e prm'iding the base, or minimum

e clearly indicated.

inimum profit ot
;::ltllj'n andptht: gcntral method emplioy

return : o _
Example 1 Determination :;f rllt'u;i wring plant requires an initial ﬁxed«capna]
ed man

income-tax effects. APrﬂPﬂﬁs]m 000 of working capital. It is estimated that the

investment of Sﬂl;ﬂ.ﬂm ?[;jJ 000 and the annual expenses including tFlﬂll*rﬂ!::iati»nun
sooual IRoVC: m;thc sin-':ut;rm:- taxes. A minimum annual return of 15 percent
will be $520,000 belore

is required before the investment will be worthwhile. Income
before income [axes 1

taxes amount to 34 percent of all pre-tax profits.

ine the following: e :
I:’[anu!m “:cr:n: return on the total initial investment before income taxes,
(a) The annual pe

| percent return on the total initial investment after income taxes,
l!:b; TT':t ﬂm"“ﬂ] ]]:rca:m return on the total initial investment before income taxes
¢) The annua

' ith minimum profit.
n capital recovery with mini | |
(d) ;'hﬁ:ir?nualppmem return on the average investment before income taxes

assuming straight-line depreciation and zero salvage value.

Mual profit before income taxes ==$Sﬂﬂﬂﬂi] = $52[],D[Hil_ = $?BG,EH}D.
Annual percent return on thi t[-::&::l 1n211§al;::::rﬂﬂnt betore ncome taxes =
280,000 /(900,000 + 100,000)X100) = 25 p :
(b) ;[ﬂmnual ;:mﬁt after income taxes = (IEED.{]{I?}(Uﬁﬁ] = 51341399
Annual percent return on the total initial investment after income taxes =
[184,800,/(900,000 + 100,000)((100) = 18.5 percent.
(¢) Minimum profit required per year before income taxes = ($900,000 +
$100,000X0.15) = $150,000.
Fictitious expenses based on capital recovery with minimum profit =
$520,000 + $150,000 = $670,000/year. Annual percent return on the total
investment based on capital recovery with minimum annual rate of return of
15 percent before income taxes = [(800,000 — 670,000) /(900,000 +
100,000)K100) = 13 percent.
(d) Average investment assuming straight-line depreciation and zero salvage value
= §900,000,/2 + $100,000 = $550,000.

Annual percent return on average investment before income taxes =
(280,000,/550,000X100) = 51 percent.

The methods for determinin
sections, give “point values” whic
or for some sort of “average”
money, and they do not ac
significantly over the life of

C!nf:: example of a cost that can va
depreciation cost, If straight-line

g rate of return, as presented in the preceding

h are either applicable for one particular year
year. They do not consider the time value of

count for the fact that profits and costs may vary
the project.

ry during the life of a project is

constant; however, it mov depreciation is used, this cost will remain
‘ Y ¢ advantageous to ¢mploy a declining-balance or

sum-of-the-years-dipj
; _ gits method to : L% : ,
‘mmediately result in varjatione i determine depreciation costs, which will

n
Other predictab] :

€ factors, sy :
c
sales volume, ma Be

y also make i nance costs or changing

to estimate year-by-year profits with

on investment—consideration of

Project, For ¢
the basis of o
alyses baseq

pmﬂtability cannot be made op

hese Situations, analyses of project
ing curve, and profitability an

n ' "
€ point on g flat lime-versus-earn-

: yare : on disco
appropriate. Similarly, '[lm&-?ﬂ]ue-ﬂf.mﬂney mHSideral:;ti:;.tEd cash flow may be
counted-cash-flow approach desirable when annual pmﬁ;a;];a:ur’:kﬂ the dis-
stant.

DISCOUNTED CASH FLOW
Rate of Return Based on Discounted Cash Flow}

The method of appl‘ﬂai:h for a profitability evaluation by discounted cash flow
takes into account the time value of money and is based on the amount of the
investment that is unreturned at the end of each year during the estimated life
of the project. A trial-and-error procedure is used to establish a rate of return
which can be applied to yearly cash flow so that the original investment is
reduced to zero (or to salvage and land value plus working-capital investment)
during the project life. Thus, the rate of return by this method is equivalent to
the maximum interest rate (normally, after taxes) at which money could be
borrowed to finance the project under conditions where the net cash flow to the
project over its life would be just sufficient to pay all principal and interest
accumulated on the outstanding principal.
To illustrate the basic principles involved in discounted-cash-flow calt{lla-
tions and the meaning of rate of return based on discounted cash flow, consider

the case of a proposed project for which the following data apply:

Initial fixed-capital investment = $100,000
Working-capital investment = $10,000

Service life = 5 years .
Salvage value at end of service life = $10,000

Predicted after-tax cash flow 10 pmj-j-c:lhase: on total
income minus all costs em::pl d_tprﬁll 100,
Year | (expressed as end-of-year situation)

(110,000)
30,000
31,000
36,000
40,000
43,000

oW O3 B = O

ods of return calculation

tCommon names of meth te of retun, i€ rate of .

are profitability index, interest 1
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EA%thntinn of discﬂﬂ““’d'“sb f | : ® 30 U J ' n
omp o | Trial for i= 025 | Trial for i = 0207+ 5 LA l
: i a0, =
Trial for i = 0.1% Trie] 105 W) PESRCICR L - gk R T g es 20.7%, -
IMPSICOSSSET)  LE e Discoumt) oo bkbkm————a
- il 3 20fF ;
Discobist Discount (aclof, Present factor, Present i : 159,
Estimated |~ factor. Present 1 alue _ 1 | value, E I
cash flow [betr: | Preseal \ "y | gl f——2f T TN S 815 . d
Y e . b o I
e onpdenl s BRSO T o § '385 090 095 100 105 110 115 130 FIGURE 10.2
5% 0 8000 | 24.000 | 0.820 | 24,900 fAe12 of totol present value/initial investment Graphical analysis for (rial-and error determinati
o | (110,000) : 25,000 - J ' ; of di : ination
24,100 | 0.8333 19,800 | 0.687 | 21,200 scounted-cash-
iy :?ﬁ g:?::f 23,400 u.um; :;';'Eg g;;};‘ﬁ 18,400 | 0.570 | 20,500 flow rate of return (see Table 1),
0.4823 - ol ,
X 5:500 .o’ dont 31300 | 0/4ot0 [ 25.300 [0.3277 | 20,600 | 0.3%% | %4530 -Sﬁ“;]ngﬂ??qm {th)f: Tiqi::c:u:itdﬂq- (t?ﬂand solving by trial and error for i gives
5 | | e -Cash-flow rate of '
420,000 99,200 110,000 . return is 20.7
111,800 ' . . percent.
bk 127,000 1 Some f-: the tedious and time-consuming calculations can be eliminated by
. applying al iscount factor to the annual cash flows and summing to get a
| : ¥
total present value | 1 010 0.902 1.000 present value equal to the required investment. The discount factor for end-of-
Hatio = A itial investment year payments and annual compounding is
Trial is | d, = 1 ;
satisfactory n' (l + i)n* = discount factor {3}
| where i = rate of return
tAs illustrated in Fig. 10-2, interpolation to determine the correct rate of return can be accomplished by ' - f : : ‘
- 10-2, n’ = year of project life to which cash flow applies

plotting the ratio (total present value /initial investment) versus the trial interest rate for three bracketing
values and reading the correct rate from the curve where the ratio = 1.0.

Note: In this example, interest was compounded annually on an end-of-year basis and continuous interest
compounding was ignored. Also, construction period and land value were not considered. The preceding effects
could have been included in the analysis for @ more sophisticated treatment using the methods presented in
Examples 2 and 3 of this chapier. ,

This discount factor, d,., is the amount that would yield one dollar after n’ years
if invested at an interest rate of i. The discounted-cash-flow rate of return can
be determined by the trial-and-error method illustrated in Table 1, where the
annual cash flows are discounted by the appropriate discount factor to a total
present value equal to the necessary initial investment.t

Designate the discounted-cash-flow rate of return as i. This rate of return
represents the after-tax interest rate at which the investment is repaid by
proceeds from the project. It is also the maximum after-tax interest rate at
which funds could be borrowed for the investment and just break even at the
end of the service life.

At the end of five years, the cash flow to th ' :
basis of end-of-year income, will be e DO e Ol

(830,000)(1 + i)* +

Example 2 Discounted-cash-flow calculations based on continuous interest
compounding and continuous cash flow. Using the discount factors for continuous
interest and continuous cash flow presented in Tables 5 to 8 of Chapter 7,
determine the continuous discounted-cash-flow rate of return r for the example
presented in the preceding section where yearly cash flow is continuous. The data

follow.

Initial fixed-capital investment = $100,000
Working-capital investment = $10,000
Service life = 5 years

Salvage value at end of service life = $10,000

(831,000)(1 + i)’ + ($36,000)(1 + i)’
+(340,000)(1 + /) + $43.000 = § (1)

: r .
must just equal the future worth € worth of the proceeds to the project and

- . ﬂf the iﬂitiﬂl 1 m
Inter Investment co et
est rate corrected fﬂr Sﬂlvﬂg'ﬂ \"EIUE and W”]"kin ca it:;l ml::)und"'d At
g capital. Thus,

S = ($110, S
000)(1 + ;)° - $10,000 — $10.000

The symbol § represents the futy

NE : | in Table 1 and Example 2, can be scen
tThe significance of the use of discount factors, as '“‘_’;‘,’fﬂzl +i)" for the general case where 7

by dividing both sides of Eq. (1) and Eq. (2) by (1 +1i
is the estimated service life in years.

(2)
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TABLE 4 to clarify income-1ax situation for p ¥ vest- | Total initial Working- Salvage S R i Annual cash
Definitions ment | fixed-capital capital value at end | vice | fiow to ::- {E:nmmﬂtt
. ings) -| invest- i . : : :

Revenue = lotal income {Tjr “}IELS: —F;nmm# X num :'nr.:nt - mv&:t . i‘ff service life, | ject after for each
Net profits = reveaue - all xpenses = 107 ber : ek life, $ years | taxest $ year), §
All expenses = cash expenses + Jepreaai?,

[ ale
Income tax = (revenue — all EIP‘”“"H a5 1 100,000 10,000 10,000 2 See yearly 44 000

Cash flow = net profits + depreciation X1 - tax rate)
£ = tabulation §
Cash flow = (revenueX] — tax rate) — (cash expenses 170,000 10,000 000 000 000
+ (depreciationXtax rate) X1 - tax rate) + depreciation : ’ - f {:nﬂl;tant] i
i X1 — tax rate) - (all expensesAl =
Cash flow = (revenue R 3 210,000 15,000 20,000 8 99,000 21,000
(constant)

$1.00 of revenue (cither as sales income or savings) yields a cash flow of $0.66. .
$1.00 of cash expenses (as raw materials, labor, etc.) yields a cash outflow of $0.66. o B

§1.00 of depreciation yields a cash inflow of $0.34.

interest cost for investment.

-~ 1 This is annual cost for operation, maintenance, taxes, and insurance. Equals total
annual income minus annual cash flow.

§ For investment number 1, variable annual cash flow to project is: year 1 = $30,000,
year 2 = 831,000, year 3 = $36,000, year 4 = $40,000, year 5 = $43,000.

Consideration of Income Taxes

Ir_ucume-ta; effects can be included properly in all the profitability methods

discussed in this chapter by using appropriate definitions of terms, such as those

presented in Table 4. The methods of discounted-cash-flow rate of return and

present worth are limited to consideration of cash Income and cash outgo over

the life of thr: project. Thus, depreciation, as a cost, does not enter directly into

the calculations except as it may affect income taxes.

e Net cash ﬂ_ﬂ: represents the difference between all cash revenues and all

expenses with taxes i '

g pm;:rcifedhas; cash expense. Thus, discounted-cash-flow

orth should be calculated on an after-tax basis,

] ; : EIHI baSIS. Such 1

Solution
(a) Method of rate of return on initial investment.
Average annual profit = annual cash flow — annual depreciation cost

The average annual profits for investment No. 1, using straight-line
depreciation are as follows:

Year Average annual profit, dollars

(100,000 = 10.000) e 00 15 000 = 13 000

1 30,000 — 5
Example 5 Com = 13,000
Parison of alternative 2 31,000 — 18,000 '
g::hudi._ﬁ COmpany has three alternative I::::"“Eﬂls by different profitability 3 36,000 — 18,000 = 18,000
au.:ic all three Investments are for b ments which are being considered 4 40,000 — 18,000 a0
SErvice, only one of (he IVestments can b *Me type of unit and yield the same 5 | 43,000 — 18,000 20
: 90,000

3 )
“cepted. The risk factors are the same Total

For investment No. 1, the arithmetic average of the annual profits is

90,000/5 = $18,000.9 _ _
The annual average rate of return on the first investment is

urn after ble.)
Used and, for gir. . that, £re anal: axes are available 18.000
analysis is used Eﬂn:iuf money mwrprif’;'!?ab!e Straight-line depreciation is = T (100) = 16.4% after taxes
| - valye 5 lons, end-of ,000 + 10,000

Given the fo) nd prestary Ol-year cost and profit

: oW : P Costs it i
{m:hth % altenaive alir:f o determine i I:..E iE0red YAn alternate method to obtain the average of the annual profits would be to determine the amount
{:: R‘?'“ f return b IS § Pmﬁtahjii;}--m_ & Investment, jf any, should be of the annuj Reba d on the end-of-year payments that would compound to the same future worth
” I";I:m um payo le INvestmen, I methods of as the im:livEual p:ﬁt: using an interest rate ¢ of 0.15. With this approach, the average of the
¢ fﬁfﬂun[cd & Ith pg : s

, ash O inter annu; By Id be $17,100. .
:d}]' |‘~:ct Preseng uun: TW Cst chnrge nual .ﬁ:ﬂﬁls t;?‘;mfcst:gc::;?ﬁil w:}l:.lu N0 b T R v - MEPES
! Capitalizeg COsts (1 + )" i et n]f 7) to the annuity 1o give the future worth § of the annual

0 = 1/ reo Bo, GLESRAR X1+ 0 + (18000XT + 1)° + (22,000X1 + 1)

' ol
Ncomes. The expression is (12,000X1 + i) + HS.'IH]I _ e
+ 25,000 = Ri(1 1:- i)® = 1)/i. Solving for the case of i = 0,15 gives R = §17,100.




nt, one of the three investmen;s Similarly, for investment Ng_ 3
L] . ;

ry to compare the three investmengs

.5
g

For ) dollars
' t, do
investment m:.l;:mrnt | Average annual peoe - —
wim L e $18,000
| $110,000 | 170,000 — 15,000 _ 59000 — 22,100 = $29,900
5200 = — 7
2 ”5[1.!“.' | &
A idd | 210,000 — 20,000 _ 59 000 — 23,800 = $35,200
| I W) — e : g
3 | $225,000 59,k 8
|

]J lme . ¥

Percent returm = Ton"a50 110,000

Therefore, investment No. 2 IS pr:[:n‘r:d over investment No. 1. Comparing
investment No. 3 with investment No. .

35.1“-] 27 Zﬂ,ﬂm
Percent return = —5c7000""180,000
‘ hould be recommended.
' ' table, and investment No. 2 sh &
e rﬁ:ns:;: I::ﬁftp:uum have been obtained if a minimum return of 15

' nse.
percent had been incorporated as an expe ‘ ;
(h) Method of minimum payout period with no interest charge.

(100) = 17.0%

(100) = 11.8%

depreciable fixed-capital investment
Payout period (with no interest charge) = wvg profit/yr + avg depreciation /yr

For investment Payout period, years
number
90,000 - 8
I 18,000 + 18,000 ‘
155,000
Z = 208
29.900 + 22,100
190,000
3

= 3.22
35,200 + 23,800

| The payout period for investment No. 1 is least; therefore, by this method,
investment No. | should be recommended.

‘ (c) Method of discounted cash flow. For investment No. 1, as illustrated in
Table 1, lh_-:': rate of return based on discounted cash flow is 20.7 percent.
For investment No, 2, the discounted-cash-flow cquation is
I ]
(52,000) -+ Fo oo t
L+i (1 44y %

1
+ (10,000 + 15,000) ——

(a+i)

(1+i)
= §180,000

1 1
(59,{!}[})[—1+ : +"-+~__1___
Yot 18 = (afy? B + (15,000 + 20,000) T,
= $225,000
By trial-and-error solution, the disco

unte . ;
0 make a choice among the d-cash-flow rate of return is 21.5 percent.

_ three alternatives. it i
: , 1L 1S necessary to make a
comparison among the three possible choices. This comparison can E‘: made in a

rclatwel_y Stm'.gh tfﬂr_ﬂd manner using discounted-cash-flow rates of return by
comparing pairs ol investments on a . : :

- mutually exclusive basis if the various
alterpaiieed have the same economic service lives. When different lengths of
service life are involved, as

in this problem . .
calculated rates of pr » the best approach is to avoid the

return and make the investment compari
: parison by the net
present-worth method as shown in part (d) of this problem. It would be possible to

use discuunteidmca_sh-ﬂﬂw rates of return for comparison between investments with
different service lives by assuming that each investment could be repeated at the
end of its service life until a common end point was obtained for the investments

being cum!:ra‘rcd; however, this method becomes very involved mathematically and
is not realistic.

If the service lives of the investments being compared are not widely

different, the following approximate method using discounted-cash-flow rate of
return can be employed for the comparison.t

In comparing a pair of alternatives, the base time is chosen as the longer of
the two service lines. For the case of the investment with the shorter life, it is
assumed that the accumulated amount at the end of its life can be invested at the

minimum acceptable rate for the remaining time to equalize the two lives. The rate
of return on the incremental investment can then be determined.

Comparison of investment No. 2 to investment No. 1. At the end of its 7-year
service life, the net value of investment No. 2 is

(180,000)(1 + 0.229) + 10,000 + 15,000 = $785,000

With investment No. 1, the net value after 7 years is the amount accumulated

in 5 years times the factor to let this accumulated amount be invested at 15 percent
for 2 more years, Or

2
[(110,000)(1 + 0.207)° + 10,000 + 10,000] (1 + 0.15)* = $398,000

Therefore, a gain of $785,000 — $398,000 = $387,000 is made in 7 years by
an added investment of $70,000 if investment No. 2 “‘.m.ad': instead qi investment
No. 1. The discounted-cash-flow rate of return for this incremental investment 18

found by {T{lmﬂ)(l T jf = 387,000
i=0277 or 211.1%

| 15 d over
This return is greater than 15 percent; SO investment No. 2 is preferre
investment No. 1.

3 ; s of return for investment
tThe method is shown to illustrate the use of discounted-cash-flow rate
By trial-and-crror solution,

P e lives. If service lives are
comparisons. It is correct only for oA L :Ig;q:::g:t”:ﬁc: life.
. : i nt with the
the dtscuunl:dﬂSh-ﬁnw rate of rcturn is 22.9 pcrl:t’.'lll different, this method tends to favor the investme
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R e vestment No. 2. At the end of its 8-ye NATIVE INVESTMENTS
ment No. 3 10 FPE 5 af If Cyis : /AND REPLACEME
C rison of pvesime t No 318 n constant, as is th NTS 329
, i ¢ value of investmen® 17 value becomes (annual € case for th;
e 000 = $1,105,000 cash expenses) /i. Therry . PI¢, the capitalized
ety + 20,000 = $1,105, - Therefore, present
(225,001 7 prih ! i Capitalized cost = Cr(l + i)’ anny
F parison $180,000 invested 10 investment No. 2 would, with the ast (Qtay™ e V. $oes al cash expenses
or compa Roainr - rs L0 3 1 = + worki '
vear at a 15 percent return. accumulate 17 2% where n = semvice life l ng capital
' i = annual rate of
2 + 15,000/ (1 + 0.15) = $903,000 return
[“m_mn:]}{l +0229)" + 10,000 ] Cr = replacement cost
; ; V. = sal
Therefore, a gain of $1,°05,000 — $903,000 = $202,000 115 made in 8 years by s alvage value
an added investment of §45,000 by making ‘“"‘35?“*“;‘”35;;;5‘:5?1 'L?f investment For investment No. 1,
No. 2 The dismum:d-cash-ﬂuw rate of return for this 1 ntal investment is T :
found by Capitalized cost = — )1 +0.15) 44,000

(L+015p ]« oy

For investment No. 2,

(45,000)(1 + i)* = 202,000 + 10,000 = $492,000

i=0208 or 208%
(155,000)(1 + 0.15)’

This return is greater than 15 percent; 50 investment No. 3 is preferred over Capitalized cost = + 15.000 2,50
investment No. 2. Therefore, investment No. 3 should be recommended. (1+0.15) -1 g 0.15 + 10,000
(d) Method of net present worth. For investment No. 1, as illustrated in = $460.000
Table 1, the present value of the cash fiow 10 the project, discounted at an interest i ,
rate of 15 percent, is $127,000. Therefore, the net present worth of investment No B
1 is $127,000 — $110,000 = $17,000. + 190,000 ;
. r . 5 ¥ 1 + o
For investments 2 and 3, the present values of the cash flows to the projects CapitalizeC cORS { . 8 i) +20,000 + —— + 15,000
are determined from the first two equations under part (c) of this problem, with (2 DA ‘
i = 0.15. The resulting net present worth are: = $457,000
For investment No. 2, net present worth = $226,000 — $180,000 = $46,000 . The capitalized cost based on a minimum rate of return of 15 percent is least
y | : for investment No. 3; therefore, investment No. 3 should be recommended.
or investment No. 3, net present worth = $278,000 — $225,000 = $53,000 Note: Methods (a) and (b) in this problem give incorrect results because the
185 kst aioeidiad & . | time value of money has not been im:lud?d. Although investment No. 3 is
R iy E{ mﬂm:i:;f ; found for investment No. 3; therefore, recommended by methods (c), (d), and (e), it is a relatively narrow choice over

(¢) Method of capitalized costs. Capitalized , investment No. 2. Consequently, for a more accurate :valualiuln, it wau}d appear
situation must include the capitalized r:u.s,n fgf ;: itk for each investment that _thc company F’n_anag:mmlt should be informed that certain of their policies
indefinite numbe: of replacements plus the ¢ ¢ ﬂljgmal investment to permit an relative to prqﬁlahlln}' evaluation a_r:lsuil}:wi'[at old fashioned and do not permit
expenses plus working capital. | apitalized present value of the cash the presentation of a totally realistic situation. For example, the straight-line

Capitalized present value of cash ex : : depreciation method may not be the best choice, and a more realistic depreciation

Let C, be the annual cash Exp{;,ngg -Pm.jm ]5. dﬂcrmmﬂ,d as follows: method may be appropriate. The policy n_:ri h_asmgl tn@a-valucﬁp[-muncy
valuc of the annual cash expenses is th In year n" of the project life, The present interpretations on end-of-year costs and profits 1s a mmp[nﬁcatmn, and it may be
=4 better to permit the use of continuous interest compounding and conlinuous cash
£y ] flow where appropriate. For a final delailcq analysis inw:rulﬁn;a mm;rlat_a plant,
L Cr variations in prestartup costs among alternatives may be important, and this factor

=t (14i§)" should not be ignored.
KT Il « F‘JFHE]iZEd prtunt va'u’: H
NS nEe | REPLACEMENTS <4 AF
e t—— ¥ | ¥ . . a 5”' E'jlpﬂ
A Ei)g yiyg Gn ] _ ‘ The term “replacement,” @S used in this ?hapt‘r-n miaar:udt?t may be desirable
et (1 +i)" alternative in which facilities aré currently in existence

to replace these facilities with different ones. Although intangible factors may
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