per year, and last for 5 years. Luxury Air models cost{$500, result in
electricity bills of $100 per year, and last for 8 years. The discount rate is 21%. (LOS-)S)

a. What is the equivalent annual cost of the Econo-Cool model?
b What is the equivalent annual cost of the Luxury Air model?

¢. Which model is more cost-effective?
d. Now you remember that the inflation rate is expected to be

future. Redo parts (a) and (b).
g. You can purchase an optical scanner today for $400. The scanner provides
The expected life of the scanner is 10 years. Scanners are expected (0

per year. Suppose the discount rate is 10%. (LOS-5)
the scanner today or wait to purchase?

10% per year for the foreseeable

35. Investment Timin
benefits worth $60 a year.
decrease in price by 20%
1 Should you purchase .
7. When is the best purchase time”

36. Replacement Decision. You are operating an old machine that is ¢pected to produce a cash
. Re

. each of the next 3 years before it fails. You can replace 1t now with a new

: 5.000 1n € : : :
mflc(;:;v’nzft:m costs $20,000 but is much more efficient and will provide a cash flow of $10.000
ma :

year for 4 years. Should you replace your equipment now? The discount rate is 15%. (LOS8-5)
a

.
sugy

e
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g R - Ily ad\'antageous g A= Why i$ NPV maximize AL YOU: CUl the: tred When - i count rate, Other risk-free : second alternative generates greater value at any reasonable dis-
economicalt  jts growth s OWS dO“In(.)S’ )__; N g free investments offer 7%. Therefore
idly. As 1t ages ™= = { rate? (LUO™ .
- it - the discount i« | R uve PSRN s
growth rate equals i Jh s for oaly 2 more yeurs. AL COOR $3,000 a year 1 NPV = —§1,000 4 24000 _
ision. A forklift will 12 last for 10 years and should requ; May BAA) - o +%$2,738
38. Replacement Deci .:m R 1ift that can 135 J quire Maip 07
: 8 ) vou € . . . |
(ain. For $20.000 } ar, (LO8-) NPV = -$1,000,000 + A LA +$401,869
1.07 ‘

index gi . : - ' |
y Index gives the correct ranking for the first pair, but the incorrect ranking for

sales price is lower and NPV is negative:

|

PV = $400,000 X 50 =3$333,333

NPV = PV - $355.000 = 521,667

The present value of the future cash flow is not as high when the opportunity cost of capita] is :
higher. The project would need to provide a higher payoff in order to be viable in the face of | 3 i
the higher opportunity cost of capital. P

8.2 The IRR is now about 8.3% because ~ .
$25.000 $25,000 $420,000
+ -+ = ()
1.083  (1.083)° (1.083)°

Note in Figure 8.6 that NPV falls to zero as the discount rate reaches 8.3%.

NPV = —$375,000 +

8.3 You want to be rich. The NPV of the long-lived investment is much larger.

| | $2
Short: NPV = -§1 + T = +%.869 million

. $.3 3 ';':_:?
Long: NPV = ~$1 + == = +53.286 million i %

FIGURE 8.6 NPV falls to zero
at an interest rate of 8.3%. 100

SOLUTIONS TO SPREA

1.
2.

' N S Project PV Profitability Index
SOLUTIONS TO SELF-TEST QUESTIO | ok LAohaos e B
E v, & i & 0
. e ©355.000, NPV is still posilive: $1,869,159 $1,000,000 $ 869,159 0.869
8 1  Even if construction COSLS are 3397, ; | 4 Long 4,285,714 1,000,000 ' 6
PV = PV — $355.000 = §357.143 — $355.000 = $2,143 | 4 Small : VL0, 3,285,714 3.28
NPV = 3339, o 2 738 1,000 2,738 2.738
Therefore. the project Is still worth pursuing. The pI‘.Q]CCl is viable as long as constructjgy % 48 1,401,869 1,000,000 401,869 0.402
~osts are less than the PV of the future cash flow, that is, as long as construction costs are Vet ;
- ‘ = et ~ahrital 3 o7 y
than $357.143. However, if the 0pportuni EOMER, COftnL i 2l S Ol e $400,000 F 8.6  The payback period is $5,000/$660 = 7.6 years. Discounted payback is just over 11 years

Calculate NPV as follows. The present value of a $660 annuity for 20 years at 6% 1s

PV annuity = $7,570
NPV = —$5,000 + $7,570 = +$2,570

The project should be accepted.

Year of Cost of NPV at Year
Purchase Computer PV Savings of Purchase NPV Today |
0 $50 $70 $20 $20
1 45 66 21 19.1
2 40 62 22 18.2
3 36 58 V47 16.5
- 33 54 21 14.3
5 31 50 19 11.8

Purchase the new computer now.

Equivalent annual annuity

Year: 0 1 2 3 PV of Costs
| K Cash flows $10,000 $1,100 $1,200 $11,992
Equivalent annual annuity 6,910 6910 11,992
L Cash flows 12.000 1,100 1,200 $1,300 14968
6,019 6,019 6,019 14,968

Machine L is the better buy.

| more year. That costs $4.300, which is less

NPV is zero al 320

The answer is 54.2.
initial cash flow as if

an extra year.

HSHEET QUESTIONS

6. or 12.56%. This is the office project’'s [RR.

The correct NPV of 57.9 is 7% higher. The Excel function treats the
+ oceurs at the end of 1 year, and discounts each successive cash flow by

However. it’s even better to keep the old machine going for
than L’s equivalent annual cost, $6,019.
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Flowton Products enjoys a steady demand for stainless s(gel | - and these measures arc also .\h(?\\ nin t.k~ ible
trators used in a number of chemical processes. Revenues from * As usual, Emily Balsam arrived early at Flowton’s heaq Off;
- ot 11 : ' st arc Ak \OTE oining Flowton. Evervthi ICe
infiltrator division are $50 million a year, and P“’ducn?n - .o She had never rt.g.ﬂ!tt‘i‘ J‘“"'?l— Flc , ‘\ t ‘”.\‘lhl‘ng abouyy | > In Section 87
$47.5 million. However, the 10 high-precision Munster stamping 1ace. from the mirror windows to the bell fountain in e e he T i e We described severa] o fall
achines that are used in the production process are coming 10 lh: Fuggcslt‘d q classy outfit. Ms. Balsam sighed happily ang rcr,l: : s tricks that users of the rule 2“; u\ ll: 1 |'lL in wait for users of the IRR rule. However, there
. . : : wnlace Cac s, v y *hear 1 - , dChe Can ad; ‘ 5C ATC | ace ha7z: 3 4 : ‘
end of their useful life. One possibility 15 simply 'm np.ldtltl‘\:s[ oo the envelope at the top of her in-tray. Itw d.\\ an analysis o, e R l?ldddpl the IRR ryle when you nec:;::u.:m\.em these hazards. In thas ‘}ppcndn. we show
existing machine with a new Munster. These machin® ol ltrator division of the replacement options for the the Ple IRRs. 0 choose between competing projects or when there
SO0 Al e ) misezir OPC'.f;:('"P machines. Pinned to the paper was the summary table of Ca\:hanlper
: : " ’ : “ o h gt e : -, 5 . _ 3 »
costs. The alternative is 10 buy 10 centiiy L“mm”(di%'lth t]w(* and a note from the C FO. which read, “Emily, I have reaqd Howy Usmg the IRR to Ch
stampers. Ski < cost $1.25 million each, but comparce with the E S s SRR s N 3 L _ rou ' , - :
Munspt‘::rs U?(”hom‘;duN fll e '":”t"l (l) s;m’Ln 1 In ()P(‘r::l)nr and mate- 20 pages of excruciafing detail and l.m” don t Know which of lhegh ' When YOu need to choose bcto-ose between MUtua"y Exclusive Pl’OjeCtS
b c-\(Mr; t(:}; ;&(';())umxy))r'o uc.c .JMn a‘ ;vcr :.hc bz = achines e <hould buy. The NPV calculation seems  ings se ,‘ of return is B b leaa < ween mut.uully exclusive projects, a simple comparison of internal rates
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BEYOND THE PAGE  Using the Modified Internal Rate of Return When There Are

Cacii e MIRR Multiple IRRs
ek > Whenever there is more than one change in the sign of the cash flows, there is generally more than
one internal rate of return and, therefore, no simple IRR rule. Companies sometimes get around this

mhhe.com/brealey9e problem by calculating a modified IRR (MIRR), which can then be compared with the cost of

capital.
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This value is positive, SO if we use it in place of the last three cash flows, we will |
change of sign. Now we can compute IRR using the modified cash-flow sequence: e One
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