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Introduction

CHAPTER 13 Breakeven Analysis

CASE STUDY

WATER TREATMENT PLANT PROCESS COSTS

L

FUNDAMENTALS
OF ENGINEERING
(FE) EXAM REVIEW
PROBLEMS The FE
exam review problems cover
the same topics as the FE
exam and are written in the

Figure 13-12
Seh of water

same multiple-choice format
as the exam. All of these
problems are new to this
edition.
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exercises that cover the wide spectrum of

economic analysis in the engineering

profession.

6.20  For the cash flow sequence shown below
(in $ thousands), determine the amount of
money that can be withdrawn annually for

eriod of time, if the first with-

be made in year 10 and the in-

s 15% per year.

560

A company that manufactures magnetic
membrane switches is investigating two
production options that have the estimated
cash flows below. (a) Determine which
option is preferable at an interest rate of
20% per year. (b) If the options are inde-
pendent, ‘determine which are economi-

FE REVIEW PROBLEMS

Note: The sign convention on the FE exam may
be opposite of that used here. That is, on the FE
exam, costs may be positive and receipts
negative.

623 In comparing alternatives that have differ-
ent lives by the annual worth method,

(a) The annual worth value of both alter-
natives must be calculated over a time
period equal to the life of the shorter-
lived one.

(b) The annual worth value of both alter-
natives must be calculated over a time
period equal to the life of the longer-
1i .

(¢) The annual worth values must be cal-
culated over a time period equal to the
least common multiple of the lives.

FE REVIEW PROBLEMS

cally acceptable. (All dollar values are in
millions.)

Alternative In-house _License
First cost, 40 2
s 02
14 6
7 _

6.22 For the cash flows below, use an annual
worth comparison to determine which al-
ternative is best at an interest rate of 1%

per month.
Alternative x M z
First cost, § —60.000 300,000  —900.000
Monthly cost 30000 20000 15000
S/month
Overhaul every — — 60000
.S
value, § 25000 200,000

7.000
Life, years H

(d) The annual worth values calculated
over one life cycle of each alternative
can be compared,

Problems 6.24 through 6.26 are based on the

following estimates:

Alternative A B

50,000 80,000

20,000 10,000
10,000 25,000
3

First cost,

ost, $lyear
Salvage value, 5
Life, years

Use an interest rate of 10% per year.

6.24 The equivalent annual worth of alternative
Ais closest to:
(a) $-25.130
(b) $-37,100
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SECTION 17.1 Income Tax Terminology and Relations

TABLE 17-2

Individual Income Tax Rate Schedule for Single and
Married Filing Jointly (2000)

Taxable Income, $

Filing Married

Tax Rate, T Filing Single and Jointly
a ( 3)
0.15
028 26,2516,
031 63,
036 132,601-288.350
0.396 Over 288,350 Over 288,350

It is interesting to understand how corporate tax and individual tax computa-
tions differ. Gross income for an individual taxpayer is comparable, with
business revenue replaced by salarics and wages. However, for an individual’s
taxable income, most of the expenses for living and working are not tax-
deductible to the same degree as business expenses are for corporations. For
individual taxpayers,

Gross income = GI = salaries + wages + interest and dividends
+ other income

Taxable income = GI — personal exemption
— standard or itemized deductions

Taxes = (taxable income)(applicable tax rate) = (TI)(T)

For TI, corporate operating expenses are replaced by individual exemptions and
specific deductions. Exemptions are yourself, spouse, children, and other depen-
dents. Each exemption reduces TI by $2500 to $3000 per year, depending upon
current exemption allowances.

Like the corporate tax structure, tax rates for individuals are graduated by
Tl level. As shown in Table 17-2, they range from 15% to 39.6% of TI.

Josh and Allison submit a married-filing-jointly return to the IRS. During the year their
two jobs provided them with a combined income of $82,000. They had their first child,
Grace, during the year, and they plan to use the standard deduction of $7400 applicable
for the year. Dividends and interest amounted to $3550, and an investment in a stock mu-
tual fund had capital gains of $550. Personal exemptions are $3000 each. (a) Compute.

their exact federal tax liability. () Compute their average tax rate. (c) What percent of

gross income is consumed by federal taxes?

IN-CHAPTER EXAMPLES  Examples within the chapters are

547 relevant to all engineering disciplines that use this text, including industrial,

<«

Equation,
8]

CHAPTER 17 After-Tax Economic Analysis
Solution
(@) Josh and Allison have three personal exemptions and the standard deduction
of $7400.

Gross income jes -+ interest and dividends + capital gains
0 + 3550 + 550 = $86,100

ss income — exemptions — deductions

Taxable income =
= 86,100 — 3(3000) — 7400
= $69.700
Table 17-2 indicates the 28% marginal rate. Using columns | and 3, federal
taxes are
Taxes = (43,850)(0.15) + (69,700 — 43,850)(0.28)
= 513816
(b) From Equation [17.4],

13816 _

Average tax rate = (200 = 19.8%
This indicates that about 1 in 5 dollars of taxable income is paid to the U.S.
government.

(@) Ofthe total $86,100, the percent paid in federal taxes is 13,816/86.100 = 16.0%

Comment
There has been longstanding debate in the U.S. Congress about the advisability of
changing from a graduated tax structure (o a flat tax structure for individual taxpayers.
There are many ways to legislate taxes, and the amount to be chosen for the flat rate can
be a real controversy.

For example, the flat tax structure may allow no standard or itemized deductions and
have only the personal exemption allowance. In this example, were there a flat tax rate
of. say 18% on gross income reduced only by the three personal exemptions, the com-
putations would be

Gross income = $86.100
Flat rate taxable income = 86,100 — 3(3000) = $77.100
Flat rate taxes = (77,100)(0.18) = $13,878

In this case, an 18% flat tax rate would require that only slightly more taxes be paid by
this family—$13,878—compared to $13.816.

17.2 BEFORE-TAX AND AFTER-TAX CASH FLOW

civil, environmental, mechanical, petroleum, and electrical engineering as
well as engineering management and engineering technology programs.

Early in the text, the term net cash flow (NCF) was identified as the best estimate
of actual cash flow each year. The NCF is cale
outflows. Since then, the annual NCF amounts have been used many times to

ated as cash inflows minus cash

perform

w
that the impact on cash flow of depreciation and related taxes will be considered,

via the PW, AW, ROR, and B/C methods.

SECTION 2.1 Single-Payment Factors (F/P and P/F)

Factor formula: Apply Equation [222] to caleulate the F/P factor
F=PQ1+ i = 1200001 + 008
= 12,0006.341181)
= $76.094.17
he slight diff

fuctor values. An equivalence interpretation of this result is that $12.000 today is worth
576094 after 24 years of growth at 8% per year, compounded annually.

(b) Solution by Computer
To find the future value use the FV function that has the format FV(if%.1.A.P).
The spreadsheet will look like the one in Figure 1-Sa, except the cell entry is
V(85%,24.,12000). The F value displayed by Excel is (§76,094.17) in red to indicate a
cash outflow. The FV function has performed the computation £ = P(1 + i =
12,000(1 -+ 0.08)* and presented the answer on the screen.

Hewlett-Packard has completed a study indicating that $30,000 in reduced maintenance
this year (i.c., year 7ero) on one processing line resulted from improved integrated circuit
(10 fabrication technology based on rapidly changing designs.
(@ 1f Hewlet-Packard considers these types of savings worth 20% per year, find the.
equivalent value of this result after S years.
) 1 the 550,
earlier with in
(@) Developa spre

ice savings occurs now find its equivalent value 3 years

v at compound rates of 20% and
i chart indicating the equivalent
Values at the three different times for both rate-of-return values.

Solution
(@) The cash flow diagram appears as in Figure 2-1a. The symbols and thei values are

Use the F/P factor to determine F after 5

F = PE[Pin)
00002.4883)
2441500

50.000(F/P.20%.5)

The function FV(209%.5,,50000) provides the same answer. See Figure 2-2a, cell C4.
() In this case, the cash flow diagram appears as in Figure 21 with F placed at time ¢ g
1= 0 and the P value placed 3 yea at = —3.The symbols and their values.

P=? F=S$50000 i=20%peryear n=3years

1

USE OF SPREADSHEETS The text integrates spreadsheets and shows both how easy they are t

CHAPTER 2

Factors: How Time and Interest Affect Money

H==

CHAPTER 12 Seleetion from Independent Projects Under Budget Limitation
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Figure 12-2

projects of uneaqual e using the PW

ationing, Example 122

0}

Itis important to understand why solution of the capital by
PW evaluation using Equation [12.1] is correct. The followi
assumption of reinvestment at the MARR for all net posit
project lives are unequal. Refer to Figure 12-3, which us
a two-project bundle. Assume each project has the same net cash flow each year.

use in solving virtually any

type of engineering economic analysis problem and how powerful they can be for altering estimates to achieve a better understanding

of sensitivity and economic consequences of the uncertainties inherent in all forecasts. Beginning in Chapter 1, Blank and Tarquin

illustrate their spreadsheet discussions with screenshots from Microsoft Excel ™#*.

When a single-cell, built-in Excel function may be used to solve a problem, a checkered flag icon
QO-Solv (for quick solution) appears in the margin.
The thunderbolt E-Solve icon indicates that a more complex, sophisticated spreadsheet is developed t

abeled

solve the problem. The

spreadsheet will contain data and several functions and possibly an Excel chart or graph to illustrate the answer and sensitivity analysis

of the solution to changing data.

For both Q-Solv and E-Solve examples, the authors have included cells that show the exact Excel function needed to obtain the
value in a specific cell. The E-Solve icon is also used throughout chapters to point out descriptions of how to best use the computer to
address the engineering economy topic under discussion.
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€ CROSS-REFERENCING  Blank

274 CHAPTER 8 Rate of Return Analysis: Multiple Alternatives and Tarquin reinforce the engineering

4. Countthe number of sign changes in the incremental cash flow series to deter- concepts presented throughout the book by
mine if multiple rates of return may be present. If necessary, use Norstrom’s k h l bl f h
criterion on the cumulative incremental cash flow series to determine if a making them east Yy accessible Irom other
single positive root exists.

5. Set up the PW equation for the incremental cash flows in the form of Equa-
tion [7.1], and determine Aij_, using trial and error by hand or spreadsheet

functions.
6. Select the economically better alternative as follows:

If Aiy_, < MARR, select alternative A. o \ v
If Ai§_, = MARR, the extra investment is justified; select alterna- entire chapter s that contain either

’ sections of the book. Cross-reference icons

in the margins refer the reader to additional
section numbers, specific examples, or

tive B. e
If the incremental i* is exactly equal to or very near the MARR, noneco- foundatlonal (backward) JrmorC advanced
nomic considerations will most likely be used to help in the selection of the (fOrWard) information that iS relevant to
“best” alternative.
In step 5, if trial and error is used to calculate the rate of return, time may be that m the Pal"agraph next to the 1con.

saved if the Aif§_, value is bracketed, rather than approximated by a point value
using linear interpolation, provided that a single ROR value is not needed. For
example, if the MARR is 15% per year and you have established that Ai}_, is in
the 15 to 20% range, an exact value is not necessary to accept B since you al-
ready know that Aij;_, = MARR.

The IRR function on a spreadsheet will normally determine one Ai* value.
Multiple guess values can be input to find multiple roots in the range —100%
to e for a nonconventional series, as illustrated in Examples 7.4 and 7.5. If this
is not the case, to be correct, the indication of multiple roots in step 4 requires
that the net-investment procedure, Equation [7.6], be applied in step 5 to make
Ai" = Ai#. If one of these multiple roots is the same as the expected reinvest-
ment rate ¢, this root can be used as the ROR value, and the net-investment pro-
cedure is not necessary. In this case only Ai" = Ai*, as concluded at the end of
Section 7.5.

Figures
7-6 and 77
YA
Use of “guess” in IRR

EXAMPLE 8.3

. . SECTION 17.9 After-Tax Analysis for International Projects 603
In 2000, Bell Atlantic and GTE merged to form a giant telecomm)|
named Verizon Communications. As expected, some equipment inc
rectified, especially for long distance and international wireless a
item had two suppliers—a U.S. firm (A) and an Asian firm (B). Apj CFAT evaluation: As shown in the cell tag, CFAT estimates (column K) are cal-
of this equipment were needed. Estimates for vendors A and B are culated as GI — E — P — taxes, Equation [17.8]. The AW of CFAT (cell K21) again
A B concludes that plan B is better and that plan A does not return the after-tax MARR
Initial cost, $ —8000  —13,000 off12%)(K10);
Annual costs, $ —3,500 —1,600 (b) What is the fundamental difference between the EVA and CFAT series in columns J
Salvage value, $ 0 2,000 and K? They are clearly equivalent from the time value of money perspective since
Life, years 10 5 the AW values are numerically the same. To answer the question, consider plan A,
which has a constant CFAT estimate of $152,000 per year. To obtain the AW of EVA
estimate of $—12,617 for years 1 through 4, the initial investment of $500,000 is
distributed over the 4-year life using the A/P factor at 12%. That is, an equivalent
amount of $500,000(A/P,12%.,4) = $164,617 is “charged” against the cash inflows
in each of years 1 through 4. In effect, the yearly CFAT is reduced by this charge.
CFAT — (initial investment)(A/P,12%.4) = $152,000 — 500,000(A/P,12%4)
152,000 — 164,617 = $—12,617
= AW of EVA
This is the AW value for both series, demonstrating that the two methods are eco-
nomically equivalent. However, the EVA method indicates an alternative’s yearly
estimated contribution to the value of the corporation, whereas the CFAT method
estimates the actual cash flows to the corporation. This is why the EVA method is
often more popular than the cash flow method with corporate executives.
Comment
The calculation P(A/P.i,n) = $500,000(A/P,12%,4) is exactly the same as the capital
I NTE RNATIONA L A\PPEAL 9 recovery in Equation [6.3], assuming an estimated salvage value of zero. Thus, the cost
c of invested capital for EVA is the same as the capital recovery discussed in Chapter 6.

sions of this This further demonstrates why the AW method is economically equivalent to the EVA
evaluation.

The international dime:

Capital recovery

book are more apparent throughout the

sixth edition. Examples and new
17.9 AFTER-TAX ANALYSIS FOR INTERNATIONAL PROJECTS

sections on international ¢ rporate Primary questions to be answered prior to performing a corporate-based after-

depreciation and taxation tax analysis for international settings revolve on tax-deductible allowances—
1 3 A . epreciation, business expenses, capital asset evaluation—and the effective ta:

considerations and international forms rate needed for Equation [17.6], taxes = TI(T,). As discussed in Chapter 16, most

governments of the world recognize and use the straight line (SL) and declining

of contracts, such as the B D methOd balance (DB) methods of depreciation with some variations to determine the an-

nual tax-deductible allowance. Expense deductions vary widely from country t

of subcontractmg, are included. The country. By way of example, some of these are summarized here.

impact of hyperinflation and

b . Canada
deflationary cycles are discussed from
. 3 . Depreciation: This is deductible and is normally based on DB calculations,

tive although SL may be used. An equivalent of the half-year convention is
applied in the first year of ownership. The annual tax-deductible al-
lowance is termed capital cost all (CCA). As in the U.S. system
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